Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 WEPP62

PF-AR 5 GeV 28133 kv 77 v SBERRORS
REALIZATION OF TOP-UP OPERATION OF PF-AR WITH 5 GEV

BE AN TR Y, RAEED Y, FEERE A, B EREE A NILEER Y, FREN. PR A
Nao Higashi*#, Chikaori Mitsuda®, Shinya Nagahashi®), Kentaro Harada®
Takashi NogamiA), Takashi UchiyamaA), Takashi Obina®, Norio Nakamura®
AHigh Energy Accelerator Research Organization

Abstract

KEK’s 6.5 GeV light source, PF-AR uses a direct beam transport line (BT) newly constructed in 2017, and has
achieved top-up operation with PF and Super-KEKB. However, due to the reduction of the budget for the operation,
PF-AR started the 5.0 GeV operation from 2019. Then the simultaneous top-up operation of PF-AR and PF is no longer
available because the direct BT of PF-AR (ARBT) is designed just for the energy of 6.5 GeV, and there is a common
DC bending magnet on both ARBT and PFBT. Thus, in the current user-operation, the pseudo-top-up operation of PF-
AR and PF is realized by finely switching the magnetic field strength of the common bending magnet. Now we are
plannnig the modification of BTs to realize the true-top-up operation instead of the current pseudo-top-up operation. In
this proceedings, we will compare some options, and explain the each characteristic.

1. PF-AR X ASE§

PFF-AR (7 # FY = 7572 MU=+ 7 XNV A MYV
VS > T NN FIEERHE U 728 X SR IR O ST
HHEHTH 5. @ T 2L — NI R (KEK) O
AGT82 (LINAC) 1 PF-ring (2.5 GeV), PE-AR (6.5 GeV),
KEKB (2016 2 &% SuperKEKB) O high energy ring
(HER: 7.0 GeV), low energy ring (LER: 4.0 GeV), &&tf 4
DDY Y IZETFS LLREETFZAS LTS, 2016
4% T, PE-AR O A§H# (BT) 13 KEKB ® HER-BT ¥ —
WEHLEELTED,3.0GeV DETZAHL 6.5GeV
THE L T2 —% —# i1 %2 1T o TW /2. SuperKEKB Tl
By zy 7HEMHN 10 GRELEL, BLI /T4 %
LT 3 729121F 50 Hz OEE AFT BB 72 - 72 [1].
ZD7=%, PF-AR B BT MR X1, 2017 £ 5 BT
DFAZBMG L. ZOH LW BT X 6.5 GeV ASTHIC
HETEN, BT 2L~ PFFARDaIvy>a=r
X 2017 £ 2 A SRR SN, 4 A 52— —EEEDIE
BEAEIE X 7= (Fig. ). 2AUc kb, 4 V> 2, [k ASH
MUJRE ¥ 72 o 7= [2]. # LW ARBT 13 PFBT & L 2R
MEBRAOTHN, Z0%2ERAET S, ~EHORERIZ
¥ DC fRMERA2H D, F UHIGHE T 6.5GeV & 2.5
GeV @ momentum %> 7= ZNENDETF NNV F %
hZnkF - 7-AETEH Y HEX N 3 (Fig. 2).

2. PF-AR5GEV &#x

KEK (2 3B1F 2 A e O&Eln b, 8 E B A AT
DB EZT, FRARETHREOREL 2R EL SN
TW 3. 2009 fEFEICIZ4ER 5000 K72 - 72 D 2% 2016
FRIIEFIUT 2D, 2—F —FREITHETEZ S
N7z { 72 o 72. PF-AR & PF IZHEXTE ring-energy T
H Y, EhLa 2 MIMEXICKE W, Z 2T ring-energy
% 6.5 GeV 205 5.0 GeV IZ FIF 2 R»iF L 7. power
THHMEETIE, B2 4 HoBEXMRHEIRE 2D,
DEEREBEICTET 2N TES. L2 X
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f-flux (RIROEEIIRA L 27 ) 7 TE S & DOHERH
POOEEND D, 2019 FE L D AREFIFARMG L 2o 7.
7272 L, ARBT 1% 6.5 GeV Tl &L TW3 728, PF &
D[FIRF Top-up ICDWTIFFHEB T E R L 3. FEEROHEL
TIZ PF ¥ PF-AR ZHZ4UZ 150 B & 90 FHod A Gt HRER
5z, ZOESEBNICBWTZRZAOD Top-Up &
HRA3 kL X AL 5. PE-AR ASTIFI2I3 358 DC fRm B A
LR RO 2 RIAERADBTEE 5.0 GeV & D
B3 TG LTWA (Fig. 2) [3]. Lo, E/E
TEOBAHFERICEET % £ TORRM &, il DC
MIEMA DY D& ZICET R (15 - 20 ) BEEX
T3, HaF N EHMD top-up HEL L FEA TV 3.
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Figure 1: The Layout of Each Transport Beam Line.
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Figure 2: The Geometry of ARBT and PFBT.
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3. PF-AR5GEVEZ&ICEITR by TT Y
T0%

