Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan
PASJ2021 THP029

STF-2 [ZHIFAE—LIARERLE —LEIFE
BEAM TUNING AND BEAM PARAMETER MEASUREMENT IN STF-2

ACCELERATOR
A RSN, AR ’EE)\ N, TV TLIY =N R A, MEAR RV,
Bt s Y, B E] Y, ZIKEH PEST N, A AVB 73“: MR FNR Y, B Hi ’”
A RS, %‘%7& MR, b %DZ ©

Masafumi Fukuda ##, Hayato Araki *), Alexander Aryshev %), Hitoshi Hayano %), Hayato Ito ),
Yosuke Honda #), Toshihiro Matsumoto *),Yu Morikawa %), Mathieu Omet ), Hiroshi Sakai %),
Kensei Umemori #), Yasukawa Yamamoto 4, Masao Kuriki ® , Kazuyuki Sakaue ©
A) High Energy Accelerator Research Organization: KEK
B) Hiroshima University ADSE
© University of Tokyo

Abstract

We have been developing 1.3GHz 9-cell superconducting cavities for the international linear collider (ILC) at the
Superconducting RF Test Facility (STF) in KEK. The goal of the STF Phase-2 project (STF-2) is to achieve the average
accelerating gradient of 31.5 MV/m which is the specification of gradient for the ILC. The ILC specified cryomodule
with twelfth cavities including a Nitrogen-infused cavity has been installed in the STF beamline. In the beam operation
performed in 2021, the accelerating gradient of 32.9+0.4 MV/m which estimated from the beam energy has been achieved
and the achievement of the acceleration gradient of the ILC specification could be confirmed by this beam test. The
gradient is in good agreement with that of 33.0 MV/m which calculated from the RF power stored in the superconducting
cavities. On the other hand, the emittance growth has been observed in the cryomodules of CM1 and CM2a. We are
investigating the reason now. We will report the result of beam measurements such as energy, accelerating gradient,
emittance, stability of beam current.
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Figure 1: STF-2 beamline layout.
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Figure 2: Laser system for a photo-cathode RF gun.

L—HF—DREMRKELT, 7V — /7“~;<7§:§tﬁ'3§
L. %ET)JE%’E@E@;{EBB%7‘—XW FOHT &T{ml}_b
L& 57, ZOB/BPIIImE oL —% — 574’7r~
RRHDI=DTHD, ZNETIE, L—V —REIZ7)—
VT —A u]\hf(ﬂnnﬂbf‘/\f_b\ ZDE /JE X %@571‘
IZhh, =7avi uié{mrﬁﬂﬁ@ﬂﬂiﬁé’x PRQAY

IBIT, IEERE DRI D=2 162.5 MHz @ RF &
%ﬁ’ﬁof Phase looked loop(PLL)%ﬁO“Cl/‘é”t%@
AC TAUNT, JARTT Yy NNT o A (GBS T AT R
NCT-I3)%&# AL7z,

Figure 3 D7 771X, 5 1 BIZBITHL—HF — b
WO B, R&TE, BIRGNO LRSS R4 i
LTCWAE =Y DEfZxEZRLIZLDOTHD, 7 FFEHL —
Y= rh EFAE HEN EFLTHE K 2 KT
RENZELTWS, FHUHE> TR R4 5L C
WAHE T KELSENNTND, 7208, IRENZELT-#
HE Y RENEHUT WD, A DT T7ITE, 22RO

- 883 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan

PASJ2021 THP029

PFROZBLEE TR, 2T, IRE BE, KKE
PHEHEBILIZE D ThHD, Zha iLae, TR0 Z b
WA DETHIRGRELHEL THDLDO0 505, JEHT
NN | 2R OO ERCWENE LT L
Ezob,

Ciean Booth (Opt Tablel Cloan Booth (Opt Tabio)
Clean Booth (Rack) 1040 Glean Booth (Rack)
S S cutese Glean Booth outside
k]
g = 1020
2 o
| - (. —T
:® s 3 1000 ~—— "
i £
4 # )
=
960
20
0414 0414 0414  OM14 0414 0415 041 0414 0414 0414 0414 0414 0415 0415
0400  08:00 12:00 1600 2000 00:00 040 0400 0800 1200 1600 2000 0000 04.00
50
Ciean Booth (OpL Table] 1000475 o =
Cloan Booth (Rack) Posi=:)
Giean Booth cutside 1000474 e gk b
gl e 1.000473
. ot} ~~ 3 1000472
e X 5 € 1.0004
> — = 000474
3 ———— /
€ i 2 100470 /
22 g M, /
8
£ 1.000469 e
| & \
w0} 1.000468 \
1.000467 ]
1.00041

