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Abstract

In order to improve optical functions and emittance compensation conditions for space charge dominated electron
beam in the compact ERL at the KEK, we introduced a new 3D model of a 2-cell injector superconducting cavity instead
of a cylindrical 2D model. The 3D model includes input and HOM couplers. By using the 3D model, we improved
the optical functions from the injector to the main superconducting linac. Because of the improvement of the optical
functions, emittance growth at both the injector and the recirculation sections decreased for the bunch charge of 40 pC.
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Figure 1: Layout of cERL. QM1, QM2, QM3 and QM4 in-
dicate quadrupole magnets, and S1, S2, S3 and S4 indicate
screen monitors.

-376 -



Proceedings of the 15th Annual Meeting of Particle Accelerator Society of Japan
August 7-10, 2018, Nagaoka, Japan

NIz, 3 BEDAFBEEEHTEI ALY — FE =
yme? = 2.9 ~ 5 MeV £ TH#HI N5, cERL i##xf
Wh 5 2017 4E 3 H £ Tk, 2-cell ARRBREZEH D €
TN L UT, Fig. 2 (2,9 MENFREZ2KELZET IV
EHWT W, % /I_JV\JUD R85 53 4 1 Poisson/Superfish
WEoTEESh, #ITFAWz & T 4« TIVAR I
NTD0MHERD, Hﬁﬂﬂ%%%@ BRI N ER
LA TR EREEAER S NIy F S a—
General Particle Tracer (GPT) IZ#iARA TN, 4T F 1 2
AEHIRIAET NS, ZD 2D ET VL Fig. 2 IR $ &
24T, WO AN & T REHa G 2 B 72 WK
Lo TW5B,

UDULah s, EBEO ASHBIZE 24 T Fig. 3 125
& D IZRF D HTRIZ AJIfE G4 (input coupler) X° & i
TR A 28 (HOM coupler) DSELE X5, 22 ALIIZ
I E L EH £45 deg M & BE N A E A MIC A
3 D HOM coupler 2 3% & X 4, 2L MICIE LN AR
IZ 2 K® input coupler & /K Jf5[HIZ 2 KD HOM coupler
#“%é%fméo3D%?WWﬁK%tof@\3Wﬁ

BRIGMANTY 7 D =7 TS CST MW STUDIO % fifi
AUz, BHEGAMIEAKERM . MESW y, ETH
M 2 2 d 5 3MenfiL b, 2D ET NV EHWZA
7T 4 7 AR L FERRIZ. GPT 12 3 IRTLIMi % Fi ik &
KrrNIvF I %2F7oT0W5, 3D ETNVERGET 5
72z, EEEMEL L DR TORN FiEY I 2
L—=vaveb—LzffioTHELEZY Y VY 76
BrRE LUz, ETVEBELHEIZL2HERIZEL -
U, fER U7z 3D EFIVDBIED 2-cell #B{RE 22 % R
SHBELTWAZ L 2RT B ENTE 3],

Figure 2: Two dimensional model of 2-cell superconduct-
ing cavity without couplers. The units of horizontal and
vertical axes are cm.
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Figure 3: Three dimensional model of 2-cell superconduct-
ing cavity with input and HOM couplers.
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Figure 4: Time evolutions of horizontal and vertical rms
beam sizes calculated by using 2D or 3D models of 2-cell
injector cavities.
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Figure 5: Time evolutions of horizontal and vertical rms
normalized emittances calculated by using 2D or 3D mod-
els of 2-cell injector cavities.
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Figure 6: Schematic view of emittance correction at
merger exit. & is the major axis of phase space ellipse,
and &1 sc is the direction space charge dispersion function.
Emittance growth is minimized for the figure (b).
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Table 1: Correction k& (m~?2) Values of Quadrupole Magnets for Optics Matching at QM1

QMGCO01 QMGC02 QMGC03 QMGC04
0.5 pC, 2016 (2D model) —0.769 0.0897 0.568 —5.87
60 pC, 2018 (3D model) —2.09 —4.41 1.18 —2.98
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Figure 7: Measured rms beam size responses for QM1 scan
after optics matching toward design optics, which is calcu-
lated by 2D model of 2-cell injector cavity.
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Figure 8: Measured rms beam size responses for QM1 scan
after optics matching toward design optics, which is calcu-
lated by 3D model of 2-cell injector cavity.
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Table 2: Measured Normalized rms Emittances in Units of
mmm-mrad

QM2 QM3 QM4

Ena Eny Enx Eny Ena Eny

40 pC, 2017 2.0 24 9.2 32 9.8 4.2
40pC, 2018 1.6 1.8 3.6 1.9 32 22
60 pC, 2018 2.8 22 55 2.5 6.5 25
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