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CERN ISOLDE AND REX BEAM INSTRUMENTATION
G. J. Focker, CERN, Geneva, Switzerland

Abstract

An overview is given of the Instrumentation at Isolde,
an on-line mass separator that gets its protons from the PS
Booster at CERN. One of Isolde’s beam-lines now feeds
isotopes to a 3MeV post-accelerator, called
Rex. For Isolde the Instrumentation consists
mainly of wire scanners, Faraday-cups and
wire grids, but Isolde couldn’t operate with-
out a tape-station. Rex is equipped with In-
strumentation boxes containing a collimator,
a Faraday-cup and an imaging system. Some
additional equipment is proposed.

INTRODUCTION

The ISOLDE on-line mass separator facil-
ity at CERN is mainly used for the production
of pure samples of short-lived radioactive
isotopes. It consists of two electromagnetic
isotope separators, the General Purpose Sepa-
rator (GPS) and the High Resolution Separa-
tor (HRS). One of the beam lines connects to
Rex, a post-accelerator of 3MeV.

The radioactive nuclides are produced in a suitable tar-
get bombarded with the high intensity beam of 1GeV or
1,4GeV protons from the PS-Booster. The PS-Booster can
deliver a beam-current up to 2pA. After ionisation and
acceleration up to 60keV, the ions are mass analysed. The
selected beam from either of the two separators is then
fed into a beam transport system and steered to the ex-
periments, or to Rex.

The aim of the beam instrumentation is to obtain in-
formation on intensity and profile of the low intensity
(<10pA) d.c. ion beams all along the beam path. In the
design of the ISOLDE mass separators attention was paid
to provide access for beam observation at the most critical
regions such as the entrance to the magnets and the dif-
ferent focal points. However, if one wants to introduce
several probes and a slit in a given position the available
space along the beam axis may be limited, in particular if
the focusing is strong. Therefore they need to be compact
in the direction of the beam. In addition, emphasis was
put on the probes to be easily interchangeable and suffi-
ciently radiation resistant because of the radioactive envi-
ronment in which they have to operate.

For Isolde the beam detection is based on the deposi-
tion of electrical charge from the beam on a probe. Unless
suppressed, the emission of secondary electrons enhances
the measured current by a factor depending on the surface
conditions and the species and charge of ions collected.
Different are the Tape-stations with which radioactive
particles can be detected by measuring their decay-
products.

Rex uses an imaging device based on the secondary
electron emission of the beam on a metal foil.

ISOLDE AND REX
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The Isolde Separators

The General Purpose Separator (GPS) uses one analys-
ing magnet; the High Resolution Separator (HRS) uses
two. Until now more than 600 isotopes of more than 60
elements (Z=2 to 88) have been produced with half-lives
down to milliseconds. Both machines use the same types
of targets, which exist in several different configurations.
The exchangeable targets have a heated container filled
with the material to be radiated from which the resulting
isotopes are extracted and ionised in the very hot “line”.
Normally the resulting charge per ion is +1, but Isolde can
also be switched over to work with negative ions. This
complete target-unit is held at a potential of 60kV, or
lower if requested by experiments. The targets are ex-
changed with robots. With the high voltage between tar-
get-unit and the extraction electrode the ions are acceler-
ated after which the wished mass is selected with the high
precision analysing magnet.

The HRS now has an RFQ to cool the beam, designed
at Jyvaskyla.

The ion-beam intensities after the analysing magnets
will typically be up to 10** particles per second, but may
be as low as a few particles per second and may excep-
tionally be higher, especially before the analysing mag-
nets.

The GPS has three beamlines. Two beamlines can di-
rectly be used for experiments; the third beamline joins
the HRS in a merging switchyard. From here the whole
network of beamlines in the Isolde hall is fed, including
Rex.



The Rex Post-accelerator.

Rex can only function with a pure beam

such as provided by the HRS. First ions

are trapped in a Penning-trap, then trans-
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3MeV.

THE ISOLDE INSTRUMENTATION

Overview.

The Isolde instrumentation consists of Wire-scanners,
Wire-grids, a “Fixed Needle Beam Scanner”, Faraday-
cups and Tape-stations.

The Moving Wire-scanners.

The development of the Wire-scanners was started in
the early 1980’s by G. Sidenius and A. Lindahl at the
Niels Bohr Institute in Copenhagen and since then it has
been further improved at CERN. The pick-up needle is
mounted on a small chariot which also carries the pre-
amplifier. It is guided on a rail and driven back and forth
by a stepping motor via a 0.1mm thick piano wire. There
is only one position-reference and only one direction is
used for data-taking to avoid the effect of mechanical
hysteresis.

Proton Beam

Most scanners at Isolde are x/y scanners. Equipped
with a V-shaped pick-up (angle of 90°) the scanner char-
iot moves at 45° with respect to the horizontal plane thus
producing both an x- and a y-scan of the beam profile.
Originally equipped with pick-ups from Danfysik the
pick-ups are now progressively being replaced by needles
of material like that being used for medical syringes. The



stroke-length of these scanners is 97mm, which due to the
45° angle results in an effective length of 69mm.
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the 97mm is mounted close to a wire-grid, where must be
remarked that the resolution of the scanner is so much
higher than the grid’s that the operators felt quite lost
when the scanner was temporarily out of service.

The maximum electrical input current of the scanners is
20pA full scale, the lowest current range is 25pA. The
scanners can move at speeds of 1m/s. they are normally
used with 200mm/s while taking data and up to 800mm/s
to return to its origin position. For high sensitivity (200pA
or less) both the bandwidth of the amplifier and the scan-
ning speed are reduced.

Wire-grids.

Wire-grids are used in those areas close to the targets
where the radiation levels are too high for the scanners
with their incorporated electronics. Five grids have wire-
spacing’s ranging from 1,25mm to 2,5mm and cover
area’s of 75 by 75mm. Then there are two grids of 20
horizontal wires with a wire-spacing of 1mm, combined
with a fixed slit and a hole. The grids are moved in and
out pneumatically.

The electrical sensitivity ranges from 20pA full scale to
2mA. The latter was defined in a time that high output
targets were expected. Until yet the study about how
much energy the wires would be able to stand has not yet
been started, but it seems unlikely that they would survive
and luckily such targets were never constructed at Isolde
(yet). For the highest sensitivities the system uses an inte-
gration time of 1 second.
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There is one horizontal scanner with a stroke-length of
97mm and there are four horizontal scanners with a
stroke-length of 182mm. All these horizontal scanners are
mounted in areas with higher radiation, therefore the
182mm scanners are mounted in pairs for redundancy and
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Faraday-cups.

Faraday-cups are used everywhere at the separators, the
beamlines and Rex. Both GPS and HRS Frontends each
have one large Faraday-cup. The latest design for the new
Isolde Frontend has an opening of 75mm. This Faraday-
cup is prepared for water-cooling so that it would stand a



beam of 2mA. As for now such beams don’t exist at
Isolde the water-cooling will not yet be used.

All other Faraday-cups have an opening of 25mm.
Isolde counts 32 Faraday-cups and at the moment 9 are
installed at Rex. Many of the 25mm Faraday-cups are

mounted on a flange together with an x/y scanner and
form the standard instrumentation device used at Isolde.

The repeller voltages used for the Faraday-cups vary
from 130V for the small ones to 250V for the large ones.

The readout of the Faraday-cups is done with Keithley
electrometers and multiplexers. Though the Keithley de-
vices themselves are very good, they can function prop-
erly only in electrically very clean environments. At
Isolde the cables are too long, not of the best materials
and pulled along all other cables, thus causing a back-
ground level of sometimes up to 2pA. At Rex the situa-
tion is better and noise-levels allow to measure down to
0,5pA. But at Rex the beam is pulsed, which the Keith-
leys can handle at very low input-currents, but not at more
than 1nA. A special device has now been developed and
is actually being tested at Rex-Trap. This device, called
“PicoAmpéreMeter” or “PAM?”, solves the different prob-
lems by integrating over longer periods. The sensitivity of
the “PAM” is not very special, in practice it allows to

measure down to 0,2pA. The integration time is pro-
grammable from 200ms to 1s. The device is small,
mounted close to the Faraday-cup and also contains a
miniature power supply for the repeller voltage and can
control the pneumatic movement of the Faraday-cup. It is
controlled via Profibus.

The “Fixed Needle Beam Scanner”.

Problems with the Isolde wire-scanner are the vibra-
tions of the mechanical movement causing electrical
noise, the “inaccuracy” of the mechanics (even if that is
smaller than 0,2mm) and the relative thickness of the
pickup or needle. The “Fixed Needle Beam Scanner”
(FNBS) is meant to provide more accurate measurements.
The needle is replaced by a wire of 0,05mm and the me-
chanical movement is replaced by an electrostatic devia-



tion of the beam. The only mechanical movement remain-
ing is the possibility to move the wire in and out the beam
with a pneumatic movement. The maximum deviation of
the beam is +/-9,8mm, usually a deviation of maximum
+/-5mm is chosen. Though the FNBS deviates the beam it
doesn’t quite stop the beam, but while it is active the
beam will be distorted after the next focussing element.
The FNBS is situated after the second analysing magnet
of the HRS.

Deflector plates

Beam Needle
>
V

The Isolde Tape-stations.

A Tape-station allows to measure radioactive particles
even if they cannot be seen by other beam instrumenta-
tion. The Tape-stations are used to:

e  Optimise target and ion-source,

e  Optimise the position of the proton-beam

e Measure half-lives of isotopes by using a Multi-

Channel-Analyser. The latter now is part of the lat-
est application program.

Isotope Beam ——»

[ | =[] Detector(s)

GJF20000703

A Tape-station is very important at Isolde. Without it
target and ion-source cannot be optimised which is
equivalent to closing down the machine.

Important parts of the Tape-station are the timing and a
good working beamgate. The beamgate will usually be
closer to the target or at a spot that is suitable to dump the
beam. The first step is to collect particles onto the tape.
This collection may take place during a few milliseconds

up to seconds, it may be triggered by the arrival of a pro-
ton-beam pulse, or delayed, or be triggered by an experi-
ment. After the collection the tape is moved as rapidly as
possible to the detector(s), usually a scintillator and pho-
tomultiplier. While the detector(s) are counting a new
collection may be made to gain time, allowing a series of
measurements to be made to measure e.g. the release
curve of the target.

Isolde temporarily has two Tape-stations. The old one
shall be removed when the new one is ready to take its
place.

The original designs of the old Tape-station date from
1974. Though the mechanics are somewhat more recent,
the electronics date from 1978 and were often modified.
Though it runs better than ever this system isn’t very reli-
able.

A new Tape-station has been developed by Philippe
Dessagne and his collaborators at the IPHC (previously
IRES) at Strasbourg. Modern, much more powerful and
faster, this system will replace the old Tape-station once it
has passed testing




REX INSTRUMENTATION
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The Rex Instrumentation Box has been designed and
manufactured by the Leuven University. At the moment 9

boxes are installed. Each box contains:

e Acollimator,

e A 25mm Faraday-cup,

e Animaging system.

The collimator is a metal disc that can be rotated with a
stepping motor. The disc has ten positions with different
slits and holes and occasionally is used to insert filters in
the beam.

The imaging system is made with a metal foil placed in
the beam at an angle of 45°. The secondary electrons are
attracted by a close by mounted grid and travel to a Mul-
tiChannelPlate that is placed away from the beam. The
amplified signals end at a phosphor screen that is filmed
at again an angle of 45° by a CCD-camera.

A special case is where the foil is also used to measure
currents directly. This setup is used at Rex-Trap for Time-
of-Flight measurements.

SPECIAL INSTRUMENTATION

Special instrumentation that is used occasionally and is
not connected to the control system.

The “Fast Faraday-cup”.
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“Fast  Faraday-cup”
< isn’t a Faraday-cup
really, but merely a
collector-plate as the
repeller electrode is
missing. It is made on
a thin Kapton PCB, on
one side the pickup
electrode is situated
and on the other side
the electronics. The
PCB is placed in a
small brass housing
that is moved in and
out manually. The
output connects to an
oscilloscope. The

= What is called the

AV bandwidth depends on
Phosphor VMSP the chosen amplifica-
-5kV tion and can be up to

Beam Al plate 10MHz. The device

was made in 1997; by



simply replacing the operational amplifier by a more
modern type it should be possible to increase the band-
width and/or the input sensitivity.

The NTG Emittance meter.

The NTG Emittance meter uses moveable slits, one
vertical and one horizontal, and wire-grids. Though it is
an enormous device, it is moved around everywhere to
check any new or modified installation. Hence it is not
permanently installed but yet quite regularly used.

CONCLUSION

Designing the Isolde Beam Instrumentation (mainly by
E. Kugler, now retired) had as goal to make a user-
friendly system, and relatively easy to repair. Though the
standard scanner/Faraday-cup unit is easy to replace, the
horizontal scanners are not, though rather due to the ra-
diation levels. The scanners are very sensitive equipment
and many make many more scans then what they were
designed for. But the ones that are well-made seem to
keep forever and the past years a lot of effort has been put
in improving those that kept breaking down. Since last
year’s experience one may now carefully say that the ef-
fort carries its fruits, no mechanical problem has oc-
curred.

The system could always be improved by increasing the
sensitivity of the detectors. But then this is rather an envi-
ronmental problem than a limitation of the electronics.

A device that is missing in the Isolde instrumentation is
a small Allison scanner (a compact emittance-meter) like
used at Triumf in Vancouver. Such a device could stay
permanently in the machine and in places where the NTG
cannot be installed, like for instance between the two ana-
lysing magnets of the HRS. A project was started, but
does not advance at this moment.

I’d like to thank Thierry Stora and Erwin Siesling (both
CERN) for their information helping me to write this
document.
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THE GSI FACILITY AND THE LAYOUT FOR FAIR
Peter Forck for the GSI Beam Diagnostics Group, GSI, Darmstadt, Germany, p.forck@gsi.de

Abstract

The facility for achieving low energy radioactive ion
beams or highly charged stable ion beams at GSI is
briefly described. Using the HITRAP LINAC,
deceleration down to 6 keV/u is foreseen for the
collection of ions within an electro-static trap. Based on
the present experiences, the layout of the projected FAIR
facility is described.

THE PRESENT GSI FACLITY

This paper gives a short overview of the existing GSI
facility to prepare the subject for the contribution of this
workshop covering installations at GSI. The main purpose
of the GSI facility is the acceleration of all ions from
proton to Uranium with a very wide spectrum of beam
parameters, see Fig. 1. Three ion source locations are
operated, fulfilling different requirements concerning
pulse length for fixed target beam delivery form the
LINAC and the high current operation for the synchrotron
SIS. The beams from the ion sources are bunched and
accelerated by an RFQ and further accelerated by the
efficient drift-tube LINAC of IH type. An increase of the
charge state is achieved at a kinetic energy of 1.4 MeV/u
e.g. in the case of Uranium from U* to U®*. After a
further acceleration to 11.4 MeV/u within an Alvarez
DTL, a second stripping can be used to increase the
charge state by a foil stripper, e.g. for Uranium to U"*".

Synchrotron, Bp=18 Tm
Ejax p: 4.7 GeV

U: 1GeV/u
Achieved e.g.:
ArlS*: 11011
U8+, 3,1010
U7 11010

lon sources
all elements

Fragment
Separator

UNILAC: allionsp-U: N
3 - 12 MeV/u, 50 Hz, max. 5 ms ’
Up to 20 mA current

Storage Ring, Bp=10 Tm

Atomic & plasma physics
Radiotherapy

Pulse-to-pulse variation possible - .
r I Nuclear Physics

= different ion species, energy, target location "
Figure 1: The existing GSI facility comprising of the
LINAC UNILAC, the synchrotron SIS, the Storage Ring
ESR and the target locations.

For further acceleration the ions are injected into the
synchrotron SIS having a maximum magnetic rigidity of
18 Tm. This rigidity corresponds for heavy ions to about
1 GeV/u, where extraction is performed in two different
manners: Either the beam is slowly extracted within
typically some seconds to fixed target experiments.
Namely, the Fragments Separator is used for the

generation of a broad spectrum of in-flight Radioactive
lon Beams RIB, which are than investigated with
different spectroscopic methods. The detection of beams
slowed down by material interaction is discussed within
the frame of this workshop [1]. The other extraction
method from the SIS is a bunch-to-bucket transfer to the
Experimental Storage Ring ESR. The charge state of the
ions can be increased by a foil-stripper installed within
the transfer line between SIS and ESR, the ion’s Kinetic
energy of 300 to 500 MeV/u is large enough for complete
ionization, in the case of Uranium to U%*. Various nuclear
and atomic physics experiments are performed with
stored highly charged ions at the ESR. Electron and
stochastic cooling is applied to decrease the beam
emittance significantly.

The deceleration of heavy ions from the injection energy
of about 300 MeV/u down to 4 MeV/u in the ESR is of
interest for this workshop. Emittance enlargement is
associated with the deceleration and beam cooling is
required to keep the beam within the acceptance of the
ESR. At injection level stochastic cooling is applied,
while at an intermediate step of 30 MeV/u electron
cooling is most efficient. In total about 60 s are required
for the preparation of a beam of about 10° to 10 highly
charged ions at a low energy of 4 MeV/u.

THE HITRAP FACLITY

The deceleration from 4 MeV/u to 6 keV/u is performed
by the HITRAP facility [2, 3], for which the stepwise
commissioning started in 2007 using different ion beams.
This LINAC comprises of two bunchers, an IH-DTI and
an RFQ as well as the ion trap are depicted in Fig. 2. The
pulse length of the beam extracted within on turn inside
the ESR is about 3 ps. Bunches are formed by two
bunchers operate at the base frequency of 108 MHz and
the 2" harmonics of 216 MHz. The functionality and a
proper efficiency had been demonstrated [4]. The
bunched beam is transported to an IH cavity, which is
known as an efficient accelerator type for heavy ions. The
nominal output is 0.5 MeV/u and deceleration was
demonstrated [4]. However, the efficiency is only about
10 % which is lower than expected and a contamination
of particles decelerated only to about 2.4 MeV/u was
detected. The appearance of different beam energies is
caused by the sensitive beam dynamics of the IH-DTL. To
isolate the particles with the right energy of 0.5 MeV/u
for further deceleration a horizontal dipole magnet will be
installed in spring 2010 between the IH and RFQ. After
this step the beam-based tests of the RFQ are foreseen
with injection of a pure 0.5 MeV/u beam.

The beam diagnostics used at this decelerator is
described in further articles at this workshop [5, 6] and in
conference proceedings [7]. One has to state that a



commissioning of a LINAC with a repetition time of only
60 s is quite unusual and calls for reliable beam
diagnostics.

Typical current: 1 pAin 2 pus < 105...108 ions

Fiure 2: Sketch of the HITRAP LINAC and the Cooler
Trap.

THE FAIR FACLITY

The Facility for Antiproton and lon Research FAIR is the
approved future project to be installed at the GSI site [8].
It will be the mayor facility for different communities
using stable heavy ions, RIBs or anti-protons. The general
layout is shown in Fig. 3. The existing GSI facility with
UNILAC and SIS18 will serve as the injector chain
delivering high current beams. Due to the scaling of the
space charge limit in synchrotrons with the square of the
ionic charge g% higher currents will be accelerated with
low charge states; for the design ion Uranium it will be
U®*. To reach the optimal energy for in-flight RIB
production of about 1 GeV/u the synchrotron SIS100 with
100 Tm rigidity will be built, equipped with super-
conducting dipole and quadrupole magnets. The RIB
production will take place at an optimized Super
Fragment Separator S-FRS with a larger acceptance and
therefore a factor of 100 higher transmission compared to
the existing Fragment Separator. The radioactive ions can
be investigated at fixed target locations including a low
energy branch for slowed down RIBs [1] or the ions can
be transferred to the Collector Ring CR or the New
Experimental Storage Rings NESR for experimental
investigations of stored high energy beams. Moreover,
stable isotope beams can be stored in the NESR for
various atomic physics investigations with highly charged
ions.
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Figure 3: Sketch of the FAIR facility (red) and the
existing GSI injector (blue).

Beside the program based on positive charged ions,
versatile experiments with anti-protons are foreseen. A
new p-LINAC is required because the UNILAC is
optimized for large charge-to-mass ratio and will not
deliver high currents of protons. After passing SIS18
these protons will be accelerated to 30 GeV in SIS100 and
target generated anti-protons of 3 GeV kenetic energy will
be stochastically cooled in the Collector Ring CR, the
design intensity is 10" anti-protons per pulse. They will be
either transferred to the High Energy Storage Ring HESR
for high energy investigations or to the NESR for further
deceleration. The latter branch is of interest here: Inside
the NESR the anti-protons should be cooled and
decelerated to 30 MeV. They can be transferred to the
Low Energy Storage Ring LSR, which might be a re-
installation of the existing CRYRING from Stockholm
[9]. The task of this ring is further deceleration down to
0.3 MeV and a transfer to the modified HITRAP facility
or to the Ultra Low Storage Ring USR, which is basically
and electro-static ring, see [10] for more details.

The FAIR complex will be realized within several steps
and a modular concept was recently accepted by the
contributing international partners.

[4] L. Dahl et al., Proc. LINAC 2008, Victoria, p.100
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Beam Diagnostics for the HITRAP Decelerator

DITANET-Workshop "Low Current, Low Energy Beam Diagnostic" / 23.- 25. Nov. 2009

M.Witthaus, H.Reeg, C. Andre, P. Forck, R. Haseitl, W. Kaufmann, GSI, Darmstadt, Germany

Overview

In the six HITRAP beamtimes between May 2007 and
April 2009 several diagnostic devices were used for the
detection of low energy and intensity beams. The aim of
the experiments was to extract the ions from the ESR into
the HITRAP beam-line, and to guide it from the IH-
structure to the third diagnostics chamber in front of the
RFQ. The beam line from the RFQ to the Cooler TRAP
and experimental area is currently still under construction
[1].

The HITRAP poses three challenges:

e asingle beam pulse with length of 3 us

e a low beam intensity (in the pA region / 1E6
particles per pulse)

o a low repetition rate (1 pulse every 60 to 70
seconds),

due to which it is necessary to work with different beam
diagnostic devices like Faraday-Cups (FC), scintillation
screens, harp systems (SEM-profile grids) and capacitive
pick-ups in different locations at the HITRAP beamline
[2]. Beam current transformers are not used, because their
resolution (in the pA range) is not high enough.

Hardware Setup for Faraday-Cups

The HITRAP beamline from ESR to the RFQ is currently
equipped with 3 FCs in each diagnostic chamber. Current-
amplifiers DHPCA-100 (FEMTO Messtechnik GmbH,
Berlin) are used, offering sufficient bandwidth for the
given time structure of the extracted pulse. The gain range
setting is controlled by a LabVIEW application (National
Instruments Co.) and a Remote-Desktop-PC at the GSI
control room (CR). The analogue signals are monitored
by a LeCroy 6030A oscilloscope. This oscilloscope is
controlled also by the Remote-Desktop PC at the CR. The
pressure drives of FCs are controlled by the standard
console-program via the GSI control system.

Measurement-Results with FCs

In spite of the low HITRAP beam current, all FC-systems
could detect and display adequate beam signals with a
time resolution down to 100 ns depending of the gain
setting of the current-amplifier . The blue trace in Fig. 1
shows the FC signal of a 1.5 pA Ne'® beam pulse.

Fie st Tirstas Thew Ot Cuers Meswas Meh Amiis Nses el co |

Fig. 1: FC signal (blue) recorded with 1 us/Div and
0.5 HA/Div.; Ne'™, ~1.8*10° particles

Hardware Setup for Scintillation Screens

To monitor beam positions and profiles, YAG scintilla-
tion screens with a diameter of 70mm are installed in the
same locations as the FCs. The YAG material offers a
good light yield at low energy. The screens are observed
by CCD digital cameras (Marlin FO33B, Allied Vision
Technology) equipped with an IEEE1394 (Fire Wire)
interface. The data acquisition was programmed in
LabVIEW, while the Graphical User Interface is done in
C++ using Qt libraries [3]. The software provides a raw
image of the screen with an overlaid grid, as well as
projections of the beam in horizontal and vertical
direction for each camera. Fig. 2 shows an image of the
scintillation screen with a beam spot, and the calculated
profiles in x-/y direction. The image of the screen can be
changed to B/W and false-colour display, where the latter
shows more details from the YAG screen.

Fig. 2: Scintillation screen software — "BeamView"
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A precise triggering of the digital camera allows using
fast scintillation materials and the detection of short beam
pulses with low repetition rate.

The pressure drives of scintillation screens are operated
by standard software at the HITRAP-PC-console (CR).

Measurement-Results with
Scintillation Screens

The optical system and the YAG-screens are sensitive
enough to acquire reasonable images for each individual
shot. The beam profile data in dependence of the
quadrupole lens settings have been used to estimate the
beam emittance in the HITRAP DDB section, resulting in
3.10"° mm mrad at 4 MeV/u, approximately.

After the decelerating IH-structure and the following
dipole magnet (steerer), different energies produced in the
IH-structure were detected. Fig. 3 shows two separated
spots on the YAG-screen as caused by the varying
energetic composition of the beam and the separation by a
dipole magnet. These spots are not detectable with harp
systems, or capacitive pick ups. The harps are limited in
resolution because of the wire spacing. Pick-ups will not
work correctly if the beam has different energies. So the
scintillation screens are very important for HITRAP
operating, and they were used extensively during the last
beamtimes.

Fig. 3: Image for a scintillation screen behind the IH-
structure and dipole magnet. The image shows two beam
spots with 2.3 MeV/u (top) and 4 MeV/u (below); lon

species was Ne?*,

Hardware Setup for Harp Systems

In addition, three secondary electron emission harp
systems (SEM-grids) are installed in the same three
diagnostic chambers as the FCs and the scintillation
screens.

The harp systems are operated via the GSI control system
and standard software. One big advantage of the harps is
that they offers a transmission of about 93% as given by
the wire spacing of 1.5 mm and the wire thickness of 0.1
mm, Therefore, it is possible to do measurements at
different locations at the same time.

Measurement-Results with Harp Systems

Fig. 4 shows a measurement with all harps at HITRAP at
the same time. Harp 1 is on the top of this Figure and in
the first diagnostic chamber of the HITRAP beamline.

horizontal vertical

Fig. 4: Beam profiles, measured in August 2008 (Au’"),
taken in the lowest range (625pA, "Soft"-zoom)

Harp 2 is in the middle. Harp 3 is after the IH-structure
and here in the bottom part of this Figure. The beam
passes the first harp (number 1, top) and then through the
second harp (middle) and the third harp (number 3,
below). The result shows that the measurement with harps
is not very practical in the HITRAP lattice. The intensities
were too low, and the operating was heavily affected and
therefore the screens, which shows sufficient signal
strength are used in most cases.

Hardware Setup for Tubular Pick-up

A capacitive "tubular” pick-up is used in front of the first
buncher, for monitoring the time structure of the extracted
beam from the ESR.

The signal cable is routed directly to a high impedance
amplifier (IMOhm, 150 MHz bandwidth, HVA-S,
FEMTO). The amplifier’s output is displayed on a single
oscilloscope channel. This oscilloscope is as well
controlled via remote desktop connection from the CR.

Measurement-Results with
Tubular Pick Up
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Fig. 5: Tubular pick up signal (red trace), with FC-signal
(blue trace); the beam grazed the pickup’s electrode.

Usually, the tubular pick up shows an output signal
similar to a FC, but Figure 5 shows that this did not
happen. The reason is, that the ring plate was hit directly
by secondary electrons.
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Hardware Setup for Ring Pick Ups

After bunching the macro-pulse passes a first "time of
flight" (TOF) measurement section, consisting of two
successive capacitive pick-ups with 50 Q termination,
suited for the 108 MHz bunch frequency. The second
TOF measurement section is located behind the
decelerating IH-structure. Signals from bunchers and
pick-ups are displayed simultaneously and time-correlated
by a LeCroy 6100A oscilloscope.

Measurement-Results with Ring Pick Ups

The operating was affected by the insufficient
characteristics of the pick up system. In the beamtime of
Oct. 2008 the TOF measurements were possible, but it
was necessary to activate the averaging mode of the
oscilloscope. Figure 6 shows an image of the
oscilloscope screen with typical output signals from two
pick-ups.

The signal could only be detected by averaging of 6
measurements, resulting in a waiting time of about 7
minutes. For an effective operating this is not useful.

Fig. 6: Pick-up signals after averaging of 6 measurements
at a time; the time scale was 5 ns/div and 20 mV/div, the
beam current was ~1.5 pA.

Unfortunately, in most of the cases measurements were
not possible with the ring pick-ups. Two typical and noisy
signals of the pick-ups are shown in Figure 7. Several
different attempts to achieve a signal like in Figure 6 were
not successful. It is assumed that the signal/noise ratio
was too low due to cable losses and mixture of different
energies and non-uniform beam delivery.

Fig. 7: Pick-up signals (blue and green trace). The red
trace is the RF-reference. The time scale was 10 ns/div
and 20 mV/div,

Summary and Outlook

Low energy and intensities were measured successfully
with the FCs. A calculation of the particle transmission
and time-resolved measurements were possible.

In addition, the scintillation screens were very helpful,
and essential for operating. The detection of beam
position was possible down to 300nA beam current and
short (< 2us) beam pulses.

The TOF-measurements are very important for operating,
but the sensitivity of these devices is presently not high
enough.

In March 2010 the next beamtime will be launched.

At the moment the beam diagnostic department works on
some upgrades of the different pick-up devices. One
suggestion is to reduce the length of the tubular pick-up.
For the 50 Q impedance pick-ups low noise pre-
amplifiers between devices and transmission lines are
foreseen, which will improve the signal/noise-ratio by
6dB.
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HITRAP Low Energy Diagnostics and Emittance M easurement*

J. Pfistet, U. Ratzinger, IAP, Goethe-University Frankfurt, Frankfam Main, Germany
O. Kester, MSU/NSCL, East Lansing, Ml 48824, USA
G. Vorobjev, GSI, Darmstadt, Germany

Abstract

The Heavy lon TRAP (HITRAP) facility at GSI
Helmholtzzentrum fur Schwerionenforschung in Darm-
stadt is in the commissioning phase. Highly charged ion:
up to W+ provided by the GSI accelerator complex will
be decelerated and subsequently injected into a large Pe
ning trap for cooling to the meV/u energy level. A combi-
nation of an inversely operated IH- and and RFQ-structure
decelerates the ions from 4 MeV/u to an intermediate en sz
ergy of 500 keV/u and then down to 6 keV/u [1]. This con- k.
tribution concentrates on construction of two new low en- 4
ergy diagnostics, use of a diamond detector as well as some

emittance measurements. Figure 1: HITRAP linac. All sections are titled: Double-
drift buncher (red), IH-structure (green), RFQ (yellow),
THE HITRAP LINAC Cooler Penning trap (cyan), beamline to experiments

(black) and diagnostics (orange).
After deceleration and cooling of the mainly bare or

H-like ions down to 4 MeV/u in the experimental storage
ring (ESR), they are ejected every 30-50 seconds via thgnplifying element a micro channel plate (MCP) has been
transport line towards the HITRAP linac (see fig. 1). Thehosen. It is only single plate for reaching the best spa-
Double-drift buncher is the first cavity of the HITRAP linac cial resolution possible. The gain of abduit* is enough

and is used for phase focussing. It was commissioned dué detect the predicted intensities. The pepperpot agertur
ing two beam times in 2007. The following structure is thés a 100um thick Tungsten foil. The 29x29 holes with a
interdigital H-Mode structure (IH) - a special kind of drift diameter of 10Qum were drilled with a laser. The spac-
tube linac - that decelerates the ions down to 500keV/ing between the holes is 1 mm in both directions x and vy.
Its initial commissioning took place in August 2008 withThe transmitted ions are drifting 31.8 mm before hitting the
a partially cooled heav§’”Au™* beam [2] and was con- MCP and then being detected on the backside on a phos-
tinued with various Nickel and Xenon beams. The RFQhor screen which is captured with a CCD camera from
and Cooler trap are still waiting for commissioning. Re-utside the vacuum vessel. A picture of the measurement
garding beam diagnostics new devices had to be developegad is shown in fig. 2

for being able to measure these low energy and low inten-

sity beams during the deceleration process. A single-shot

pepper pot emittance meter and a diamond detector wefi®

installed for transversal emittance and longitudinal thunc
structure measurements.

