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Abstract

We propose a new segmented beam dump to be installed in the
spectrometer line at the end of the CTF3 linac. The device will allow
for time-resolved energy distribution measurements in a single shot
and would therefore be a useful tool in tuning the accelerator.

1 Introduction

Segmented beam dumps have proved to be useful tools in the CTF3 op-
eration [1]. Installed at the end of spectrometer lines [2], as depicted in
Fig. 1(a), these devices provide energy distribution measurements with a
time resolution of down to 5 ns in the current configuration. There are four
segmented beam dumps installed so far. One is located at girder 4 just after
the drive beam injector, and another one at girder 10, after the 8th accelerat-
ing structure [3]. A third device is installed in the PHIN spectrometer line
[4] and a fourth, and the most recent one, at the end of TBL in CLEX [5]. All
of these have been designed for their particular use and beam conditions,
and have been installed and commissioned in stages.

In this report a fifth segmented beam dump is proposed. The device is a
copy of the latest and most refined version [5], which is the one installed in
TBL in 2011. We propose the installation of the new device in the spectrom-
eter line in the CTS line, located between the Delay Loop and the Combiner
Ring. A segmented beam dump in this location would complete the set of
time-resolved spectrometry in the linac. Small energy variations along each
beam pulse is important for a flat RF power production in CLEX. A small
energy spread is also necessary for avoiding beam losses further down the
complex. By changing the amplitudes and phases of the klystrons feeding
the accelerator structures it is possible to adjust the energy spectrum of the
beam. The segmented dumps at girder 4 and 10 are currently the only tools
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to monitor the beam energy spectrum and energy spread energy resolved
in time. With a segmented beam dump in the CTS line there would be a
way to monitor the final energy distribution of the beam, before bunch fre-
quency manipulations and power extraction.

Previously, another instrument has been used in this location. A Multi-
Anode Photomultiplier Tube (MAPMT) detecting the light from an OTR
screen in the spectrometer line was used for time resolved spectrometry
[6]. This device, however, was subject to strong background noise that, de-
spite several attempts, could not be shielded. The MAPMT is no longer in
use but the equipment remains in place.

2 The Segmented Beam Dump

A segmented beam dump is a simple, robust and radiation-hard instru-
ment. In this device the beam particles are stopped inside parallel metallic
plates and the deposited charge is measured in the same way as in a Fara-
day cup. From each plate the beam-induced current flowing to ground
through a 50Ω resistance is detected and read by a fast acquisition channel.
See Fig. 1(b) for a sketch of the system. A water-cooled collimator, visible
in the sketch in Fig. 1(a), is placed in front of the detecting segments. The
collimator lets a small fraction of the beam pass through to the segments
through thin slits, one slit per segment. It acts as a thermal buffer for the
system by absorbing most of the beam power. Even though most of the
particles are filtered out by the collimator, the signal to noise ratio of the
segmented dump is very good due to the high intensity beam at CTF3.

Table 1: Characteristics of the segmented dump in
TBL.

Part Dimension Materials

Segment width 3mm Tungsten
height 60mm
length 20mm

Insulator width 1mm Alumina
height 10mm
length 20mm

Collimator length 100mm Inermet1

slit width 0.4mm

1 Commercial compound with high tungsten content [8].

A fewmodifications to the original segmented dump system was made
for the installation in TBL. Firstly, extensive simulations were made in or-
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Figure 1: A sketch of a segmented beam dump installed in a spectrometer
line (a) and a close-up on the basics of the detector (b).

der to optimize the system for the expected beam conditions (see [5] for
details). The result is presented in Table 1. Secondly, more attention was
paid to the long-term robustness of the system and to a possible upgrade
to a faster acquisition channel. Third: from operational experiences it had
been understood that a shift to a new detector geometry would be neces-
sary. This shift means to go from a geometry where the segments and the
collimator slits are placed parallel to the spectrometer axis, to a “concen-
tric” geometry where the slit and segment positions match the divergence
of the beam after passing through the dipole magnet. This modification
increases the angular acceptance of the detector and ensures a uniformity
in response of the segments. Figure 2 presents sketches of the two different
configurations. See [7] for more information on how the non-uniformity
was quantified and corrected in the CTF3 linac.