2019 FEL S B X ZHDTD,6.5GeV & 5.0 GeV
DIEFENEEINT WS, 6.5 GeV EfR X AR PF »
D A top-up LA FEM;E X LT W 523, 5.0 GeV HERIZ
BWTIIFERRIARNTz K 5 128 top-up SEERDERFH 2T
B, Hl 21X PF 2 420 mA 12Xt LT 419.5 mA, PF-AR
M55 mA I LT 54.4mA &, EFEEREORDIIATEE
BRDMZ 5N TS [3]. 2R THAB, 5.0 GeV Eix
IZBWTH PF & O top-up SBERADERIZE .

3.1 PF-AR, PF OEHLR 7 ¥ 2 — L Ol

PFICBIF B REMDY Y IANYF LRERD<
VF N F % A7 X 4 72 Hybrid 3E512 80 T, beam
instability 23ELERIY K & Wiz i AGT 2 F L. PR
2B % Hybrid #HETO Y — A FAmiE 5.4 hour & -
TH D, #HE D multi-bunch operation KD 23 hour ¥ Lt
NTIEFEIZHE W [4]. BR T, PF 2% Hybrid 3853 5 %,
PF-AR (2 [A]f Top-Up 3&EHEATAIHEZR 6.5 GeV HERD 403
AffE, L WI R Y 2 — LRI o TV B,

32 PF-AR 7R ME—LTF 4 »OHER [5]

44E 2020 £, KEK I2BWT, PF-AR OE T — 4%
FA LU, BT - RAEEBRARESRRATKO D DMK
BF2 b b —5654 OEXRPHBINT. _hai PF—
AR DEF NV T EHER T 4 VIR 2 3%
FIENRGTIC & % v $*% converter IC AHT X THE % K}j
BN E2ERT 27X 2RHT 5. PEFAR 20500

I—PEEERHE LR & 5 REEHTE e 523, beam
1nstab111ty DFEHE R beam loss, life [P RET S X S
BIBEICIE, ZAEMIET 3 2 L 2T % 3 Top-up AN
EERWERE RS,
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Figure 3: The Disturbance of The Beam Orbit in ARBT
can be Suppressed in its Physical Aperture by Reducing
the Magnetic Field by about 7 % of the Common Bending
Magnet.
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4. PF-ARS5GEVICHITEA Yy TT
D T-HDHE

4:[E, PF-AR 5 GeV #i512513 2 PF L DR+ v 7
7 v TEEEMSAIREICR 5 X 5 BT R EM L /2. HED
FHEERE T, O TFPEBBICS U -RRERE - M
E) L, FTNEFNOROKIM: - ZEMEoFERE E‘Xb, i
MICERODIAAREITo>T WS,

v T

4.1 Optics DA TDXFIE

FTREN=FY = 7S F 2 ANTIZ, BT DEW
AGREDATEET S Z 2T, 6.5GeV 55 5.0GeV
S LT Z ¥ THRAET 2H13E7 % physcal aperture
WMz ond et L. FHTE 2 72, & ER
DV AR ERA S & FN 5. BITED S top-up i#Hix
DR, B 10 B & v S LR WK B 2 79, oL
ZmAI B DWW Z Db O DIRE R FEEL TV 375,
PF 2.5 GeV, PF-AR 5.0 GeV D[l top-up A D551,
POV ARIAIERGAIC AST T 2 (i AHZ AT 2 22 T, E
MR IZREZRET 5. ZOFEICOVTEEED
Y — L% A{f o 7235 h e X, pulse jitter 25 40 ns FRELL
T, ZAUC K 2 WS BEDORAZ 0.08 % L AESI AT
BT, BIRNIER GRS 2, L WO EREAZEINT
W3,

ARBT OV 7 $—F % 3 HIBB X Z 25 mm TH
D, 22 CHERAERADREE 7 % KRS B,
U — ADTEIET B 220 APEX (= 5x0, 4+ Az+1 mm) 1E
25 mm LUFICILE 3 (Fig. 3). L7 L PFBT 12813 3 L
DT optics DEETITRINL ENRVWI Do
7= (Fig. 4). fi > T, PF-AR (5.0 GeV), PF (2.5 GeV) O
I Top-up A5 % KBS 2 720121%, BRHEABMED N—
RY 27 OEEPREL RS,
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Figure 4: The Disturbance of The Beam Orbit in PFBT
will Exceed its Physical Aperture due to the Reduction of
the Magnetic Field by about 7 % of the Common Bending
Magnet.

