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OUTLINE

• More than 50 years experience with scintillating screens

• Screens as beam observation systems

• Issues using screens as measurement devices

• New challenges for screens

• Screens in the LHC era



AND THERE WAS THE SCREEN

• Use of fluorescent screens to detect “particles” dates back to 
the time of Rutherford, Röntgen and the like (late 1800)

• Until late 1960’s screens were mainly based on Zinc-Sulphide 
depositions fixed on metallic substrates by a binder

• Zinc-Sulphide has a large conversion efficiency, but suffers 
from radiation damage and the outgassing is not compatible 
with most accelerators vacuum



DOPED ALUMINA

• In 1969 R.W. Alison et Al. at Berkeley lab developed the first 
chrome-activated aluminium oxide scintillators

• Material produced by anodising aluminium with an electrolyte 
containing chromium

• For several years CERN used these home made screens, until 
demand exceeded the supply capacity at LBNL



CHROMOX

• In 1974 demand for scintillating screens at CERN was high and 
this triggered a search for industrial procurement

• Found very soon that commercial chromium doped alumina 
plates, used for their thermal properties in industry, made for 
rather good scintillators (“AF-225 Rouge” from Desmarquest & C.)

• Alumina was also mechanical and thermally sturdy and 
showed no sign of radiation damage, even under heavy 
irradiation 



CHROMOX STUDIES

• Soon it was found that CERN had been lucky with this 
material as doped aluminas from other sources did not behave 
the same

• Thermal effects on the emission efficiency were also observed

• Little R&D with Andermann & Ryder Ltd. lead to a even 
better scintillator known then as “Chromox CERN type 6”



SCREENS PALETTE

Test samples

ZnS

Type 6

Li glass (Ce) Screens for targets

Flame sprayed
Chromox on Al



THERMAL QUENCHING

• Visible emission 
suppressed increasing 
the temperature

• Different sample 
behave differently

• Mainly caused by 
impurities and defects 
in the crystals



DECAY TIME VS. TEMPERATURE

• The decay time is 
also affected by the 
temperature



R&D RESULTS

• The results of the R&D with A&R consists in samples of many 
different colours: red, green, purple...

• Due to the thermal properties the red coloured “Type 6” was 
adopted as “the chromox” at CERN

• This material is still available as Morgan technical ceramics 
MAC-A994R

• It consists of 99.4% Al2O3 + 0.5 Cr2O3, 10-15µm grains



BEAM OBSERVATION

• In many locations the radiation level is too high for sensitive 
cameras, only tube devices based on VIDICON can be used

• Tube cameras have poor linearities and were rarely used for 
beam measurement

• With the advent of CCD cameras and frame grabbers screens 
were also used for measurements

• OTR is however the preferred radiator where possible



CAMERAS



THE MARKS

• Crosses and grids on the screen were used in order to help 
adjusting the beam just by looking at the TV screen

• For digitised images the marks in the beam area are a source 
of error in the computation

• Unfortunately all old installations have marks and one would 
have to replace the screens in order to improve the situation



EFFECT OF MARKS



IMAGE DEFORMATIONS

• Usually screens are tilted at 
45º or similar

• This introduces the 
“trapeze” aberration

• Need to calculate and apply 
a correction algorithm

1 Introduction

In addition to the monitor calibration, the images acquired at the BTVs should be corrected from the
distortion due to the orientation of the OTR screens with respect to the CCD cameras. It was agreed [1]
that the front-end should return in addition to the present set of data (i.e. the S1xS2 array with the signal
on each pixel and two vectors of length S1 and S2 respectively, describing the raw pixel coordinates)
another FESA property with the coordinates of 4 particular points (i.e. at the corners of the screen).
This allows extracting the parameters to calibrate the image and correct for the distortion via a simple
linear algorithm.

Figure 1 shows the image of the calibration pattern of TT10.BTV1018. The monitor is equipped with
an alumina screen on which is marked a grid of 1cm x

√
2cm pitch size. Since the screen is oriented at

45o with respect to the optical axis, its projection on the orthogonal plane gives 1cm x1cm pitch. For
the set of monitors in the transfer line TT10, it is possible to profit of the grid and get the coordinates
of four points on it. The algorithm to get, from the four points at the corners of a rectangular box,
the parameters to convert the distorted raw image (in pixels) into the real image at the screen will be
described in this note.