(a) Concentric geometry (b) Parallel geometry

Figure 2: Two different detector geometries. The concentric geometry (a)
improves the response of the detector and has been implemented in the
TBL segmented dump. Note that the angles are strongly exaggerated.
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While the long-term survival of the device will take longer to evaluate,
the result of the geometry change was investigated during the commission-
ing of the segmented dump in TBL. Figure 3 shows the measured response
of each segment, normalized to the maximum response. The response has
been extracted from a dipole scan measurement, where the beam is steered
across the detector in small step by slowly increasing the dipole current.
Each segment is used to scan through the beam profile and the spectrum
is integrated over a selected time window. The peak of this projection is
taken as the segment response. The same figure also contains the equiv-
alent response curve of the segmented dump at girder 10, which has the
former parallel detector geometry. The improvement in uniformity is clear.
Note that the sharp decrease of the response at ±50mm comes from the
fact that the last piece of vacuum chamber in TBL limits the acceptance of
the measurement.
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Figure 3: Response curve of segmented beam dumps of two different gen-
erations: TBL with concentric detector geometry and spectrometer 10 with
parallel detector geometry.

2.1 Necessary modifications

The most crucial point for directly adapting the new segmented dump de-
sign to the suggested location is the geometry: The “focal point” of the con-
centric slits need to be at the center of the bend. Luckily, the beam dump
in the CTS spectrometer line is located at a distance from the spectrometer
magnet CTS.BHB0800 that fits the TBL design almost perfectly. This allows
us to keep the 2000mm bending radius. However, the last piece of vacuum
chamber reaches into the beam dump. In order to make room for a seg-
mented dump this requires a modification; either shortening the existing
vacuum chamber or manufacturing a substitute.
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To design and build a new beam dump would be needed in order to fit
in the new detector. An exit canal is needed for the semi-rigid cables that
brings the signals from the segments out of the beam dump. This also
means that the existing beam dump must be disassembled. Naturally, a
thorough radiation survey would have to take place before any disassem-
bly can take place.

During the installation of the segmented dump in TBL we gained some
experience that will be useful now. The printed circuit board for signal
readout (PCB) in the original design was made on a ceramic plate. The rea-
son to have a ceramic (alumina) plate was to have a readout system that
would be as radiation hard as possible. This plate was mechanically dam-
aged during the preparation (alumina is brittle) and another solution had
to be found. With small modifications to the shape of the plate we hope to
avoid these problems.

Furthermore, the full PCB assembly, with contact pins and semi-rigid ca-
bles, turned out to be more fragile than expected. More generous space for
the soldering and an extra support for the card assembly that would fix it
more firmly to the rest of the assembly, is expected to overcome this prob-
lem.

When CTF3 is operated at higher repetition rates the thermal load increases
significantly. The TBL segmented dump is equipped with a water-cooled
collimator. Up to 5Hz repetition rate the maximum temperature of the col-
limator stays safely below any risk of thermal damages. Water cooling is
recommended also for the new segmented dump and a water connection
nearby needs to be foreseen for this.

Note, though, that there are already 32 available ADC channels, belonging
to the MAPMT, with cables between the ADCs and the detector location.
This reduces the installation costs significantly.

3 Expected performance

With the present configuration, with an ADC channel sampling the signal
from each individual segment, the time resolution is limited by the sam-
pling rate of the ADCs. With other acquisition methods a time resolution
down to 0.5 ns is possible [4]. The ADCs that were used for the MAPMT
are of the same type as those used for the segmented beam dumps in the
CTF3 linac, i.e. SIS 3300 with 100MS/s. This means a time resolution of ap-
proximately 10 ns which is enough to see the energy variations along each
pulse with a sufficient temporal granularity.
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The spatial resolution and also the energy resolution is dominated by the
detector granularity, i.e. the spacing between plates. This granularity has
been optimized for the nominal beam in TBL after deceleration in several
PETS [9]. The maximum energy of the TBL beam is the same as the beam
energy after the final accelerating structure. The biggest difference between
the beams is the expected energy spread. While in TBL single-bunch energy
spreads of up to 6% can be expected, the equivalent value in the CTS line
is around 1%. Note, though, that the central spectrometer angle is 22.5◦ in
the CTS spectrometer line, which is 2.25 times larger than the angle of the
TBL spectrometer line. Since the same type of dipole magnet is used that
means roughly a 2.27 times larger dispersion, D = 0.7m.

