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Position Pickups for the
Cryogenic Storage Ring
Felix Laux

Low Current, Low Energy Beam
Diagnostics Workshop

Hirschberg 23.11.09 - 25.11.09
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Problem statement

Measure center of charge of the beam to < 0.5 mm precision
Beam currents: 1 nA—1 pA

lon mass: 1-100 amu

Energy range (1* ions): 20 — 300 keV

» Frequencies 5 — 200 kHz

Measurements with uncooled beams should be possible (no higher
harmonics)

Absolute position accuracy < 0.5 mm

399 deflector

40 K shield



Comparison between longitudinally
and diagonally slit pickups

Diagonal cut

Longitudinal cut

(J"T]_ - (J'TQ

Uy — U
. : _f(xay) T =
Ui + Us

U +U;

* Electrode shape — longitudinally or diagonally cut

» Beam Position Monitor vs. multi-purpose device

» Comparison of A/ for beams with 2 mm and 25 mm diameter located at x=25 mm and y=0
mm.

Diagonally cut pickup: no change in scaling factor

Longitudinally cut pickup: position dependance of scaling factor causes a systematic
measurement error of Ax=0.05 mm.
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Scaling factor of diagonally slit
pickups

b 1}(/52 ! k‘Ul_UQ

T =
Ui + Us

k=(1+2C,/C)b/2 —— (), =6pF, C =60pF : k= 60mm

Example:
1 nA H™-beam. fo—200 kHz.
L—8 cm, v—0.025 ¢
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Up+Us & I, £ =180 nV r=0.5 mm——> AU = 1.5 nV




Measurement frequency

Capacitive pickups can measure position of bunched beam only!
If beam coasts at frequency f, choose h x f to bunch the beam

Mass range 1-100 amu
f 1 1 Energy range (17 ions) | 20 - 300 keV
0 — /—~  Frequency range 5 kHz - 200 kHz
27 VL C Intensity range InA-1pA

Keep losses low due to L
* Required frequency shift should not be to high

—— Choose a frequency range much higher than the
range of frequencies of the coasting beam!

u.z[t N

[.
X'-X ( mm]“’u
-0.2}

04 -
40T 005

MAX-PLANCK-

Low-f3 effect e

Cannot bunch to too high harmonics (h<40)!
Chose 200 — 400 kHz as appropiate

Systematic error due to the low-3 effect




Calculation of the
Signal-to-Noise ratio

Sources of noise;

- Thermalnoise: U, = V4 kT Z - I
. : -1 Vou
- Voltage noise of amp: [, | I% C: j L b '

| Y Sk &
- Current noise of amp: [,, £ eﬁ:ﬂ\/m

Ny C,
T\l~|—T\2 C —|—C

Impedances:

Znon—resonant (Ld) —

1
wC S/N optimized if: En _ Zsource

1
Zresonant (w = WO) = % n
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12 72

N —
5/ (4kTZ+I§ZQ(12+E%/a2) Af




Inductance

Reduction of capacity by

Heat trectment | hour und
Ar at 500°C, (cooling 50%h)
Reference Powlek and Rogalla

{ T T
e AR 118 f1s f1a T4 )
(o 10 01 [12)
k] el el ekl — g p— e
e ) I7ie i8] (18115 +d [13)
o e Ay A8 As / SEATAIAS ) B AT AL
a) b 15_]\3_; 4 by i1 h233 ) a) (8 Jwo)n i)
m.

chamber winding

Examples (H. Kracke):
Copper coil,

Resistivity (nQem )

:.mwym L=22 mH, CS=83 pF’

RL=22 Ohm @ 4K

— @ = 250 (400kHz)

clectrode
feedtrough’
switches (relays)
cables

coil

variable capacity diode

amplifier

w

o

1

RL

vL C
Y —

L ) —
@) =g,

Capacity budget

element source

Tosca calculation

estimate
datasheet

estimate
datasheet

data sheet /estimate

A
7
>~
L
(ol
Z
=~
]
N
e
)
el
=
-
=
-
v
Z
0
O
Z
<
e
O
>
<
=

Coils made from copper wire
C=70 pF, 400 kHz
— L=2.2 mH

— N~400

Teflon body (e=2)

Copper shielding

* RRR=66

The electricl resistviy o heat treated copper » Coupling to resonator

probably to strong

pl 2p
Rl = - )=/ —
oL ,O bW

Superconducting coil (copper
shielding),RL=5 Ohm @ 4K

— @ = 1100 (400kHz)
Superconducting coil (super cond.
shielding),RL=1.7 Ohm @ 4K

— @ = 3300 (400kHz)
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Q | Z(MQ)
250 1.4
1100 | 6.1
3300 | 18.5

Requirements

DC input impedance high enough to not to lower quality
factor

Low Voltage noise

Very low Current noise
Cryo-capable

GaAs FET cryo-capable!

Low power consumption

Cryo-amplifiers

Use cryo-amplifiers to be as close as possible to signal source!

