Proceedings of the 2001 Particle Accelerator Conference, Chicago

Recent Experiments on the Effect of Coherent Synchrotron Radiation on the
Electron Beam of CTF 11

H.H. Braun, S. Dobert, L. Groenin@ERN, Geneva, Switzerland
M. Borland, ANL, Argonne, IL 60439, USA
A. Kabel, SLAC, Menlo Park, CA 94025, USA

Abstract at CTF 1l [4, 5] the CSR-introduced transverse emittance
ngrowth and mean beam energy loss was measured as a
ﬁgnction of the bunch compression paramef®y;. This

aper reports experiments concerning the dependence of

of less than 0.13 mm. If the bunches are bent in the dipol . . .
of a magnetic bunch compressor, they emit coherent Syehsv?roerfnigtr?ton the horizontal beam size and the shielding

chrotron radiation with strongly enhanced intensity with re-
spect to incoherent synchrotron radiation. Here we report

on the experimental and theoretical study of the effect of 2 EXPERIMENTAL SETUP

this coherent radiation emission on the distribution of the The experiments were performed with the drive beam
eleptrons in the six-dimensional phase space. Transverse ~1g | (Fig. 1). The first chicane in the beam line
emittances, bunch lengths, and energy sp_ectra were m‘?‘.‘?)'mprising three dipoles will be called the 'compressor’
S““?d for constant_ bun(_:h compression ratios but dlf-rere%\tnd was used for the experiments on the transverse emit-
hor|zor.1ta|'beam SIizes In th_e .bunch cOmMpressor. Fur'th%nce growth as a function of the horizontal beta-function
the shielding effect of the finite vacuum chamber helgh;n its central dipole. After these experiments, an additional
on the mean beam energy loss was |nve§t|gated by us'?@ur-magnet chicane was installed downstream of the com-
two vacuum chambers of different heights in a four-magnegessor for the measurements on the shielding effect, and
chicane. The results are compared with simulations usingi i be called the 'shielding chicane’. The correspond-

The drive beam of CTF Il can provide single electro
bunches with charges of more than 15 nC and rms lengt

TraFiC' and ELEGANT. ing vacuum chamber can be exchanged within five hours.
In the experiments, two stainless-steel chambers with total
1 INTRODUCTION heights of 50 mm and 15 mm were used.

The second Compact Linear Collider Test Facility>62M €nergy spectra can be recorded by using the first
CTF Il [1] was built to demonstrate the two-beam acce|COMPressor magnet as spectrometer. A second spectro-

eration scheme at 30 GHz. The efficiency of RF-powaneterat the end of the beam line is used to record the spec-
production at 30 GHz decreases as the bunch length jff2 after the beam has passed the compressor and the chi-

creases. Therefore bunch compressionis achieved by intrg2ne- The beal;nflntenﬁlty is measured V\gth tWEV\;a” Cl:]"ent q
ducing a longitudinal correlation within the bunch via off- m?_nltors, one beforet ﬁcgmprﬁfsor?‘n one before tde ?n
crest acceleration, in connection with a bunch compress8F ine spectrometer. The bunch lengths are measured after

chicane [2]. Particles at the tail of the bunch have a highdf€ Shi€lding chicane by analysing the mm-wave spectra,
xcited by the bunch passing an RF-waveguide connected

energy than patrticles at the head of the bunch. The confr i - o
the vacuum chamber [6]. An optical transition radiation

pressor introduces an energy-dependent path length diffé - . d with . d d
ence ofRss — ds/(dp/p) allowing particles at the bunch OTR) screen viewed with a camera is used to record trans-

tail to catch up the head particles. For short bunch Iengthg?rse beam profiles after the shielding chicane. Transverse

the low frequency part of synchrotron radiation induced bfmittances are measured simultaneously by applying the

a dipole of curvature becomes coherent, resulting in aquadrupole scanning technique to each magnet of a triplet.

considerable enhancement of the radiated power [3] by
, 3 EMITTANCE GROWTH ASFUNCTION

AP.,; ~ 0.028 - NQ%, (1) OF HORIZONTAL BEAM SIZE
PO The first set of measurements concerns the CSR-induced

where a Gaussian distribution of tAeparticles and a con- growth of the normalized horizontal emittance as a function
stant rms bunch length; along the trajectory are assumed.of the horizontal beam size. It was performed with the com-
The emission of coherent synchrotron radiation (CSR) ipressor. Prior to the emittance measurements the compres-
independent of the particles’ energy for> 1. CSR affects sorwas setto minimuRs¢. Energy spectra were recorded
the distribution in the six-dimensional phase space and camth and without longitudinal correlation, and the trans-
lead to emittance growth. The emission of CSR should beerse Twiss parameters were measured. Afterwards, the
suppressed [3] by parallel conducting plates with a verticalkss of the compressor was varied and rms bunch lengths
separation ofh.<1.2 (p a?)l/3 . In previous experiments were measured to determine the longitudinal Twiss para-
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Figure 1: The drive beam of the second CLIC Test Facility CTF II.