NEW LOW ENERGY DIAGNOSTIC
DEVICES

Due to the mixture of energies behind the IH-structure,
new low energy and low intensity diagnostics had to be de
veloped.

MCP-based Sngle-shot Emittance Meter

A new pepperpot emittance meter for low energy and
low intensity beams has been designed and built. As the

“Work supported by BMBF under contract 06FY160I Figure 2: MCE pepperpot device. Copper: holder of the
t].pfister@gsi.de pepperpot, white rings: isolators of the MCP
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An evaluation software was previously developed. Some e poly-crystalline CVD 60@m.
smaller adjustments have been done, though. The user
has several possibilities for substraction of noise durin§ach detector has an effective area of 3mm in diameter.
the evaluation process. Nevertheless the software can Bgsults of these measurements are presented below.
operated in free-run mode with predefined settings.
Sngle-shot Energy Analyzer

The pepperpot measurement head is also equipped WlthThe construction of the single-shot energy analyzer was

a Faraday cup, which can also be used for current meg: . ..
) ; . friggered by the fact that not only decelerated ions exiting
surements in order not to destroy the MCP with too hig . )
the IH-structure but also a big portion of non-decelerated
current. . . ; : .
particles reaching the intertank section. This makes analy
. sis of beam properties difficult since the high energy signal
Diamond Detector is always overlaying the desired low energy signal. Since

The complete diamond detector setup is built on a eled€re is not enough space for installation of a big dipole

tronic printing circuit board. Four different diamonds ardn@dnetfor scanning the energy spectrum, a single-shot en-

integrated. They are are used according to their physicgf9y analyzer was constructed and built. It consists of an

properties. Figure 3 shows the setup used at HITRAP. horizontal slit (width 0.3 mm) and a permanent magnet of
0.5T that is able to seperate the 500 keV/u beam from all

particles with energy higher than 1.3 MeV/u. This is not
critical since the main energies that are transmitted are at
2.3 and 4MeV/u. The particles then hit a Chevron-type
micro channel plate, they are amplified and the resulting
single-shot distribution is captured by a CCD camera. The
setup is shown in figs. 4 and 5.

Figure 3: Diamond detector with three active areas. CVD{ |
PC 1Qum, CVD-SC 48Q:m and CVD-PC 1xm (left to
right). Diameter of metalization area: 3mm. Diamonds
are 5x5mm each.

Single-crystal diamonds are thicker than the poly-
crystallines. They incorporate a better charge collectiohigure 4. Schematic drawing: cut through the vacuum ves-
efficiency and therefore they are used for particle energigl housing the single-shot energy analyzer.
determination through analysis of the peakheight of the de-
tected signal. In contrast poly-crystalline structuresar ~ The dipole field was measured with a hall probe and was
ten thinner, which makes the Charge collection efﬁCienCMetermined to be very homogenous (See f|g 6)
worse than with single-crystals, because these structures

act like small traps. Only charges created near the elec-The influence of the permanent magnet on the beam, if

trodes are collected effectively, that means that the $igngoved out, is smaller than 0.1 mT on axis, which is a rea-
is very fast but not proportional to the particles energysgnable value.

Therefore poly-crystals are used for time-structure mea-
surements [3]. At HITRAP the following types and thick-

nesses of the diamonds are used: MEASUREMENTS

During the last beam times three different kind of mea-
surements had been performed. The emittance of the
500keV/u beam behind the IH-structure was measured
e single-crystal CVD 480m, with the gradient method and the diamond detector, a test
e poly-crystalline CVD 1%m and measurement with the new MCP-based pepperpot device

e poly-crystalline chemical vapour deposition (CVD)
10um,
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Table 1: Quadrupole gradient® for emittance evaluation
behind the IH in[T'/m] for A/q = 3. Radii are given in
[mm] and contain 90% of the particles.

gradientsof quadrupole doublet beam radius

33.6807/34.2925 6.22
30.3126/30.8633 3.89
26.9445/27.4340 211

~ = 0.30 mrad/mm. The phase space ellipse as well as
restricting straight lines are ploted in fig. 7.
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0.0 s, Figure 7: Phase space ellipse of 500 keV/u beam behind

30 40 50 60 70 80 90 100 110 120 the IH-structure.

Distance / mm
The three parallel line pairs in fig. 7 represent one gra-
Figure 6: Homogenity of the dipole field for the energydient measurement each. The distance between the lines is
analyzer. equal to the beam diameter of each individual measurement
and the rotation of the line pair is calculated from the trans
port distance from the lens to the target and the focussing
behind the RFQ and a bunch structure measurementin frasttength of the lens.
of the IH.

Pepper pot Measurement

3-Gradient Method . ,
The MCP-Pepperpot emittance meter was placed behind

During commissioning of the IH-structure we were ablehe RFQ in a vessel of the low energy beam transport line.

to measure the emittance of the decelerated 500 keV/u io88me measurements were done with RFQ switched on and

behind the cavity. This was difficult because the struceff and diffrences in emittance were measured. A sample

ture also transports part of the beam non-decelerated whighthe captured images is shown in fig. 8.

then causes troubles by detecting the underlying deceler-

ated beam with no spatial separation. A steerer was usedEvaluation of this data resulted in the numbers given in

to seperate the two beams by some: and a 3-gradient taple 2.

emittance analysis was performed. The count rate on the

sensitive diamond detector was always averaged over three

consecutive shots. The determined beam radii together ) , .

with the quadrupole gradients of the doublet are shown i able 2: Emittances measured behind the RFQ with RF on

table 1. With this data together with the beam transpoﬁnd off.

matrices the vertical emittance of the decelerated beam is
calculated to be 9.@m - mrad. The twiss parameters
are calculated to be = 1.15, 8 = 7.80 mm/mrad and

[RFrrq | cxo0% | £y00% |

off

21.3

18.3

on

27.8

24.6
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Figure 11: Bunched signal from diamond detector. Di-
amond signal of incoming ions on the diamond’s surface
(red) and 108 MHz RF-phase (blue).
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The longitudinal bunch structure was measured onl
qualitatively. The diamond detector was used to show t
arriving ions at the entrance of the IH-structure. The pic-
tures of the macro bunch from ESR as well as the bunched
ions are shown in figures 10 and 11.

OUTLOOK

Tests of the single-shot energy analyzer are ongoing and
first online operation should occur during the next beam-
time in spring 2010. This tool should make a fine tuning of
the IH-structure possible in a fast and efficient way. During
and after commissioning of the RFQ the MCP-based pep-
perpot emittance meter will measure again the emittance of
the entirely decelerated beam.
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beams at CERN’s Antiproton Decelerator
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Abstract

In this talk we briefly overview some beam profile monitors used in CERN’s Antiproton Decelerator to measure the profile of

antiproton beams with keV and MeV-scale energies.

The ASACUSA (Atomic Spectroscopy and Collisions
Using Slow Antiprotons) collaboration is currently car-
rying out various atomic physics experiments involving
antimatter at the Antiproton Decelerator (AD) [1] facil-
ity of CERN. The AD delivers a 100-ns-long pulsed beam
containing Ny = (3 — 4) x 107 antiprotons of kinetic en-
ergy K = 5.3 MeV, at a repetition rate f ~ 0.01 Hz. A
radiofrequency quadrupole decelerator (RFQD) [2,3] is
then used to further reduce the beam energy to K ~ 10—
100 keV. This beam is used to synthesize antiprotonic
helium atoms (pHet = p + He?" + e7) [2,4-6] and ions
(pHe*t = p+ He?1) [7], and carry out precision laser spec-
troscopy [4,5,8] on them. In this paper, we describe several
kinds of detectors [9-11] with position-sensitive electrodes
which were used for this purpose.

A parallel plate ionization chamber (PPIC) [9] was con-
structed to monitor an antiproton beam of K = 21 MeV. It
contained three parallel polyester foils of 1.5-pm thickness —
an anode foil and two position-sensitive cathodes mounted
at a distance 2 mm on either side of it. The foils were placed
in a vacuum chamber filled with a mixture of 90% argon
and 10% methane (P10 gas), at a low gas pressure P = 6.5
kPa which helped to minimize space-charge and recombi-
nation effects [12,13]. The antiproton beam was allowed to
travel through the foils in a direction perpendicular to their
surfaces.

The electron-ion pairs produced in the gas were accel-
erated between the foil electrodes. The position-sensitive
cathodes consisted of 20 segmented strips of width 0.92
mm in each plane. The X- and Y- projections of the an-
tiproton beam were obtained by using 40 charge sensi-
tive preamplifiers to measure the charge induced in each
strip. The electrodes were manufactured by sputtering gold

Preprint submitted to Elsevier

layers of thickness t; = 20 nm onto the polyester foils
The strip patterns were cut by focusing the output of a
Q-switched neodymium-doped yttrium-aluminium garnet
laser of wavelength A = 1064 nm on the foil. By slowly scan-
ning this spot along the foil surface, 80-pum-wide lines were
drawn where the gold was vaporized and the underlying
polyester exposed. The polyester, being highly transparent
at 1064 nm, was undamaged by the laser.

The PPIC was irradiated with 300-ns-long beam pulses
containing Ny = 5 x 107 — 1.4 x 10? antiprotons at the Low
Energy Antiproton Ring (LEAR) facility of CERN. The
number of antiprotons Ny in each pulse was roughly de-
duced from the anode signal, under the assumptions that,
i): a 21-MeV antiproton produced ~ 30 ion pairs [14,9] in
the PPIC, ii): the electrons were collected with unit effi-
ciency by the anode. At fields of E = 75V /mm applied
between the anode and cathode, the collected charge be-
came roughly equal to the value estimated above for an
ideal ionization chamber. The horizontal and vertical cen-
troid positions of antiproton pulses where thus measured,
and systematic drifts in the beam position were studied [9].

We next constructed a parallel plate secondary electron
emission detector [9], which measured the profiles of 5.3-
MeV antiproton beams without the use of detector gas.
As before, the detector consisted of an anode foil and two
position-sensitive cathode foils. The foils were coated with
a 50-nm thick layer of oxidized aluminium, which had a
relatively large yield 7. for secondary electron emission.
These foils were placed in the vacuum pipe of the AD beam
line, and evacuated to a pressure P ~ 1078 Pa.

When an antiproton struck a strip electrode on a cath-
ode foil, an estimated v, ~ 0.5—1 [15,16] secondary electron
were emitted. These were accelerated toward the anode foil

5 December 2009
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biased at 50-100 V. Charge sensitive preamplifiers mea-
sured the charge ejected from each strip. The spatial profile
of the AD beam measured with the device was character-
ized by a dense core of cooled antiprotons of diameter d =
5 mm, surrounded by a large (d > 20 mm) halo. This re-
sult was in good agreement with emittance measurements
of the antiproton beam circulating in the AD, which were
carried out using a scraper detector [1].

The pulsed beam emerging from the RFQD [2,3] had an
energy K = 10-100 keV, a large diameter d ~ 30 mm, and
contained (5 — 8) x 10® antiprotons. At such low energies,
parallel plate monitors could no longer be used since the
antiprotons would stop in it. We therefore developed a sec-
ondary electron emission detector [10] based on grid elec-
trodes of wires with diameter d ~ 5-10 pym. This allowed
most of the antiprotons to pass through without degrada-
tion, while a small portion (typically 1-2%) intercepted by
the wires produced the signal. The monitor consisted of
X and Y position-sensitive cathode grids, sandwiched be-
tween three anode grids with a distance [ = 2 mm between
them. Each grid consisted of 32 gold-coated tungsten wires
stretched over a ceramic frame, with a pitch Az = 0.25-1
mm between neighboring wires. They were manufactured
by first printing a pattern of gold readout microstrips with
thickness ¢, = 30 pum along the edges of the frame. An elec-
trode tip made of tungsten pressed the microwire ends onto
the corresponding microstrips. The wires were then embed-
ded and fused into the microstrips by applying a pulsed
current on the tip.

Due to the very small number of antiprotons intercepted
by each wire, only ~ 1000 signal electrons were emitted
from it per antiproton pulse. Of particular importance to
achieving a high sensitivity in the charge-sensitive pream-
plifier [10] was the use of junction field-effect transistors
with a low 1/ f noise coefficient K ~ 10727 J, and a high
transconductance gain g,, ~ 50 mS. The output voltage
signal Vj of the preamplifier was converted into a differ-
ential current one I; using a transconductance amplifier.
This signal was then transmitted from the preamplifiers to
an active filter amplifier housed in a nearby electronic rack,
over several meters of shielded twisted-pair cable [10,17].
The differential nature and low impedance of the signal en-
sured that any external interference picked up on the cable
would not degrade the signal-to-noise ratio. This was es-
sential because the monitor was used next to the RFQD,
which was excited with MW-scale RF powers at frequency
f ~202.5 MHz. The detector achieved an equivalent noise
charge of € ~ 200 electrons. This is within a factor 2 of the
best values reported for any room-temperature detector of
comparable capacitance Cget ~ 10 pF.

The monitor could also be used to measure the profiles of
UV laser pulses, by employing the wires as photocathodes.
Four such monitors were constructed, and operated in ul-
trahigh vacuum (p ~ 10® Pa), low temperatures (T < 100
K), and strong magnetic fields (B > 0.1 T) near an antipro-
ton Penning trap [18]. A similar detector based on photon
imaging of secondary electrons will be used in the Linac4

testbench facility now under construction at CERN [19].

This work was supported by the European Young Inves-
tigator Awards (EURYI) of the European Science Foun-
dation and the Deutsche Forschungsgemeinschaft, and the
Grant-in-Aid for Creative Basic Research of Monbuka-
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DIAGNOSTICS AT CRYRING

A. Killberg for the CRYRING team at the Manne Siegbahn Laboratory, Stockholm, Sweden

Abstract

CRYRING, the storage ring for ions at the Manne
Siegbahn Laboratory has been used for experiments with
atomic and molecular ions since 1993. The beam
diagnostics that is in used now, in 2009, towards the end
of the lifetime of this ring, at least in Stockholm, is the
result of developments during its around 20 years of use.
These will be presented in this article, together with some
experiences regarding the use of the diagnostic
equipment that has been gained during this time.

OVERVIEW

CRYRING is a 52 meter accelerator/storage ring at the
Manne Siegbahn Laboratory at the Stockholm
University. Since 1993 it has been used to study a vast
selection of atomic and molecular ions. Several different
types of ion sources have been used to supply the desired
ions to the experiments, such as an EBIS, an ECR and
different discharge sources, mainly for the production of
singly charged ions. Also a caesium-sputter ion source
has been used to produce negative ions. The long list of
ions that have been stored in the ring includes singly and
multiply charged ions of masses from 1-208 amu, from
protons to ***Pb>>*, at energies from 38 eV/u — 92 MeV/u.
The full list of ions can be found at [1]. For many of these
ions the intensities available from the ion sources have
been very small, in some cases even below 1 nA. These
low intensities have been a challenge for the diagnostics
and have prompted necessary improvements of the
sensitivity of the equipment which will be described in
more detail in connection with the discussion of the
different parts of the diagnostics below. A more
comprehensive description of CRYRING can be found in
[2,3].

The diagnostic equipment available
consists mainly of the following parts:

in CRYING

Beamlines:

e  Fluorescent screens

e Faraday cups

e  Strip detectors
Storage ring:

e Faraday cups (one
fluorescent screen)
Electrostatic pickups
Schottky detector
DCCT (Bergoz)
ACCT (ICT, Bergoz)
Residual gas ionization beam profile monitor
Neutral particle detectors

combined with a

Most of the instruments in this list can be found also in
most other storage rings, but I hope that a description of
the different parts, together with some comments
regarding our experiences and developments during the
years, could be valuable for other users of similar
equipment.

Figure 1: The CRYRING facility

BEAMLINE DIAGNOSTICS

The fluorescent screens used in the beamlines are of
two kinds. Closest to the ion source a CsI(TI) is used due
to its high sensitivity, also for low energy ions. The other
screens used are of the type called Chromox, from
Morgan Technical Ceramics, made of aluminium oxide
doped with chromium oxide. The main reasons for the use
of Chromox screens in the beamline are their robustness
and UHV compatibility. The outgassing properties of
CsI(T1) is not well known, but we suspect that it could be
too high for a UHV environment, furthermore, they might
not withstand the required baking temperature to 300°C.
We do not exclude, however, that this material could also
be used in a UHV environment, but in such a case, their
properties would need to be tested. All the screens are
covered with a thin metal mesh (95% transparency) to
avoid charging up of the surface. The beam pulses after
the RFQ is of the order of 1 ms long and intensities down
to a few tens of nA can normally be seen on the Chromox
screens when using standard video cameras. For ions with
Q/A<1/4, which are not accelerated in the RFQ and for
which the RF amplitude used is much lower, we have
used the possibility to increase the pulse length to be able
to see weaker beams without exceeding the maximum
average power that can be cooled away from the RFQ
structure. since the light emitted from these screens is
dark red, it is a good idea to increase the sensitivity of the
camera by removing the IR filter that normally is
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mounted in front of the detector of standard video
cameras. Some darkening of the screens with exposure
and a consequent loss of sensitivity has been observed,
but not to an extent that frequent replacement of the
screens has been necessary. The most important use of the
screens has been to centre the beams in the quadrupoles
by varying the magnetic fields and adjusting correction
elements so the centre of the beam spot stays in the same
place.

As an alternative to fluorescent screens, strip detectors
are also used. They have the evident drawback that one
only gets two one-dimensional profiles instead of a true
two-dimensional picture. An advantage is that there is no
need for an extra port with a window for a camera. Partly
for historical reasons, there is only one strip detector in
the beamline from the main ion source. However, in the
beamlines from the EBIS as well as the one from the ECR
source, they have been extensively used.

Faraday cups are used to measure the exact ion currents
along the beamlines, and also in two positions in the ring,
first inside the injection tank and then after almost one
complete turn in the ring. After optimization of the
current in the second cup, normally the beam is
circulating when the cup is retracted.

RING DIAGNOSTICS

Electrostatic Pickups

As mentioned above, there are two Faraday cups in the
ring. The rest of the diagnostics are non-destructive.
There are nine pairs of electrostatic pickups. Initially,
during the commissioning of the ring, these were essential
for measuring and finding the corrections of the closed
orbit of the beam, but once the basic settings of all the
elements were found, we have mostly relied on scaling
these parameters to find initial values that are good
enough to store the beams. To improve the possibility to
work with weak beams, four of the original preamplifiers
have been replaced by state of the art low-noise
amplifiers. These are home built and have input circuits
with two FETs, type 2SK300, connected in parallel. The
equivalent input noise is 5 pVrms @ 10 MHz BW. The
gain is 52 dB.

One of these pickups is used for optimization of the
machine settings by maximizing the signal as measured
by a spectrum analyzer set on zero span on the revolution
frequency in the ring or a harmonic thereof. Since the
optimization procedure often consists of making small
changes of the settings of the elements while looking for
improvements, a monotonous and tiring procedure for the
operator, a LabVIEW program that performs these actions
is instead used for the fine-tuning of the parameters. It
systematically goes through a set of parameters which can
be chosen by the operator and automatically stores any
settings that give improved intensities. A screen shot of
this program in action is shown in Fig. 2. Different input
signals can be used, such as the pickup signal from the
spectrum analyzer and the signals from the different
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Figure 2: Screenshot from the automatic optimization
program showing the result of several cycles of
optimization.

Faraday cups. The history of the improvements can be
found in the graph in the lower left corner of the screen.

Schottky Detector

The Schottky detector has mainly been useful for
multiply charged heavy ions, since the signal is
proportional to the ion charge squared. It is equipped with
commercial low-noise amplifiers from Trontech. The
most common uses of the detector are to monitor the
intensity of the stored beam and to adjust the electron
cooling. A particular use was the observation of ordering
in the stored beam, which can be seen in Fig. 3, where the
transition to a very narrow Schottky peak can be seen
after 1000 seconds. [5]

Apip (x107%)

Figure 3: A sequence of Schottky spectra from a beam
of Xe™" ions showing the transition of the beam to an
ordered state at around 1000 seconds.
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Figure 4: Screenshot from the LabVIEW program that is
used for beam current measurements. This example
shows injection, acceleration (1 s) and a short storage (0.5
s) of a beam of "F°".

Current Measurements

Absolute measurements of the stored ion current in the
ring are essential for many experiments. Two current
transformers are used for this purpose, a DC Current
transformer (DCCT) with which coating beams can be
measured and an Integrating Current Transformer (ICT)
which is used to measure pulsed beams. Both are
manufactured by Bergoz Instrumentation. The DCCT has
a noise level which is approximately 1 pA peak-peak
while the noise of the ICT is more like a few nA. To
improve the signal to noise levels, the signals from the
transformers are in general averaged over several
injections into the ring. Also, the background signal from
the ramping of the magnets during acceleration normally
needs to be subtracted. Another LabVIEW program is
making this process easy. A screenshot from this program
is shown in Fig 4. The original preamplifier of the ICT
has been replaced by a home-built one with lower noise
(1 nVrms/NHz) and higher gain (80 dB). Also the
integrator electronics has been replaced by a new version
with gate widths with a ratio of 2:1, instead of the original
1:1 to make it easier to fit the signal from the bunch
inside the measuring gate. Further details of the
improvements made on the ICT can be found in [4],
where also the use of the signal from an electrostatic

pickup to extend the measurement range down to even
lower beam currents is described.

Beam Profile Monitors

Two residual gas ionization beam profile monitors are
installed, one for the vertical profile and one for the
horizontal. These monitors detect ionized residual gas
molecules that are created in collisions between the stored
ions and the residual gas molecules. An electric field
transports these ions towards a set of Micro Channel
Plates (MCPs) from which a spatially resolved image of
the area where collisions are taking place, i.e. of the beam
trajectory, is obtained. The resolution is clearly less than
1 mm. This instrument is a very useful tool, in particular
for optimizing the electron cooling. As can be seen in Fig.
5, it has also been used to measure the transverse cooling
time [6].

Another MCP based detector, placed in the zero-degree
exit of the straight section after the gas target, is used to
register neutral particles. Since neutrals are created from
collisions between stored singly charged ions and the
residual gas molecules, this detector has been very useful
to monitor the number of stored ions.

40 mm

-a._._l.--.h._m.--m..l.--m.-n.—l.- o Moo Mot
b b ae D BN j J, ‘L .L,.
Figure 5: Vertical profiles of an F® beam during
successive 61-ms intervals, starting 61 ms before the

electron beam is realigned with the ion beam and cooling
begins.
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Development of detectors for
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Abstract: New generation of Radioactive lon Beam (RIB) facilities are being
constructed in Europe under the projects SPIRALII (GANIL, France) and FAIR
(GSI, Germany). The new particle accelerators foreseen by these projects will be
able to produce beams of radioactive isotopes with high intensities (>10°pps).
These beams, at low energy, lower than 20 MeV/u, usually have large
acceptance, which imposes the use of tracking detectors before the target in
order to reconstruct the trajectory of the ions before a nuclear reaction. The
group of Basic Nuclear Physics at the National Accelerator Center (CNA) in
Seville, represents one of the institutions in charge of developing solutions of
tracking systems for the low energy branch of FAIR (the HISPEC/DESPEC
project). From this point of view, a collaboration with the Commissariat a
I’Energie Atomique (CEA-SACLAY) was established, with the following
objectives: to simulate, develop, build and test a low pressure Secondary
electron Detectors (SeD) and its related fast electronics. The construction and
experimental results of the first prototype as well as a first set of simulations are
presented below. We also present a new Nuclear Physics Line, as a valuable
tool, projected and mounted at the CNA with the aim of being able to perform
tests on any kind of detector and on its related nuclear instrumentation.

Keywords: beam tracking detectors, fast electronics, low energy accelerators.
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INTRODUCTION

Nuclear reactions are an important tool to investigate the nuclear structure and
reaction mechanisms. These reactions have been extensively used in the past with
stable nuclei. During the last decades, the nuclear reactions experiments grew to reach
the biggest radioactive beam facilities such as the European laboratories GANIL
(France), GSI (Germany), CRC (Belgium) or CERN (European Organization for
Nuclear Research).

Two of these RIB laboratories, GANIL and GSI, have recently started expanding
their facilities with the SPIRAL II (GANIL) and FAIR (GSI) projects. These projects
foresee the construction of new accelerators that will allow studying the nuclear
structure of new isotopes such as super-heavy nuclei, neutron-rich and neutron-
deficient or highly deformed nuclei. Despite the fact that the current generation of
tools allows successful measurements, it is clear that significant improvements can be
reached regarding the efficiency, time and spatial resolutions and simultaneous
detection of gamma rays and particles for a complete study of the reactions. Moreover,
due to the characteristics of exotic nuclei beams (high acceptance and low resolution
in energy) and in order to identify the initial conditions of the particles, it is important
to detect and reconstruct the trajectory of the particles that produced the reaction.

This implies on developing a new generation of instruments that allows us to work
under the parameters of the future radioactive beams, such as the high counting rate

(>10%pps).

According to this framework, we present, in the following, the new Nuclear Physics
Line of CNA, as a local facility, projected and mounted in order to test any kind of
detector and its related nuclear instrumentation. Furthermore, we introduce the first
mini-SeD (70x70mm) prototype constructed by a collaboration between the CEA-
Saclay and the CNA. This detector has been built based on the concepts and
parameters of the SeD (250x400mm) installed in the focal plane of the VAMOS
spectrometer in GANIL [1,2]. The first idea was to guarantee the possibility of having
a low pressure tracking detector system capable of working with position and time
resolutions of around 1-2mm and 100-200ps, respectively, independent of its size.
Afterwards the goal is to improve these resolutions by simulating and developing fast
preamplifiers.
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THE NEW NUCLEAR PHYSICS LINE OF CNA

A new line dedicated for developing Nuclear Physics instruments, is now available
in the 3MV tandem of the CNA-Seville. This accelerator is able to accelerate protons
and several heavy ions with a current range between 1pA and 1pA approximately, at
energies between some keV and tens of MeV, depending on the charge state of the
selected heavy ion.

With this tool we open the possibility of determining the particles trajectory, in an
event by event basis, of low or high intensity of stable nuclear beams, at low energy,
produced by the 3MV tandem accelerator. Therefore, the stable beams can be used to
simulate the characteristics of radioactive beams (different counting rates with large
acceptance).

The new installation includes two reaction chambers with high current and voltage
connections, a gas control station, a cooling system as well as a high vacuum system,
which allows working at pressures of around 10 mbar. Within the line, we are able to
test different types of detectors that are used in the biggest RIB facilities around the
world, nuclear instruments like fast electronics, as well as performing low energy
nuclear reactions or training students under different academical or research proposals.

—

Figure 1: View of the new nuclear physics line in the CNA-Seville (Spain).

THE MINI-SED DETECTOR PROTOTYPE

Detector structure and operation principles

The mini-SeD is a low pressure gaseous detector. It is a mini-prototype (70x70mm)
of the Secondary electron Detector (SeD) (250mm x 400mm) developed at CEA-
Saclay and installed in the focal plane of VAMOS spectrometer in GANIL [1,2]. The
ion beam passes through an emissive foil of aluminized mylar of 0.9 um. The impact
of ions on this emissive foil produces secondary electrons that are drained and focused
towards the detector by a parallel electric (10KV) and a magnetic (100 G) field [3].
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The mini-SeD is filled with pure isobutane at 4 torr. Once the secondary electrons pass
through the 0.9 pm thick aluminized mylar window of the detector, the amplification
occurs over two different zones: the "parallel-plate" zone where the field is constant
and a zone of amplification around the anode wires where the gradient of the electric
field is high [1,2].

lons lourds (E < 2MeV/A - Z>10)

Feuille émissive Vf = 10 kV
Mylar 0.9 o+ Aluminium 100 nm

EXTRACTION
ACCELERATION /
= S e - Grille accélératrice \V/g= O Volts

Fils Y PPAC (temps)
T e e e 0. HT + "> MWPC (position xy)

DETECTION
MWPC Basse pression

ooooo

GAZ
C4Hqq - 4 Torr

Figure 2: Operation principles of the SeD

The anode is a plane of goldened tungsten wires of 20um diameter with 1mm pitch.
The entire anode plane is at the same potential (600V). At 1.6mm of the anode, we
have two cathodes, one on each side. The one located at the entrance of the detector is
also a plane of goldened tungsten wires, with a diameter of 50um, and a pitch of 1mm.
They are linked by three and referenced to the ground through their electronics. The
other cathode is an FR4, printed circuit board (PCB) with Copper strips. The strips are
2.34mm wide, and they are separated by 0.8mm. The active area of the mini-SeD is
70x70 mm”.

Anode (wires 10 pm diameter)

*lylar window

Active area 70270 mm? |'|

Cathode (28 evaporated strips)‘{

Figure 3: Different mechanical parts of the mini-SeD prototype.
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CONSTRUCTION

In Figure 4, we present some steps of the (70x70mm) mini-SeD prototype

construction. The mini-SeD was built to study the possibility of having a small and big
active area tracking detector, based on the same technology, with comparable and

reliable resolutions.

Figure 4. Details of the construction and assembly of the mini-SeD prototype.

TESTS AND RESULTS

The tests of the mini-SeD have been performed using a home made fast voltage
amplifier (AR8) developed at CEA-Saclay to read out anode time signals and a
MATACQ card [4] as the ADC. The cathodes are read out using the CPLEAR
preamplifiers developed for SeD and a commercial QDC V792 model from CAEN.
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Time Resolution

In order to measure the time resolution we use three detectors: a prototype of SeD,
a surface barrier Si detector and the mini-SeD of which we want to measure the time
resolution. The measurements are performed using a **Cf radioactive source. Figure 5
presents a scheme of the setup and Figure 6 presents typical anode signals. The time
resolution (FWHM) obtained for the mini-SeD is 200ps, and it is the same value as the

one obtained for the SeD.
‘ Si Detector

(o] (o]
(o] (o]
[e] (0]
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Figure 5: Scheme of the setup used to obtain the mini-SeD time resolution.
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Figure 6: Typical time signals obtained from the anode of the mini-SeD prototype.
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Spatial Resolution

Figure 7: Setup used to obtain the spatial resolution of the mini-SeD.