Figure 1: TT10.BTV1018 calibration image

2 The OTR monitors and the reference systems

Transition radiation is produced when the beam is crossing the surface of the screen conducting material.
The backward directed radiation, which will be collected by a CCD camera, is emitted in the direction
corresponding to the geometric reflection of the incident beam angle φ, as represented in Fig. 2. By
geometrical considerations, φ is also the tilt angle of the screen with respect to the plane perpendicular
to the axis of the OTR optical system.

For the purpose of calibrating and correcting the image, it is possible to identify three different
coordinate systems:

• the screen (the object)→ (xS , yS)
• the image at the camera→ (xI , yI)
• the pixel digitalization→ (xp, yp)

2
Figure 5: The corrected TT10.BTV1018 calibration image. Left: The image obtained from the pixel
“deformation”. Right: The result of the interpolation and mapping on a new mesh

Figure 6: Left: Beam image at TT10.BTV1018 obtained from the pixel “deformation”. Right: The
result of the interpolation and mapping on a new mesh

For this correction, the front-end should return, in addition to the S1xS2 image array and the two pixel-
coordinate vectors of length S1 and S2 respectively, another FESA property with the position of 4
particular points, both in the pixel coordinate system (xp, yp) and in real mm coordinates at the screen
(xS, yS), and the tilt angle φ of the screen with respect to the plane perpendicular to the optical axis.

For what concerns the BTVs in TT10, the screens are tilted by an angle φ = 45o and are equipped
with an Alumina screen on which is marked a grid of 1cm x

√
2/2cm pitch size, so that the front-end

can easily provide the coordinates of the 4 corners of a rectangular “box”. Not all the BTVs have this
grid, e.g. the monitors in TI2, and for them it will be necessary to identify other solutions.

The algorithm, which involves rotation, translation and dilatations of the pixel coordinates, computes
a new set of coordinates for each pixel element. If only the 2D fit on the beam profile was required, it
would be possible to stop at this point and work with pixels of variable size and intensity. This would be
the best approach, since it does not imply interpolations and it automatically preserves the total intensity.
However, on the practical point of view, it is useful to map the image on a newly-created equispaced
mesh, by linearly interpolating the pixel intensities on the new grid. The result of this exercise gives
back again two coordinate vectors of length S1 and S2 and the new S1xS2 image array, which is very

8



SCREEN THICKNESS

• The thickness of the screen 
can increase the measure 
size if installed at an angle

• Screen thickness should be 
less than beam size 
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CHROMOX LIMITS

• In 1997 testing the feasibility of using the old LEAR ring for 
storing and cooling heavy ions for LHC it was noticed that the 
light produced by the existing chromox screens was fading 
with time

• This triggered the search for more resistant materials

• Unfortunately the finding was not properly documented and 
chromox was not tested again for this application



LEIR SCREENS

• Al2O3, ZrO2 and BN have 
been tested

• Loose efficiency with 
irradiation 
(Pb 54+ 4.2 MeV/u)

• Change in colour observed

• Annealing works on 
alumina and ZrO2
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SCREENS IN LHC

• 19 stations in the ring

• 18 stations in the transfer 
lines

• Chromox + OTR Ti foil 
everywhere (but BTVDD)

• CCD or CIDTEC cameras
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MULTI PASS SCREENS

Figure 3: Matching monitor set-up in the SPS

The beam light is sampled by a pulsed intensifier and
acquired on a CCD used as a fast buffer memory to
acquire successive turns of the beam as described in
Ref. [2]. A measurement result is given in Fig. 4. It
shows a very clean signal, with only a few noise peaks
on the whole CCD surface and a slope of thermal
origin which can be subtracted during the processing.
Due to the large emittance of the beams delivered by
the PS at the time of the test, only one out of two
images was acquired to have well separated
projections. So only four instead of the normal nine
profiles per injection have been acquired.

Figure 4: Result of the digitisation of four beam
profiles from different SPS turns memorised on the
CCD. The beam dimensions are given in pixels
[500µm/px] and the amplitudes in counts of the 12 bit
ADC.

At the beginning of the measurement sequence, a
reference image is taken before the first injection. This
reference image will be subtracted from the following

measurements, suppressing the thermal slope as well as
dark current noise inhomogeneities.

The Horizontal and Vertical projections are
obtained from the individual beam images, from which
the beam sizes are calculated with a gaussian fit using a
!2 minimisation routine, see Fig.5.

Figure 5: Horizontal and vertical projections of a
selected revolution together with their gaussian fits.

The main limitation in the image acquisition rate was
found to be the acceptable repetition rate of the
intensifier. The rate, and hence the image acquisition,
could be increased to 10 kHz only by using a high strip
current MCP intensifier [3]. To have some safety
margin, the acquisition rate was decreased in 1998 to
one every eight SPS turns, i.e. 5.62 kHz, still much
higher than the usual 25 Hz rate of normal frame
grabbers.