meters at the entrance of the compressor. TRepn was

Rs56 in the compressor. Figure 3 shows the measured hor-

set for sufficient compression and deflection to observizontal emittances together with the results of simulations
horizontal emittance growth due to CSR emission. The

guadrupole triplets before and after the compressor were
used to set the desired horizontal beta-function in the mid-
plane of the compressor. For all settings, a beam waistg
was kept at this position in both transverse planes with €
a vertical beta-function of about 1 m. According to the- &
ory the horizontal emittance growth is due to a dispersion E
mismatch in the last dipole of the compressor for particles 3
which changed energy due to CSR emission in a disper-
sive section. The growth should increase for larger beta-
functions [7]. The result of a first experiment on horizontal
emittance growth for different horizontal beta-functions in <
the compressor is shown in Fig. 2. The measured horizon-g
o
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Figure 2: The normalized horizontal emittance measured
after the compressor as a function of the horizontal beta-
function in the compressor mid-plane for R5¢ = 51 mm.
Theinitial emittance measured at R56 =8 mm isindicated.

tal emittance growth isincreased for small horizontal beta-
functions contrary to theoretical expectations. In this first
experiment the initial six-dimensional phase space was not
determined completely and therefore no simulations were
performed. The surprising experimental observation was
confirmed by another set of measurementsusing adifferent
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Figure 3: The normalized horizontal emittance measured
after the compressor as a function of the horizontal beta-
function in the compressor mid-plane for Rs5 = 32 mm.
Theinitial emittance measured at R56 =8 mm isindicated.

performed with TraFiC* [8] and ELEGANT [9]. The simu-
lations show no significant dependence of the emittance
growth on the beta-function. In order to verify whether
the measured increase for small beta-functions is caused
by the different beam focusing settings, the experiment
was repeated with the same beam focusing but using ac-
celeration with opposite correlation, i.e. for bunch stretch-
ing. In this case no dependence of the emittance growth on
the beta-function was observed. To check whether the ob-
served emittance increase is due to enhanced space charge
defocusing forces during the emittance measurement, the
three-dimensional beam envel ope equation including space
chargewasintegrated numerically for the quadrupole scans
used for the emittance measurements. This simulation
of the emittance measurement did not reveal any influ-
ence of space charge forces on the result. Finaly, the
emittance growth due to uncompensated Talman-forcesfor
short bunches [10] was estimated. It increases with the
beam size as well, and cannot explain the observations.
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4 EFFECT OF SHIELDING ON BEAM
ENERGY LOSS

The shielding experiments were done with the shield-
ing chicane downstream of the compressor. After off-crest
acceleration for compression, the transverse and longitu-
dinal Twiss parameters were measured as described in the
preceding section. Then the compressor was set to obtain
the desired bunch length at the entry of the shielding chi-
cane. Energy spectra were recorded for different R 54 of
the shielding chicane. In afirst scan, a vacuum chamber
with a height of 50 mm was used, which has no shield-
ing effect for our bunch and chicane parameters. The en-
ergy loss due to CSR was deduced from the recorded en-
ergy spectra. Comparison with the energy loss calculated
with ELEGANT showed an excellent agreement, while the
TraFiC* simulations overestimated the measurements. In
the following scans aflat chamber (h. =15 mm) was used.
It should suppress CSR emission at low frequencies, thus
reducing the beam energy loss. Four scans with different
initial bunch lengths were performed. The measured en-
ergy losses are plotted in Fig. 4. For short bunches and
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Figure 4. The measured energy loss in the shielding chi-
cane as a function of R5¢ for four different initial bunch
lengths and correlations. The chamber height was 15 mm.

high Rs¢ transmission losses occurred. This might ex-
plain the drop of the measured energy loss. The results
of simulations donewith TraFiC* and ELEGANT are plot-
ted as well. For the free space case the two codes give
considerably different results. The ELEGANT simulations
done for the free space case fit very well to the experi-
mental points measured in a shielding environment, while
the corresponding results of TraFiC* overestimatethe mea-
surement. The latter underestimate the data if shielding

is taken into account in the simulations (Fig. 4). Accord-
ing to the TraFiC* simulations the shielding effect of the
15 mm-chamber significantly suppresses the energy loss.
The current version of ELEGANT cannot treat shielding
cases. Unfortunately, technical problems with the CTF 11
laser system did not alow the four scans (Fig. 4) to be re-
peated with the 50 mm-chamber for comparison.

5 CONCLUSION

The measured horizontal emittance shows a significant

increase for small horizontal beam sizes in the compres-
sor. This behaviour is not predicted by simulations with
TraFiC* and ELEGANT nor is it expected from analytical
estimates.
The energy loss in a four-bend chicane is consistent with
ELEGANT results for free space CSR. This agreement
holds for measurements without shielding as well as for
measurements where a significant shielding effect is ex-
pected. TraFiC* predictsfor the free space case a consider-
able higher energy loss than ELEGANT. The simulations
with shielding predict a reduction of the energy loss and
underestimate the measurements. Further clarification is
expected from future measurements using vacuum cham-
berswith different shielding heights for otherwise identical
beam conditions.
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