In order to measure the spatial resolution, two methods of analysis, using different
algorithms, were used. The first one consisted on calculating the geometric center of
gravity of the measured charge on a given number of strips, as for the other, it
consisted on approximating the distribution of charge with an analytic function (sechs)
[5]. The best result obtained for the mini-SeD position resolution is 1.2mm (Figure 8),
which is of the same order as the one obtained for the SeD, using the same

preamplifiers.
. .
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Figure 8: Final experimental results of the mini-SeD prototype: position resolution of
1.2mm and time resolution of 200ps. The results are comparable with the SeD
installed in GANIL.
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SIMULATIONS

Following the promising experimental results of the mini-SeD, and in order to
improve them, we started a series of simulations using the Monte Carlo code
GEANT4 (version 9.2). This code simulates the transport of the particles through
matter. The geometry of the detector (mini-SeD) has been accurately reproduced in the
simulations, especially the different parts and materials of the prototype (including the
gas at low pressure) as well as the presence of the electric and magnetic fields. The so
called “Physics List” used in the simulations is based on the QGSP-BIC-HP package
provided in the GEANT4 official release. Some important data of the GEANT4
simulation are listed below:

* Energy of the incident beam = 1 MeV/u
* Aluminized mylar thickness = 0.9 um
» Extraction voltage = 10KV

* Magnetic Field = 100G

* C4HI10 gas at ~4 Torr

* 20 um goldened tungsten (anode)

* 50 pwm goldened tungsten (cathode)

e 1.6 mm gaps

« FR4 PCB

* Custrips (2.34 cm x 7.0 cm) (cathode)
* Electric field = 600 V/m

Thus, GEANT4 simulates the secondary electrons produced after the collision of
the beam particle with the emissive foil, which is placed in the beam trajectory. These
secondary electrons are extracted from the emissive foil by a 10-kilovolt high voltage
and guided to the detector placed outside of the beam trajectory. Moreover, GEANT4
simulates the transportation of the electrons in the volume of the detector, as a result
of the gas ionization. In addition, the fluence of the secondary electrons through the
different electrodes is calculated in order to allow us to obtain the current produced in
each strip or wire of each electrode (cathode or anode). The energy deposited in the
Cu strips is calculated as well. We were mainly interested in the current produced in
the cathodes, which will generate the position measurement and for which we develop
new fast amplifiers.

Figure 9: lllustration of charg roduced in the emissive foil simulated by GEANTA.
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So far, the simulations calculate a current of the order of 0.64pA in the cathodes.
These current values, in the cathode, are our input source in the MULTISIM National
Instruments code (Figure 10), which is used to simulate Trans-Impedance Amplifiers
(TTIA), RC filters and shaper-amplifiers elements and circuits.

The objective is to obtain the maximum performance of the system in terms of gain
and bandwidth. The current of 0.64pA, given by the simulations, obtained from the
electrons fluence in the detector cathodes implies on very fast signals. The signal rise
time is of the order of 300ps (obtained by GEANT4 simulations), which gives, using
the commercial tested TIA, a signal of 2.25mV. The bandwidth of the TIA is
240MHz, which means that up to this frequency the value of the gain is 10000.
However, when the signal is faster, the gain decreases, in our case, the gain is of 3515
(Gain=2.25mV/0.64pA=3515).

On one hand, the simulations give the expected order of magnitude, with extremely
good and fast signals; on the other hand the 300ps signals are very fast, and out of the
range of the nominal gain and performance of the commercial TIA; this results in
having an output signal amplitude, after the TIA, of the same order of the measured
noise. Our research now is concentrated on improving the GEANT4 simulations,
increasing the rise time and getting maximum gain performance, besides keeping the
ideal compromise between gain and bandwidth (amplitude and velocity).

5V vcc
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Figure 10: Circuit of the pre-amplifier: from left to right we can identify the
current/voltage source, the trans-impedance amplifier (TIA), the RC filter and the
shaper.
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Cathode signal ~50mV Cathode signal (Simulations)
amplitude amplitude =2.25mV
Rise time ~8ns Rise time ~300ps
bandwidth ~30ns banwidth BW x GAIN

Table 1: Parameters of the experimental spatial signals (cathodes) compared to the
parameters extracted from Geant-4 and the National Instrument Multisim simulations
codes.

CONCLUSION

In a collaboration between CEA-Saclay, GANIL and CNA laboratories, we have
built and tested, with a »**Cf source, a first low pressure gaseous detector prototype as
a candidate of tracking detector for FAIR, the mini-SeD. This (70x70 mm?) detector,
based on the characteristics of the SeD (250x400 mm?) installed in the focal plane of
VAMOS in GANIL, gives a temporal resolution of 200ps and a spatial resolution of
1.2mm. These results are consistent with the SeD. Therefore, we can say that this type
of detector gives compatible and reliable results independently of the size of its active
area. Never the less, these results can still be improved by coupling the mini-SeD to its
fast adapted electronics. Within this framework, first simulations have been performed
that gave better and faster signals. In addition, this detector is very cheap compared to
Silicon or Diamond detectors and easy to repair. Now, the compromise between
bandwidth and gain is under investigation in order to get maximum performance from
preamplifiers circuits and from their coupling to the mini-SeD.

In the near future, the mini-SeD detector will be put under test at the ion beam
facility of GANIL with the corresponding specific electronics and, later on, at the
CNA. For this proposal a new structure is already working in the CNA. A new nuclear
physics line has been prepared for the possibility of receiving several instrumental
nuclear physics tests, including beam tracking and profile detectors or fast electronics.
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Abstract

In the framework of the interest in radioactive ion beam
facilities, as well as in low energy ion traps, special
diagnostic tools are needed in order to cope with low and
very low intensity beams, sometimes also at very low
energy. Particle detection techniques seem attractive under
several aspects. In this paper we describe the main features
of devices that we have tested throughout several years, as
well as of those we are currently employing, at the
EXCYT and FRIBS facilities at INFN-LNS.

INTRODUCTION

Recently an increasing interest has come out around
many applications of particle beams sharing a common
feature, namely the low intensity of the produced ion
beams. Examples of such applications are the production of
radioactive ion beams (RIB), facilities for low energy ion
storage/trapping, low energy antiproton facilities, the
cancer therapy by means of protons and ions.

Sometimes one might also wish to handle very low
energy beams, thus complicating the already difficult task
of a reliable beam diagnostics. Moreover, sometimes the
need arises for single particle counting, hence the ideal
device should be able to operate in two, partially
overlapped, intensity regimes.

In the following a few possible ways are highlighted to
borrow some hints from the nuclear detection techniques,
in order to develop powerful beam diagnostic tools.
Citation of work already done in this field will be helpful
in this task, and for this reason we also list several
interesting papers in the references section .

PHYSICAL BACKGROUND

One of the main requests for low intensity beam
diagnostic tools comes from the RIB facilities.
Unfortunately the produced beams may have a weak
intensity, due to the small cross section for the production
of several interesting nuclear species and to the obvious
limitations in the primary beam intensity. A general recipe
cannot be formulated since each particular species has a
different cross section and lifetime: the final beam current
can span several orders of magnitude, becoming critical
when reaching below =10® particles per second (pps), and
still worsening when below 10° pps.

In such an intensity range the ordinary diagnostic
techniques approach their intrinsic electromagnetic
limitations, that are mainly due to electronic noise, that
limits the attainable signal-to-noise ratio, and to the

* e-mail: INOCCHIARO@LNS INFN.IT

contamination of the useful signal by secondary emission
of electrons from parts of the sensor exposed to the beam.

The required features, whenever possible, are: improved
sensitivity, non-interceptivity, reliability, ease-to-use,
robustness, this last especially regarding sudden variations
of the beam intensity, operator mistakes, failures.

AVAILABLE TECHNIQUES

In order to increase the sensitivity of a beam sensor
device there are two possible strategies: either reducing the
noise or increasing the signal. The former should be
attained by improving the electronic design and the
shielding of usual devices, while the latter can be pursued
by borrowing some hints from the experimental nuclear
physics. In fact a nice method to increase the useful signal
is to use a particle detector, that is usually sensitive to the
energy released by the particle rather than to the carried
charge.

Conversely, the main drawback of devices based on
particle detectors is that their response is strongly
dependent on the beam type and energy: we do not measure
anymore the electric current carried by the beam. Moreover,
the thickness of possible dead layers can introduce an
energy threshold on the detectable beams, while the
radiation hardness, as compared to the cost, is one of the
most important parameters that have to drive the choice of
a type of detector.

The available techniques are based on semiconductors,
gas detectors, secondary emission (with physical
amplification), scintillators; some further technique, like
Cherenkov detectors and others, that can be used in
particular cases, will not be described here.

SEMICONDUCTOR DETECTORS

The most widely used semiconductor detector is silicon.
The signal in a silicon detector is due to the energy lost in
it by an impinging particle, that can cross it or be stopped
inside. The silicon is quite efficient in this process, since
the average energy needed to produce an electron/hole pair
in the depleted region is 3.62 eV. Unfortunately its
radiation hardness is not high, while its cost, including the
needed electronics, is a little bit expensive. Nevertheless
the ease-of-use and reliability are enough to allow its use
for specific applications.

Several groups have already developed and used silicon
microstrip and/or pixel detectors for high energy physics
experiments. They consist of a structure with typical pitch
of =100 ym and thickness of =100-300 ym; the overall
size can be up to 10-15 cm. Such a device is best suited
for single particle counting and tracking, even though it
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can also measure the energy deposition. Its use in current
mode is obviously possible, but radiation hardness and cost
impose severe limitations to it.

In particular cases a silicon detector can however
represent a nice tool, as for instance the beam isotopic
identification [1]. Such a device consists of a thin Au target
and a silicon telescope that can be positioned around it.
This method, that can be applied for not too energetic
beams, allows the unambiguous isotopic identification of
particles by building a typical AE-E scatter plot. An
example of such a telescope, built at INFN-LNS, is shown
in Fig. 1

Fig. 1: example of a silicon telescope used at INFN-LNS for
beam identification.

Quite recently we started to employ a 5x5cm’ position
sensitive silicon detector, readout at the four corners and
from the back electrode. By using a well suited algorithm
we are able to remove the position non-linearity and
reconstruct the transverse profile of the beam. In Fig. 2 we
show the reconstruction of the transverse beam profile after
crossing a pepper-pot mask.

Fig. 2: a 5x5cm’ position sensitive silicon detector.
Superimposed to the picture one can see the linearized plot
obtained after sending the beam on the sensor across a pepper-
pot mask.

Another well known semiconductor detector is
germanium, generally used as very high resolution gamma
ray detector. Due to the very poor radiation hardness and to

the high cost these detectors are completely unsuitable for
particle detection. Nevertheless, in spite of their complex
usage and low reliability as beam sensors, they can be
successfully employed to identify very weak RIBs by
means of their gamma decay “fingerprints” [2], [3].

DIAMOND DETECTORS

Unlike semiconductors diamond is rather a good
insulator, even though its operating mode resembles the
semiconductors. The detection principle is still the creation
of pairs by energy loss, but in this case the noise is
strongly reduced because of the high energy gap. The
average energy to create a pair is =18 eV, the radiation
hardness is very good since it is not a diode that is damaged
because of the displacement of its dopants. Moreover, the
thermal conductivity of diamond is better than copper,
hence it can tolerate a high power deposition. So far the
chemical vapour deposition (CVD) technique allows to
produce good diamond films, that however are not
monocrystalline: this implies that the charge collection
length is limited by crystal defects that trap charges.

Nowadays detectors with 50-100 ym collection length
are available, that can be usefully exploited both in pulse
counting mode and in current mode. In addition the high
electron mobility and dielectric constant, together with the
short collection length, make the signal development very
fast, thus allowing to build also segmented devices with
<50 ps time resolution [4] and capable to sustain up to
10® pps count rate in pulse counting mode [5].

An example of the performance of CVD diamond films
in current mode readout can be found in [6], where the
authors report on tests made with a strip electrode structure
of 100 pm pitch. The overall cost of this technique is still
high, even though it is expected to decrease in the next
future; concerning reliability and ease-of-use the technique
looks promising.

Recently thin monocrystal diamond detectors have
become available on the market, even though their cost is
still quite high.

GAS DETECTORS
Gas Chambers

Gas detectors are very well known since many years,
and they have been developed in a wide variety of shapes
and sizes. The signal in a gas detector is due to the energy
lost by a particle in a chamber filled with a suitable gas.
The average energy to produce an e/ion pair is generally of
the order of 30 eV.

The radiation hardness is good since the gas is
continuously flowed through the chamber, and the cost is
usually cheap. Several operating modes are possible for gas
detectors, depending on the pressure and on the electric field
applied to the electrodes.

The main techniques mentioned here as suitable for
beam diagnostics purposes are the ionization chamber and
the wire chamber. Both of these detectors have been
employed in a large number of nuclear physics experiments
so far, and they are used as beam counters and/or trackers in
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several laboratories. They can be used in pulse counting
and in continuous mode, starting to lose linearity around an
incoming rate of =10° pps due to space-charge effects.

A remarkable improvement in gas detectors has come
years ago with the introduction of the microstrip gas
chamber (MSGC) [7]. Such a detector is based on the same
principle of the wire chamber, with the difference that the
wires (cathodes and anodes) are lithographically drawn and
lay on the same plane. The main advantages are:

* high precision, with a pitch of =100-200 um;
¢ simplification of the overall mechanical structure.

A prototype beam profile monitor employing an
MSGC has been tested at LNS with remarkable results. It
is based on a 5x5 cm® glass microstrip plate used as
collecting electrode of a small ionization chamber. The
collecting field is perpendicular to the beam direction,
while the strips are parallel to it. It can be inserted/removed
on the beam path and the signals, collected strip by strip,
give rise to the beam profile (Fig. 3).

Fig. 3: a prototype gas detector, developed at INFN-LNS, based
on MSGC. (a) electrical connection board ; (b) holding frame;
(c) the MSGC plate; (d) the three parts (a+b+c) are sandwiched
and installed here; (e) gas in/out; (f) mylar window; (g)
chamber body.

A variation of this technique, still with transverse
collecting field but with strips perpendicular to the
impinging particle direction, becomes a multilayer
ionization chamber. Such a device used in single particle
counting can replace a silicon telescope in applications
where low energy beams are involved: Z values up to 10
have been recently identified with an energy threshold
around 200 keV/amu (< 1 ym silicon equivalent) [8].

Residual Gas Detectors

These detectors are based on the ionization produced by
beam particles on the residual gas along the beam pipe.
The very few ionizing collision events need some sort of
physical amplification. What is generally used is a
microchannel plate (MCP) onto which the electrons (or
ions) produced are driven by a transverse electric field. Care
has to be taken to prevent the MCP from being
accidentally hit by the beam, that would destroy it.

MCP: Readout by Electrodes

This kind of device is rather sensitive and is mainly
used in pulse counting mode. It can be employed for
transverse beam profiling, with the collecting electrodes
shaped in separate strips parallel to the beam [9], [10]. It is
also used successfully for longitudinal beam profiling, due
to its good timing resolution (=100 ps) [10]. An
application of such a device was proposed, where both ion
and electron drift times are recorded, also allowing to
identify the ion species drifting toward the electrodes [11].

An example of this application is shown in Fig. 4,
where we report a Time Of Flight spectrum used at INFN-
LNS to identify a ®Li beam.

MCP: Readout by Scintillating Screen

An interesting device is made of an MCP coupled with
a phosphor scintillating screen. By means of a suitable
choice of the voltages applied to the MCP electrodes, the
output electron cloud can be further accelerated toward the
screen, thus producing a visible image that can be observed
by means of a usual CCD camera. The device can easily
reconstruct the beam trace across the active field of the
sensor and the image is best acquired with a frame grabber
that also allows a digital analysis [12].

A more complicated configuration can also reconstruct
the 2D transverse profile of the beam, by exploiting two
different field cages, as shown in [13].

SECONDARY EMISSION DETECTORS

These detectors exploit the emission of secondary
electrons from several materials when hit by energetic
particles [14], [15]. To this aim wires and/or thin foils are
generally used, choosing a material with a sufficient
mechanical strength and capable of withstanding or
dissipating the foreseen power deposition. The generally
used foils are made from carbon or aluminium, the wires
from tungsten.

In case of low intensity beams the number of electrons
produced is very low - usually from few units to two
hundred per incident ion [15] - thus a physical
amplification process is needed to get a useful signal.

This technique, exploiting an MCP to amplify the
number of electrons, is well known since many years in
heavy ion physics for time of flight measurements [16],
and has also been used for longitudinal ion beam profiling
[17], see an example in Fig. 4. Other devices have been
proposed using a channeltron for integral beam current
measurements [11] or an MCP plus scintillating screen
combination to get an immediate 2D transverse profile
image by means of a CCD camera and a frame grabber
[12].

SCINTILLATORS

Scintillators are well known to the physicists since a
long time. Their basic property is to emit as light part of
the energy deposited by an impinging particle. A large
family of polymeric plastic scintillators is today available
on the market, and they are usually rather cheap and easy to
be produced in any shape. Plastics can be practically chosen
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within a wide spectrum of characteristics like decay time,
emission wavelength, attenuation length, etc.

Their main drawbacks are the poor radiation hardness
and power dissipation; so special care should be taken when
using a plastic scintillator in a high counting rate
environment. The usage of a plastic on the beam is
practically limited to a low intensity regime and for short
time intervals: after irradiation with =10'°-10"
particles/cm” all hydrogen atoms are completely ejected,
and only carbon atoms are left (graphite) [18].
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Fig. 4: example of Time Of Flight technique for online
identification and tagging of the °Li radioactive beam by
means of two MCPs detecting secondary electrons emitted by a
thin carbon foil.

During the last years new families of inorganic
scintillator crystals have come up to the attention of
physicists, with rather good mechanical properties,
radiation hardness, scintillation efficiency, and some of
them have a surprisingly short decay time, even shorter
than plastics.

Most of the currently used scintillators have an average
energy to produce a scintillation photon of the order of
=10-100 eV. The cost has large variations due to type,
shape, quantity, doping, purity, but we can still say that it
is cheap.

Among the inorganic scintillators we can also put some
amorphous materials, like glasses, usually doped with rare
earths elements like terbium, gadolinium, cerium, etc.

Concerning the light readout devices, many types of
photosensors exist on the market, some of them suitable
for current readout (photodiodes), some others for pulse
counting (photomultipliers, avalanche photodiodes).
Special devices also exist that are suitable for single
photon counting (photomultipliers, hybrid photodiodes,
silicon photomultipliers or SiPM).

So far the application of scintillators for beam
diagnostics has been basically limited to plastics, mainly
used for timing (e.g. [19]) or for integral current
measurement (e.g. [20]) in pulse counting mode; the count
rate limit is I<10° pps. The timing resolution of such a
device can easily reach <100 ps [21] [22], and if used in

shape of a scintillating optical fibre bundle it can also be
used as tracker, allowing a transverse profile reconstruction
[23].

A R&D activity has been conducted at INFN LNS
concerning the application of scintillators to low intensity
beam diagnostics, moving along different lines. The main
results so far obtained are outlined below.

Scintillating Fibres

Our interest has been attracted by scintillating fibres
since they allow to rebuild a scanning wire beam profiler
by replacing the wire with a fibre. The sensitivity is
improved since the signal is due to energy loss, the
electronic noise is strongly reduced. Such a device, named
FIBBS (Fibre Based Beam Sensor) is capable of sensing
even the single beam particle [24]. The usage of only one
fibre per direction avoids calibrations, while the fibre
diameter and the step size can be varied more or less at will
(Fig. 5). An example of X and Y profiles is shown in Fig.
6.

hon: b

Fig. 5: the FIBBS XY beam profiler, exploiting two
perpendicular scintillating fibres readout by means of a
compact photomultiplier.
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Fig. 6: example of X and Y beam profiles taken with plastic
fibres, by counting particles at ultra-low beam intensity
(=7000pps °Li).

The employed photosensor is a compact
photomultiplier. A special I-V converter has been
developed for the photosensor readout: it allows both the
pulse counting and the continuous readout modes to be
simultaneously performed on two different outputs [25].

Two fibres are installed on the same moving structure,
rotated by 90° with respect to each other but still connected
to the same photosensor, thus allowing to reconstruct both
the X and Y profiles in a single scan.

Two types of fibres have been tested so far: plastic and
Tb-doped glass. The plastic fibres allow the pulse counting
mode, since their decay time is short (3 ns); unfortunately
they are not enough radiation hard, so they need to be used
with care. Tb glass fibres are pretty harder but their decay
time of 3 ms only allows the continuous readout mode.
Nevertheless their light yield is good, and makes the device
capable of sensing beam profiles even down to 10° pps
integral current.

Bulk Inorganic Crystals

We have also built a scanning slit beam profiler, based
on a moving slit and a small CsI(T1) brick (1x1x0.5 cm?).
The operating principle of such a device is quite similar to
the FIBBS, with a few differences. On the one hand it is
completely interceptive while scanning the beam; on the
other hand its overall light yield is about 50 times higher
than a fibre.

The output signal is sent to the already mentioned I-V
converter, in order to have both pulse and current
measurements. This device has allowed us to reconstruct
profiles even down to 10* pps integral beam current in
continuous mode, and at the same time it is able to count
pulses in order to have an absolute intensity calibration. A
very strong point in favour of this device is that we have
recently proved it is useful also for very low energy beam
profiling. In fact it showed it can easily reconstruct a beam
profile of 10° pps of '*C* ions at 50 keV [26].

Scintillating Plates

We have also developed a beam diagnostic set-up based
on the direct optical inspection of the transverse profile
[27]. To this aim we use some scintillating screen, directly
hit by the beam, and a CCD camera that looks at it sending
the images to a TV monitor and to a frame grabber system
for digital analysis.

Several different plates have been tested so far, each one
with interesting features and minor drawbacks. Among
them it is worth mentioning CHROMOX6 (a doped
alumina), NE102A, YAG, CsI(T)).

An interesting screen type is the scintillating fiberoptic
plate (SFOP): we tested thin plates made from a slice of a
bundle of Tb doped glass fibres, whose light can thus be
readout from the back. The light diffusion is constrained
within the fibre diameter (=10 ym), and the light yield
allows to sense beam images even at 10° pps; the 3 ms
decay time gives no evident afterglow. The SFOPs are

radiation hard, but they break at high temperature; therefore
they need some care when exposed to intense beams.

CsI(TI) and SFOP proved to be the tools of choice
when we want to perform precision diagnostics on very
low energy/intensity beams. In particular we exploited
them, for instance, when performing Deep Lithography
with Ions [28]. On the one hand the SFOP allows a
precision imaging of low intensity microbeams (we tested
it down to a 20um diameter collimated beam), on the other
hand a CsI(Tl) plate was successfully used as scintillating
imaging Faraday cup in the same application.

In Fig. 7 we show an example of transverse profile of a
low intensity proton microbeam after collimating it to
150um diameter, with a primary current of 30pA. The
honeycomb structure of the SFOP is clearly visible,
whereas the black dots are black fibres periodically
interspersed in the plate to operate as Extra Mural
Absorbers, inorder to suppress the stray light. The halo
around the beam spot is due to gamma rays produced in the
collimator.

Collimator = 150 pm
Primary beam current = 30 pA

Fig. 7: transverse profile of a low intensity proton beam after
collimating it to 150um diameter. The primary current was
30pA.

THE LEBI SYSTEM FOR RIBs

The main achievement of our R&D was the design and
construction of the multipurpose Low Energy Beam
Imager/Identifier system, basically employed in the
EXCYT unstable beams facility at INFN-LNS. It consists
of a box, operated under high vacuum, capable of
diagnostics on stable and radioactive beams down to
=10°pps and to 10keV [29]. A LEBI features a
50x50x1mm?® CsI(T1) scintillator plate, part of which is
covered by a thin aluminized Mylar tape. In order to image
a stable beam, we expose the plate directly to the beam
itself, looking at it via a cheap and compact CCD camera
installed outside of a quartz porthole. When imaging a
radioactive beam, we use the Mylar tape to implant the
beam (in order not to contaminate the scintillator). The
scintillation light, in such a case, is produced by the decay
products (typically beta rays) hitting the plate (Fig. 8).
LEBI also features a 5x5x5cm’ plastic scintillator, wrapped



- 41 -

in aluminum foil and readout by means of a PMT, in order
to count beta particles and identify the unstable beam by
means of its half-life (Fig. 9).

Moreover, in case one wishes to perform RIB
identification by means of gamma decay fingerprints, LEBI
features two cylindrical hollow cups, made from thin Ergal,
to allow for the insertion of two Germanium detector heads
to be placed very close to the beam implantation position.

In spite of the two initially foreseen systems, so far we
have built and installed thirteen LEBIs.

L}

Fig. 8: the LEBI system for low energy and low intensity
stable and radioactive beam imaging and identification. Shown
are: (a) the tape transport system; (b) photomultiplier; (c) the
plastic scintillator; (d) the CsI(T1) plate; (e) the Mylar tape.
The system can be positioned in beam into three measuring
positions: (pl) beam rate measurement; (p2) imaging of stable
(pilot) beams; (p3) imaging of radioactive beams.
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Fig. 9: identification of the °Li beam by means of its beta-
decay curve.

TOWARD THE SENSITIVITY LIMITS

Recently we have started to investigate the lowest
detection limits of the scintillation/imaging techniques, and
found out that the CsI(T1) screens actually have powerful

performance. In particular we proved that such a screen can

sense down to the fA regime, with beam energies below
100keV (Fig. 10 and Fig. 11) [30].

Protons
=20 pA
E= 44 keV

1097g-
I=0.5pA
E=170 keV
size=0.2mm

Fig. 10: sample images of very low energy and intensity
proton and Silver beams detected by means of a CsI(Tl) screen
and a CCD video camera. The spots are due to a pepper-pot grid
placed in front of the beam, the hole size is 200um.

Protons
I=0.03 pA
E=170 keV

Fig. 11: sample images of very low energy and intensity
proton and Oxygen beams detected by means of a CsI(TI)
screen and a CCD video camera. The spots are due to a pepper-
pot grid placed in front of the beam, the hole size is 200xm.

We have also been able, by means of this technique, to
detect and identify the impurities and/or previous species
accelerated by our ion source months before, both in
elemental and molecular form [30].

We have also become involved in the test of a possible
diagnostic technique for low energy antiproton beams,
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based on scintillators. For this reason we have set up a test
configuration employing a plate holder with three different
scintillators (Tb-glass SFOP, CsI(Tl), YAG), looked at by
means of a high performance 14-bit CCD camera. The
CCD can be cooled down, in order to reduce its noise.

The preliminary results, obtained with low energy and
very low intensity proton beams, are quite promising for
CsI(T1) and also for the SFOP. As to the YAG, in spite of
its much better radiation hardness, the light yield was
disappointingly low [31].

In Fig. 12 we show a few preliminary sample images,
taken with this setup, with a CsI(Tl) screen (upper plots)
and a SFOP (lower plots).
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Fig. 12: attenuated (by means of a pepper-pot grid) proton
beam images taken at E = 200keV, I = 2.5fA [5pA/2000],
t = 20s. Upper plots: CsI(Tl) screen. Lower plots: Tb-

exposure

glass SFOP. The still camera features a 14-bit cooled CCD.

SUMMARY AND CONCLUSIONS

Several techniques have been explored in order to help
in ion beam diagnostics at low intensity, and the know-
how already available with particle detectors has been quite
useful in this respect. The envisaged devices, mainly based
on semiconductors, gas detectors, secondary emission and
scintillators, seem capable of satisfying most of the
requirements so far needed. However the most promising
techniques seem to be inorganic scintillators and doped
glasses, even though many ad-hoc devices based on other
types of detectors are (and will be) helpful. It is worth to be
mentioned that beam imaging by means of Tb-doped glass
or CsI(T]) plates appears as a very promising technique for
beam diagnostics a very low energy and intensity.
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SECONDARY BEAM OVERVIEW
AND LOW CURRENT MEASUREMENTS
OF SPIRAL1 AND SPIRAL2 FACILITY

Christophe Jamet on the behalf of the Electronic Group,

The Operation Group and the SPIRAL2 Project (GANIL, Caen).

Abstract

Since 2001, radioactive beams have been accelerated in
the CIME cyclotron of the SPIRAL facility at GANIL. In
order to tune low intensity and low energy beams in the
transport line, low current measurements and an
identification stations have been used.

For the new project SPIRAL2, the production of high
intensity radioactive beams will be based on fission of
uranium target induced by neutrons.

These exotic particles will be produced, ionized,
selected in a dedicated production building and
transported to the existing CIME cyclotron for post-
acceleration.

The beam diagnostics, required for the production
facility allow a pre-tuning with a stable beam followed by
an extrapolation of the tuning to the radioactive beam.
Some diagnostic devices may also be used for equipment
protections and for the safety systems.

This proceeding describes the present secondary beam
diagnostics in the SPIRAL1 facility and the future
secondary beams diagnostics foreseen by the SPIRAL2
project. These low current, low energy beams are/will be
produced by the ISOL Method.

GANILACCELERATOR

GANIL which means “Great National Accelerator of

Heavy lons” is located in the town of CAEN, France.
The complete accelerator installation is composed by five
cyclotrons. Two ion sources and two compact cyclotrons
produce and accelerate two ion beams at an energy
around 1MeV/A for the lightest beam. One of the two
beams is accelerated by two separated sector cyclotrons
up to 95 MeV/A. The facility delivers a wide spectrum of
high intensity ion beams ranging from 12C to 233U.

The primary beam at the exit of SSC2 can be sent
directly through an alpha spectrometer toward
experimental rooms. This beam can also be driven, since
2001, in the SPIRALI1 facility to produce secondary
radioactive beams.
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Figure 1: GANIL Accelerator Layout

SPIRAL1 FACILITY

The primary beam from SSC2 with a current up to 15pA,
is driven trough the HEBT line on a thick carbon target.
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=P Stable or Radioactive ion beams

CIME Cyclotron

Figure 2: SPIRALI Layout

The production of atoms is done by projectile collisions
on a thick carbon target. Then atoms are ionized by an
ECR ion source.
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The stable beams at the source exit have an intensity
value up to IpA. The radioactive beam intensity is
included between 10* pps and 107 pps.

Radioactive beams can be driven either in an
Identification station either in the CIME cyclotron. The
energy range available, at the exit of CIME, goes from 1.2
MeV/A to 25 MeV/A.

SPIRAL1 TUNING

Tunings are done by three stages.
1 Tuning with a stable beam
The initial tuning of LEBT, CIME and MEBT is realised
with a stable beam delivered by the ion source. (Allow the
use of classic diagnostics)
2 Shift of electrical and magnetic fields
Electrical and magnetic values are changed by a factor
depending of the ratio Q/M of stable ions and Q/M of
radioactive ions. The frequency or the magnetic field is
shifted in the CIME cyclotron.
3 Controls of the radioactive beam
The radioactive beams are controlled by:

e Germanium detector in the LEBT (Identification

Station)
e  Silicon detectors in the CIME cyclotron
e Qas profilers in the MEBT

LEBT DIAGNOSTICS

1 Beam current measurements

Figure 3: Faraday Cup & Logarithmic Converter

Faraday cups and logarithmic converters are designed
for low beam current measurement. The intensity range is
included between 107 to 10" pps in correspondence to
around 1pAe to ImAe.

