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Abstract

KEK's Compact (cERL) is a test accelerator for developing ERL technology and operating with high average beam
current and high beam quality. The cERL consists of an injector using a photocathode electron gun, a superconducting
accelerating cavity (main linac) for energy recovery, a recirculation loop, and a beam dump. As one of the industrial
applications of cERL, the upgrade to cERL mid-infrared free electron laser (IR-FEL) was carried out, but new conditions
required for FEL oscillation were imposed on the injector. The beam conditions of the injector required for FEL oscillation
are to minimize the longitudinal RMS emittance for a beam with a bunch charge of 60 pC, and to have an RMS bunch
length of 2 ps or less and a transverse RMS emittance of 3 1 mm mrad. The beam transport conditions from the electron
gun to the main cavity were optimized using the particle tracking code GPT including the space charge effect. In this
paper, we report on the strategies and results of injector optimization to improve the performance of cERL-FEL.
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Figure 1: Layout of the cERL.
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Figure 2: Gun voltage scan results at the exit of ML: (a)
transverse emittance; (b) longitudinal emittance.
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Figure 3: Comparison of the phase space at the exit of ML:
XX’ (a) and energy distribution (c) for single a Gaussian;
XX’ (b) and energy distribution (d) for a flat-top.

Table 1: Constrains of the MOGA Optimization

RMS bunch length <1.8ps

Transverse rms emittance < 2.4 m mm mrad
Betatron function Bx <8.0m, By <20.0 m
Hor. alpha function -2.0<ax<0.0

Vert. alpha function -0.5<0y<0.5

BT 480kV TONFE LS M= /5'/1
DIRREf/IMEDRE R % Fig. 4 12789, Figure 4 13, fcid Fﬁ
méw_ 50 fEDOAHEZFEEITOWTHEAELZ, A2 5L

B =L (N F B R TIv 2 A ia
J:U‘ﬁEﬁl"’JI:‘/ﬁ’/XO) 3 DOfH) %7~ 7, Figure 4(b)
VORI AT BT A=y 2 ADK T, HE T
DT> TWDD, ZAUIAN T REMEHF M=y
A% [RIRFIZ e/ IME T D i@ LIS (I L D8 D Th D, N
VTR TAE —AMEREERIL, 2 ps LLFTHY, 4
[H]OIEE: ClI B E LT A TFEDOERE T
L2 B0 ST A I 2 AD /NS 1.8 ps DF Y
T~ — I SNTZREE BRI,

ZOREACFER LY, ESH O AR RO/ T A2 %
PELT, BFHOBEIEIT 480 kV, AL —
5.1 MeV, U FERfIL 60 pC., L —H — DR E X
7583 ARTC, FWHM (3 40 ps THD, ZDEx, F2E
RO 2T A% FHE — AMERE X, A M=y &
A3 1.74, 1.92 m mm mrad, fE5RIDOTIvZ AN 8.4
keV ps. B AIE — LA X728 0.69, 0.35 mm, /N FF
28 1.8 ps. BLOTRLX—HENVN 0.25 %725,

5

=) 8

g (a) + 480kV (b) +  480kV

£ = Operation parameter | | 2 14| - ®  Operation parameter
E 24 T \a +

~ “+ 2 L4

Q % ORI < 14

< + o A

= <

g 22 L, ow o 12 N

2 v 8 £ 12 #

s = ¥

= + + = .+

P 2 4= pe

< * + & 10 & 71

3 + + » L

o + ¥ *

% + sl N e+

18
12 1.4 1.6 1.8 2 12 14 1.6 1.8 2

o at point A2 (ps) o, at point A2 (ps)

Figure 4: Optimization results at the ML exit: (a) transverse
emittance; (b) longitudinal emittance.

3. /J]/E&@HCE\

B — AL Tl e b L7 ASTERER BRI
THEEEITo T, FEFEEL TR, iﬁLELLuH%HJD
ﬁ1ﬁ$ﬁ%ﬁi§%$*ﬁ%@ﬁﬁ%ﬁ&i&&fé%;mﬁﬁf:ﬂﬁ%:
1TV, ZOHEIZNTFEME B CTLEREM 2 R%E
EOTHEEITHIZEE LT,

FT N2 O FEFEE N DWW TR T 5, 22[H
BTN R L CH —hiF-OEEh & LTI Ll AT RE 72 514
TS 572012, 1 pC DA F B CHREEZIT-72,
N T — AT D ST A INEE 22 D f5e KN %ma
YRR LI-OHIZ, % CED AL ZEEZBINL ., itk
IR —NERFHEE — BT DL IINEEE DM
HEEATHOTCND, TOHEIZ, N T v—%EH BT,
uﬁfﬁuﬂﬁ%ﬁio WEHDFAFTIVA (ST —NfH
W T AR X —RE) ZRETHIET, et &l
TEDHESTEZ AT IV A% L, S F v — (A AR
D5, B — AT X — L BRI D AT — 2 TH|
ﬂeéﬂt (Fig. 5(a) 25 [R) , I EE SN A2 TREHEE L

T%IE, WESNISE TR FHCE LIFE—H LTS
ZEDERRE T (Fig. 5 (b) 2 H)

45 Buncher operation phase

Energy maximum phase

Model

Total energy at cam8 (MeV)

T T T T T T T T
[ (N T TN W T S T

° Measurement I

1 1
150 0 150 300
Buncher phase (deg)

Figure 5: Buncher tuning: (a) injector layout; (b) buncher
phase energy response.
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Figure 6: Designed and measured horizontal (top) and
vertical (bottom) beam sizes after optics matching.
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