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Abstract

The beam halo studies are performed at KEK Compact ERL (cERL) systematically since machine commissioning in
spring 2015. The beam loss in the recirculating loop of the accelerator was observed during the machine study. Wherein
we found that the beam loss can be avoided making use of a collimation system of cERL. Therefore we established a
beam halo formation study. Beam halo measurement in spring 2016 commissioning demonstrated a presence of the
vertical beam halos at multiple locations of the beam line except the region near the electron gun. We guess that the
transverse beam halo could occur from the longitudinal bunch tail arising at the photocathode. The halo formation
process should include all the mechanisms transferring the longitudinal bunch tail into the transverse plane. They could
be rf field kicks, due to injector line elements misalignments and an effect of the steering on the beam trajectory. In the
present study we compare the results of the simulation including effects described above with the measurement results
to explain the beam halo and to avoid the beam loss during the machine operation.
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Figure 1: Measured beam halo profiles at different beam
line locations without (left) and with (right) the
collimation, respectively.
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Figure 2: Layout of cERL and locations of measurement equipments.

Table 1: Typical Parameters of cERL

Parameters Design  In operation
Beam Energy 35MeV 20 MeV
Injector energy 5MeV  2.9-6.0MeV
Gun high voltage 500kV 390 -450kV
Maximum beam current 10 mA 1 mA
Bunch length 1-3ps 1-—3ps(usual)
0.15 ps (compressed)
Repetition rate 1.3 GHz 1.3 GHz (usual)

162.5 MHz (for LCS)
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Figure 3: Probability density function of the longitudinal

bunch size.
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Table 2: Input Parameters for Simulations

Parameter Value Units
Number of particles  10*
Beam energy 29-20 MeV
Total charge 0.3 pC / bunch
RF frequency 1.3 GHz
Laser spot diameter 1.2 mm
Bunch length

default 33 ps

with tail 100 ps
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Figure 4: Radial kick values for the horizontal trajectory
offsets of 1 mm (solid), 3 mm (dashed), and 5 mm (dot
dash), respectively, as a function of the cavity phase.
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Figure 5: Layout of steering coils ZHV1 — ZHVS in cERL
injector line.

Table 3: Parameters of the Injector Line Steering Coils

Stcer Curent [oBL  Length Gap  Width Tums/
name (A) (Tm/A) (mm) (mm) (mm) coil
ZHI 030 342E5 5 oss o
ZVl 090  323E-5 :

ZH2  0.06 5.93 E-5

ZV2  -0.18 6.07E-5 03 132 66 122
ZH3 0.00 5.93 E-5

ZV3  0.00 6.07E5 © 132 66 122
ZH4 071 321 E-5

ZV4  -3.18 3575 0 133 955 90
ZH5 082  7.07E-5

ZV5  0.25 748E5 143 955 150
ZH6 490  1.83E-4

ZV6 170 173 F-4 100 60 140 240
ZHT -0.43 1.83 E-4

ZV7 0005  173B-4 100 60140 240
ZH8 0.00 1.83 E-4

ZV8 058  1.73p4 100 60 140240
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Figure 7: Simulated beam halo profiles at screen monitor SCMS8 location. Horizontal offset of the cavity #2 is 2.6 mm.
The longitudinal bunch distribution includes 3.3 ps Gaussian core, and the back and forward tails. The steering coils are
turned on. The collimators COL1 and COL2 are taken out. Figures (a), (b), and (c) correspond to the collective vertical
offset of cavities #1 — 3 of -2 mm, 0 mm, and 2 mm respectively.
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Figure 8: Simulated beam halo profiles at different screen
monitor locations without (left) and with (right) the
collimation COL1 and COL2, respectively.
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Figure 9: Comparison of beam loss rates along the beam line for the high-current operation (J =0.95

mA).
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