The principle of a logarithmic converter is to give a
proportional voltage to the logarithm of the current. In the
SPIRAL case, the voltage is equal to zero for a current of
10 nAe and two volts correspond to a factor of ten on the
input current.

I
V =2log—
%10 With I,=10nAe

Faraday cups with log. electronics are easy to use
without gain switch but the sensitivity is limited by the
reverse current in diodes and Ibias influence of amplifier.

2 Beam Profile measurements
(See the DITANET proceeding of J.L. Vignet)

3 Radioactive beam diagnostics

An identification station characterises the radioactive
ions. In the vacuum chamber, a faraday cup, a plastic
detector and a silicon detector are installed or can be
installed and behind the chamber a germanium detector is
available to measure gamma rays.

Ions can also be implanted onto a tape and be transported
to the front of a remote germanium detector. This system
gives the possibility to count gamma ray for long life
radioactive ions with a germanium detector.

Vacuum
chamber

v Detection
Ge Detector

Tape transport system

Faraday cup

Figure 4: IBE setup

These detectors are used by physicists during dedicated
studies. In general, the germanium detector is only used
for the beam counting. In this case, the beam is stopped
and gamma rays produce by the radioactive ions are
detected by a Germanium detector.

Disintegra tion_numbe r

Efficiency

Ibeam =

The beam current is proportional to the disintegration
number and the efficiency. An estimation of the beam
current can be done.

This station enables to identify radioactive species and
estimate the number of ions but with a complicated use.
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SPIRAL2 PROJECT

The SPIRAL?2 project consists in building a new facility
near the GANIL accelerator in order to produce new
exotic beams in the GANIL experimental rooms.

The accelerator is divided in 3 main parts, an injector, a
superconducting linac and a high energy line. The injector
part is composed of a deuteron/proton line, an ion line
(LEBT), a RFQ and a MEBT line. Two kinds of

superconductivity cavity are used for the Linac (=0.07,

Existing
experimental
halls

Experimental hall

with exotic nuclel.
at low energy (DESIR) CIME Cyclotron
Acceleration of exotic nuclei E < 25 AMeV,
6-8 AMeV for the fission fragments

Experimental hall
Neutrons For Science (NFS

14.5 AMeV for ions Alg =
=40 MeV for deuterons

E = 33 MeV for protons

Figure 5: SPIRAL2 layout

The beam energy will be up to 14.5MeV/A for ions,
40MeV for deuterons and 33 MeV for protons. The beam
intensity is foreseen to be up to ImA for ion beams and 5
mA for deuteron beams. At the Linac exit, the beam could
be sent in experimental halls NFS and S3.The third
possibility will be to drive the deuteron beam in a target
source system to produce radioactive beams.

RADIOACTIVE BEAM SECTION

The primary beam arrives on a carbon wheel in which
the deuterons are broken. The neutrons, without electric
charge, go through the converter and produce radioactive
atoms by fission of an uranium carbide target.

High energy

Primary beam Carbon

w | Converter

Red Cave
1+
. Identification
1+ lines Station
UCx | lon sources
target | (ECR, IS, Laser, DESIR
FEBIAD) Radioactivity
Safety Control
N+
Charge Identification
booster Station
n+line

GANIL
Figure 6: RNB general scheme

Mono-charged secondary beams are selected in the 1+
beam line, used for low energy experiment or multi
ionized to be post accelerated in the existing Ganil.

The red cave is an unauthorized area where all
interventions will be done by remote controls with robots.
A safety system has to control the beam radioactivity at
the exit of the red cave.

TUNING AND CONTROL METHODS

The tuning principle of the SPIRAL2 beams consists in
a pre-tuning with a stable beam, followed by an

~extrapolation to the radioactive beam (SPIRAL1 method).

Deuterons  Neutrons ... » Stable beam
Carbon i Target —» RIB
Converter |-) (Ve
| Source I Low Energy
: Experiment
\ Ple )
ad High
Mass 3 Energy
Separator N:. Experiment

Figure 7: Stable beam tuning and R.I.B. tuning

The radioactive beams will be controlled at special
points and indentified in identification stations.

BEAM CURRENT MEASUREMENTS

A new electronic device will be needed to measure low
beam currents. The choice is to use linear I/V converters
with different gains for measuring current under 0.1 pA.

e Two I/V converters will be tested in 2010:
A new commercial I/V: FEMTO DDPCA-300
Very High Dynamic Range: Sub-fA to 1 mA
Transimpedance Gain Switchable from 10* to
10 V/A

e A GANIL I/V prototype with the amplifier
LMP7721. The typical input bias current is 3fA

R.1.B. CONTROL

The R.I.B (Radioactive Ion Beams) control is foreseen
with the use of devices containing implantation foil and
semiconductors to measure the beam radioactivity
(gamma radiation) and control the transmission in the
beam lines.

FET. Sy emperature
5 Monitor

The XR-100T-CdTe represents a breakthrough in x-ray detector technelogy by providing
“off-the-shelf performance previously available only from expensive cryogenically
cooled systems.

Figure 8: CdTe detector

This CdTe detector is under development at Ganil
(resolution: 0.8 % FWHM at 662 keV).
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IDENTIFICATION STATIONS

The goal of the Identification Stations will be:
e to identify the radioactive ions
characteristic radioactive decay
e to measure the intensity of the nucleus of interest
and the contaminants
e to enable an optimization/tuning of the target-ion
source and the charge-breeder system

by their

The developments and realisations will be done by the
LPC Laboratory from CAEN.

RADIOACTIVITY SAFETY CONTROL

An intensity control of the continuous radioactive beam
is necessary in a range of 10° to 10"”pps (100pAe to
1pAe) at the exit of the red production cave.

This control must ensure that the radioactivity and the
associated contamination never reach a maximum rate in
the production building and Ganil.

Beam intensity measurement is a possibility, three
solutions are studied, and each one requires a beam
modulation.

Beam Current Transformer

The best measurement resolutions at GANIL with these
sensors are of the order of nAe (=10'° pps). The minimum
threshold value is fixed ten times bigger than the
resolution (=10 pps). This resolution can’t respond for
the safety control needs.

Pick-Up
The modulated beam produces pick-up
amplitudes proportional to the beam intensity.
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Figure 9: Views of the GANIL pick-up.

|Q pick-up|= |Q beam inside the pick-up |
=I bec(m*'ril'“e inside the pick-up
The beam charge inside the pick-up is equal to the

product of the beam intensity by the time done to go
through the pick-up.

Q pick — up 1 L

Vpick —up == — . Ibeam.—

C C Vv

Measurements were done with a preamplifier and a lock-

in amplifier Stanford Research SR830 at a frequency
around 10kHz.

L: Pick-up length
v: beam velocity

The best measurement resolutions for these sensors at low
energy (20keV) are of the order of 10nAe (=10''pps). A
threshold value under ~10'? pps can’t be guaranteed.

Faraday Cup Associated With a Fast Electro-
static Deflector

A device equipped with an electrostatic deflector and a
low intensity Faraday cup enables to measure a part of the
beam current. This electrostatic deflector could deflect,
for example, at a frequency of 1kHz, with a useful ratio
for measurement of 5 %, leaving 95 % of the continuous
beam for the users (Fig. 10).

High switched voltage at Faraday
59, Off/ 95 % On Cup Beam loss measurement =
oy Delivered Beam Intensity/19
1+ Beam | / .
e — — — p Baam
Delivered

Continuous High fixed

beam voltage

Figure 10: Faraday cup associated with a fast electrostatic
deflector.

In this case, a Faraday cup resolution of 1pAe, by
guaranteeing the "deflector" function, provides an indirect
resolution of 20 pAe on the beam users. This device could
control and guaranty in all circumstances a user beam
threshold of about 200 pAe (2*10° pps). This solution
gives a sufficient sensitivity.

CONCLUSION

The feedback of the GANIL and SPIRALI operation
contributes to define the beam tuning methods and to
design diagnostics.

However, all diagnostics in the RIB facility will have to
operate in a new and strong nuclear environment.
Diagnostics will have to be simple, robust, and reliable.
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THE BEAM PROFILE MONITORS FOR SPIRAL 2 RIB AND

EXPERIMENTAL ROOMS
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GANIL, BP 55027, 14076 Caen Cedex 5, France

In order to visualize the SPIRAL 2 radioactive ion
beams, several beam profile monitors are under
development.

Multiwires beam profile monitors (SEM), low pressure
gas monitor (LPGM) and low intensity beam profile
monitor (EFM) will be used on the RIB lines.

For the signals acquisition of all this kind of monitors, a
new associated electronics will be used. This electronic
digitizes 94 channels in a parallel system. Each channel
integrates the current of the associated wire or strip and
performs a current-voltage conversion.

The dedicated GANIL data display software has been
adapted for these different new monitors.

SPIRAL2 DESCRIPTION

The SPIRAL2 facility is based on a high-power
superconducting driver LINAC which delivers a high-
intensity, 40-MeV deuteron beam, as well as a variety of
heavy-ion beams with mass-to-charge ratio equal to 3 and
energy up to 14.5 MeV/u. The driver accelerator will send
stable beams to a new experimental area and to a cave for
the production of Radioactive lon Beams (RIB). The
Accelerator building construction (phase 1) will started in
2010 and the RIB production building (phase 2) in 2012.
(Figure 1)

The commissioning of the driver should start in 2011 at
GANIL.

| Existing GANIL facility |

DESIR
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Figure 2 : radioactive beam facilities

RADIOACTIVE BEAM
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RIB 20 keV | 400 keV 792 MeV

Figure 1 : Spiral 2 and GANIL facilities

RI1B PRODUCTION

The 40 MeV, 5 mA deuteron beam impinging on the
converter, produces an intense neutron flux with an
energy centered at 14 MeV. Neutrons induce fission in the
UC target located downstream of the target converter. The
converter has to withstand up to 200kW beam power. The
converter is a high speed rotating target which limits the
peak surface temperature of converter materials far below
2000°C. The thermal power deposit in the converter
material is dissipated only by thermal radiation (Figure 2).

BEAM DIAGNOSTICS

In order to drive the SPIRALZ2 radioactive beam along the
beam transport three kinds of beam profile monitor are
under development at GANIL.

Profiler Energy Intensity Quantity
type range range needed
EMS 20 keV<E 10%pps<I<10™pps 40
LPGM | 500keV/A<E | 10 pps<I<10’pps 10
EFM 20 keV<E 10 pps<I<10°pps 10

EMS profilers are the same as those used for the Spiral2
accelerator lines. Gas profilers are soon in used at Ganil
and have been adapted for the low energy and the low
intensity Spiral2 beam (LPGM). Emissive foil profilers
(EFM) are new kind of profile monitors and should be
operational in 2013.
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SECONDARY EMISSION MONITOR (SEM)

These monitors are composed of an
horizontal and a vertical grid of
golden tungsten wires of 150 um
diameter. Three kinds of grid can
be installed, depending on the
maximum size needed to be
measured (Figure 3).

These wires are welded on an
alumina board to obtain a
maximum out-gassing rate of 1.10°
8 pamis™.

The total mechanical precision of
this diagnostic is 0.2 mm.

Figure 3 : SEM profiler

LOW PRESSURE GAZ MONITOR (LPGM)

In order to visualize
radioactive beam energy
in the range of 0.5
MeV/u - 25 MeV/u with
intensity of a few pps
to 10 ’ pps a new kind
of beam profile have
been studied (Figure 4).
A low pressure gas
monitor working like a
ionization chamber and
is constituted by a
secondary electron
emission profiler that is
in a octafluoropropane
(C3F8) pressure of 10
mBar. The gas volume
is contained in the
profiler head with a 6
microns Mylar entrance
window.

A gas regulation central
is connected to the
Profiler in order to

Figure 4 : LPGM profiler

regulate the gas pressure. The signal amplification
depending of the beam characteristics is adjusted by the
hight voltage applied on grid that are disposed on each
side of the wires plane ( Figure 5 and 6).

q s
H’ll .l\.

2t a0 e
e S

Figure 5 : operating principle
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1000

500
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500 600 700 800

High voltage (volt)
Figure 6: amplification signal versus high voltage variation

The acquisition datas are read by the standard electronics
Ganil device and displayed on PC with Ganil acquisition

software (Figure 7).

HI| |

Figure 7 : Azotel4 2+ beam profile
E=1.74 MeV/u, 1= 3200 pps

LOW
(EFM)

A secondary emission foil
profiler is under
development (Figure 8) and
will be used on the SPIRAL
2 radioactive beam lines
and the  experimental
rooms. It will monitor low
intensity in the range of 10 *
to 10 ? pps and low energy
beams from 20 keV.

The impact between the
beam and the foil will
create secondary electrons.
These electrons are guided
by electric and magnetic
field through a drift space.
Micro-channel plates will
amplify the number of
electrons in order to be
collected on an X-Y grid.

INTENSITY BEAM PROFILE MONITOR

Figure 8 : EFM profiler
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The desired resolution is 1mm in each dimension.

During a test with a 2C** Beam at 5 Mev/u with 10°
particles per second, the EFM Beam Profile has been
compared with a standard gas monitor profile. Acquisition
results are shown below (Figure 9).

Standard gas beam profile

Horizontal plane Vertical plane

m”""m"”lll‘ ”lu..l..l.".".l-

EFM beam profile
Horizontal plane

Vertical plane

1w

Figure 9 : beam profile acquisition

This detector is under redesigning in order to have an
homogeneous magnetic field.

ASSOCIATED ELECTRONICS FOR ALL BEAM
PROFILE MONITORS

These electronics digitize 94 channels in a parallel
system. Each channel integrates the current of the
associated wire or strip and performs a current-voltage
conversion with two possibilities: passive system for high
intensity beams and active system for low intensity
beams.

The front end (active or passive signal integration) is
implanted on 12 daughter boards of 8 channels to
streamline the maintenance and to keep the electronic
modularity. For the digitalization, we have chosen a
heavily parallel organization for a good A/D conversion
speed (about 4 ps) and best signal shape conservation.
Acquisition of this digital data and their treatments is
done by a FPGA (ALTERA Cyclone 3). All the
automatisms related to the sensor (high voltages,
insertion, Micro-channels plates protection, front end
protection) are managed by a microcontroller
(FREESCALE 68HCS12). Communication with the
command/control (Modbus protocol over TCP/IP) and
global equipment setup (integrated WEB server) are
managed by a microprocessor (FREESCALE coldfire
5282) executing RTOS.

A first prototype of this electronic system (without control
of automatisms) was successfully tested in 2008. A pilot
series with all facilities will be developed in 2009.

The series of 20 electronics for LBE and LME will have
to be ready for the end of 2010.

CONCLUSIONS

The development of these different kinds of beam profile
will permit to cover all the dynamic of the Spiral 2 energy
and intensity radioactive beam. Last test are now in
progress to perform LPGM and EFM profile solution
before fabrication.
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National Superconducting Cyclotron Laboratory

*Cyclotron-based facility
eFast Radioactive Beams by projectile fragmentation
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Beam Phase Space
*Q/A=0.25 On target
4.6 MeV/u @@ E
3.0 MeV/u e e
0.3 MeV/u ' M,

2-4 mm 1-2 ns — keV/u

Challenges for ReA3 diagnostics

* Intensity of radioactive beam < 10° pps

* Broad range of projectile mass and energy
* Energy loss limiting

* High Resolution required

* Tuning with higher intensity stable beam

Diagnostics wish-list for ReA3

# Detect presence of radioactive beam
#* Measure beam properties
* Beam rate
*# Time structure (pulse width) — longitudinal emittance
# Transverse profiles— transverse emittance
* Energy
* Facilitate optimizing cavity voltage and phase

# Facilitate transport to experiment

Analog beam for setting accelerator

# Beam provided from the stable ion source
#  Same Q/A as the radioactive ion
#  Charge breeding done in EBIT

# ReA3 is tuned up using the stable ion beam with intensity - nA

Faraday :;v,
cup 2

Au Foil & silicon
detector

*& Beam profile
N\ monitor (Slit)

b
Bunch length
also: monitor
Emittance mete (Wire + MCP)
Imittance meter
YAG viewer plate
MCP+phosphor screen

Decay counter

Elastic Scattering Detector

¢ 40 nm Gold foil @ 15° to the beam

e PIPS Si detector @ 30° to beam

* Phasing of Cavities

* Energy measurement

e Fair timing resolution (down to 200ps)

Design based on TRIUMF diagnostics




Timing Wire Detector

¢ Thin Nb Wire + MCP detector

¢ Time resolution < 100ps possible
¢ Longitudinal Phase-Space

¢ Energy by Time-of-Flight

[

Sample spectrum from ion source

Design based on TRIUMF diagnostics 13

He ion source Station 7

] Station 0 Station 1

Station 3 Station 4

Station 2

eEmittance meter
eMCP + Phosphor screen Station | Devices

0 Faraday cup, attenuator, viewer.

*Decay counter
1 Faraday cup, attenuator, viewer, decay counter,
MCP phosphor, emittance

2 viewer

3 Faraday cup, movable slit, timing

oCollimation slits and apertures | ¢

Faraday cup, movable sit, timing, 4-jaw slit,
attenuator

5 Faraday cup, movable sit, timing, foil and Si
det., defining aperture

6 Faraday cup, movable foil and i det.

Faraday cup, movable

High Energy Beam Transport

R Wish-list

na

H- #  Time structure (pulse width) — longitudinal emittance

# Measure radioactive beam properties

#  Beam rate

#* Transverse profiles— transverse emittance

Energy distribution of beam

7.f§j—-— = #*  Purity and Particle identification of beam species

High Energy Beam Transport

[Name ics device
T DP1 P, FC, Collimation Aperture
LE DP2 FC, SL, WC, FS
) DP3 P, FC
Station 5 | DP4 P, FC,WC

DP5 P, FC
DP6 P, FC, Collimation Aperture
DP7 P, FC
|VP: Viewer/Camera WC: Wire and cylinder
[SL: Movable slit FS: Foil + S| detector
FC: Faraday Cup

+ General Purpose Diagnostic Station
¢ Segmented Anode Ionization Chamber
¢ PID by differential energy loss
* Event by event diagnostic

Dipole calibration

(Resonance or ToF) | Station 2

ol
A

tation 1
MCP 16

FRIB General Features

= Driver linac with 400 kW and greater than 200 MeV/u for all ions

= A full suite of experimental tools (fast, stopped, reaccelerated) with the -
corresponding experimental equipment ?

= Space for two ISOL target stations or one additional
in-flight target and space for 400 MeV upgrade
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Biochemistry

FRIB @ MSU Campus

Housing and Dining

Pe}onning- Arts Center

« Green — existing
* Blue - new

Upgrade ReA3 to ReAl2
ReA12 / Superconducting linac
!-" ReA3 E8IT charge
e ::%;w:xx
12 MeV Area “cr o382Mew (emzmo) ’/
RFQ

3 MeV Area

20

Special needs of FRIB

High Power accelerator (400Kw at exit of Linac)

Beam loss tolerance of < 1W/m (i.e < 2.5x10%/m fractional loss at exit)
Fast detection of Beam loss accidents

Long linac with many SRFcavities

Suboptimal performance critical. Has to be detectable by diagnostics

Conceptual design of Diagnostics for
Segment 1

Beam Diagnostic Legend
Bunch Shape Monitor Il Beam Position Monitor
[l Beam Profile Monitor ] Beam Loss Monitor
@ Emittance Scanner [ Beam Current Monitor

Diagnostics system currently being designed

Important elements:
Beam Dynamics simulations for critical operation scenarios

* Radiation transport simulations
* Tinal linac design
® Upgrade possibilities?

22

Conclusions

Diagnostics important for ReA3 linac tuning
Special diagnostics needed for RIB experiments
ReA3 Linac + Diagnostics under construction
Commissioning in 2010 with stable beam

First RIB experiments in 2011

FRIB diagnostics a challenge - design kicked off

E N R

Stay tuned ...
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ELectrostatic lon Storage ring in Aarhus (ELISA)

Detectors and what we use them for at ELISA

Kristian Stgchkel
(TTT N
o
Department of Physics and Astronomy A L3
R & i
Aarhus University e
Low Current, Low Energy Beam Diagnostics, November 25, 2009
1
ELectrostatic lon Storage Ring Aarhus (ELISA)
Elisa data
Laser pulse
Laser power 10° deflector lon bunch
meter
X
Channeltron
detector
Magnet

1
Micro-channel plate

Na cell < Tm > detector
Accelerator with
ion source
and ion trap
Ring design: Beam diagnostics:
8.3 min circumference 4 horizontal pickups
160° deflectors 4 vertical pickups
10° deflectors Scrapers S.P. Mgller, NIM A 394, 281 (1997).
Stores ions with energies up to 22 keV MCP detectors J.U. Andersen, J.S. Forster, P. Hvelplund, T.J.D. Jgrgensen, S.P Mgller, S. Brgndsted Nielsen, U.V.
per charge Pedersen, S. Tomita, H. Wahlgreen, Rev. Sci. Instrum. 73, 1284 (2002).
3
ELISA = ELectrostatic lon Storage ring Aarhus
Three pieces of information
Commisioned in 1999
Lifetimes with respect to dissociation
ENTIRELY ELECTROSTATIC At what wavelengths ions absorb light
Advantages: Daughter ion masses

Store ions of fixed charge and energy with arbitrary mass

Useful for study of heavy ions: fullerenes, biomolecules and other
macromolecules

Combined with an electrospray ion source and a ion trap to

the ions for injection into ELISA.

Two others are operating in Japan, rings in Stockholm, Frankfurt and Heidelberg
are under construction.
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Electrospray ion source

Tube lens Octapole
ESIneedie Skimmer Lenses T
3KV l cceleration tube
. Y T
L_ J —I IT itz
— N 1l s —
1 mbar 10 mbar 105 mbar
[ 10 [l
capillary pump pump pump
lontrap
Fused silica
capillary

22-poleion trap

Accumulation

Extraction Tons

7 8
LASER EXCITED IONS
E L I SA Beam storage time scale
~10s . . .
E* =, + hv Revolution time o
Laser power meter ~100 us 20000 4 Laser excited ions i
. > -;_ :— Laser /
Channeltron
Magnet
— —
O >
Injection hd hd = 3
> Detector S
I'm for neutrals £ 100004 o d b
Accelerator with g:sciZIlisiirt\ls)
electrospray ion source Decay of excited molecule l
_—
~100 pus
—
0
34 36 38
t Time
9 10
Lifetimes for statistical dissociation of photoexcited ions
10° T T T T Channeltron detector
10° r4=16 us AMP anion -
AMP cation
10*4 E
12]
<
3 3
8 10°4 E
r#=146 us
10°
1 g ° ° ©
10 4 B ) E —
T T T T
0 200 400 600 800 1000
Time after photon absorption [us]
S. Brgndsted Nielsen, J.U. Andersen, 1.S. Forster, P. Hvelplund, B. Liu, UV. Pedersen, and S. Tomita, Phys. Rev. Lett. 91,
048302 (2003)
12
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LIFETIME SPECTRA OF C4* WITH RESPECT TO ELECTRON LOSS

Decay yield

Time (ms)

SPECTROSCOPY OF C,,* STATES
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Glass plate detector / secondary electron detector.

Channeltron
detector

Electrons 7
[ V)
@ [ Neutrals

Laser

Glass plate

Neutrals make secondary

electrons when they hit the glass plate
while most of the laser light is transmitted.
Works down to the UV-range

Momentum imaging of ions stored in ELISA

Momentum imaging of ions stored in ELISA

# Laser
Detector for [B:
neutrals
i ] 1
i
s
{ * Magnet
I lon source l

Ar and At detection
> En
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ELISA: A new scheme for daughter ion mass
spectrometry

19 20
ELISA: A new scheme for daughter ion mass spectrometry Signal in MCP detector as a function of scaling parameter x and
storage time t,
< lon bunch
1 MCP detector E |
; v —— 5 |
Ring element 10° deflector I I E > X
voltages —_— s
3
3
Parent ion storage ot g.
v e —— .
h ) tin tig Time H
XV 1 Daughter ion storage |
T
1
1 Dump of daughter X
Fast switch of | ion on McP 0 1
all ring 1 I t m
1
voltages (us) 110° deflector . 0 parent mass
0 t + Time
tl tZ
91 Time-resolved fragmentation mass spectrometry on the us to ms time scale

Dissociation of a molecule in the ring

10°
10*
2
=
3 10°
© 1) Molecule was stored in the ring
10°
| 2) After 1.1 ms, ring voltages were switched to
10
' ' store daughter ion
Parention 1 gyitch i
storage ' ! Dump
13 N '’
% D|augmer fon 3) After 1.15 ms of storage, the daughter ion was
gt storage H
5 XVppmmmmmoe dumped in the MCP detector
2
&

0.0 0.5 1.0 15 20 25 3.0
Time (ms)

23

Consideration for switching times, type of switches ..

Switch times faster than 1 ps
Voltages up to 3 kV

Vertical needs to be bipolar
Injection and dump switch — 3 levels.

Injection

24
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Horizontal deflectors:
16 new solid state switches with power supllies

Vertical deflectors:
Replaced by fast amplifiers (bipolar).

All'is integrated into the control system.

Photodissociation of protoporphyrin ions in ELISA with 390-nm light

Neutrals from collisions with

residual gas

Counts

4 8 12 16 20 24 28 32 36 40

Laser pulse fired after 12.4 ms.

Daughter ion mass spectra were

Counts

recorded right after (t,,) and after
190 ys (t,5) of storage.

12 16 20 24 28 32 36 40

0 4 8
25 Time (ms) 2%
Daughter ion mass spectra
- K. Stgchkel, U. Kadhane, J.U. Andersen, A.l.S. Holm, P. Hvelplund, M.-B. S.
PP
1000 ) . .
2 High-energy CID spectrum (50-keV collisions) Kirketerp, M.K. Larsen, M.K. Lykkegaard, S. Brgndsted Nielsen, S. Panja, and H.
5
S 500 recorded at another instrument Zettergren,
o
i “A new technique for time-resolved daughter ion mass spectrometry on the
300 ELISA switch at t,:
2 200 Fragmentation due to both one- microsecond to millisecond time scale using an electrostatic ion storage ring,
5
3
o 100 /\ }J\ photon and two-photon absorption
o /\/\ A Rev. Sci. Instrum. 79, 023107 (2008).
60 — GH,COOH ELISA switch at t, g
2 Fragmentation due to one-photon
5
3 absorption since all ions that have
absorbed two photons have decayed.
500 550
27 28
ELISA experiments
* Collisional cross ions ( rical size of molecule) \
THE GROUP
* Radiative cooling (emission from infrared active vibrations) hv ? Principal investigators:
w.M Preben Hvelplund Jens Ulrik Andersen  Steen Brgndsted Nielsen
* Lifetimes after photon absorption: % Post docs:
statistical decay processes Jean Wyer Kristian Stgchkel
excited state lifetimes, e.g., triplet states g \ Students:
t/ms
Maj-Britt S. Kirketerp Lisbeth M. Nielsen Camilla S. Jensen
* Electron autodetachment lifetimes .
Klaus Eriksen
* Absorption spectroscopy < ﬂ
A/nm [ FNU Lundbeckfond Carlsbergfondet  Villum Kann Rasmussen
30

29
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Heating by photon absorption

Energy distribution changes in time
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DIAGNOSTICS FOR DESIREE

S. Das and A. Killberg”, Manne Siegbahn Laboratory, Stockholm University, Frescativiigen 26, S -
11418 Stockholm, Sweden

Abstract

The beam diagnostics system for the Double
ElectroStatic Ion Ring ExpEriment (DESIREE) project
under construction is briefly described. A system which
can operate over a wide range of beam intensities and
energies for the DESIREE has been built and tested using
the CRYRING facility at MSL. Spatial resolution up to 2
mm is achieved.

INTRODUCTION

Single electrostatic ion storage rings have attracted
considerable attention in recent years in atomic and
molecular physics because of their several advantages
over magnetic storage rings [1-6]. Motivated by the
success of electrostatic ion storage rings and the
possibility of performing merged-beams experiments with
positive and negative ions, a Double ElectroStatic Ion
Ring ExpEriment (DESIREE) has been under
construction at Stockholm University and will soon be
ready for experiments [7-9].

In this report we briefly describe the different elements
to be used in the beam diagnostics system for DESIREE.
A diagnostic system for radioactive beam experiment
(REX) using the beam profile monitoring system (BPMS)
[10,11] as part of DESIREE beam line has been built and
tested for spatial resolution using the existing CRYRING
facility at MSL [9]. A resolution of 2 mm has been
achieved.

DESIREE

A schematic layout of the DESIREE is shown in Fig.1.
It consists of two rings of same circumference of 9.2 m
and a common straight section of length 1 m for the
merged-beams experiments with ions of opposite charges.
DESIREE will be operated at both room and cryogenic
temperatures (~10-20 K) under ultra high vacuum (~10™M"
mbar) environment. In addition to the merged-beam
experiments, DESIREE will be also used for single ring

experiments.
The basic diagnostics components that will be used are
Faraday cups (FC), electrostatic pickups (PU),

Microchannel plates (MCP), and scrapers. FC will be
used to measure the beam current before and after the
injection of the beam in the storage rings, PU to measure
the transverse beam position in the rings. Position
sensitive MCP detectors will be used to detect the charged
reaction products and the neutral particles that are
occurred from the merged-beam experiments. Beam
scrapers will be used in the straight merger section to
attain the maximum beam size both horizontally and

# kallberg@msl.se

vertically. It should be noted, however, that the properties
of the detectors such as MCP change very rapidly with
temperature and at cryogenic temperature very little data
exist until now. Therefore, the development of the beam
diagnostic system for the DESIREE project is a
challenging one.

Figure 1: Schematic layout of DESIREE.

BEAM DIAGNOSTIC SYSTEM FOR REX

A diagnostic system based on the observation of low
energy (~10 eV) secondary electrons (SE) produced by a
beam, striking a metallic foil has been built to monitor
and to cover the wide range of beam intensities and
energies [10,11].

The system consists of (i) a Faraday cup (FC) to
measure the beam current, (ii) a collimator with circular
apertures of different diameters to measure the spatial
resolution of the system (Fig. 2), (iii) a beam profile
monitoring system (BPMS), and (iv) a control unit (PC).
The BPMS, in turn, consists of (a) an aluminim (Al) plate
or foil, (b) a grid placed in front of the Al foil to
accelerate the SE, (c) position sensitive MCP, (d)
fluorescent screen (F.S), and (e) a CCD camera to capture
the images (Fig. 3). The spatial resolution of the system
depends on the voltage applied on the Al plate. The
amplification of the MCP can be controlled by the applied
voltage.

The collimator contains a set of circular holes of
different diameters (@) and separations (d) between them
as shown in Fig. 2. The collimator cuts out from the beam
areas equal to the holes with separation d mm between the
beams centers and creates well separated (distinguishable)
narrow beams of approximately same intensity close to
each other.
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Figure 2: Collimator with circular holes of different
diameters. @ is the diameter of hole. d is the
separation between the adjacent holes.

