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Abstract

A significant FEL pulse energy was successfully generated at the cERL IR-FEL in Burst mode where a macro pulse
with about 1 us or less is repeated at the maximum frequency of 5 Hz. In the next step, high-power FEL operation
should be carried out with energy recovery by increasing electron bunches drastically. However, momentum spread of
the electron beam increases due to the FEL-light emission and may cause serious beam loss by exceeding the
momentum acceptance of the cERL downstream of the FEL. Therefore, we reconstructed the dump line in Autumn
2020 to increase the momentum acceptance and then performed the beam transportation study in March 2021 to check
the new dump line by injecting the beam directly from the injector without passing the recirculation loop. In this paper,
we present the reconstructed dump line and the beam transportation study.
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Table 1: Parameters of the 2nd Arc and the Dump Line
Before and After Reconstruction

20 arc
Beam energy 17.5 MeV
Aperture Ax 35 mm
Maximum dispersion 7xmax 14m
Momentum acceptance (Ap/p)ma 2.50 %
Dump line before reconstruction
Beam energy 3.53 MeV
Aperture Ax 4245 mm
Maximum dispersion 7xmax 0.523 m

Momentum acceptance (Ap/p)ma 8.12 % (1.62" %)

Dump line after reconstruction

Beam energy 3.53 MeV
Aperture Ax 48.7 mm
Maximum dispersion 7xmax 0341 m

Momentum acceptance (Ap/p)ma 14.28 % (2.86" %)

#Converted momentum acceptance for comparison with the 21 arc
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Figure 2: Layout of the cERL dump line before (upper)
and after (lower) reconstruction.

FaduER s LT, gHBEKEE N T dIcy

77 A Voo EROVIMER G QM1 % i
DT WO WHEHIPEE T (40 cm) BiICBEL, B
YT FDTN—F v 2 NERET 4245 mm 25
478 mm Tz, ¥, EEGAICEL TIZPUR
WA QMS % 1 AP L TE— Ao HE%
WLk, I, KEMEIRETIRY Y 7OE— A
WX BRI B E M Z BN T 57207 AF ) v
PI512AT9 D5, S AZ Y v VEHA UK - EEFE
M) % QM5 DE MRICEHE) L CVUMRERA D 7 A
Z) v THBANDE L R\, EAERRERICBIL T
X, 7 FOREGEHFZICEEL T A—F v 2
IS A, HER AR — F OBE BN ER2ITo T,
F, BEZHICOWTIE, TIROE—LMEE=Y
(BPM) IZ0oWTTN—=F v Z 5T bDZBIEL
T QM5 D FICHKBELL, 612, b7
N—=F %2350 mm DL+ FRORAIZY—VvEZY
(sCM) BREBEHOAL CHHMHL, EREt=%
(CT) ZHMEL7%,

BTCDY V74 R EHREL BT, 5 AD
VUt DM EZ T o 72, ZDFER%Z Fig. 3 128
T, QM3 DIFEE -2 mm DT NHHRBEMAAEDHFT
RARTH %, SHOUETIXEEFIMER G DR 7
BENDEDETY I V2T LT, BALEY
T rD— 0B LA ol dic, BT D
ARV METERDPoN, ZNTH, WURERKAD
W E2 % 2 %5 &, BRIERAIZE— LETE I
BOLWTRELRMEIZE ROV EZ2MERL TW3,

1 T T T T

/0

W
k

-

™~

/ég
\

1 QM2
—— Ax

15 .V \/
—*— Az QM4

|
~

\ 4
QM3

_2'5 Il 1 1 1 1 1 Il

1000 1500 2000 2500 3000 3500 4000 4500 5000

s[mm]

Position errors of QM1-5 [mm]

Figure 3: Measurement result of longitudinal (Az) and
transverse (Ax, Ay) position errors of quadrupole magnets
QM1-5 at the reconstructed dump line.
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Figure 4: Layout of the used beam line and the beam 99.2 um/pixel 97.7 um/pixel
direction in the beam-transportation study.
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Figure 7: Beam profiles at CAM31 and CAM32 for the
3.5-MeV beam with (a) on-crest and (b) off-crest
deceleration by the ML2 cavity.
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Figure 8: Beam position movement by the rastering
magnet at CAM32 with (a) on-crest and (b) off-crest
deceleration by the ML2 cavity.

Figure 9 1213 ML2 Z4{IC X % off-crest JilsH D
D ML2 oDV Y TETDLF TS T4 7 AEE—L
YA ZXDL I aL—a ViR E2RT, ML 24 %
T% FEL M5 & [ U GPT TITh N7 fEH6]% w1
A & LTI, ML1 #13 ELEGANT I2 L %3 3 2
L—3a vy ToOkw, 7277 L. ELEGANT D&
13, METROZEMEBEMRZIRE a2 —L v MIF DR
HBIIEBRIN TV LY, MFROZRMEMRIRITE
INTVRWL, ¥3aL—yavyofif, EiELs
23D 1% 3.4%RMS)T CAM31 TORFEE —LH A R
1% 9.6 mmRMS)IZ72 > 72, HIETIZAKFEE— L9 A
A% 11.8 mm T, B4 028 m Z{KET % & iHH)
BIADDIZ 42% L 725, TOEWIZ, B2 0E
MOMERY T 2L —va vt AY T4 COBEWA
PEFAREDEARBEZICIZbDEEZ NS,
L2LARS6, 20X HIGHEBIREIADD PR EL
E—ADEBoTHThH, ¥V 774D 5 DN
MR & > THOMBIEZ I Z>> CAM32 & %
WYY T TCE =LA X BT ITIARAY Y VT
BEDTE— LEEPIEZR TEL L ERT T
EPBTET,

Betatron function £, , [m]
Dispersion function 7, [m]

..s' [m] ' ‘.v [m]

Beam size o, [m]

\ [m]
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beam sizes (lower) along the dump line by simulation.
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Figure 11: Signals from the two beam loss monitors for
(a) the 5-MeV beam with rastering off, (b) the 3.5-MeV
beam with rastering off, (c) the 3.5-MeV beam with off-

crest

deceleration and rastering off and (d) the 3.5-MeV

beam with off-crest deceleration and rastering on.
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