To fill in the data of the missing turns, a timing
sequencer was developed to automatically scan the
missing turns by displacing the first acquired turn for
subsequent injections. A typical measurement result is
given in Fig. 6. A full profile history over 32
revolutions reconstructed with 8 successive injected
pulses takes less than three minutes. It has to be
verified that during this duration, the whole process
from PS to SPS is stable. It was found during a
Machine Development (MD) run in 1998 that this
assumption is valid in the vertical plane, but may be
questioned in the horizontal plane for various reasons,
one of them being a radial displacement of the first
bunch of the batch at the time of the MD [4].

The tune values measured with the Q-meter were
qh = 0.6294 and qv = 0.5825. The 8 turn sampling was a
compromise between the MCP frequency limit and the
vertical tune. It is clear that it was not favourable for
the horizontal plane for a given single measurement
sequence since the eight turn phase advance is so close
to integer ! The curves in figures 6 and 8 have been
obtained with a fit of an amplitude oscillation with the
known tune value. The phase, the amplitude and the
slope representing the emittance blow-up have been
obtained by a Monte-Carlo selection of parameters.
The beam has suffered multiple scattering due to many
foil traversals and the average vertical beam size
increase is clearly visible and amounts to about 9% for

beam
OTR screen

Intensi f ier-CCD

Mirror

W indow

32 turns which is perfectly acceptable and does not
affect the mismatch observation.

Figure 6: R.m.s. vertical beam size modulation
measured over 32 turns in the SPS for a mismatched
beam.

During the same MD, the vertical matching optics
were changed [5] and the resulting beam size
oscillations measured by the monitor, see Fig. 7.

Figure 7: Evolution of the Vertical (Full line) and
Horizontal (dashed line) beam size oscillations
measured when changing the vertical matching optics.

In Fig. 7 it is quite clear that the vertical matching
goes through a minimum, reaching a modulation of
only 3 % which is a remarkably small value (see
Fig. 8) leading to a filamentation blow-up of about
0.1 %. On the other hand the horizontal mismatch was
virtually unaffected by changing the vertical optics.

From these results it seems possible to close a control
loop for achieving in a semi-automatic way an
optimum matching by searching for a minimum beam
size oscillation. It is planned to test this facility during
1999 MDs.

Figure 8: R.m.s. vertical beam size modulation
measured over 32 turns in the SPS for a matched beam.

On the other hand it will be important to check that
the matching does not change during the filling of
LHC. This check can obviously not be performed by
the described monitor. Non-intercepting monitors will
be needed such as the Ion Profile Monitor [6] or a
Luminescence Monitor [7], both working in the single
turn mode described previously. They will probably
not achieve the same precision, but must be able to
detect turn-by-turn beam size changes at nominal
intensity.

4. CONCLUSION
The SPS matching monitor is able to detect beam size

oscillations over at least 30 revolutions with an OTR
screen observed with a CCD read in a fast mode. Beam
size oscillations of a few percent have been measured,
which give confidence to limit the resulting beam
blow-up through filamentation to less than 1%.

The screen has survived 300 consecutive traversals,
which is far more than needed. The beam blow-up due
to the present screen is acceptable. In the future it is
envisaged to reduce the screen thickness to 5 µm of
Titanium or to 2 µm of aluminised mylar which will
reduce the beam blow-up even further.

The complete measurement is presently made with a
number of injections (8) because of the limitation in
acquisition rate of present MCPs. This number can
probably be decreased by a factor of two. This situation
will be difficult to improve, but is not felt to be a
serious limitation. Since LHC has a revolution period
of 89 µs, turn-by-turn measurements will be possible in
LHC with the OTR detector.

It is hoped to test in 1999 a closed loop matching
control to go towards an automated matching
procedure.

With some software improvement, the monitor will
be ready for use by non-specialists in SPS to fulfil the
required check on emittance preservation. The same
system will be available for use in the LHC and special
efforts will be devoted to develop non-intercepting
beam size monitors to check on-line the conservation
of the betatron matching during the filling of LHC.
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• Thin OTR foils can be used 
in multi-pass mode

• This technique has been 
used both in the SPS and in 
the LHC for optics and 
mismatch measurement



SUMMARY

• Chromox still used everywhere at CERN

• We tend to use OTR for precise measurement

• Little research / tests done recently on scintillators

• Still looking for a stable solution for LEIR

• The reference marks are more than a detail

• Main open problem is however the camera 