The three-dimensional (3-D) view of the BPMS is
shown in Fig. 3. The schematic diagram and experimental
setup of the beam diagnostic system are shown in Figs. 4
and 5, respectively. The collimator and the Al foil
attached with the grid can be inserted and taken out of the
beam path by a pneumatic feed-through. The 10 keV
proton beam from the CRYRING source passes through
the collimator, strikes the Al plate, and knocks off low
energy (~ 10 eV) secondary electrons (SE). These SE are
then accelerated by a homogeneous electric field applied
between the Al plate and the grid that are kept at negative
and ground potentials, respectively. The accelerated SE
from the grid then travel the field free region to the
position sensitive electron multiplier, micro channel plate
(MCP). The amplified electrons from the MCP then hit
the fluorescent screen (F.S) and produce flashes of light.

The F.S is kept at ground potential. The light is captured
by the computer controlled CCD camera [12].

Beam

CCD Camera

Figure 3: Three dimensional (3-D) view of the BPMS.

The CCD images of the collimator holes for fixed Al
plate and MCP voltage recorded on the PC are shown in
Fig. 6. It can be easily form the Fig. 6 that the collimator
has created well separated beams. The figure shows that a
spatial resolution of 2 mm can be achieved. The rest of
the article is focused on the two holes of diameter 1 mm
which are separated by 2 mm (see Fig. 2). The resolution
of the system was tested for different Al plate and MCP
voltages and the results are shown in Fig. 7.
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/ Collimator with different holes/apertures

27 cm Beam

Al foil

\ 4

Ton
Source

Acceleration

orid MCP

«4— Fluorescent Screen (F.S)

Vacc (-kV)

VEs (+kV)

30 MQ

MCP, \ll

CCD Camera

Figure 4: Schematic diagram of the beam diagnostic setup.

Figure 5: Experimental setup at the CRYRING facility at MSL, SU.
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B E E I 5

Figure 6: CCD images of the light produced in the fluorescent screen (F.S) for fixed Al plate (V.. = -5 kV) and
MCP (Vycp = 1300 V) voltage. The beam passed through the collimator and generated SE from the Al plate. Well
separated beam spots are clearly seen on the screen showing a spatial resolution of better than 2 mm of the
diagnostic system.

I I E B N

Vmep = 1250 V 1300 V 1350 V 1400 V

-
i
i

Vaee =- 1.3kV -1.95kV -2.6kV -39kV -4.8kV -55kV -6.2kV

-

Figure 7: CCD images of the light produced in the F.S. The intensity distribution is shown as a function of Vycp
(Vaee = - 5 keV) (upper panel) and V... (Vmep = 1370 V) (lower panel). The vertical beam profiles captured by
the CCD camera are also shown.
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Moreover, the change of resolution of the system as a
function of Al plate voltage was also measured from the
beam profiles recorded on the CCD camera (see lower
panel of Fig. 7). For this, the length of the dip (A)
between the two adjacent peaks was calculated as

A= (a;b —cj . Here, a, b, and c are the heights of two
adjacent peaks, and the dip between them, respectively, as
A
(a+b)
3
as a function of Al plate voltage (Fig. 9). It can be seen

form the Fig. 9 that the resolution of the system increases
with increasing plate voltage.

shown in Fig. 8. The ratio J = was then plotted

C

1
1
1
1
1
1
1
1
1
Vv v

Figure 8: Vertical beam profile captured on the camera.
Two apertures of diameter 1 mm, separated by 2 mm are
considered. a, b, and c are the heights of the two adjacent
peaks, and the dip between them, respectively. (a+b)/2 is
average of the heights of two adjacent peaks.

0.40 T T T T T T T T T T

0.35 1

0.30 1 /° -

7 025 o -
e 1 1
S 0.20 o ]
o ] o ]
0.15 -
0.10 -
!4 ]

0.05 ]

T T T T T T T T T T T
-1 2 -3 -4 -5 6 7

Al plate voltage (-kV)

Figure 9: Plot of ratio as a function of Al plate voltage.

CONCLUSIONS

In summary, we have described briefly the diagnostics
system for the DESIREE project. A system has been built
using the CRYRING facility at the Manne Siegbahn
Laboratory, Stockholm University as part of the
DESIREE beam line diagnostics. A spatial resolution of
better than 2 mm has been achieved. However, a more
detailed and systematic investigation to improve the
resolution of the system further is required.
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Overview of the CSR

Photocathode
electron cooler /
merged beams
electron target

Postaccelerator

# Stored ion
diagnostics

Ring at2-10 K ?
= XUHV
=1 ~1000s
=2v=0

J=0

Gas jet / reaction

3 Electrostatic ?
Crossed beam / 41T e

experimental zone T = oletuies
lon injection
300 keV Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany Robert von Hahn for the CSR-Team
1 2
. : detection
Requirements for th R :
equirements for the CS neutral atoms corner
\
1
]
’
* Long life time, molecules in ground state
= Vacuum at low temperatures: 1*1013 mbar (RT equivalent)
= CSR must be cryogenic (10 K), Zoin
For H, 2 K must be available at a determined number of positions
* Operation temperatures between 10 and 300 K
= Usage of a Helium refrigerator delivering 2 K Helium detection
corner
*  Vacuum at room temperature: 1¥10"'! mbar
= The ring must be baked up to 600 K \ * . _'_ T
Injection
Robert von Hahn for the CSR-Team
3 4

Prototype and Refrigerator

&7 “

~

TN

Connection Box of the
Assembly and measurements mainly by: M. Lange, M. Froese, S. Menk Refrigerator System




Linear Electrostatic Ion Trap

Injected ion beam Middle chamber

Electrostatic
ion trap

|_Gold plated
electrodes

Robert von Hahn for the CSR-Team

i 40 K shields (=

Measured cryogenic temperatures

at cool downs
units

23 0 Ay O
Position (mm) ~ Sebastian Menk: Diploma Thesis
9

Counting of neutral fragments on a chevron MCP

Ion Trapping & Detection

ions
Bunch length

definition
Switched

Ion source

Produces N,*ions
with energies of 2-10 keV

Particles
from source

» Trapping of N,* ions by switching the electrodes
+  After ~400 ns electrode voltage at 95%
» Neutralisation by electron capture of the restgas (mainly H, at 2K)

Sebastian Menk: Diploma Thesis

Robert von Hahn for the CSR-Team

= Measurement

__ 10" {| —— Double Exponential fit
~—— Background fit
voltages (fast HV switches) . Tpor= 275 1125 Trapon

«Cryogenic chamber baked

Tong=343.25% 5408
for better vacuum at RT o

i

*Improved differential
pumping after ion source

Rate of neutral particles (s~

*Improved shielding against
infrared radiation at trap
entrance+exit

o 100 500

200 300 400
Time after injection (s)

With collision cross-sections from the literature, the new lifetime would translate to a
residual gas density of 44000 cm-3 or 1.6*10-'2 mbar (at Room Temperature).

Robert von Hahn for the CSR-Team

Trap

Vacuum

CTF pressure: 8*10-'* mbar

Model: 2 loss mechanisms:

— residual gas collisions
(proportional to pressure)

— ion evaporation from trap
acceptance volume (constant)

Total rate from particle loss:

Neutral particle rate:

R, =" aenN;

1] 1 2 3 4 5
Time after start of warm-up (h)

Robert von Hahn for the CSR-Team




Chamber
cooling units

c'@ Inner vacuum
E chambers
6° Deflect

Quadrupole

Inner Vacuum
Chamber

Liquid He
p<10"® mbar

2 K super-fluid
He supply line

T 5o«

Robert von Hahn for the CSR-Team

2 linear & 1 rectangular chamber /corner
4 middle section chambers
2 bellows/linear section

Schema of the support system

Connection Box
-

Mechanical anchoring due to
10 t horizontal force

Targets to determine the beam axis (50pum)

Weight about 2.8 ¢

Stainless steel supports (0.1 mm accuracy)

Rectangular corner chamber

39° deflectors
60 deflector

Quadrupole

Linear middle chamber




Cryostat chambers ﬁ

+  Stainless steel frame & aluminum plates
w| *©  Plates perform the stability
| *  Thickness of bottom plate 80 mm

Thickness of other plates 60 mm

Stainless steel chamber

* Fulfilles pressure directive

*Welded with filler

*Material 316L

*Copper layer for temperature levelling

*Equiped with nonmagnetic heater wires
-

= bert von Hahn for the CSR-Team
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CCC installation in CSR

Collaboration to develope a Squid based cryogenic current comparator CCC
to determine currents down to around 10 nA pulsed and DC N
between

Uni Jena, GSI and MPI

Miobrium
CSR 40K and 50K ’ AkieMding thermal shicld
thermal shields i Alumimum)

Hetium supply/outlet
Suspension wire
Cooling waser Hines
(for hnEuoulJ
[Beam twhe DN 100

Thermally iselating
Liguid He Titanium fect
container
scparator

“~__ Damping plase
T

SQUIL
electronics
CSR solation vacuum
Pickup coil
high yt cove )\ tank ground plate
22

Conclusions and Outlook

First successful operation of the cryogenic ion beam trap
* Achieved low temperatures of down to 2 Kelvin

* Observed linear pressure dependence of the storage life time during cool-
down

* Determined dominant loss processes for different pressure conditions
* Pressure tests indicated a limiting pressure independent lifetime

*  Modified high-voltage switches with reduced fluctuations

» Determined pressure to 8*10-"¢ mbar

*  Moved trap for further experiments
* Proceeded with ordering and started assembly of CSR

Robert von Hahn for the CSR-Team
23

R. Bastert, K. Blaum, F. Fellenberger, M. Froese,

M. Grieser, M. Lange, F. Laux, S. Menk,
D. Orlov, R. Repnow, A. Shornikov, T. Sieber,
R. v. Hahn, A. Wolf

Thank you for your attention!

Robert von Hahn for the CSR-Team
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Diagnostics at CSR (and TSR) Diagnostic elements of the CSR
Manfred Grieser current monitor, bunched beam
Max-Planck-Institut fiir Kernphysik Schottky pick up . deiection
CSR storagc l'il'lg meutral hL':nul BPM BF'M y ,w—"&“
& ooz ___y beam profile monitor

MCP with

under construction TSR storage ring >
i ! phoshor screen

quadrupole i~ neutral fragments

I
first turn diagnose

reaction B beam iTO)iIEIIlUIII
microscope | 4 monitor BPM ECOOL scrapers
Jroate aain 4% § detection
Ion injection < . . . SR
300 ke test of properties of diagnostics elements for CSR
investigation of diagnostics procedure for the CSR
injection .
DITANET workshop November 24 and 25t rf system
1
Measurement of the intensity of a bunched ion beam Measurement of the intensity of a bunched ion beam
I .; . current of the stored jon beam relation pick up voltage U(t) and stored ion current I(t) A LV
Wk an L()=1(t-At) L 0 o
—— tube 1 N forR—oo  U(t)=——1I(t) . . 1) w
:Illu(t) Capacity: ¢ after the drift tube flight time inside the Cv ion velocity
[l drift tube very sensitive for_aiow
Lt input resistance - s : . v /
il )l U(t)l m_"mr"li’_m__‘ﬁ node theorem: ' ::)’r‘luvelocmes for singly charge ions at the CSR velocity bunched ion
I(t) =L, () + I () + Lo (1) o beam !!
0.025 . .
< 1) =1(t—At)+ I () +1.(1) i typically TSR velocity
ol . L 00201} E=300 keV B=0.1
With bunch length [,>>L: I(t—At) =I(t) - — At =1(t) - I(t)—
at v =.0.015 at the CSR the current
with T (t) = v and I(t) = C- U(t)differential equation for drift tube voltage U(t) 0.010 ‘setllsmvlty
R _ is improved by
L U 0005 \E=20keV
71(0 =C~U(t)+ g a factor >10
v R 0.000 compared to the TSR
] 5 10 15 20 25 30

for R—oo drift tube voltage: U(t) = égl(t) = U(t) < I(t)
\%

3
Measurement of the intensity of a bunched cooled ion beam Measurement of the intensity of a bunched ion beam
profile of an electron cooled 1. there are region with I(t)=0 ? beam : 2C** 50 MeV
bunched ion beam ) determination of the 2. where are the region with I(t)=0 ? D26V e
. TSR measurement (no averaging) beam current for baseline (I=0) construction o PR
e beam: 1206 it TfU(t)-dt z A measurements and simulations for
o E=S0MeV 1_Cv HE comparison were performed
$=0.094 = He
T i * longitudinal phase space bucket size at
ol b of the injected beam the final resonator U=g8V
o A rf periode at Ug=0V voltage U=100V L)
T =~ amplification - [ |
£ “is iw factor - :
amplification: factor V;: 15.14 beam current measured with beam current transformer _ 1 :
. U(t) . . - : T o 0 we %0 M o o 3
attention: due to ——=, no DC can be measured with a pick up besn B = ol
R \ . o TfPL‘CkCt ) simulation ' measurement " baseline
differential equation of L . . 310)) N I Lit) to get region in the signal with I(t)=0 U8y U2V
the pick ltage: —1(t)=C-U(t) + ) = — the rf bucket size at the final resonator L
€ pick up voliage: v AN R_ L _-‘lq“] ) Capaelty: € voltage after bunching has to fulfill: 1.
N . 1 ”'l ng ’ Ab > Abeam :
= we have to know where the region in the signal where I(t)=0 preamglifie Aif bucket area : L5 - |
= base line has to shift where [=0 !!! Apeom- longitudinal phase space baseline o™ i
area of the injected beam " no averaging used in the'measurements
5
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Spectrum of the pick-up signal

bunched ion current periodic function
with period T (T is rf periode)
= pick up signal can be expressed in a Fourier row:

T2
U(‘)z%+Za“-cos(nml)ernsin(nmt) a, % J‘U(t)-cos(nmt)dt bnff JU(t) sin(nwt)dt
= T2

T 7

where U, = Ja2 +b? oc T«— stored intensity

measured with a spectrum analyzer has always its maximum value at n=1
measurement of U, as a function of time during

optimization of the injection (TSR) fjl is determined by the bunch length !!

r-20Lopc )

“* without

1 frel wmits]

g\mulu turn —}

Ehsavus

Measurement of the intensity of a stored bunched
cooled ion beam

U for an electron cooled ion beam in the space charge limit almost independent
of the bunch length U <1

bunch length as a function of

first Fourier U, component of the pick up signal
resonator voltage U 1=20 pA

as a function of the intensity
Measurement of an electron cooled ion beam i !

12C6* E=50 MeV jon beam at f=f =3.05 MHz 1 /‘ :
xperiment= _ “—3'-'*'*"'

U,
Xp =X, =20- LUE(U*") Uj-resonator voltage PR
= T = 20 theory
-5 Ug=450V 10 }Jzeasm
PO Co* E=50 MeV
1.09113
g -0 Uyecl ! % M0 40 6 R0
_ 135V UV
g U= 135V bunch length 4% & function of
5 15 Y U=T20V U, oc 1007 _Inintensity 1U=795V
3 20 l]\ o T3S '“ X
= experiment
—20
-25 Es
7 10 15 20 ~g “ 10 “theory beam
. 7 - - 5 12C5* E=50 MeV

1uA]

. L] XN i 1] M}
beam current measured with beam current transformer 8P e B o

Al
7 8
Spectrum of the pick up voltage for a electron cooled Fn-mch.ed ion beam Current mOIlltOl‘ fOl‘ bunched ion beams at the CSR
fod
for R — oo spectrum cooled bunched beam ; ot -Srolided absolute 1nten51ty measurement
AT 61(sin(nww)-nwocos(nww)) - Iw close to pick up - ) jU(t)'dt
n= n n = 3.3 3 ! cable as short TR ] =—r--2
vC nwo o ] as possible ] o L.V, T electron cooled ion bunch
w=<T, Taylor expansion i e Y
~ ~ . . © 1
at rf frequency n=1 w<<T, U, and U, has the same intensity voltage _f__ comroAroom 7
~ _V,L - 1- V,L - i we< afnpl%ﬁer with!  spectrur U, =const -1
U= vC (21 ’gl(mw)z te)= e 21 i w ) T high impedance analysator / average ;}n current
dh . ) —experimental proof that R~IMQ spectrum at rf frequency
at second harmonic n=2 w<<T; L .
| the condition w<<T,; is fulfilled uncooled bunched ion beam .
0, = Q(Zi—ﬁi(mw)z )= & 1 VL cU const: depends on the amplitude of the rf used for bunching U, x =T if Av>Awm
vC 5 vC 0 __'a ZI <:>I _ v M cooled bunched ion beam vC Ape ifbucket area
! vC VL 2 const: independent on rf voltage for bunching and bunch length, but const Ay, longitudinal phase
example: * depend on ion velocity, taking into account this dependency it is possible to ss;zz‘zgc;c::m
consider signal direct at the pick-up V=1, $=0.01, L=5 cm, C=100 pF determine from U, the absolute stored ion current !
I=10nA = fjl =3uV pick-up voltage without amplification P T V,L __ Va-ampllﬁcatlon fagtor of th§ amplifier 4
or wssb U, = C 2-1 C- capacity of the pick-up with cable to amplifier
easily to measure with a spectrum analyzer tf periode v v- fon velocity
current sensitivity T<10nA if the bunched ion beam is cooled For an electron cooled bunched ion beam absolute intensity measurement is possible
to intensities I<10nA ,depending on the ion velocity, by measuring U,
9 10

Residual gas beam profile monitor

detecior — channel plate with resistive anode measured beam profile for 12C¢* E=73 MeV ions

during electron cooling

after multiturn : .l
injection ————* ] =t

measuring time :_

* renidual
s ion per frame:
counting rate At=100 ms
R=n-c-n-v-N

_ l,«— detector length
~ Cq«—Circumference of the storage ring
G- cross section for ionization
n- residual gas density
v- ion velocity
N- particle number
example TSR
beam: 2C*" E=50 MeV
n= 100 1/em?
I=1pA
R=2001/s

v
-
=]
=
[+
o

7Y

T

CSR: n<10* 1/cm?
=>almost no counting rate
other possibilities for
profile measurements ?

x (mm)
total measuring time: 2s

Beam profile measurements for singly charged ions and molecules
center electron

cooler
detector

neutral atoms

¥
A+e—2A
AB +e—=A+B

atomic ion:
detector N . L
measurement of the neutral particle position
molecular ion:
center of mass coordinate of the fragments are measured
relation between ion beam size at the cooler o; and at the detector position 6y,
12«—— distance between cooler and detector
1+ B function at the cooler position
B*TSR measurements with 3 MeV COD* molecules

al atoms

wnis

Gp =0g

2 —_ |
g

£ tstip=075mm ofF Istrip =0.75 mm m
2 A 5" =
R i !

o =

g 1 B £l B——=

: 4 E

S e H. Bubhr et. al.

g + ey g, 5 + i p—g—,
= ‘1>’ e
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Beam-profile measurement using the reaction microscope
heavy ion are used in experiments using a reaction microscope
principle

ion beam

gas jet
small diameter

I ion detector

ionized asom
from the gas jet

measuring counting rate as a
function of beam-position

scanning the gas jet
with the jon beam

18 remark:
R Crossad baam | 4n the CSR is ramp able:
Exparimental zone

0 each element is controlled
by a function generator

reaction microscope  locale closed orbit shift 1) dependent periodic

for scanning the gas jet scans are easily possible
TSR experiment:
proof of principle, opposite way, scanning the gas-jet with an ion beam

with small diameter to determine the profile of the gas-jet

Gas jet profile of the reaction microscope

. schematic assembly
on

R.,- counting rate ion detector reaction microscope
detector X

Rypy counting rate beam profile monitor
(current normalization)

ion beam

sas jet e
8asJ lifetime measurement Tg

Re oc In-ds

R lifetime measurement
BPM

outside the gas jet: T,
1

ionized scanning gas jet by

P

atom shifting the ion beam 30 i
’ g fit, &1

neon gas jet % 0.25 \
from the measured E back- i
lifetimes Ty, T,= T, D020 oround !

I

'

11 1 = (.15

Tkl
1

el i

— i
T, T, Schlachter measured at TSR with

™ o.lo 50 MeV 12C6*

yn‘-o'-fu

n = Jn»ds=1,3-109 1/em?

o8

ra

4 2 ' 0

ion beam position 2% [mm]

13 14
Measurement of the beam profile with a scraper Measurement of the position and beam profile position
measurement are done by deceleration the stored ion beam to the scraper position profile measurements with 2Mg* ions
E=40 keV at S-LSR university of Kyoto
x(t)=a,+D, -2t o change of the rf frequency o= af
T TN oy At 18 fit function
shift of the intensity measured by, _ P
eloded ordit measuring the spectrum’ ‘"é’ beam loss i p 2
of the bunched ion beam = “* determined by B0 =70 |‘7[“
spectrum analysator B gl the life time t
span 0 mode - Y
resolution >>frequency b?a:‘ }s‘tms to collide}
shift with t e‘scmper . =
18] a,-beam position without
number of stored ion as a function of time I P £
\ S o applying a frequency ramp
Pl ’ fit function a=x
fined seraper position scaper postion at x=) .
ist to th . ) . ) N 44Dt
distance to the scraper is decreased intensity decrease due to ion collisions NGy No¢ BT PL)iNy forag+D, fLiz0 ffom the ﬁt
with the scraper ®= 20 fn beam size: ¢
N for a, +Dxflt <0 beam position: a,
Beam width is determined from the intensity decrease "
fast method to measure the beam profile g,y 2 Jeta
for an ion beam with short lifetime ! N
15 16
Beam position monitor of the CSR First turn diagnose at the CSR
o ) ) beam viewer at CSR prototype
beam position monitor preliminary mechanical design Scintillators not sensitive (. moveable aluminum plate
. . . of the CSR beam position monitor | MCP/ .
pick up cutting into two parts: enough for 20 keV, nA beams / phosphor screen Aluminum
. . Lam . Plate
cut nner vacuum pickups = “Beam Profiler” developed for o Giid \\\ 7
chamber REX ISOLDE: 102 pps — mA
grounded shielded cryo-pump
chamber i
40 K shield suspension
beam
influenced voltage between to improve the sensitivity of the beam position monitoring
plate and chamber beam position system is resonant
L
position coupling |~ __ Vout If frequency
S U2 — U1 capacity Ck .
R e o .
/A Sl R B = WA
. i i . P L »
scaling factor of S’_Lc:;);‘epciliicigy c;,pzclty inductivity 2:7L(C, +C, +C) two of these beam viewer are used
. iode ; . . .
the pick-up details: talk of Felix Laux in front and behind the CTF
17 18
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The Schottky pick up of the CSR

" single ion interaction with
) 1(0=1t-A)
sy - b

| I

the Schottky pick up
—— ~tube flying time through
TAI. =LO-1,()
1
Lapacity of pick up

the pick up
L,()=Q) 3(t—nT)
b7 e and cable to the coil
Inductivity
‘\esonzmt at the observed
Schottky band

L(t)= Q[%M i%cos(n o t)]

resistor du:n:rihiln.(
the losses ————

I, (1) =1,(t=At) = Q)" 8(t—nT +At)

L L-pick up length
v v-ion velocity

Fourier row At=

T -revolution time of the ion
a, 2 2 . .
L,()=Q Y + z?cos(—n o, At)-cos(n o, t)+ T sin(—n o, At)sin(n o, t)
=
current into LC circuit AL()=1,()-1,(t) With o =nae,

AL(t) = Q%i((l —cos(, At))cos(w,t) +sin(w, At)sin(w,t))
n=l

Spectrum of the Schottky signal coming from a single ion

L
] | Litrlieat

1y

a=t
v

AL(H) =Q— 21 cos(®, At))cos(e, t) +sin(w, At)sin(w,t))
n=l resisdor describing
the losses.

= spectrum of Al; ®, =n®, Sowcily of ik up

7
Inductisity | sl cable 1 the coll

2020 — _2ﬁQJ7
All(m")—T (l—cos(co“At)) +sin (w"At)—T 1-cos(m, At) resonant at f,
f, =nf,

Al (0,) is maximum at ©,At=m,37,

Al (w,) isOat o At=m-1T At=—

©. = 2nnf «— revolution frequency of the ion
n 0

integer number

19 20
Spectrum of the Schottky signal coming from a single ion Maxima in the spectrum of a single ion
. i ) un | Ltrlgean
T 1= (141 signal from a single ion 1
»| ion charge J2qQ, Q
| P U((» )77 1-cos(w, 7) T
— tube n Ui(,) [ | i
ceistor describind = T T ZfQ Toosta AD fe— observatlon frequency
m';:::“{m_“lt:f i ‘l_/‘\] ()= —cos(®, A n= f0 f,=n-f, «— revolution frequency Indicidty J.lm.:u."r':.:"'.
0‘ (®) J: apacity of pn.k uwp T revolution time
Induc;u.iw and cable to the coil Q value of the LC circuit maxima in the signal: cos(nZn—) _ resonant at f,
) C resonant at f, _f,_(+2m) ¢, 01rcumference of the storage ring
signal on LC circuit from a single ion : U, (o,) :Q—‘EN’%‘ 1-cos(w, L) fy 2 T pick-up length
®, v
m=0,1,2,3,......
= signal from a single ion proportion to the Q-value (Q,,) of the LC circuit ! harmonic number n where U;(®,) is maximum is determined by
the pick-up length L
details of the construction of a LC circuit with high Q value: talk of Felix Laux
21 22
Some thoughts about the pick-up length L Schottky signal from a single ion at different n
consider pick-up with capacity C ) ] ) ) ) £, observation
one single ion will produce a voltage during one passage pick up signal of a single ion as a function of n=— frequency
= 0
in our simple model 25, \rcvolution
Lty= Qd(t—ty) t<t, U(t) on__ 5 for C =100 pF «— for normalization frequency
¢ —Q3(t—(t,+ At)) t>t, - _l}: L-pick up length
= C,-CSR circumference i i
o+t L Lty - 0 f, single charge ions
fu 1(t) dt O}==C¥ =I5 Lic0.014 L=35em -
VO ="—(— to+At S " L/C,=0.005 <> L=17.5 cm o \ E=300 keV
S D) V210 [~ nan ) )
induced charge distribution A(s) Oms “RMS value of A(s) | Q, =wnC C, 3
L . 2| n \20 keV——uo—r__
jon with 2 .— radius of the tube | - ——
charge Q  Oms = W y -relativistic y 0l : Y AV ) AR e
) ! CSR: =1 0 200 400 600 800 1000
tube If L>>6,,, induced charge on the outside of the cylinder n=/,/fu
L2 . .
Q= IA(S) ds  =>U=Q/C ion velocity The resonance frequency of the LC circuit f,. = f, should be variable in a certain range
6\1"5 i i i
Electrical field lines from a point charge voltage rise time: t,, ~ 2w to avoid zero signals in the voltage spectrum
CSR:a=5cm L >6G,,~ 20 cm better L~35 cm<> L/C;=0.01
23

24
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Fnify [pV)

Schottky signal from a single 300 keV proton

protons with 300 keV are the fastest = low n for observation can be chosen

f;, for singly charged ion

m V219 W)
Q, nnC )

0 150
for C =100 pF
L/Cy=0.01< L=35 cm

Q=le

300 keV

&

100

fi [kbiz)

0

B remark:
0 20 0 0 %0 100 In the frequency range: 0.2-4 MHz
n=folfo pick up is a pure capacity,

forn=1ton=20 U(n)/Q, ~30pV as assumed in the calculation,

=protons E=300 keV f;~ 200 kHz because: L<<)
observation frequency f =0.2-4 MHz

In that frequency range a LC circuit can be build with Q<1000 if the
LC circuit is cooled down to a temperature T~4K

= U~30nV

25

Tune measurements at the CSR
at low energies there is a large incoherent tune shift
' N N- number of ions
AQ= _Xm B- velocity in units of ¢
v € -emittance

distance to “danger” resonances has to be as large as possible

important to know horizontal and vertical tune

coherent tune is determined by BTF measurements, where the horizontal kicker

is one of the 6° deflector and as a vertical kicker a vertical correction deflector
is used. A beam position pick up of the CSR is used for detection the horizontal
and vertical oscillations of the beam at f = f (n+q) g- non integer part of the tune

60 deflector rf signal
(horizontal kicker)

deflector for vertical o capacity

corrections = l

(vertical kicker) U

Jl [ Ul

deflector deflector deflector
voltage clectrodes  Voltage
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Abstract

To exploit the unique possibilities that will become
available at the Facility for Antiproton and Ion Research
(FAIR), a collaboration of about 50 institutes from 15
countries was formed to efficiently enable an innovative
research program towards low-energy antimatter-physics.
In the Facility for Low-energy Antiproton and Ion
Research (FLAIR) antiprotons and heavy ions are slowed
down from 30 MeV to energies as low as 20 keV by a
magnetic low-energy storage ring (LSR) and an electro-
static ultra-low energy storage ring (USR).

In this contribution, the facility and the research
program covered are described with an emphasis on the
accelerator chain and the expected particle numbers.

INTRODUCTION

Currently, the Antiproton Decelerator (AD) at CERN
[1] is the only place in the world where physics with low-

energy antiprotons is done.

This facility has been in operation since 2000, and
although the experiments at the AD have produced some
widely published and recognized results, such as the first
formation of anti hydrogen at rest, they are limited by the
relatively low intensity of antiprotons from the AD,
approximately 10° particles per second, and by the
availability of pulsed extraction only. In addition, the
particles are delivered from the AD at a kinetic energy of
5 MeV, which is significantly higher than the 100 keV or
less which is best suited for these experiments.

At AD, the reduction in kinetic energy from 5 MeV to a
few keV is made by degrading in a foil, which causes a
rather large increase of the beam divergence and
momentum spread, and there is also a high loss of
antiprotons in the degrader foil. These effects limit the
capture efficiency to about 10,

An improvement was achieved by the installation of the
RFQ-D used by the ASACUSA collaboration [2] that
today provides beams at 100 keV energy. However, the

1

usR|| | - ‘

Figure 1: Layout of the FLAIR building. The low energy region can be divided into areas with beam energies between
30 MeV — 300 keV (), 300 keV — 20keV () and 20 keV — rest ().

"Work supported by the EU under contract PITN-GA-2008-215080, the Helmholtz Association of National Research Centers (HGF) under contract
number VH-NG-328, and the GSI Helmholtz Centre for Heavy lon Research GmbH.
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rather large emittance ¢ = 100 mm mrad and energy
spread AE/E = 10% of the output antiproton beam require
a large stopping volume and a high-power pulsed laser to
induce transition for high precision spectroscopy. The
laser bandwidth today limits the precision of the
experiments.

A next generation facility clearly needs to overcome the
present limitations and must also pave the way for
experiments not possible at the AD by providing slow
extracted, quasi-DC beams for nuclear physics type
experiments and ultra-show bunches of only a few
nanoseconds duration for internal collision experiments.

CONCEPT OF FLAIR

The future FAIR [3] facility on the site of the current
GSI laboratory will be an international facility mainly for
nuclear and hadron physics, but also for atomic physics,
plasma research, biophysics and materials research. This
will include physics with antiprotons, and the production
rate of antiprotons will be at least 10 times higher than
what is achieved at the AD today. This is due to the
installation of three cooling and decelerating rings,
similar to what CERN had at the time of proton-
antiproton collisions at the SPS. In the case of FAIR, the
antiprotons will be delivered from these rings at 30 MeV
kinetic energy. The important new feature at FAIR is that
the deceleration from 30 MeV is made at a dedicated
facility, FLAIR (Facility for Low-energy Antiproton and
Ion Physics), consisting of another two cooling and
deceleration rings. In addition to antiprotons, also exotic
unstable and highly charged ions will become available at
FLAIR.