66
15 04114 0414 D414 0414 0414 0415 0415
4:00 0400 0800 12:00 1600 2000 0000 04:00

Figure 3: Temperature, Humidity and air pressure in a laser
hut, and the movement of a piezo for adjusting the cavity
length of a laser oscillator.
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Figure 4: Trend of a UV laser power for one day.
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Figure 5: Beam profiles in the energy measurement at the
downstream of a bending magnet.
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Figure 6: Trend of the beam current for two hours.
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Figure 7: Signal of loss monitors placed near the profile
monitor (PRM-08) where the beam loss occurred.
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Figure 9: Results of the measured emittance as a function
of the bunch charge.
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Figure 10: Results of the beam position at the MB-09, the
transmission of the CM1/2a and the beam loss near the
MB-09, when scanning the beam position by the steering
magnet of STS.
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Figure 11: Beta functions between the CCM and the CM1/a
calculated by SAD.

4. FEHLESHE
A A o jE R iowc #ﬁbu@%ﬁ&&f@'&%bh =JA(N-
infused cavity)& & 22T OFEINEBE S X, 32.9

+0.04 MV/m H;@ ILC DR S 31.5MV/m LA ED
IHEREFER CTET, TIvH AL, CCM FHid 40
MeV OF —ATIE 1.7 mm mrad FifEeES 0N,
CM1/2a T, 20 mm mrad Fift & 10 fFL0L BIZE(LL T
B, BERKR A THD,

L%, =y F AL DR FAE DT CM1/2a
WIZBEED D72\ DR T 5728, CM1/2a D _E Tt
LT D EZERETOAT, WEZBET5TFETH
%, Fo, CM1/2a DEH], EZOE — LA X)W ET
EBHINNT, AP )= A —H R T D, IHIT, B—

Am~?“4/7‘e QY= ¥ AN ks N/ A= VAV 7 0

EBi%E RF VAT LAELTHRELTWS 10 mA LA TIZH

5L, BTNV ATE =2 HEAIHICT D, 20728
W2 =P — DR R DT A= —%FHFEL T, 6 us
25 100 ps (27 VIV ARE RIS,

ZIHDRAELTUN, 2021 FEDOFKITHY—

b A

A1) TIETHD, SHIKEEITIT 5 o —L4%E
PEA~HEERL | ILC LRI DY — AEE i COERRE H 57,

SE X

(1]
(2]

(3]
(4]

(3]

(6]

(7]

(8]

[9]

- 886 -

https://ilc.kek.jp/STF/

ILC Technical Design Report (2013);
https://www.linearcollider.org/ILC/Publications/Technical-
Design-Report

Y. Yamamoto ez al., “ILC |Z[fiF7z STF Phase-2 ZIH[D
R, ‘;%Iﬁ\/vﬂE*::L—X 34-4,277 (2016).

Y. Yamamoto et al, “Cavity Exchange Work for
Cryomodules in STF-2 Accelerator”, Proceedings of the 17th
Annual Meeting of Particle Accelerator Society of Japan,
FRPP31.

Y. Yamamoto et al., “Demonstration of electron beam
acceleration at 33 MV/m by STF-2 Cryomodules for ILC”,
Proceedings of the 18th Annual Meeting of Particle
Accelerator Society of Japan, Online, Aug. 9-12, 2021,
TUOBO4.

H. Shimizu et al., “R&D activities report on superconducting
magnet in STF”, Proceedings of the 18th Annual Meeting of
Particle Accelerator Society of Japan, Online, Aug. 9-12,
2021, MOOBOS.

S. Aramoto et al., “Round to flat beam transformation
experiment at kek stf’, Proceedings of the 18th Annual
Meeting of Particle Accelerator Society of Japan, Online,
Aug. 9-12, 2021, WEP031.

“U—H TR 2R O BB KAF 2DV T, TRI Osaka
technical sheet, No. 5001;
http://tri-osaka.jp/technicalsheet/5001.PDF

SAD Home Page — Strategic Accelerator Design;
https://acc-physics.kek.jp/SAD/