The transverse resolution of the segmented dump in TBL has been esti-
mated both through simulations and through measurements. The detec-
tor geometry was inserted into FLUKA [10, 11], a Monte Carlo simulation
code. An electron beam with a very small cross section compared to the
width of a segment was used to estimate: a) the signal spill from crosstalk
caused by scattered particles; b) the increase of the beam size from scat-
tering in thin foils in the beam line, i.e. the OTR screen and the vacuum
window. The former (a) was checked by studying the net charge stopped
in every segment when the beam is hitting only the middle segment. The
minimum beam size measurable can be obtained from these simulations.
At a beam energy of 150MeV these two effects are expected to a give a
contribution of σcrosstalk = 2.7mm and σscattering = 1.7mm to the mea-
sured beam size. Adding these in quadrature gives the minimum resolu-
tion: σres ≥ 3.2mmwhich for TBL is equivalent to a resolution on momen-
tum spread of 0.9%.

An OTR screen in the TBL spectrometer line (see Fig. 1(a)) was used for
cross-calibration of the segmented beam dump and to measure the resolu-
tion. A beam of small energy spread was used and the optics was adjusted
to have a beam waist in the spectrometer line. First, the Twiss parameters
weremeasured at an OTR screen for transverse beam profilemeasurements
just upstream from the spectrometer magnet. The result from these mea-
surements were used to estimate the beta function both at the spectrometer
screen location and at the segmented dump position. These numbers were
then used for adjusting the beam size measurement in the spectrometer
line, σmeas, since the momentum spread is extracted from the relation in
equation 1:

σmeas =

√

εβx +

(

Dx

∆p

p

)2

(1)
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The beam profile was then measured simultaneously with the two devices
and the corresponding energy spread calculated. The OTR screen was ex-
pected to give a more accurate result on the energy spread, given that the
resolution of the screen is much better. The cross-calibration then gave a
resolution of 1% for the segmented dump, which is very close to what was
expected from simulation.

The dispersion at a segmented dump in the CTS line is approximately 2.25
larger than in TBL. With an identical detector geometry this means that the
energy resolution expected from simulation would be 0.4%. If we use the
measured resolution of 1% as a reference, then 0.44% would be the reso-
lution on energy spread in the CTS line. For a nominal 1σ energy spread
of 1% that would imply 2.25 measurement points per sigma in the beam
profile. For Gaussian profiles this sampling density is enough to reproduce
the profile within an error of < 1% [12]. With 32 channels the detector has
a total horizontal size of approximately 13 cm. At 1% energy spread that
gives an acceptance of 18σ.

Systematic effects, such as an increase in beam size from scattering in the
OTR screen and the vacuum window, can be corrected. Such corrections,
that can be easily computed through a series of simulations, would be par-
ticularly important at small energy spreads.

4 Conclusion

We have here presented a proposal to install a segmented beam dump of
the TBL model in the CTS line. A segmented beam dump in this location
will be the ideal tool for monitoring the final beam energy distribution at
the end of the linac. Currently, the effect of RF phase and amplitude adjust-
ments can only be confirmed up to half of the acceleration and a measure-
ment at the end is needed for final tuning of the CTF3 linac, before sending
the beam off for experiments. In TBL this device has displayed a good
response uniformity, a 1% resolution on energy spread and 5ns temporal
resolution. Similarities between the two beam lines makes the adaptation
of the system to the CTS line fairly simple. By using the dispersion in the
CTS spectrometer line and the resolution of the device as confirmed by
measurement, we expect an energy resolution of approximately 0.4%. The
time resolution will be 10 ns, if already existing ADCs are used, but with a
possible upgrade to better time resolution.
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