FLAIR will thus offer the unique possibility for low-
energy antiproton and ion research and thus benefit from
maximum synergies between the fields. Details about the
proposed research program can be found in the submitted
letter of intent [4].

The layout of the facility is shown in Fig. 1. The
building is designed as a complex which includes the
experimental areas requested by the experiments
presented in the technical proposals submitted by the
FLAIR and SPARC [5] collaborations, the hall for the
low-energy storage ring (LSR) and the additional areas
needed for off-line mounting and testing of setups, control
and data acquisition rooms, laser labs, power supplies
storage rooms, a small workshop and social rooms.

The accelerator structure to decelerate antiprotons and
highly charged ions consists of the above mentioned LSR,
an electrostatic Ultra-low energy storage ring (USR), and
finally a universal trap facility (HITRAP) [6]. These
components of the facility can provide stored as well as
fast and slow extracted cooled beams at energies between
30 MeV and 300 keV (LSR), between 300 keV and
20 keV (USR), and cooled particles at rest or at ultra-low
eV energies (HITRAP).

Since one main focus of the FLAIR collaboration is the
exploitation of physics with low-energy antiprotons, the

deceleration cycle within the facility and maximum
particle numbers will be given here in this paper for this
particular case.

The particles are injected from the NESR and are
slowed down in a first step from 30 MeV to 300 keV in
the LSR. Electron cooling will then be applied before
transferring the antiprotons to the USR. Here, they are
decelerated again to energies as low as 20 keV and can
then be used either for in-ring experiments or be
transferred via fast or slow extraction to external setups.

Since all the main parameters of the CRYRING facility
at the Manne Siegbahn Laboratory are a perfect match
with the requirements of the LSR and it was decided to
discontinue its funding, a very attractive idea is to move
the whole storage ring together with its integrated cooler
and a low-energy injector to FLAIR. This would not only
provide the LSR as one of the central installations of
FLAIR, but would also allow off-line commissioning of
the whole FLAIR facility and its experiments without the
need of antiprotons or ions from the NESR. Furthermore,
training of operators, as well as continuous development
of the facility and experiments with ions of other species
than those provided from the NESR would become
feasible. Details about the storage ring as well as first
dedicated experiments towards the machine performance
in the FLAIR context can be found elsewhere at this
conference [7].

The USR is a new development and will be the first
energy-variable electrostatic cooler synchrotron installed
within a large accelerator facility. It will not only
decelerate the antiprotons and exotic ions to lowest
energies of 20 keV/q, which will allow e.g. direct
injection into traps, but will also enable in-ring
experiments with at least six orders of magnitude higher
event rates than in single pass setups and also pave the
way for nuclear physics type experiments with slow
extracted, quasi DC beams. Details about the USR lattice,
its optical elements and the envisaged experiments are
given in [8].

PARTICLE RATES

In the LSR, the space-charge limit for a coasting beam
of protons at 300keV is N =5x10°, assuming a
maximum tune shift 40 =-0./ and an emittance of
e =1mmmmrad, see Fig. 2. However, the electron
cooling at 300 keV is probably not strong enough to reach
this emittance, but it is estimated that at least 1x10°
antiprotons can be delivered within 1 7 mm mrad once
every NESR cycle of perhaps 20 s, losses during
extraction not counted. Since the space-charge limit is
proportional to energy (non-relativistically) while
equilibrium emittances in our case shrink with energy,
one can expect that the number of antiprotons per unit
time and emittance increases at least linearly with energy.

Some improvement could be obtained if the NESR
beam is bunched at the 4" harmonic before extraction,
and the four bunches are transferred to the LSR and
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decelerated in four consecutive machine cycles. Each
cycle taking about 5's, LSR could then be able to deliver
four batches of 1x10° antiprotons, minus extraction
losses, within approximately 1z mm mrad emittance
every 20 s.

For highly charged ions, the space-charge limit scales
with 4/7*. The rates for intra beam scattering and electron
cooling also change, such that one can expect that the
equilibrium emittance, at the space-charge limit, does not
depend strongly on the ion species for a given particle
velocity. Again, the emittance shrinks with increasing
energy. From this scaling, we can find, for example, that
the limit of 1x10® antiprotons at 300 keV corresponds to
4x10" U”" at 4 MeV/u.
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Fig 2: Antiproton space-charge limit for a coasting beam
with an assumed Laslett tune shift of -0.02.

The resulting antiproton rates per unit time, averaged
over the duration of a deceleration cycle starting from
injection are listed in the following Fig 3.

| SIS 100: acceleration of 2.8 ~ 10'" protons, bunching to a 25 ns pulse, E = 20 GeV |
1 > :
pbar target: production of 1.0 « 10* pbars!/ 55, E= 3 GeV
T

| CR: bunch rotation and fast stochastic cooling,
total cooling time 55, E = 3 GeV, N = 10%cycle
" 1

| RESR: of pbars by cooling, deceleration from 3 GeV to ]
800 MeV (1.2 5), N=10°- 10" dep g on number of ac bunches
L L J

NESR: elect from 800 to 30 MeV (10 - 20 s), slow
and fast extraction possible

coaling,

| FLAIR |

LSR: deceleration from 30 to 0.3 MeV {3 5), N =105 - 10",
E = 30 to 400 depending on energy, number of pbars limited by

I MeV, average space charge and required emittance (s. Fig. 11)
Intensity 107/s ¥ = 3

| exp. area;

—

(from NESR); HITRAP: deceleration from 4 MeV | | USR: deceleration from 300 to |
|E=031030 o rest (10 ), extraction of cold 20 keV (3s), av. Intensities:
| MeV, average pbars at 5 ke from cooler trap to | | - R, = 1x10%/s at 300 keV
| intensity 10%/s exp. areas, av. intensity: 1x10%s * R, = 1x10%/s at 300 keV
| 10 10%s (from — - : | e Ry =1%10's at 20 keV
LSR):

*R,,. =5x10°/s at 20 keV

[ .phar experimental aréas: E=5MeVto5keV, av. | Sx10%s tod :10%”

Fig. 3: Estimated antiproton intensities at FLAIR. R is
the effective antiproton rate in ring and R, the average
rate of extracted antiprotons, assuming 90% losses
throughout the overall deceleration cycle from the NESR.

This scheme gives about a factor 100 more antiprotons
per unit time stopped in gas targets or trapped in ion traps
as compared to the present AD at CERN where no
dedicated accumulation and multi-stage deceleration rings
are utilized. The availability of such beams, especially
with the additional possibilities of performing in-ring
experiments and measurements with slow extracted
beams, will tremendously increase the number of
experiments possible at this facility.

CONCLUSION

FLAIR is part of the FAIR joint core program and will
be a world wide unique next-generation low-energy
antiproton and ion facility. Cooled antiprotons down to
20 keV both in storage rings and extracted ions at lowest
energies from ion sources will revolutionize low energy
antiproton physics. Continuously extracted beams at these
energies will enable nuclear and particle physics type
experiments currently not possible at the AD of CERN.
Furthermore, the availability of short-lived exotic nuclei
at the future facility at Darmstadt creates utmost synergies
by using antiprotons as hadronic probes for nuclear
structure.
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Abstract

The following paper presents the beam instrumentation
foreseen for the Ultra-low energy Storage Ring (USR).
The main focus of this work is on the development of
beam position monitors (BPMs); a Faraday cup and a
beam profile monitor will also be discussed.

INTRODUCTION

A novel electrostatic Ultra-low energy Storage Ring
(USR) at the future Facility for Low-energy Antiproton
and Ion Research (FLAIR), will slow down antiprotons
and possibly highly charged ions to 20 keV/q. This
multipurpose machine puts challenging demands on the
necessary beam instrumentation. Ultra-short bunches for
in-ring collision experiments on the one hand and a quasi-
DC beam structure for nuclear-physics-type experiments
on the other, together with variable very low beam
energies, ultra-low currents and few particles, require the
development of new diagnostic devices because most of
the standard techniques are not suitable.

DIAGNOSTIC CHALLENGES

Table 1 presents the basic parameters of antiprotons
available at the USR. The machine will be able to store
and decelerate ~107 particles from 300 keV down to
20 keV. With a ring circumference of approximately
40 m, the revolution time of a 300 keV beam will be 5—
6 ps. Due to a highly flexible lattice design [1], the beam
width will vary from a few millimetres up to almost 2 cm
at some positions in the ring. Also, both slow and fast
beam extraction will require special attention from the
diagnostics point of view.

For the standard operation of the USR, ~100-ns-long
bunches are desired. For this case, a harmonic mode / =
10, corresponding to an RF frequency of 1.78 MHz and
RF buckets of about 560 ns, will be chosen. The RF field
will typically be applied after the beam has reached a
quasi-DC state and will lead to the generation of 10
bunches with ~10° particles each. After deceleration, the
main RF frequency will be decreased to 0.46 MHz to
follow the longer revolution time, 22 ps, of 20 keV
antiprotons. Such bunches of ultra-slow particles (f =
0.006-0.025), carrying a very low charge (300 fC), will
require highly sensitive detection techniques.

The most challenging mode of operation will be the
production of ultra-short (few ns) bunches for in-ring
experiments. Initially, a 20 keV coasting beam is planned

*Work supported by the EU under contract PITN-GA-2008-215080, by
the Helmholtz Association of National Research Centers (HGF) under
contract number VH-NG-328, and GSI Helmholtz Centre for Heavy
Ion Research.

#Janusz.Harasimowicz@quasar-group.org

to be adiabatically captured into 50 ns buckets formed by
a 20 MHz cavity operating at a high harmonic mode. With
h = 436 one gets only ~5-10* particles (8 fC) per bunch.

Table 1: Parameters of the antiproton beams stored and

decelerated in USR
Energy 300 keV =2 20 keV
Relativistic 0.025 - 0.006

178 kHz = 46 kHz
5.6 us > 21.8 s
~10% > ~107

Revolution frequency
Revolution time
Number of particles
Bunch length 1 ns — DC beam
Effective in-ring pbar rates ~10" pps — 10" pps

Average rates of extracted pbars ~10° pps

BEAM POSITION MONITORS
Capacitive Pick-up Design

For the non-destructive beam position determination,
up to 8 capacitive pick-ups (PUs) will be installed at the
USR. Their basic design has been discussed in [2], but
aminor change has now been introduced. In order to
avoid beam instabilities due to beam-to-ground
impedance jumps, the PU should have the same diameter
as the beam pipe. To increase the signal amplitude, the

pipe diameter has been reduced from 250 mm to 100 mm.
1

0.8
0.6
0.4

AU/ ZU

—4—-PUO1, no ring voltage
-#-PUO1, ring voltage = 0
-4-PUO02, no ring voltage
-=PUO02, ring voltage = 0

-1
Beam off-axis position [mm]

Figure 1: Response curves for two exemplary PU
geometries with grounded separating rings (squares) and
floating separating rings (triangles) introduced between
the PU plates.

The coupling capacitance between opposite PU plates
and adjacent PU units can be minimised by introducing
separating rings at ground potential. With the proposed
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diagonal-cut design a high linearity is achieved. The
guard rings, separating adjacent plates, allow for a higher
sensitivity to the beam displacement as shown in
Figure 1.

Signal Estimations and Analysis

The peak voltage is expected to be as low as ~100 pV.
If the coupling capacitance between two plates is ignored,
one can assume a simple linear response AU/ZU = x/r,
where AU is the differential signal between two opposite
plates, ¥U is the sum signal and x is the beam
displacement. In this case, the differential voltage for
x = 1 mm will be as small as only a few pV. The expected
weak signals require the use of high input resistance, high
gain, low noise amplifiers together with a narrowband
processing system. Fig. 2 presents the estimated
differential signal which includes 30 pV,,s noise
equivalent to thermal noise at BW =40 kHz. It is
noticeable that the bunch structure is lost due to the low
S/N ratio. However, the analysis of the frequency
spectrum averaged over several dozens beam revolutions
exhibits weak but clear peaks corresponding to the
harmonics of the bunch repetition frequency. With high
gain preamplifiers and a fast, high granularity ADC, the
signal will be digitized and the further narrowband
processing, including FFT analysis, will be performed
allowing for closed-orbit measurements.

R
M

Frequency (MHz)

Figure 2: Top: differential signal (yellow) lost in noise
(black). Bottom: its frequency spectrum for a 1 mm beam
displacement averaged over 500 ps.

Resonant Amplification

With a flexible signal processing system, a resonant
amplification could be added to increase the overall
position sensitivity. The initial idea was to introduce coils
for each plate independently as presented in Fig. 3. The
behaviour of such a PU has been studied in terms of the
detectable voltage difference for I 500 nA,
C=100pF, R = 1 MQ, o, = 2afys and L = 1/(w,°C)
= 80 pH. With ohmic losses Ry in the inductance coil and
no coupling capacitance C. between the plates,
a differential signal of more than 10 pV for 0.1 mm of

beam displacement is expected. A shift of the resonance
frequency ®4 = (1-R;*C/L)** occurs, but is as low as
3kHz for R = 50 Q. However, when the coupling
capacitance is considered, the resonant response is
distorted, see Fig. 4. In this case, not only is the difference
signal several times weaker, but also small changes in the
symmetry of the setup easily affect the PU response.
Several ideas on how to overcome this problem have been
presented [3-4] and are presently under investigation.

lis S C, )Iright
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Figure 3: Equivalent circuit of the resonant capacitive PU
with the image current I, plate-to-ground capacitances C,
amplifier input resistors R and added inductance coils L.
Ry and C. represent coil ohmic losses and coupling
capacitance respectively.
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1e-0to6 1.65206

1.75¢06 1.8e06 1.85606

Frequency [HZ]

1.7€06 1.9606

Figure 4: Resonant PU response spectra for different
beam displacements (solid line: £ 1 mm, dashed line: £+ 2
mm, dotted line: £ 10 mm) for two plates coupled with
a parasitic capacitance.

FARADAY CUP

An electrostatic Faraday cup will be used as a simple
destructive  monitor for absolute beam current
measurements. A limitation of this solution is, however,
the interaction of antiprotons with the cup material. This
can lead to the creation of not only secondary electrons
but also MeV-scale charged pions and recoil ions. Such
particles cannot be captured easily within the cup, and so
the measured charge does not directly reflect the beam
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current. It will, however, be very useful for the
commissioning stage with protons or ions.

The mechanical design of the Faraday cup was
optimized for the USR, i.e., the aperture size was set for
beams of diameters up to 2 cm and the suppressing
electrode length was adjusted to increase the electron
collection efficiency. Fig. 5 shows the simulation of the
electric field distribution inside the Faraday cup.

Figure 5: Simulation of the electric field distribution
inside the Faraday cup.

For beam intensity measurements, a sensitive amplifier
needs to be used because the expected average beam
currents in the transfer lines could be as low as ~0.1 pA.
For injection and fast extraction, the low currents can be
measured by taking advantage of the bunched beam
delivery and measuring the peak current with a fast
current-to-voltage converter (transimpedance amplifier)
working in the required bandwidth (50-200 kHz). For
slow extraction, a sensitive solution should be applied for
the weak DC currents. To overcome the difficulties with
measurements for the different beam delivery schemes,
a variable gain transimpedance amplifier DLPCA-200
from FEMTO was proposed. With a gain setting of 10°-
107 V/A, one will be able to follow the beam dynamically
and get reasonably high signals. Using the highest gain of
10" V/A and a limited bandwidth, it should be possible to
measure intensities down to ~10° pps.

BEAM PROFILE MONITOR

A scintillator-based monitor will deliver information on
the transversal beam profile. However, limited sensitivity
and light yield decrease due to surface sputtering have
been reported [5-6]; it is not clear if these results can be
applied to the USR case for two reasons. First, the tests
were mainly limited to plastic scintillators and other
materials are still to be investigated under different
irradiation conditions. And second, the thickness and
other parameters of the screens were not optimized for the
lowest possible beam currents. Therefore, further studies
on scintillator-based monitors were undertaken using
different types of screens.

The first experiments were realized at the Nuclear
Physics Laboratory INFN-LNS in Catania, Italy with the
invaluable help of Paolo Finocchiaro, Luigi Cosentino
and Alfio Pappalardo. The tests were based on irradiation
of the screens with a continuous beam of protons in the
keV range with intensities down to a few fA. The
scintillating materials used during the investigations

included CsI:Tl, YAG:Ce and a Tb-glass-based
Scintillating Fibre Optic Plate (SFOP). In order to reduce
the initial beam currents of a few pA to only a few fA,
pepper-pot-like attenuators were used, which produced
multi-peak images, see Fig. 6. This allowed resolution
testing of the screens at the same time.

Figure 6: Intensity map of the 50 keV proton beam image
taken with CsL:T1.

The preliminary results for CsI: Tl and SFOP exhibited
great sensitivity to low intensity, low energy beams such
as those expected from FLAIR. For 200 keV protons, the
beam was still visible at approx. 10 fA and only a few
seconds of averaging. The achieved resolution was better
than 0.5 mm. The YAG screen, despite its better radiation
hardness, responded only in a very limited range.
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Abstract

Growing interest in the development of low energy
projectiles, in particular heavy ions and antiprotons, calls
for new beam instrumentation to be developed to match
the strict requirements on ultra-high vacuum and low
beam perturbation. When it comes to transverse profile
monitoring, a convenient solution for simultaneous
determination of both transverse profiles is found in a
neutral supersonic gas-jet target shaped into a thin curtain
and the two-dimensional imaging of the gas ions created
by impacting projectiles. The resolution and vacuum
efficiency of this monitor is directly linked to the
characteristics of the gas-jet curtain.

In this contribution we describe the overall principle of
operation of the monitor, including details of its expected
performance and the design of a nozzle-skimmer system
to be used for the creation of the jet curtain in the first
prototype of such monitor. We also include a discussion
on the geometry, shape of the extraction field and the
experimental chamber that will house the experiment.
Using numerical fluid dynamics simulations, we present
the effects resulting directly from changes in the
geometry of the nozzle-skimmer system on the
characteristics of the jet curtain.

INTRODUCTION

Low-energy physics and storage rings are recently
attracting growing interest in the scientific community, as
remarkable characteristics of quantum systems are most
conveniently studied at low projectiles energies in the
keV range [1,2].

Development of low-energy storage rings must be
accompanied by developments in beam diagnostic
technologies . In particular preservation of the beam
lifetime causes perturbing profile monitoring (e.g.
interceptive foils) to be ruled out [3]. Furthermore,
existing non-perturbing techniques such as residual gas
monitors can require about 100 ms [4] to make
meaningful measurements, due to the low residual gas
pressure, at the expected operating pressure of around 10°
" mbar.

A possible solution around these limitations is to use a
neutral supersonic gas-jet target shaped into a thin curtain
together with bi-dimensional imaging of the gas ions
created by impact with the projectile beam. Such a
monitor, as compared to those based on residual gas,
allows injection of additional gas, in order to increase the
ionization rate. The required vacuum level elsewhere in

* Work supported by the EU under contract PITN-GA-2008-215080,
by the Helmholtz Association of National Research Centers (HGF)
under contract number VH-NG-328 and GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH.
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the storage ring is maintained due to the high
directionality of the supersonic jet [5]. Furthermore, the
method allows simultaneous determination of both
transversal profiles and beam imaging. Crucial to such a
monitor is the control of the gas-jet in terms of achieved
density and directionality.

In this paper, we describe in detail the working
principle of the monitor. We then derive the fundamental
equation governing its sensitivity and precision. Results
of numerical simulations, which show that the geometry
of the nozzle-skimmer system has a dramatic impact on
the final result, and hence plays a central role in the
optimization process, are presented. We then describe the
nozzle skimmer system, the chamber that has been
designed to house the experimental set-up, the extraction
field for the curtain monitor, and finally draw some
conclusions.

OPERATION PRINCIPLE

The proposed beam profile monitor relies on a neutral
gas-jet, shaped into a thin curtain that intersects the target
beam. In its simplest configuration, shown in Fig.1, the
velocity vector of the atoms in the gas curtain is
perpendicular to the propagation axis of the projectile
beam, and the gas curtain plane forms with the same axis
an angle of 45 degrees. When the projectile beam crosses
the gas-jet, ionisation interactions occur and gas ions are
created in the region of the curtain. These ions are
accelerated by a 1 kV/m extraction field towards a
Position Sensitive Detector (PSD) comprised of an
amplification stage of Micro Channel Plates (MCP), a
phosphor screen and a CCD camera. The magnitude of
the extraction field is large enough to project the ions
onto the PSD making the contributions of initial velocity
spread negligible.

CCD

~=Phosphor

VT8
X HE
: § 4L

=N
{0,0,0}
Gas

Extraction Field Curtain

MCP

Figure 1: Sketch of the gas curtain ionization profile
monitor working principle. The gas curtain, shown in
purple, is crosse by the projectiles (red arrow), and the
produced ions extracted by suitable electric fields (green
arrows.



-81 -

To counterbalance the effects of the extraction field on
the main beam, two additional correction fields are added,
as shown in Fig.1. Even at the lowest beam energies, this
results in a net displacement of the beam from its main
orbit of only Imm at the interaction point, and both the
displacement and the transverse momentum introduced by
the extraction field are fully counterbalanced.

After the gas-jet crosses the beam in the interaction
chamber, it flows into the dumping chamber, where an
appropriate vacuum system captures the jet preventing it
from affecting the vacuum in the rest of the ring.

The gas-jet consists of a high-density curtain-shaped
region where densities in the range of 10" to 10"
particles/cm’ can be obtained by varying the stagnation
pressure of the gas-jet reservoir. Preliminary
measurements show that the jet does not appreciably
affect the vacuum in a 10™'" mbar chamber; this is dues to
its high directionality. If a 1 cm wide gas curtain
(including also the lower pressure region around the main
curtain) is made with Argon atoms, for whose ionization
by slow antiproton impact cross section is in the order of
10%° m? [6], then a probability of 10 to 10~ interactions
per particle per turn is predicted. Even in the worst case,
allowing a hundred collisions before a particle falls out of
acceptance, beam lifetimes of 1s are still possible in
machines such as the USR (approx. 20 us revolution
time).

For beams of 10 particles, these probabilities would in
turn lead to a reaction rate in the order of 10° to 10
events per second, compatible with ms to pus imaging and
consequent single 1 pus bunch measurement.

This profile measurement method allows the actual bi-
dimensional imaging of the transverse beam density
distribution, hence providing the measured function
p(x,y). From p(x,y), both transverse profiles p(x) and
Pw(y) can be computed by direct integration of the
measured densities:

Prot (X) = J._OO ,O(X, Y)dy ;

0

pa(¥)=[ plx,y)ix

—00

This, together with the method’s compatibility with an
ultra high vacuum environment, gives it advantages over
the ionisation residual gas monitors, which provide only a
measure of a single, already integrated transverse profile
(either py(X) or py(y)); hence two residual gas monitors
are needed to measure both profiles, and the combined
function p(x,y) is not measurable.

SENSITIVITY AND PRECISION

To compute the sensitivity and resolution intrinsic to
the monitor itself (i.e. without taking into account the
extraction fields and the detection system) we analyze the
monitor in its simplest configuration, referring again to
Fig.1. A particle travelling along in the +x direction, and

starting at the point {x,y,0} can ionize a gas atom
anywhere in the segment

{x; y;W}Ea))?(X; V;K)zaf sir:/Za)j}

which would in turn result in a projection on the position
sensitive detector in the segment

[l )

An effective width of the curtain can then be defined as
the distance travelled by a projectile through the gas in a
straight line, i.e. w/sin(a).

Using a subscript s to refer to the the coordinates of the
image on the sensor and with the subscript i to the initial
coordinates of the ionizing particle, the sensitivities of the
profile monitor for each direction become:

s - _1_m.

dx,

dz, _ .
S, = ™ =tan(a) =M ;

which also represent the magnification M, and M, of the
beam profile's image on the position sensitive detector.

The precision can alternatively be calculated
considering the influence of the uncertainty due to the
curtain width on the position of ionization. This
influences only the vertical (y axis) profile, introducing a
flat error distribution with a full width of w/sin(a). This
in turn results in an intrinsic final resolution in the y
direction poorer than in the x direction; this has also been
reported in the work of Hashimoto [7], where much effort
has been devoted to decreasing the curtain width.

It should be noted that a more correct indication of the
precision would take into account the magnification of the
beam profile image on the detector. We can introduce the
modified error distribution full width Wg,, scaled with the
value of magnification:

_(w/sin(@)  w

Y s, cos(a)

WErr,

Whilst it is in principle possible to minimize Wg, by
decreasing the value of a, hence effectively improving the
resolution, the equation above shows, however, that it is
possible to gain only a factor 2\W2 as compared to the 45
degree case. We have chosen the value of o make the
magnification equal in the x and y direction, leading to a
non-deformed image, and thus avoiding the need of image
post-processing. As the x-axis magnification is equal to
unity and independent from the value of a, the y-axis
magnification is also chosen to be unity, corresponding to
o=45 degrees.

It is now clear how the extent of the vertical resolution
degradation depends only on the width of the curtain,
which becomes a factor of primary concern in the design
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of the nozzle-skimmer system used for the creation of the
gas-jet.

NUMERICAL SIMULATIONS

The most common technique for the creation of a
supersonic curtain-shaped gas jet involves the creation of
an axis-symmetric jet of great intensity and the
subsequent reshaping via collimators, after supersonic
speed is attained [7]. Nevertheless, this approach results
in several difficulties, amongst which the need of a large
setup, to enable the gas jet to expand to the desired
dimension; the use of large focusing magnetic fields to be
coupled to the magnetic moment of the gas molecules,
generally O,; and the use of large quantities of gas, since
most gas is collimated out, which results in large
stagnation pressure needed at the source. We performed
preliminary simulations, showing that it is possible to
achieve a curtain-shaped jet by means of a suitable
nozzle-skimmer system, at the gas source, if a rectangular
slit nozzle and a skimmer shaped as a hollow trapezoidal
prism is used in a suitable geometry, instead of the
circular nozzle used in common applications.

To show the importance of the geometry of the nozzle-
skimmer system for the curtain characteristics, we ran
several sets of simulations, varying 5 geometric
parameters, while monitoring 3 relevant observables, as
described below.

The variables are: the skimmer aperture angles in the
direction parallel (o), and perpendicular (B) to the curtain
expansion, the width of the skimmer slit (SW), the depth
of the skimmer structure (SD) and the nozzle-skimmer
distance (Dist). We observed the Mach Number
downstream of the skimmer (M), which gives an
indication of the efficiency of the expansion and hence of
the directionality of the jet, as well as the geometrical
dimensions of the gas curtain: width and depth (W and D
respectively), which directly affect the resolution of the
monitor [5].

When analysing this system we are confronted with 5
variables, resulting in an exceedingly complex set of
results, whose mathematical description needs a detailed
treatment. Therefore, in this paper, we will express our
results in the form of qualitative behavioural trends of
each observable as a function of each variable, obtained
by varying that variable alone while leaving the others
constant.

For this analysis, a trend is said to be found when the
form of the functional relationship between the
observable and the variable under investigation is
preserved in the simulations regardless of the actual
values of the other variables. We are then able to draw a
table, shown in Fig.2, which summarises the simulated
behaviour of each observable (column entry) when the
respective variable is increased (row entry).

We identify linear relationships (straight arrows),
parabolic relationships (curved arrows), and more
complex relationships (circles), where the form of the
functional relationship depends on the value of some
secondary variables (indicated inside the circle), and

hence, according to our previous definition, a trend is not
found. This last is qualitatively different behaviour
compared to the first two cases, where the shape of the
trend does not depend on the remaining variables; in the
last case the details of the trend, such as the gradient for
the linear relationships, will depend on the values of the
remaining variables.

In the table the bold orange lines represent the very
clear trends, defined as those trends where the average
over all points of the best fit Pearson value lies above
90%, while the slim, black lines represents less evident
trends, where the average best fit Pearson value lies
between 75% and 90%.
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Figure 2: Table of simulated trends.

The table gives an indication of how sensitive the gas
jet parameters are to the geometry of the nozzle-skimmer
system, hence providing strong evidence in favour of the
need of a detailed study for the goal of proper
optimization. Furthermore, it also gives an insight as to
which variables have a stronger impact on the
performance of the jet in termes of directionality (namely
a, B and Dist) and curtain width to depth ratio (o and
SW).

CHAMBER DESIGN

In order to test the optimization of the jet curtain, it is
necessary for the apparatus to fulfil two crucial
requirements. First, it should include a nozzle-skimmer
system whose geometry can be readily modified and
secondly it should include a monitoring system able to
deliver the density map of the jet curtain. The density of
the curtain is indeed the crucial parameter for the
operation of the profile monitor, as the reaction rate, and
hence the sensitivity, will scale with it. In this section we
present these two sub-systems.

Nozzle-Skimmer System

The holding system for the skimmer, shown in Fig.3,
has been designed to grant maximum flexibility. It can
accommodate up to two skimmers, which can be aligned
in both angle (with a 5 degrees range) and in the
longitudinal dimension (within 20 mm). The longitudinal
adjustment is obtained by welding the smallest plate
(violet) on the end flange of an inner chamber ending
with an adjustable bellow, which sits inside the main
chamber, welded in turn to the larger plate (green). Such
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‘nested’ chamber design also allows the two skimmers to
be placed very close to each other whilst still allowing
differential pumping between them.

Figure 3: Skimmers holding system, exploded view.

The skimmer system is furthermore designed to allow
the removal of both skimmer holders to enable the
skimmers to be changed for different shaped ones without
demounting the whole chamber, hence also preserving its
alignment.

In order to preserve quasi-laminar flow downstream of
the expansion fan, and hence allow the establishment of a
stable supersonic jet, the skimmers need to be
manufactured with walls thinner than 100 um. Due to the
large pressure difference across their walls caused by
differential pumping, care must be taken to ensure they do
not collapse towards the low pressure region. Therefore,
we chose not to design a variable geometry mechanism,
but rather had several skimmers of different geometries
manufactured, which give over 18 configurations, 3
different values each for o and B, and 2 different values
for SW.

Curtain Monitoring

In order to probe the curtain and map its density, our
apparatus will rely on electron impact ionization of the
gas atoms. The gas ions produced will then be extracted
by a 1 kV/m electric field and guided to an MCP stack for
amplification, before hitting a phosphor screen, whose
emitted photons will be detected by a CCD camera. The
current across the second MCP will be measured and will
be proportional to the number of collected ions, while the
CCD camera will record the spatial distribution of the
collected ions, i.e. the depth of the curtain in the point of
interaction with the electron beam. Therefore, coupling
this information with the measured spot size of the
electron beam and the known electron impact ionization
cross sections, the density of the curtain can be calculated.

Due to the relatively large area of gas-jet under
investigation (4x4 cm), a + 12.5mm XY manipulator will

be attached to the electron gun, so as to increase the
spatial range provided by electrical deflection of the
electron beam. The experimental chamber designed for
this monitor is shown in Fig.4.

Figure 4: Experimental chamber and extraction system for
the density mapping of the supersonic-jet curtain.