R

|
{

amplifier

4K 70 K/ 300 K 300 K
FET OP-Amp | varia:rI:pgain

E.=8 nV/\Hz
| =8 fAINHz
GaAs-Technology

10 mW

Example data of comm. available amplifier
R=22.7 M




Benefits from
Resonant Amplification (I)

Noise

Q | Z(MQ) | U, (V) | E, (nV) | L, Z (nV) | Total Noise (nV)

esonant | 20 | 14 175 80 111 229 f=400 kHz
1100 | 6.1 367 80 489 617 RBW=100 Hz
3300 | 18.5 630 80 1438 1572
1 [
ZIH]‘I[ resorart ~ 1— — ‘—)rG ]-{EE
non-resonant w C

U,—11nV, E,—80 nV, I,, Z—0.4 nV, Total Noise—80.7 nV

Signal 400 kHz, h—20, Q—250, 1-0.08 1,

I.=w [, At
E b Co=3bm. I, =1nA

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Beam current _, 7 _ L .
to Signa| current s w Iy v Ul"eSOIlaIlt:QUU N\f —> S/N=59 dB
calculation —> I.=27hl L Unon-resonant =0.8 M\[ — S/N=20 dB

0
h=1—1,/I,=2m (i — 1.4% S/N improvement 39 dB




(J'T]_ -

0.7

resonant e

0.5

E 0.4

l,=1 nA, 510.3

f=400kHz, 02

h=2, 0.1

a=1, 0.0
Af=100 Hz

non-resonant °
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Af=100 Hz

£
,=0.1 HA, £
f=400kHz, - 0.4
h=2, 0.2}
o=1,

U2 5 Ax

U + Uy

2k
Az < 0.25mm — S/N >

Position dependence of positi

Benefits from

Resonant Amplification (l1)

2 Us

"\/(<

[}'Tl

Q=250 |
%/
Q=3300

—+ [JTQ

‘

-

JAN:

1100

l,=1 nA,
f=400 kHz,
h=20,
a=1,
Af=100 Hz

2T

2
L’Tnoisn) + (
)? (

400, f = 400kHz, h =2 — Q = 1100

AX (mm)

2
L’Tnmisn
Uy + UQ)Q )

on error

0.20

Q=250 |

—20 0 20 40

X (mm)

—40




Effects of coupling

Ck=0 pF 0.005

0.004

0.003

0.002

0.001

£:000, 360000 380000 400000 420000 440000

Ck=5 pF 11— f".-lz} ......... :

Guard Ring: 6 pF— 4 pF Not sufficient! o— C=70 pF

1.0 L=2.25 mH
Ck=0 pF 0.003

0.002
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Ck=01 pF 0.001

G000 360000 380000 400000 420000 440000

f (Hz)




Amplification circuit

@ 300 K GaAs FET HF Relay
Switch

On 390 0.20

resistance

Off

resistance

200 kQ

1010 Q

Ck:: al D— Vout

Capacity 15 pF 2.5 pF
Life time . 100 108
(cycles)

Switching | 4 ns 1ms
time

State hold | 6.4 mW 32 mW
power

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Usi gnal X

Testet two relay changers in liquid nitrogen ->
switched for >150 108 times.

Switching power changed from 32 mW (300 K) ->
4 mW (77 K)

Change of On resistance over life time?
Is through resistance the same for the two ways
in a changer?

1 RL=20 Ohm (Q=275), comparability 103

RL —*  Difference of through resistance <0.02 Ohm




ependence of coupling on width of ;
middle guard ring I

0.020—

ck13 | brh

Ck24 | bFh

cki14 | prh
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X=25 mm, Q=250

amplification

Xx=25 mm, Q=1100

-0.15;

—0.20;

. '_—-_,\

0.000

0.005

0.015 0.020

CK14 (pF)
X=25 mm, Q=3300

0.010

0.025

0.015  0.020 0025 0.030

CK14 (pF)

0.030 0.000 0.005 0.010

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

If simultaneous measurement of one
electrode is required the guard ring

separating one pickup from the other
should have a thickness > 6 cm.

0.000

0.015  0.020

CK14 (pF)

0.005 0.010 0

.025  0.030




Test Measurements

m

Op-Amp  Variable gain amp Noise measurement
| u

. 8 . Data acquisition 9 19 2 2 2
e with SiS3300 P = Un F B ot L K
14 bit ADC, | ~150 fA/NHz

£ oomoing=80 MHz, | E,~3 nV/VHz
average over 4800 | R,=20 kQ
periodes

C%* beam, f,—509.33 kHz, h—6,
Co=55m, [ = 0.08 m

1=19.9 uH Ax < 0.5mm — S/N >= 520

R =3.3Q Minimum current (A f = 625 Hz):
Q=116 @ f,=3,056 MHz
Z(wy)=44.2 kQ

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

e resonant: I, = 0.1 pA

e non-resonant: [, = 1.7 A

S/N improvement: 18 dB



Test Measurements

Beam Profile Monitor Pickup
Kicker — fuomscur agmentimagin COF heam, fp—509.33 kHz, h—3,
Co 55 m, [ = 0.08 m, No. of measurements N 20
Cua pcls Dipole
% \_‘,_"rh_ﬂd—.',—| ) From acoebelatcl
7 N 1.2
\ Schottk) /
\‘ ick-u| Y. i Beam rofile _/
@' A m:‘f&f‘:{, @ 2 ®
] ) Charged Fragment Counting / 1.0

I Electron target section |n]:n|;:|lon u Septum 10.7
Il |= extraction |l
n N oz ad '& 106
n beam oo e ll"-.
rectn i I\ - 0 5 10 15 20
Il o xirac Results:

e Current: I, = 0.5 pA

e T — 10.86 mm

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

T i T T e AT =0.03 mm
e Measured Standard Deviation: s = 0.12 mm
o) | 1~ Crosstalk
s . e Calculated Standard Deviation: s = 0.07 mm
- from Kicker
‘ ! Calculated Standard Deviation for
| LA M L | non-resonant amplification: s = 1.2 mm
0 Dhomad bl Al :_, M | o A Wiy e e |

2800000 3000000 3100000 3200000

Ukicker crosstalk = Il;mn: 0.04 FLA (h — 6)




Thank you for listening!

And many thanks to the
CSR team for support!
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