433 -



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 WEPP62

BAles

Figure 5: The Range to Expand the Vacuum Duct (Red Painted Part).
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N— R 2 7DEHEIIH>T, TTRHGORAE
BIRol. ZORRE, ARBT & PFBT IZHLRBEIC
component 23FH ¥ o TH D, BERA DBIMPIEEMED
Blmih & PFBT Z80GE T 2 0SB YITH % & DHlic
ol

% ¥, 58 DC RAIEMA DBIEEEE 7% T3 2
L&Aty U, PFBT WEMAOZBMT 22 2E 2 /.
LT TIX 2 20 option IZDWTEHAT 5.

4.2.1 4HS ¥ PFBT THifENE =2 WX 51T, ¢
L 2R ERGA & 8 DC R E A D B horizontal
steering (HS) % 1 -2, 338 DC M ERA D T 3 D
DHS, Git4 2O HS Z&REL, 22X 7 FOAFEZ KR
% LT, Bl RN CRTH 3 (Fig. 6).

¥ 3458 DC (R AR BPFS (ARBT 4Tl BDS)
DRFNZED IR B RLNX LT 5720, REKED ©
Fim DA =2 BPFS I A 32 & 512 Lo HS T&
FANUFRES. ZHTH 2B, BPFS TRENCH & i
BTN FIIPUMERA QPFAL 2@ 205, 2055 L
THMEEEZ@EZ 720, RENCKELBONE Z 2Tk
WS, Z D F FRO VUM ERGA QPFA2 12K E /KM
D offset Az B> TAH T, X5t kElHEsN,
Wi%i5 5. 2 2T QPFA1 ¥ QPFA2 Oz 3 B0 HS %
Hri& L, QPFA2 IZE 2 £ TIZ Az BN Y.

HS OFRED A1 8 mrad f2E T, kua v T L =
300 mm, gap % 51 mm BEYX T2 2,40 A EEL 5.

FERADBINY ¥ %12, QPFAL, QPFA2 R — %,
D ICF114 182 (¢ 60.5 mm) DOER53 5 5, ICF152 #H
W (¢ 97.6 mm) FHCIIET 2 BEN D 5 (Fig. 5). HEL
372 OIER T HAUR, Gate Valve, K> THEH X7 D
LT T A, BPM % Screen Monitor D523 72
{, 3R MIHEIMZ 5 5.

422 HYFRAvFE KRERBOZREXEZHE
i DC fRIAERA BPES %2 UL 2 RIAEERA 2 B TH
ZHZETH 5. BPFS FAADRFTNRHIETTEMET 572
¥, SOEHEIF H AL 4HS R X b W (Fig. 8). ;B3
%OV 2 RMERA OB D A% 4 mrad #E T, L =300
mm, gap % 62 mm, turn 2% 2 £ 35 ¥, 1500 A-peak £
oy iz 5.
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Figure 6: The Optics of PFBT in the 4HS Option.

38 DC {R[AERA BPFS BNREXINTWVWB L Z 513
PFBT & ARBT ’XZET 2R THH, X BDOX 7 N DB
ERBEIN TV, ERETRICHERER2 5 —HoXk
XREXZPMERoTEY, BHIROX 7 v 220 F £HH
LEo 32, #Hiakd 3 0L ZRAEA D gap 23R
WICRKREL D, EBHENTDH % (Fig. 7,9). 2L A REM
BWAZHRT 572D TR0 D JRNEEHTX
I ERRITLETHENRD L. 2L AREIBEHEALIC
MELTEI I v 7 X7 VREATRHEEICE, —ED
IR MEERETINERD .

5. SROTE

BUEA N 72 2 %, a 2 M, SRR 4 2Bl 5
RELTW FETHS. 207D, BIE BRI B A
Dkt BEOEROBEEFELH ML TW5. £, F1K&
HZEX 7 b D XD Ml GRS 2 EIZ72 - T L 5.
ZENoZEDLN S, BB THOMREZ HIEL T <.
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Figure 7: The Geometry around the Common Bending Magnet BDS in ARBT (BPFS in PFBT).
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%A, KEK A8 geometry °N— K7 = 7, fill-
ing pattern 3B U THEREEHIIE A 2159 £ 3 % KEK-
LINAC D75 %4 5 S HHE W72 S F L, 2 ZITiEH
HLLETET.
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Figure 8: The Optics of PFBT in the Sandwich Option.
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