The spatial resolution of this mapping scheme depends
mainly on the spot size of the scanning electron beam,
which can be kept below 2 mm diameter. On the other
hand, the accuracy depends on the quality of the
extraction field and on the current stability of the electron
beam. The electron gun is tested to yield a beam that is
stable to within less than 1% of the nominal current when
guided with a current feedback loop. The extraction field
has been designed after having carried out extensive
simulations with the SIMION 8.0 code. The simulations
were intended to optimize the field in the central region of
interest in the experiments, around the extraction
electrodes axis; it is indeed in this region of interest that
interaction between accelerated projectiles and the gas jet
will take place in the final application for beam profile
monitoring. Following the simulations, the voltages and
geometry of the extracting field electrodes have been
adjusted to yield the field shown in Fig. 5. This field is
homogeneous within a 2.5% in the central region of
interest of diameter 40 mm, where the curtain density
measurements will lie.
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Figure 5: SIMION 8.0 simulated extraction field and
tracking of the ions created on the curtain.

CONCLUSIONS

By means of numerical fluid dynamics simulations, it
has been possible to highlight the importance of a nozzle-
skimmer system geometry for the quality of a curtain-
shaped gas-jet for use in a fast, nearly non-perturbing
ionization beam profile monitor, suitable for operation at
very low energy machines. It was also possible to
pinpoint the most relevant observables and predict their
behavioural trends when the geometric variables are
changed. Finally, an experimental setup was designed to
validate the numerical studies and characterize the
supersonic gas-jet curtain.
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Position Pickupsfor the Cryogenic Storage Ring CSR

F. Laux, F. Fellenberger, M. Grieser, M. Lange, R. von Hahigi&ber, A. Wolf, K. Blaum
Max-Planck-Institut fir Kernphysik, Heidelberg, Germany

Abstract out the system to at least 30C. The cryogenic concept
leading to the ability to reach vacua in the desired range

A cryogenic electrostatic storage ring (CSR) is undey was successfully tested with the Cryogenic Trap Facilit
construction at the Max-Planck-InstituirfKernphysik in (CTF) [3] y yog P y

Heidelberg (MPI-K), which will be a unique facility for
low velocity and in many cases also phase-space coole * current monitor, bunched beam
ion beams. Amongst other experiments the cooling ant  Schottky pick up
storage of molecular ions in their rotational ground state neutal hu-ml BPM.__ - .

IS _.vso ¥~ beam profile monitor
is planned. To meet this demand the ring must provide [l = e WIS+ MCP with

il = == !

a vacuum in the XHV range (13% mbar room tempera- L, phoshor screen

BPM| | lecton
g

ture equivalent), which will be achieved by cooling the ion auadruple_ B _ R el fragmants
beam vacuum chambers to 2 - 10 K. This also provides sl 'l'“‘ e, &

S H ltkfuliml 1 ; beam position h . )
very low level of blackbody radiation. The projected beamm,.mwc. monitor BPM gcoor M- scrapers

current will be in the range of 1 nA - ZA. The resulting
low signal strengths together with the cold environment pu |
strong demands on the amplifier electronics of the positior ~ &tections
pickups. In order to improve the precision and to push the

limits of position measurement towards the nA intensity  \ ;

regime, we plan to make use of a resonant amplifying sys """ o iy

tem, using an LC-circuit with a quality factor 6f1000. A '

resonant amplification setup was tested in the MPI-K's Tegtigure 1: Overview over the CSR beam diagnostics system.
Storage Ring (TSR). We report on signal-to-noise ratio im-

provements and on issues that have to be paid attention to,;The extremely low temperatures, the large operational

if resonant amplification is requested. temperature range and the low pressures together with ex-
pected low signals are extremely challenging factors fer th
INTRODUCTION design of the storage ring components, particularly for the

diagnostics equipment.

The CSR will be a fully electrostatic storage ring used
to store atomic, molecular and cluster ion beams [1]. The POSITION PICKUPS

beam optics consist of quadrupoles, deflectors to sepa- In total six beam position monitors, each consisting of
rate the ion beam from neutral reaction products ard 3 . P o 1ing o
0 pickups, are foreseen. One beam position monitor will

deflectors. It will be possible to merge the ion bea laced at each end of the diagnostics section as well as
with neutral particles and laser beams. The experimentg? P 9
both sides of the reaction microscope and of the third

straight sections contain an electron cooler and a reactugx erimental section. The diagonal slit tvoe linear picku
microscope for reaction dynamic investigations. One linea P 9 yp b P

section is uniquely reserved for diagnostics which W|II<:onW'th a circular aperture will be used. The overall beam
tain a beam viewer for the first turn diagnose, a Schott <_)S|t|on monitor length will be- 35 cm and the apperture
pickup, a current monitor for bunched ion beams, a sensi- ill be 10 cm.
tive SQUID based cryogenic current comparator and tw
beam position monitors (see Fig. 1) [2]. B\mpllflcatlon Principle

For the cold supply a commercially available Linde Table 1 summarizes some of the relevant beam param-
4.5 K helium liquefier is combined with an additional con-eters. The lower current limit derives from a minimum
nection box assuring the adaption to the CSR’s heliumdesign current to operate the ring in connection with ex-
pipe system. To reduce blackbody radiation, a maximurmtic large molecules or rare short lived nuclides with a low
temperature of 10 K of the inner vacuum chamber is rezurrent source and in experiments with high reaction cross
quired. Efficient pumping of hydrogen as the main ressections in which it will be necessary to lower the reaction
gas component is necessary to reach a vacuum in the XH#gte to prevent from detector saturation. It is requested to
range which will be achieved by cooling parts of the vacbe able to measure the position of the center of charge of
uum chamber down to 2 K. For commissioning of the ringhe beam to a precision &z = 0.5 mm. It requires a spe-
the ability of room temperature operation is required andial support of the electrodes, in order to prevent the gicku
part of the cryogenics concept is the possibility of bakingrom moving during cool down.
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nant amplifying system. However, calculations of the low-

Table 1: Beam parameters (3 effects based on the finite elements method, are planned

Mass range _ 1-200 amu which include the special geometry of our pickup system,
Energy range (1 ions) | 20 - 300 keV the result of which may shift the desired frequency range.
Frequency range 5 kHz - 200 kHz

Intensity range 1nA-1uA Signal-to-noise ratio calculations

The impedance of a non-resonant circuit with a high

input resistance (1 M) amplifier is determined by the
For amplification of pickup signals in the kHz to MHz . P ( ) P y

. L . mpedance of the capacity(~ ﬁ). For the absolute
regime, originating from bunched beams with long buncbalue of the signal curredt, for bunches long compared to

lengths, usually high impedance amplifiers with an inpUhe 1oth of the pickup electrode, the following equation
DC-resistance of 1 ® are used. This 'conventional’ - holds [5]:

non-resonant - method is planned to be used in the CSR
as well. Additionally it is planned to extend the system
with the possibility of resonant amplification by means of
an inductance supplementing the circuit in parallel with Here I, is the beam current, the length of the pickup
the combined capacity of the pickup electrodes, the siglectrode {=8 cm), v the velocity of the ions and the

nal feedthroughs and other parasitic capacities. At resmodulation frequency of the beam. If a capacity of 70 pF
nance the pickup signal is increased by the quality factor @ assumed for the total system, a 1 nA beam coasting at
the circuit, which is limited by losses due to the resistancé, = 200 kHz would cause a summed signal of both pickup
of the inductance. The large range of planned frequencietectrodes of " U = 150 nV. Taking a reasonable scaling

is set by the extended mass range of the stored ions. fActor ofk = 60 mm (x = k - %—g) the signal difference
resonant system which would cover the first harmonic fresf both electrodes at = 0.5 mm is justAU = 1.25 nV,
guency range would have to have an extremely large anhich points out the challenge of measuring the position of
variable capacity or inductance range, which is not feasiew current beams.

ble. Therefore a system with a frequency range from 200 Three contributions to the total noise are considered to
kHz to 400 kHz is planned, so that e.g. a beam coasting @&lculate the signal-to-noise rati/N). The thermal

5 kHz had to be bunched to its 40harmonic. From the noiselU,, = v/4 k T Z with the Boltzmann constart, the
viewpoint of the coupling to the resonance circuit a narroemperature’ and the absolute value of the impedance of
span of signal frequencies would allow optimal impedancthe amplification circuitZ. The voltage noise of the ampli-
matching to minimize noise transfer. In principle it is pos{ier E,,, which is noise that is present independently of the
sible to bunch the beam to even higher harmonics to als@urce resistance. And the current nalsehat becomes
move the signal frequency further away from the 1/f-noisémportant for high source impedances as achieved in res-
regime. Additionally the manufacturing of the inductanceonant circuits and contributes by, - Z to the total noise

for which we intend to use coils made from high purity copvoltage. The signal is given b - Z and thus the signal to
per became much simpler and the side effects of a high ineise ratio is given by:

ductance coil such as self-capacity and wire resistance low

ering the quality factor were of minor importance. There s, 12 72

however, an upper limit for the harmo_nlcs with Wh|_ch the S/N = (AkT Z+12 22+ B2) Af
beam can be bunched, if the beam displacement is calcu-

lated from the pickup signal based on a calibration func- Af denotes the resolution bandwidth of the signal
tion obtained using a wire with an applied RF-frequencyecording system and for the following calculations it is
as a beam replacement. The EM wave generated by tbeosen to be\ f = 100 Hz. The temperature is chosen to
wire has no component in the longitudinal direction andbeT = 4 K. To use reasonable noise valugs andI,, the
thus represents a TEM wave in the pickup and thereforedata presented in [6] of an amplifier capable of withstand-
field of a beam with3 = 1, with 3 being the ratio of the ing temperatures as low as 4 K are taken. The values are
particle velocity and the speed of light. As described by RE,, = 4.7 nV/v/Hz andI,, = 8 fA /v/Hz atf = 682 kHz.

E. Shafer [4], for beams with ~ 1 the difference of the The S/N calculations are carried out fgf = 400 kHz
signals at the electrodes divided by the suhl{/ > U), and since for the voltage noiseldf characteristic was
which is usually evaluated, if the beam displacement is déeund for frequencies<2 MHz the voltage noise for the
termined, is frequency independent. There is, however,calculations was corrected 6, = 8 nV/v/Hz. A to-
dependence of the calibration curve on the frequency foal capacity ofC=70 pF is estimated for the CSR pickup
low-3 beams. Estimations using equations provided in [4mplifier system and thus an inductancelsf2.2 mH is
indicate that up to a harmonic number h=40 no I6vef- required. In [6] the loss resistances () of different coils
fects are expected. This number, together with the low fravound with copper and superconducting cables Wit.2
quency limit of a coasting beam, leads to the lower limimH are measured. To carry out tS¢N calculations with

of the frequency range which must be covered by the respresumably achievable quality factors, from the measured

I,=wly, L/v. 1)

)



-87 -

values ofR;, of three different coils, the quality factors for - | -+
the exemplary CSR resonant system are calculated to be wl TR ¢ k Cx i R
@Q=220 with copper cablep=1100 with superconducting T L R T

cable and)=3300 with superconducting cable and modi- < £ o
fication of the coil shielding. The impedance in the non-
resonant case at f=400 kHz 1,,,,—resonant = 5.6 kS

and the impedance at resonance and thus the signal is

increased byQ. Hence, forQ=3300 the impedance is

Zresonant =18.5 MQ2. The noise contributions to the to- g
tal noise are for the non-resonant cag:= 11 nV, E,, =

80 nV andl,, Z = 0.4 nV. For the resonant cas@£3300):

U, =640nV, E,, =80 nV andIl, Z = 1,47 puV. Due to ko0

frequency (Hz)

the higher impedance in the resonant case a low value of ,
the current noise is of special interest. In the non-resbnan )
case it is the voltage noise that contributes most to thé tota
noise. Note at this point that in principle a betf&iV ratio 2 o]
would be achieved if the high impedance of the resonant
circuit would be transformed to the noise resistance of the
amplifier R,, = E,,/I,,, which is in this cas&,, = 1 MQ. =
This, however, is not foreseen for the CSR resonant ampli- S o
fication system since the impedance transformation had to
be changed for every measurement frequency and its mddgure 2: The effect of the coupling capacity on the reso-
erate benefits do not compensate for the effort of realizingant pickups. Top: Equivalent circuit with the capacity of
such a feature. the pickup electrode (+cables etc.) and the coupling ca-
As an examp'e, for db = 1 nA beam, Coasting at paCIty Ck The difference of the Signal currenlis and
fo = 200 kHz with the HF set tofur — 400 kHz IRis for a diagonally slit pickup linearly dependent on the
and a quality factor of Q=1100 the signal-to-noise ratio i§€am displacement. For beam position measurements the
S/ Nyesonant= 142 and with non-resonant amplification it is 1eft and right voltages/L and VR are processed. Mid-
S/Nnon-resonan= 1. The minimums/N ratio needed for a dle: Frequency response with the resonant circuits tuned
precision of Az can be calculated b§/Nminmum = 2. 10 200 kHz andC' = 4 pF. The curves (redVR, blue:
If an ideal scaling factor of = 50 mm is assumed, for a VL) are calculated for a beam position of = 30 mm.
precision of Az = 0.5 mm a ratio ofS/Nminimum = 200  Bottom: Calibration curves. Black: Calibration curve for
is required. The minimum beam current for a beam coasfon-resonant amplification, i.e. without the inductances.
ing at f, = 200 kHz with the HF set tofur — 400 kHz is  The slope is decreased due to coupling with respect to the

therefore for resonant amplificatidisonant= 1.4 NA and  ideal case wher€V R — VL)/(VR+ VL) =1 ata = 50
for non-resonant amplificatiofon-resonan= 0.2 fA. mm. Red: Calibration curve with resonant amplification.

Its slope is decreased by a factor of 20 with respect to non-
resonant amplification.

Effects of coupling

For the position measurement a simultaneous measure-
ment of the signals from both pickup electrodes is prefer-
able. Due to the large opposing areas of the pickup elec-
trodes, there is always a considerably large coupling ca-
pacity present. If resonant amplification of both electsode
is used, the presence of a capacity between the electrodes
causes a coupling of the resonant circuits, resulting in Eigure 3: An amplification scheme using two relays and
double resonance and a drastically reduced displacemée tuning diodeCv.
sensitivity (Fig. 2).

To overcome this situation it is investigated to use a mea-
surement system as depicted in Fig. 3, with which the p&ssentially the same resonant circuit and thus less system-
sition is measured stepwise. With relays, one electrode @ic errors may be expected that affect the measurement
short cut to ground. By this the coupling capacity simaccuracy.
ply adds up to the capacity of the active electrode which However, since the signal is proportional to the inverse
is itself connected to the resonant amplifying system. In af the loss resistancé/signa é, it is important that the
second step the relays are switched to the other electrodiesses due to the switches are the same. If a comparability
Another benefit from this measurement is clearly that thef the signals ofl0—2 is demanded, for a resonant circuit
two signals are amplified by exactly the same amplifier andith R; = 20 Q (Q=275) this requires that the resistances

Vout
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of the two relays must not differ by more than 0Q2 If MHz. The memory of the SIS3301 is capable of storing
the system is realized differently such that one changer 128k samples, which results in a resolutionof = 625
switching from one electrode to the other and each eleéiz.

trode can be short cut to ground with an own switch, it is With the wire-method the scaling factor was measured
the two electrical lines in the changer which must not diffeto bek = 130 mm. Hence, for a precision akz <0.5

by a certain resistance in dependence on the quality factenm a signal-to-noise ratio of/N > 520 is required.

For non-bunched, uncooled beams lifetimes in the ordéor a 50 MeV ¢+ beam and a measurement frequency
of 103 s are expected. If, however, the non-cooled bea®f f = 3.056 MHz one can calculate a minimum current
is bunched, the lifetime strongly depends on the RF-noisef I, = 0.1 uA for a resonant system with the decisive pa-
which will possibly decrease the lifetimes to the order ofameters given above. For non-resonant amplification with
minutes. If the stepwise measurement method is used, tiie same amplifier the minimum currentlig = 1.7 pA
measured signals have to be corrected for the decreasif@ precision ofAz <0.5 mm is required. The theoretical
intensity. However, the measurement time required fagignal-to-noise improvement is thus 18 dB. From a number
Af = 100 Hz including the time for signal acquisition, of N = 20 position measurements in a series during which
switching and rise time, which has to be considered du@e beam was not moved the standard deviation of a sin-
to high Q values, is estimated to ke150 ms. Therefore gle measurement was deduced tosRgasureds= 0.12 mm.
the systematic error, that would be present in the result ifl@uring the measurement the beam current was measured
lifetime of minutes is not take into account is very low. ~ with a Beam Profile Monitor and found to ig = 0.5 uA.

The calculated standard deviationsigcuiateda= 0.07 mm.
The measured and calculated values are considered to be
Test Measurement at the TSR in good agreement. The calculated standard deviation of a

At the MPI-K’s Test Storage Ring (TSR) the increase offon-resonant amplification measurement of the position is
S/N with the resonant method was demonstrated. For thi8 dB larger, i.escaicuated= 1.2 mm.
a 50 MeV C* beam was used which had a revolution fre-
quency offy = 509.3 kHz. For the measurement it was CONCLUSION

decided to use a frequency ff~ 3.056 MHz. However, Calculations show that with resonant amplification it will

when we set the RF-system Jo = 3.056 MHz, so that be possible to measure the position of even nA beams to a

six bunches are qrculatlng in the ring, we_not|ced a Stror'ﬁigh precision in a reasonable time, if the crosstalk of the
crosstalk to the pickup. Therefore we decided to bunch tkﬁF system to the pickup amplifier system can be reduced

beam to three bunches, i.g,#1.528 MHz. For an non- nificantly. The problem of coupled resonant circuits can

X . i

cooled, bunched beam the ion current can be descnbed% . ;

I(#) ~ 2 T cos?(r fur t), wherel is the average current overcome by measuring the signal of the electrodes step-
' " wise. Due to this in addition a lower influence of system-

and _therefore the frequen(_:y spectrum has no higher haart'ic errors may be expected. The drawbacks of this method
monics. A cooled beam with short bunches was therefore

. . . are the increase of measurement time by roughly a factor
used which has a strong second harmonic, which frequengytwo and the fact that for low lifetimes the consecutivel
is at f = 3.0566 MHz. The advantages of this method y

are that there is no crosstalk from the RF-system presel easurg:d s;)gnals.hfl ve 'Itn principle to be corrected for the

at the measurement frequency. However, in the CSR, po_ecreasmg eam Intensty.

sition measurements with non-cooled beams are required

and therefore one has to reduce crosstalk from the CSR RF REFERENCES
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A PEPPER POT EMITTANCE DEVICE FOR 8 KEV/U LIGHT ION BEAMS
— GENERAL LAYOUT AND INVESTIGATIONS ON THE SCREEN
MATERIAL

M. Ripert, A. Peters, T.Winkelmann, HIT, Heidelberg, Germany.

Abstract

The ion cancer therapy facility HIT in Heidelberg is
producing ions (H, He, C and O) from two ECR sources
at an energy of 8 keV/u with different beam currents from
about 80 WA up to 2 mA. Typical sizes for the beam in the
LEBT range from are 5 — 30 mm. By using on-line
emittance measurements it is possible to improve the
beam quality by retuning the ion source conditions. For
that, a pepper-pot measurement device is under design. In
order to quantify the fast ion flux intercepted by a
diagnostic ion probe, it is necessary to determine the
absolute luminosity of its screen for low-energy ions.
Here, Qualitative results of ion luminescence
measurements are presented for candidate materials.

PEPPER POT DEVICE

Location

The Pepper-Pot Scintillator Screen system should fit
within the existing beam line components (vacuum boxes
already used with beam diagnostics equipment like
Faraday cups, profile grids and slits). The N1DK1
vacuum boxes will be equipped with a fast iris shutter, a
pepper-pot mask and a scintillator screen. The N1DK2
vacuum boxes will contain a 45 degrees tilted mirror
inside and a CCD camera outside. (Figure 1)

The pepper-pot principle

The pepper-pot mask, which is perpendicular to the
beam and contains a regular array of identical holes, splits
the beam into beamlets. The scintillator is used to create a
photographic image of the beamlets with pixel intensity
corresponding to the charge concentration of beam
particles striking the scintillator. A CCD camera with a
mirror placed at 45 degrees will record multi-shots.

Why using a pepper-pot device?

We want to measure both x-y components of the beam
emittance simultaneously in one shot and to obtain data in
real time. Four methods can be used and utilize a slit to
select a portion of the beam for analysis. These methods
are described in the following paragraphs.

The two-slit scanner method uses a second slit which can
be scanned through the direction parallel to the first.

However, this method is really slow because the second
slit has to be scanned through the range for every position
of the first slit.)

With the multi-wire collector method, collector wires
collect the beam particles that pass through the slit. The
disadvantage of this method is that it requires an amplifier
for every wire in the collector.

The Allison-type emittance scanner is faster than the
multi-wire collector method but slower than the pepper —
pot method.
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Figure 1: The Low Energy Beam Transport at HIT and the
position of the Pepper-Pot Scintillator Screen device
within the LEBT.

Who uses a pepper-pot device?

GSI [1], BNL [2] and RAL [3-4] are recently
developing or updating a pepper pot device. Sometimes,
the use of a multi channel plate in combination with a
scintillating surface has to be considered.
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SCINTILLATOR

The pepper pot mask and the measurement screen will
be aligned perpendicularly to the beam. The beam images
will be thus produced by a transparent scintillator and will
be captured by a suitable CCD camera.

Properties

The materials, selected because of their availability,
radiation hardness, fast response, prior use in beam
diagnostics, or spectral matching to detectors (CCDs) are:

o Inorganic Doped Crystal : YAG:Ce, and also
YAP:Ce

¢ Inorganic Undoped Crystal : Sapphire, YAG

e Quartz and Borosilicate glass : Herasil 3 &
102,Infrasil 301 & 302,Suprasil 1 & 300, D
263 T

One of the most important properties of fused quartz is its
extremely low coefficient of expansion: 5.5*10"-7 mm
°C. Its coefficient is 1/34 that of copper and only 1/7 of
borosilicate glass. This makes the material particularly
useful for applications which require minimum sensitivity
to thermal changes.

Experiment at the Max Planck Institute -
Heidelberg

These tests were made on the first week of November
2009. During these runs, the scintillator plate was placed
in the beam path at a 45 degree angle and CCD camera
was recording 15 frames per second. Three scintillators
could be placed on a holder and be tested with the same
conditions in one machine run.

The lon Beam parameters used in this experiment are the
following:

Energy : 8 KeV/u
Beam Current: 10 p A
Particles per pulse : 9.4*10"11- 3*10"13

Variable Pulse Length : 15 ms — 500 ms
e Frequency :1Hz

Each material is irradiated with 3 macro pulses of 15 ms,
20 ms, ....until 500 ms (or less if the light output intensity
became constant) with a frequency of 1 Hz. At the end of
the test a total irradiation time of 1.5 sec to 2 sec have
been applied to each material.

The measurements made with H ions having energies of
~8 keV / u. Qualitative results are summarized and used
to estimate light output, degradation, low time delay
which are then compared with known published values.

The ion beam is first passing through a collimation
entrance slits. Once the beam is tuned into the Faraday
cup and a beam current measurement is acquired, the
chopper is released and the beam travels down to the
screen material situated in front of the Faraday Cup.
Three samples to be irradiated reside on a sample holder
driven by a manual actuator. The target is heated to below
the melting point by the beam energy.

The resultant ions were then accelerated towards the
probe before passing through a collimation entrance slits.
In this way flux up to 3 x 10* pps for protons was
achieved.

CCD camera AVT Pike
14 Bit Monochrome

Figure 2: lon Beam-Material Irradiation  Test

Setup at the Max- Planck Institute in Heidelberg.

Summary of the first results between Inorganic
doped/undoped and Quartz/Glass

The Inorganic doped scintillators have a greater light
output than the inorganic undoped scintillator and the
quartz material. However, the undoped scintillators show
constant light output intensity with respect to the beam
pulse whereas quartz and inorganic doped scintillators
shows an increase in the light output intensity with the
increase of the beam pulse.

As a qualitative result, slighter damage with quartz
material has been revealed. Only quantitative analysis
will give us more details.
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Influence of doping — comparison between
YAG:Ce and YAG undoped

As envisaged, the light output of the doped scintillator
is superior and increases with the beam pulses. That’s not
the case with undoped scintillators.

Degradation Effect: damage visible with a 10
nA current

The video of the degradation of YAG:Ce shows a small

beam current of 10 pA which have been used to reveal the
blackening of the materials. However, a standard
microscope doesn’t show any damage (burning bubbles,
changes in colour ...)
The damage of the undoped YAG (Figure 3) shows that
after 1.3 seconds of total irradiation time the undoped
material cannot be used anymore. Only a small part of the
material scintillates, a big part (corresponding to the
irradiated beam width of the previous day) doesn’t
scintillate at all. This material should be analyzed with
care since undoped YAG should be stronger through
radiation than YAG:Ce.

Figure 3: Degradation Effects of undoped YAG after an
irradiation time of 1.3 seconds.

CONCLUSION

Inorganic Doped and quartz material are qualitatively
good candidates. Of concern is the damage at the surface
giving rise to stresses that could result in atomic mixing
in the collision cascade. A model is needed in this area to
better understand the beam target interaction and its
effects on the target.

In order to find solutions such as the choice of the
target, quantitative investigations on all materials should
be performed.

REFERENCES

[1] T.Hoffmann, W.Barth, P.Forck, A.Peters, P.Strehl ,
Emittance Measurements of High Current Heavy lo
Beams Using a Single Shot Pepper pot System

[2] Markus Strohmeier, Development of a pepper-pot
device to determine the emittance of an ion beam
generated by an ECR ion source, Poster PAC 2009

[3] Simon JOLLY, Presentation DIPAC *07

[4] D.Faircloth et al, The Front End Test Stand High
Performance H- lon Source at RAL, PAC 2009



-92 -

Various beams for RBS at IFIN-HH

H. Schubert, D. Dudu, I.Vata

Horia Hulubei National Institute of Physics and Nuclear Engineering - IFIN HH; Str. Atomistilor no.407, P.0.BOX MG-

6, Bucharest - Magurele, ROMANIA

At IFIN-HH, we are using our Cyclotron for lon beam analysis, mainly RBS. Rutherford Back Scattering (RBS) is a
widely used method for material analysis of thin films and surfaces. We give a brief overview about some results
obtained with RBS, before we describe a new method for micro beam creation tested in our laboratory.
Focusing the beam with a glass capillary seems to be a possible way, to enlarge our RBS applications to surface
mapping and probably even channeling applications. More studies of the focusing effect itself are planned,

involving more sophisticated beam analysis methods.

Introduction

lons of a high kinetic energy (typically 1-3MeV) are
directed at the sample. The incident ions are elastically
scattered from the atoms in the sample. The number
of scattered ions and their energy is measured. The
energy loss of a given (in general low mass; He") back
scattered particle measured at a fixed angle is a
function of initial energy, mass (kinematic factor) and
depth of the target nucleus.

Depth
Monoenergetic e d
Incident Pariicles n
. o e
- vy K — — — — — -
E= En )/N:wmw 6=0°
ar Enut
loss

Detector

Surface

Backscattered -

Particles { n ot
"E= K(Eg-E pse) - Elgss

Picture 1: Principle of RBS

The measured energy spectrum is the sum of all
contributions of the constitutive elements inside the
probe. This data provides information on the
composition of the sample, the distribution of those
components and the thickness of the sample.

Enargy De ']

@hannel

Picture 2: Example for Elemental composition

Application Samples

In praxis, the analyzed samples are consisting of
different layers and the resulting spectra are more
complex. A typical multi-layer sample is shown in
picture 3:

Energy [keV]

20 A0 B0 B0 1000 10 A0 SEO0 TE00 000 2700 240 2600

5k

siREEEIEaE;E

Picture 3: Sample with composed layers
From measurements of depth profiles of probes

before and after thermal treatments, diffusion
processes can be analyzed. See pictures below:
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Picture 4: measured and calculated spectrum of a probe
with a buried Oxygen layer in Silicon (P4)
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Picture 5: measured and calculated spectrum of the same
probe after heat treatment (P5)
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Picture 6: Position and concentration (shape) of the buried

oxygen layer in Si before (P4) and after (P5) thermal

annealing at 1000°C

The interesting result of this analysis is, that the layer
is more or less keeping its shape (~320nm), but is
shifted by ~50nm backwards (away from the surface).
Similar analyses e.g. for intermediate layers have been
performed for different “customers” in the last years.
So even a cyclotron is not a dedicated machine for
RBS, we can support other institutes and local industry
with our analyses in order to improve their products
or production processes.

Ambiguity problem / use of different lons

Due to the limited beam quality (energy spread ~1%)
of the cyclotron, limited detector resolutions and the
complexity of probes, some of the spectrums obtained
are not precise enough to be clearly analyzed (fitted)
without ambiguity. To resolve this ambiguity problem
we can measure with different angles of the incident
beam towards the probes’ surface in order to better
separate different layers or elements from each other.

But sometimes, we end up with spectrums like this:

400001+ = RBSWith 27VeVHe"
Y1
20000 \'\, Szone
n Zr layers zone
c Buffer Ti layer zone
é 20000 Tllayaszom?ll
I g % l \
oo \ Pl e
h ; ! —e—sim
0 ! T 'M T T M T ..' 1 1
0 50 100 150 20 20 30

Energy [10keMich]
Picture 7: Nano-structured layers measured with He™

To analyze such samples a change of incident angle
simply is not good enough to achieve acceptable
results. Therefore, we were retuning the cyclotron for
the use of different ion beams like e.g. Nitrogen:

1 ‘He* 275

2 “HF 1,35-2,5

3 | uyw 3 0.25-25 3-100
4 | HN# 10

5 Hy* 1,35-2,5

Table 1: Different beams from the cyclotron

Depending on the elemental composition, we can
significantly improve our resolution by using various
dedicated ion beams (varying mass (element) and
angle of the incident ions). For layers with heavier
atoms (obs.: RBS only occurs, if the incident ion has
less mass than the target atom), the use of a Nitrogen
beam can resolve the probes much better.

— RBS with 9,65MeV N°

Ti layer(huffer)
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Picture 8: Experimental and simulated spectra of a nano-
structured probe of 5 pairs of ZrN/TiN layers having 15
nm/layer deposited on Si with a Ti buffer layer of 300nm
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Micro beam

In order to extend the field of application for RBS (and
other IBAs), we have been looking for possibilities to
achieve micro beams with our cyclotron. Because of
the relatively poor beam quality from this cyclotron,
standard procedures are not applicable. But we found
another way.

By introducing a conical glass capillary into the beam
line, we could achieve micro beams with reasonable
intensities and acceptable quality (Energy spread,
divergence). The principle is shown in Picture 9:

Sample analysed by RBS

¢2mm $0,08mm
He _ | | ;
e

Metallic holder
WA
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15mm  50mm 60mm
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Picture 9: Beam handling with a glass capillary

In comparison to a simple collimator (e.g. iris) the
(perfect aligned) glass capillary is not only cutting out
a part of the beam, but also shows a kind of focusing
effect which leads to relative higher intensity of the
remaining beam. First results are shown in table 2:

T[] JmAmm? | Iy, ] [ o [nAmm? | Gain[J,, /J

] | | T

Collimator 60 848 60 848 1

Imm

Capillary 26.66" 8.48 [ 339.5 40

2/0.15mm

Capillary 26.66° 848 3 596.8 T0.38

2/0.08mm

Table 2: Beam parameters and gain factor for different
capillaries ( Beam intensities at the input of capillaries are
reduced proportional to the cross sections ratio (4/9))

The gain factors of 40 and > 70 indicate clearly, that
some kind of focusing occurs inside the capillary. This
focusing effect is still topic of (basic) research and
probably not yet totally understood. Some possible
explanations are given in [1, 2, 3]. Without going into
details, it seems there are two possible ways for the
beam to pass through the capillary. First is low angle
scattering at the surface or near surface atoms of the
capillary, which also leads to energy losses of the

transmitted ions. Second parts of the beam seem to
be guided through the capillary without (significant)
energy change. How exactly this works is still topic of
research.

Guiding Region o

Scattering Region M 40 &
ﬁ‘ﬁ Potential (V)
=% 3 8 )8 =

i

L
0
Radius (nm)

Picture 10: beam in glass capillary [N. Stolterfoht, et al.,
Phys. Rev. Lett., 88,133201 (2002)]

First results

In order to analyze the beam after the capillary, we
used one of our standard probes. Picture 11 shows a
RBS spectrum for a layered sample of Auigonm-Crisnm-
Siwmick Obtained with 3MeV He ions transmitted through
a conical capillary (®,,=0.08mm). The RBS spectrum
shows two components of transmitted beam:

-an “undisturbed” beam (initial energy and energy
dispersion are more or less conserved)

-a fraction of the initial beam having a large energy
dispersion

Picture 11: Energy spectrum of transmitted beam

For more precise analysis of the transmitted beam, we
were analyzing the reflected He lons from a 2.9MeV
beam after passing through a 60 um tapered glass
capillary, using a 50 nm Gold layer on an Aluminum
substrate (see picture 12). It is to mention, that the
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cyclotron was running during this experiment for 24 h,
with a stability of +/- 2 KeV!
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with transmitted beam of 2 9MeV He
20000 | through 60pm tapered glass capillary
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Picture 12: RBS Spectrum
From this spectrum we can deduce an energy
spectrum (picture 13) of the transmitted beam, which

shows that ~ 50% of the ions in the beam seem to be
transmitted without energy loss.

70 .
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40 | Deduced energy spectrum for transmitted
beam through 680um glass capillary; the
undisturbed fraction of the beam is app. 50%
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Picture 13: Deduced energy spectrum

Visual examination (phosphor screen) suggests, that
the other 50% of the beam, which suffer energy loss
also have a bigger divergence as the “undisturbed”
beam and form a halo around the “undisturbed”
center beam.

To crosscheck this, we measured two additional
spectrums, one with proper alignment of the tube and
one with identical setup, but slightly misaligned
capillary.
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Picture 14: RBS Spectra with an aligned and misaligned
capillary

Again with the aligned capillary ~ 50% of the ions in
the beam seem to be transmitted without energy loss.
To measure the beam profile we used a thin Wolfram
wire of 20 um, mounted on a rotating disk behind the
capillary. From the measured RBS spectra we could
deduct a beam profile with a width of 80 um.
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Picture 15: beam profile

By repeating this measurement with different
distances (17, 35 and 68 mm) of the wire to the exit of
the capillary, we could deduce a divergence of the
“undisturbed” center beam of ~ 6 mrad. Visual
observation by means of phosphor screens on 60 and
360 mm distance lead to the same result (5,5 -6 mrad).
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The resulting spectra show that we clearly can resolve

"3 the geometric different regions on this chip:

—=—G8mm P',T
80 4 *— 17mm Il
3 I
A— 35mm 18 400
Lorenz fit of profiles VY 18
60 0.72
o \
E A
E 40 4
[ \ 3
| ['4
30 g
7 ot g
7 \ j=3
)’ \ @
0 = 8 .
— T T T T T T T T T T T 7T
270 271 272 273 214 X5 276 217 278 2719 280 2¢
Angle of rotation[degq] 100 150 200 250 300 350 400
canale
(31212008 11:00 *1Graph23" (2454892)]
Linear Regression for Datas_Dmm 200 -
0604 v-asmex
Parameter Value  Error
a2 & kil bl pe contactul de Au\
B 0.00618 1.35492E -4 150 —
0.50 4
] R so m 1 A
< %] /! ﬁ
E 0454 099976 000496 3 001336 g 100 N',‘ }'ﬁ I
5 2 [ g
- 0404 8 7l g
@ & 11 &
5 o 1 %
@ a5 B | |
H 50 o h 1
= a0 T h, K ‘
. b 1 '+
T2t oo b
= D[mm] i -J'L'%”ﬁklf"mj?hﬂwlﬂwd *‘
0254 Linear Fit of Data5_Dmm o L
T T T T T t
100 150 200 250 300 350 400
020 T T T T T T canale
10 20 20 40 50 60 70
Distance to the target [mm]
Conclusion:

Picture 16 & 17: Measured Divergence of a 200um capillary

Even a cyclotron is not dedicated for RBS, we can
achieve interesting results and the capillaries most
probably open the door for micro beam applications.

To test the possibility of mapping surfaced with this
kind of micro beam, we measured the spectra of a
micro-structured semiconductor.

Further steps:

e Standardization of (simple) RBS for our customers
(EN17025)

e More detailed studies on capillary focusing and
new applications with micro beams

e New analyzing chamber with better adjustment
possibilities (arrived in the meantime)

e Channeling experiments

e Anew, dedicated accelerator (tandem) is planned

Acknowledgement:

The experiments could not be performed and analyzed
without the help of lon Rusen, Stefan Nitisor, Ofelia
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Motivation

In high energy physics there is a need for:

* Measurements of high energy ion beams in the range
of 1 pA...1 nA without back action (e.g. GSI Darmstadt)

* Measurements of so-called dark currents of
superconducting acceleration cavities in the range
below 50 nA (e.g. DESY Hamburg)

* Measurements of charged particles in the CSR (e.g.
MPI Heidelberg)

Solution: SQUID-based Cryogenic Current Comparator

November 25, 2009 W. Vodel, FSU Jena 3/54

Brief introduction to SQUID
measurement technique

November 25, 2009 W. Vodel, FSU Jena 4/54

Superconducting QUantum Interference Device

SQUID is an acronym for Superconducting QUantum Interference Device
and is the most sensitive magnetic flux detector known today.

The working principle makes use of:
- superconductivity,
- the flux quantization in superconducting rings, and
- the Josephson effect.

In principle, the SQUID consists of a superconducting ring with one or
two weak links (Josephson tunnel junctions). We differ between:

> dc SQUID with two Josephson junctions and

> rf SQUID with one Josephson junction only.

November 25, 2009 W. Vodel, FSU Jena 5/54

DC-SQUIDs

Josephson-Tunnel-Kontakt

Simplified scheme of a dc-SQUID T T
and a tunnel junction Fhub im SQUID [9.:/8]

Output voltage of the SQUID vs.
external magnetic flux
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SQUID-Characteristics
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Voltage-Current-Characteristic of the
SQUID UJ 111

AN

s:(_)L' ID-Spannung

Output voltage of the SQUID vs. |

external flux for different bias currents 15w
FluB im SQUID gy
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DC-SQUID lay-out

November 25, 2009

Simplified structure of the DC-SQUID UJ 111 (FSU Jena).
ji: Josephson junctions, p: Nb contact pads, m: modulation coil,
ic: input coil

8/54
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3 integrator -3 filter

pick-up coil

1 dc SQUID
11U 111 generator

Simplified electrical scheme of the dc SQUID electronics of Jena
University with the thin film dc SQUID UJ 111

42K

input coil

[—> signal out

Photograph of the complete 3 channel dc SQUID system 5
electronics with the connected low noise preamplifiers.
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. . /\
The dc SQUID system 5 of Jena University | BR)
Main principle of the Cryogenic
Current Comparator

1 channel of the dc SQUID system 5 (left) and the

unclosed low noise preamplifier (right).
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The CCC, first developed in 1972 by Harveyt,
consists of:

* a superconducting pickup coil
* a high efficient superconducting shield
+ a high performance SQUID measurement system

For absolute current measurements:

l=l,-1,=i_.-0

meas

t Harvey, Rev. Sci. Instrum., Vol. 43, p. 1626, 1972
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Outstanding advantages of the CCC:

— Non destructive method
— High resolution (< 1 nA/NHz)
— Measurement of the absolute value of the current

— Exact absolute calibration using an additional wire
loop

— Independency of charged particle trajectories
— Independency of charged particle energies

November 25, 2009 W. Vodel, FSU Jena 14/54

Resolution limits

The theoretical resolution of the CCC is limited, above all, by the thermal
noise of the ferromagnetic core material:

— Thermal noise generates a noise current {/2)

— In connection with the inductance L this noise current gives rise of the

magnetic flux noise (—

— For SNR > 1 the beam signal must meet the condition:

(Dbeam:'[g'dfzq)thermal:l" <12>
A
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Resolution limits

Minimum detectable current /_:

_ 2n Jk,TL L7 1

. luOlurf(Ra’Ri’b) ’

where T denotes the temperature, y, the relative permeability of core
material, n the number of windings (n=1), and L the inductance of pick-

up coil according to:
R;
—
gl BN
P
REI
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Hojtzb . R,
E———— 111 —
2 R,‘

2
L =n*
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Resolution limits

1[10°A]

. [K] = .:"‘:"; ~ "-__:I_...-i':-_- “r[1 03]

Minimum detectable current 7, as a function of temperature and
relative permeability p, calculated for the currently used single turn
toroidal pick-up coil.
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Magnetic material
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Vacuumschmelze Hanau Magnetec Langenselbold

* Vitrovac Nanoperm

— tape material toroidal tape wound cores in plastic
cases in different dimensions

VB, 1], S, with , from 25.000 to 100.000 at
VC 6155, M~ 2.000 300 K

— toroidal tape wound cores
VC 6025 F, VC 6030 F,
VC 6150 F, VC 6200 F
with different p, from 1.200
to 200.000 at 300 K

¢ Vitroperm

— toroidal tape wound cores
VP 250 F, VP 500 F
with different y, from 6.000

to 130.000 at 300 K
November 25, 2009

W. Vodel, FSU Jena 18/54




Nanoperm- magnetic cores
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Nanoperm-toroidal tape wound cores Nanoperm-toroidal tape wound cores
MO074 (50 windings)
Nanoperm-toroidal tape wound cores M060 Nanoperm-toroidal tape wound cores
(50 windings) MO33 (50 windings)
November 25, 2009 W. Vodel, FSU Jena 19/54

A -values of magnetic materials at
low temperatures

k1T
Mancperm M-E17, core &
+  Nanoperm ME1T, core 2
25,00 o + Nanoperm M.033, small core
o . Vitrovac 6125, DESY-Pickus ol
£ ool
&
2 1504
o
z
< 0.0
500
T T T T T
10 0’ i’ 10 10* 10t
frequency [Hz]
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Electrical Scheme of the input circuit

———<__ I bias+
11 12 13 — —Juse
id L] £
L1t L2 L3t La Lsq 3 [ ) . LTS-DC-SQUID
( |18 : - . ™~ o7 111
n = Ll | smpd JIC oBpH LT Y
Il £ £
pick up coil matching transfomer ——usg
VC 6025 VIC 6030
ni=1,n2=1 ni=7, nd=1 ———"]} bias-
sC winding sC windings
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Current gain

Short circuit current gain L _n
of a transformer: Lo
Current gain of a
stressed transformer L o 1
with an inductive load: I, n 1 L
L2
Total current gain of the
(SyStkem i i I, n 1 4 1
pick up coil — matching 1w T Lo T L
transformer — SQUID ARt % e
input coil: e
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Applications of the CCC

seit 1538

— Measurement of high energy ion currents of
accelerators

Current resolution: < 250 pA/YHz

(GSI Darmstadt)
— Measurement of so-called dark currents of RF
accelerator cavities
Current resolution: < 40 pA/NHz
(DESY Hamburg)

Supercond. Sci. Technol. 20, pp. 393-397 (2007)

23/54
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The CCC at GSI Darmstadt
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The CCC at GSI Darmstadt

st 1558

GSI (Darmstadt) and the
Friedrich Schiller University
Jena made an impressive
demonstration of the
capabilities of a CCC to
measure extracted high
energy ion-beams (Ar, Ne)
with a resolution of:

0.25 nA/VHz.

November 25, 2009 W. Vodel, FSU Jena
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Motivation for the CCC
at GSI Darmstadt

ionic charge

13 T T — : T T T
10° 0% 10* 10° 0] 10® 10"
particles per second
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The SIS at GSI Darmstadt

Beschleunigeranlage

Erpanmantamidtze
[ 2] Exparrnentierhale
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Cross section of the CCC

Hotal Bellow

/Wm.m
|I F.’—H_H_'_’._.—Rulplcnt
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Technical details of the CCC
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First beam measurement (2°Ne!°+)

8.5.1996
Seal W, SR S = st
TEKTRONIX 2224
(T T T 1 TaT=8.80Bs
LU=2 988U | | S S >3- 1] 2
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High resolution beam measurement

Mhi | i |r*LJI
-*w‘wrmﬁ,#** by thy
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The CCC at DESY Hamburg

November 25, 2009 W. Vodel, FSU Jena

32/54

Motivation

The performance of superconducting cavities of
accelerators is characterized by the Q-value vs.
gradient dependency, measured in a cavity test
stand (e. g. “CHECHIA” at DESY or “HoBiCaT”
at BESSY).

But unfortunately there is:

“The existence of so-called dark currents
(vs. gradient) which may have an influence
on the accelerator operation”.

November 25, 2009 W. Vodel, FSU Jena
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The CCC for X-FEL

In collaboration with Jena
University, GSI and DESY a
CCC for the measurement
of dark currents of the X-
FEL accelerator cavities is
under construction.

November 25, 2009 W. Vodel, FSU Jena 34/54

Dark currents:

— Unwanted particle source

— Limit the accelerator performance by
* Additional thermal load (T = 1.8 K)
* Propagating dark current
— An avalanche instability due to the propagating
dark current arise if (statistically):
number of emitted electrons/cavity period > 1
— This limits the dark current of a 9-cell cavity to
iga < 50 NA

November 25, 2009 W. Vodel, FSU Jena

35/54

Dark currents:

— Are caused by field emission of electrons in high :
gradient fields

— The forces of the applied external field are higher than
the bounding forces inside the crystal structure.

Potential emitters are:

— Imperfections of the cavity shape, e. g. corners, spikes
and other discontinuities where occur high field gradients

— Imperfections of the crystal matter, e. g. grain
boundaries

— Inclusion of “foreign” contaminants (In, Fe, Cr, Si, Cu,...
microparticles)
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Dark current simulations

Dark current simulations

Reference

C. Stolzenburg, “Untersuchungen zur Entstehung von Dunkelstrémen in
supraleitenden Beschleunigungsstrukturen”, (in German); Ph. D. Thesis,
University of Hamburg 1996.
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The proof measurements will be performed in the so-called
,CHECHIA” test stand at DESY.

November 25, 2009 W. Vodel, FSU Jena 38/54

Pickup coil with meander-shaped shield

magnetic toroidal
shielding core

seit 1558

[,

A

dark

current
The single turn, superconducting
pickup coil is arranged on a

N _
[‘ C‘.:” E:,Cu """ toroidal core (VITROVAC,
electronics SoU

D Vakuumschmelze Hanau).
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Superconducting shielding

seit 1558

The resolution of the CCC is reduced if
the toroidal pickup coil operates in the
presence of external magnetic back-
ground fields. As this is in practice un-
avoidable, an effective shielding has to
be applied.

A circular, meander-shaped shielding structure is able to pass the
azimuthal magnetic field of the dark current, while strong
attenuating non-azimuthal field components.

A superconducting shielding material (niobium, lead) leads to an
ideal diamagnetic conductor (Meissner-Ochsenfeld effect),
providing an expulsion of external magnetic fields.

November 25, 2009 W. Vodel, FSU Jena 40/54

Electrical scheme of the CCC

DC SOUID DCSQUID | 158
pckup merching W11 ﬁﬁ CONTROLS |
cail ransformer  (FSU Jena) (FSL Jena) :
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o pre |

3:€ amp |

lodedn | |

mod I |

generator :

i inegrator | |

|

)oooc;o(:t feedback 5] I

| optical |
: capling

power |

|| swoly [

| 00K |

A DC-coupled field compensation feedback loop is part of the SQUID
electronics. The SQUID input coil and the pickup coil form a super-
conducting loop, so that the CCC is also able to detect DC-currents.
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Pick-up coil
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Toroidal core (VITROVAC 6025-F)
housed in a VESPEL insulator.

Completed niobium toroidal pick-up coil
with included VITROVAC core.
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Experimental equipment

/

The completed niobium pick-up coil of the
CCC with all special cabling for the SQUID
prepared for low temperature tests in a
wide-neck Helium cryostat.

November 25, 2009
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read-out circuit

SQUID sensor UJ 111
with heat switch

matching transformer
Nb input terminal

heat switch

Low temperature probe with LTS
SQUID, matching transformer and
read-out circuit.
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Measuring head with LTS DC-SQUID
UJ 111 (FSU Jena)

st 1558

Nb terminal
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Schematic view of the CCC

superconducting cavity ceramic
cavity flange gap

seit 1538

superconducting
mag l}e’tic shield ")ick- up coil

m

Vitrovac-
= core
faraday-cup
] E

AN

SQUID
electronic

November 25, 2009

cartridge

W. Vodel, FSU Jena 45/54

Cross section of the dark current
measurement equipment

seit 1538

superconducting
cavily

SQUID-
carlridge

test-loop

blue: Liquid Helium pink: Ultra high vacuum
green: Superconductive materials yellow: Insulating high vacuum of CHECHIA
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Experimental Results

Noise measurements and SQUID response
(with connected pick-up coil)

]
Tek Il @ Acq Complete M Pos: 84000 CH3
10? +
___—testpulse Kﬂng
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*-5_‘: 100rHz
z 3 /
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i g / mm
E i Bl Tasthopt
- ] f 1t
Spannung
" ! 1 y 1 Invertierung
o 100
CH1 10.0rn 1 S00us CH1 7 32.4ml
CH3 200 15-Feb-06 15:01 £3.3393Hz
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Spectral flux noise density of the
SQUID system with connected
pick-up coil.

November 25, 2009

blue: test signal (1 ms current pulse)
red: SQUID system response
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CCC tests with simulated dark current
(in the noisy environment at DESY)
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126.5 nA current pulse through
the calibration coil (upper curve)
and SQUID response (lower M St

IJ:W-I\S 1%
curve). 1.3 nA current pulse through the

calibration coil (upper curve) and
SQUID response (lower curve).
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Inductance of pick-up coil

« s[4 [ 300K, TmA) |

00,0 4

BO.0p

60,0y -

40,0y

inductance [H]

20,04

0.0

10 10" 0" 10" 10°
frequency [Hz]

Inductance of the recent pick-up coil of the DESY-CCC in
dependence of the frequency at different temperatures.

November 25, 2009 W. Vodel, FSU Jena 50/54

Spectral flux noise density of the CCC
using different core materials
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)

Measured performance of the DESY-CCC

- System bandwidth: dc...70 kHz

- System sensitivity: 167 nA/ @,

- Flux noise (in the white noise region): 8x10- ®,/N\Hz

- Corresponding current noise: 13 pA WHz

But:

The current resolution of the final system will be decreased
due to the additional noise contribution of

- disturbing magnetic background fields and

- mechanical vibrations of environment.

November 25, 2009 W. Vodel, FSU Jena 52/54

Conclusions and Outlook

seit 1538

* Tests of the pick-up coil with connected SQUID system
were successfully done in a wide-neck LHe cryostat.

* The superconducting meander-shaped flux transducer is
used to attenuate the magnetic background noise.

* Measurement bandwidth: dc...70 kHz
CCC current sensitivity: <200 nA/®,

* Noise limited current resolution (at LT Lab) : 40 pA/Hz

* Noise limited current resolution (at DESY) : 500 pA/Hz

» Magpnetic flux drift of the CCC: <2x10°P /s

* Currently the DESY-CCC is ready for installation in the
HoBiCaT test stand at BESSY.

November 25, 2009 W. Vodel, FSU Jena 53/54

SQUID-based CCC:

e No back actions

Highest sensitivity — no alternatives

Easily calibrated (by electrical current)

Measurement of absolute current values

Negligible low drift

November 25, 2009 W. Vodel, FSU Jena 54/54
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A CRYOGENIC CURRENT COMPARATOR FOR FAIR*

M. Schwickert, H. Reeg, GSI, Darmstadt, Germany
R. Geithner, W. Vodel, P. Seidel”, Friedrich-Schiller-Universitit Jena, Germany

Abstract

At present the Facility for Antiproton and Ion Research
FAIR is designed and planned for realization at GSI [1].
The FAIR accelerators will deliver beams of
unprecedented intensity for nuclear experiments and for
the production of rare isotope beams or antiprotons. The
availability of high intensity, high energy beams of ions
and rare isotopes will be world-unique. Apart from high
intensity beams produced by fast extraction from the
synchrotrons, also slowly extracted beams have to be
transported to the experiments. This operational mode
demands for devices which allow for online
measurements of beam currents in the nA-regime. To
monitor slowly extracted beams a sensitive cryogenic
current comparator (CCC) is currently developed in
collaboration with FSU Jena and MPI-K Heidelberg. This
contribution presents the actual state of the CCC
developments for the FAIR beamlines and reports on
recent improvements of the device.

GSI AND THE FAIR PROJECT

In November 2007 the FAIR project celebrated its kick-
off event, with representatives of the international
partners signing a communiqué on the imminent start of
the FAIR project. Meanwhile the layout of the future
facility and all of the technical subsystems has been
further refined and GSI entered into the final planning
phase [1]. Fig. 1 presents an overview of the future
facility. The existing GSI machines (UNILAC, SIS18)
will act as an injector (blue beamlines in Fig. 1, left part)
for the new FAIR accelerators (red lines). As part of the
FAIR project a proton Linac is planned for the production
of high-current proton beams as needed for effective
production of antiprotons. It is foreseen that in its final
stage FAIR comprises two heavy ion synchrotrons
(SIS100 and SIS300), the antiproton production target,
the Super-Fragment Separator (Super-FRS) and four
storage rings (CR, RESR, NESR and HESR). The FAIR
accelerator complex is designed as a flexible, multi-
purpose facility with the following goals:

acceleration of all ion species from proton to
uranium

- production of high-current primary beams

- generation of radioactive beams for fixed target or

storage ring experiments

- production, accumulation

experiments with antiprotons
From the experimentalist's view 14 large experiments
have been approved for installation at FAIR. The FAIR
research programme is organized in four scientific pillars:
APPA (Atomic, Plasma Physics and Applications), CBM
(Compressed Baryonic Matter), NuSTAR (Nuclear

and storage ring

Structure, Astrophysics and Reactions) and PANDA
(AntiProton ANnihilation in DArmstadt).

As a consequence of a severe cost overrun of the
estimated realization costs it was decided in fall 2009 to
reorganize the planned facility into modules and to start
FAIR in a reduced "Modularized Start Version". The six
modules are colour-coded in Fig. 1: Module 0: heavy ion
synchrotron SIS100 (green), Module 1: experimental hall
for CBM (ochre), Module 2: Super-FRS (yellow), Module
3: p-Linac, antiproton Target, CR, HESR (orange),
Module 4: NESR (light blue) and Module 5: RESR (red).
The FAIR start version presently consists of modules 0 to
3, whereas modules 4 and 5 are foreseen to follow in the
future. It is important to note that all international
partners, as well as the scientific steering committee,
endorsed the new modularized attempt and great care had
been taken to retain the physics case for all scientific
communities involved.

815 100

SI1S100 EH

Super - FRS

Figure 1: Present layout of GSI and the upcoming FAIR
facility. The modules of the "Modularized Start Version"
are colour-coded, see text.

BEAM CURRENT MEASUREMENT

This contribution focuses on beam current meas-
urement in the extraction beamline of the fast ramped
superconducting synchrotron SIS100 and in the high
energy beam transport (HEBT) section of FAIR.

The unique beam parameters of the FAIR machines
require carefully designed diagnostic equipment. E.g. the
extreme UHV condition down to 5x10? mbar in the
SIS100 is a strict requirement for all vacuum installations
inside, or in close vicinity to SIS100. The fast-ramped
heavy-ion synchrotron SIS100 will be the working horse
of the whole facility, allowing to store and accelerate high
currents (up to the space charge limit) of primary beams
in low charge states. For the HEBT sections the main goal
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is to achieve a high resolution and low detection limit for
all diagnostic devices, because both, slow and fast
extracted beams have to be monitored, casually changing
in a pulse-to-pulse manner. In order to prevent destruction
of devices by high-intensity ion beams and to allow for
online measurements non-intercepting beam diagnostic
devices, like e.g. beam current transformers for current
measurements, are preferred as standard devices.
Especially the production of rare isotope beams
requires slowly extracted primary beams from the SIS100
synchrotron. To monitor slowly extracted beams with
maximum values in the order of 10 particles/s,
corresponding to 4.5 pA for U*™', instrumentation with
maximum sensitivity is ultimately required. The only non-
intercepting current measurement device capable of
measurements down to the nA-range is the SQUID-based
CCC. Altogether six installations of the CCC are foreseen
in the HEBT section, for direct measurement of the beam
current and, secondly, to monitor transmission between
machines or between accelerator and experiments.
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Figure 2: Schematic view of the high-energy beam
transport section of FAIR [1], interconnecting the
accelerators and experiments (yellow rectangulars).
Yellow ellipses indicate the installation locations of the
CCCs. The total length is 2.6 km

A schematic view of the HEBT beamlines is depicted in
Fig. 2. CCCs are foreseen at the following positions: 1. in
beamline T1S1 connecting the synchrotrons SIS18 and
SIS100, 2. in SIS100 extraction section T1X1, 3. in T1D1
before the SIS100 beam dump (to verify complete beam
extinction), 4. in beamline TFF1, i.e. the entrance of the
Super-Fragment Separator. The two installations in
beamlines T3C1 and T3D1 belong to FAIR modules 4 and
5, and thus will be realized at a later stage.

CRYOGENIC CURRENT COMPARATOR

A SQUID-based cryogenic current comparator is a
sensitive device for the measurement of the azimuthal
magnetic field of a flux of charged particles.

Measurement Principle

The basic physical effect deployed by a CCC is that for
an ideal superconductor the magnetic flux is expelled
from the bulk material by shielding currents on the
materials surface (Meissner-Ochsenfeld-effect). A
schematic view of a CCC sensor is presented in Fig. 3. As
depicted, the ion beam longitudinally penetrates a
superconducting cylinder and induces screening currents
in the surface of the niobium cylinder, which contains a
toroidal pick-up coil with ferromagnetic core [2]. The
pick-up coil detects the magnetic field of the induced
screening currents and the current signal is transferred via
a superconducting loop to an LTS DC SQUID. The
SQUID electronics is connected to a Josephson-junction
and generates an output voltage proportional to the
number of magnetic flux quanta applied.

magnei toroidal
shielding core

beam =
current \ \
pick-up
ISOUID- - coil
';elw.-m:n'n":s[E‘3

SQUID
Figure 3: CCC sensor principle

In order to suppress disturbing external magnetic fields
a meander-shaped superconducting niobium shield covers
the pick-up coil and effectively suppresses non-azimuthal
components of magnetic stray fields from outside the
CCC. This is of course important if the device is installed
in an accelerator environment, e.g. near fast ramped
magnets of the beam transport system. In 1994 a CCC
prototype was built at GSI in collaboration with FSU
Jena. The prototype achieved a current resolution of <250
pA/sqrt(Hz) and was successfully tested for the
measurement of high-energy ion beams in the nA-range
[3]. A more recent development of a CCC for the
measurement of dark currents in superconducting cavities
in the frame of the CHECCHIA test stand achieved a
higher resolution of 40 pA /sqrt(Hz) [4].

Apart from an optimized magnetic shielding the overall
system noise defines the resolution of CCC. Therefore a
detailed study of the various noise contributions of the
CCC system was carried out at FSU Jena. As a result it
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turned out that the choice of the ferromagnetic core
material is of major importance for a good resolution. The
noise performance could be improved by using core
materials with highest possible relative permeability p,,
since the signal to noise figure is proportional to the
square root of p, (In: noise current, Ig: signal current, cf.

[5D):
B,L e |, :>:—5oc H, .

n

Sensor Improvements

In search of a maximum relative permeability, various
materials have been studied with respect to their p, as a
function of temperature and frequency. The frequency
behaviour is of course important to achieve a high analog
bandwidth of the device and thus to allow for sampling
rates in the kHz range.

The studies of different core materials revealed
especially nanocrystalline alloys like Vitroperm [6] and
Nanoperm [7] as good candidates for the CCC core.
Fig. 4 epitomises the relative permeability of
ferromagnetic core materials as a function of temperature.
For these measurements the temperature has been defined
by an automated dip-stick setup that sets the sample
temperature by positioning the test item in the gas phase
above the liquid helium inside a cryostat.
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4~ Vitroperm 500F
»—\fitrovac 6150F
2x10"

relative permeability '

110"

- ]
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Fig. 4: Relative permeability p, at 100 Hz for various
ferromagnetic core materials as a function of temperature

The plots in Fig. 4 clearly indicate that over the whole
temperature range (4 K to 250 K) the relative per-
meability of the ferromagnetic alloy Nanoperm MO033
exceeds the Vitrovac and Vitroterm samples by a factor of
~4, resulting in a factor of 2 for the signal-to-noise ratio.
Thus Nanoperm presently is the preferred core material
for the FAIR CCC. More details on the materials analysis
regarding p, can be found in [5] and [8].

Next Seps

As a next step Nanoperm cores of adequate diameter
will be purchased for further system tests in the cryostat.
Secondly an improved magnetic shielding with a greater
number of meanders will be manufactured. Both

components are designed to fit to the mechanical layout
of the CCC for the cryogenic storage ring.

CCC FOR CRYOGENIC STORAGE RING

Presently the Cryogenic Storage Ring is developed and
realized at MPI-K Heidelberg. The CSR will be an
electrostatic storage ring with a circumference of 35 m
dedicated for molecular and atomic physics experiments
[9]. Special features of CSR are the operation at L-He
temperature, extreme vacuum conditions in the
10" mbar regime and beam intensities between 1 nA and
1 pA. The cryogenic environment of the CSR facilitates
the installation of a SQUID-based CCC for the
measurement of lowest beam intensities [10]. To
minimize noise and zero drift of the SQUID all
components of the CCC have to be cooled down to L-He
temperature, with a stability of 50 mK. Currently, as part
of the collaboration between FSU Jena, MPI-K and GSI,
the mechanical layout of the superconducting shielding of
a CCC for CSR is finalized and detailed design work for
the CCC chamber has started.

OUTLOOK

At the moment the beamline instrumentation and thus
all installation locations for the CCC inside the HEBT
beamlines of FAIR are being determined and user
demands for the required CCC performance are collected.
These requirements will be included in the design of the
CCC prototype. It is planned to manufacture a prototype
coil structure and to implement it in a cryogenic system.
The installation of a CCC prototype inside the CSR will
be an ideal test bench for the development of the FAIR
CCC.
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