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Abstract

At the Photon Factory Advanced Ring (PF-AR), which is an electron storage ring for a synchrotron radiation source in
the X-ray region, the construction of PF-AR direct beam transport line was completed in 2017. In contrast, user operation
time is reduced to less than half FY2016 due to the reduction in operating costs. Therefore, we proposed low energy
operation and suggested extending operation time. As a result of the simulation, we found that choosing 5GeV operation
can reduce electricity costs by down to 60%. We started a machine study for 5GeV operation in June 2018. In March
2019, we succeeded a trial 5GeV experimental operation and officially started 5GeV user operation in May 2019. We
will report the contents of the cost estimation, the machine study and the present status of 5GeV operation.
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Table 1: The Estimation of the Electronic Energy at PF-AR

6.5GeV HEIZ@50mA 5GeV HEEZ@S50mA
[MW]NFRIMW][E I [MW]NER[MW] HIJE R

AR EHRHF  5.67 2.6 54%
B 2.5 1.5 40%
RF 2.0 0.4 80%
Zofh 1.17 07  40%
AR 0.86 0.86 0%
fe 1k I

AR FEHRIF

i 5.63 3.46 47%

6.5GeV JEREFOE NI, 2015 FEEDIFHEIC
oték 1 BH %720 136MWh T&;of__&ﬁ 5. 5.6TMW &

B, ZOOERAE RE OEL. N
DC /176 AC BAEHEGHL . ENEh 25MW &
2.0MW ELTz, EEREEDE NN, TNHDENEFEL
SN OBHEIK R ZETEZ DM DE S ELTE X,
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Figure 1: The measurement result of electric energy at PF-
AR.
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Figure 2: Measurement result of dispersion response.

33 BE—ATAUREAZT 4

HIEI D~ VAR T A DN EZT, B — LT A~
5GeV DO EEX ' — ARESE — A AXEDT —
Z2EPNET DO DAZT 1 %AT o1, BifiO~T 2 A%
F A TIEAS, BERICREIZ 20>, AT, 2
bunch I[ZEREENTLEST0, ARBRPFIHiO~
VAFTAD 1/10 L FLIMESNZR D -T20, A, £l
DAL EIRIRRE LIS T L E Tz, AFT ABIMEHE 5 B
RIS TH SmA LG TER o703 BE—AT
A ORPEEBME LT, £, HEFEREIEXND, KL
SN B AR T DIEEETo T, DAL E D
BDRNE — LT AN LTI, BFE— 20 fE
\Za— BNV R T SECTRE e o & Gkl 26
DEDLPEEZITV K 2 FERPE TR T L, Z0%h,
N, EREORBEE L LT-23, SREIE 41mA %
A Z 72100 T AF D HDBR N FEAELTZT-8, 40mA F2
EDOLEREBEMMEDHERF CEZIREZATRHEZK TL
77 ZOFHEELWITL T, B —ARE R — AP A LD

- 652 -



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

F—HZH) 12 BRREPENT THIEL ., 5GeV D eon
FHME T o7,

34 5GeV HIEEAST, HE~IAZT 12 HIE

HIEIDAZ T £IZBWT, A, BENRLETE -7
728 FEFRDT-60 . 7 B E D~ VAR T 4% T o7,
NEHRIT 3.2 BiDK) 75%72 7203 AFBHEAD B 2
REMF2 11T SSmA FERET DN TET-, B —2Fmi
330min & THED THo7-73, BB e EHFH TH -7,

3.5 JFFIDEFER

BHEAAZT ADRINZZT. 7 A BORBRA B
WFNH ERE T, ZORZT (13, A DEHE 1%
IZ 5GeV RS I TObDEL TAF Y a— L ENT-, )
DO 2 HRENZSES B, 0D 5 H B HE YERIH
BREVOBL TIT Oz, RIS LI 6.5GeV THEFE
Vo7 DR E1THZ L2, 5GeV TAarh FiFE1T98 D
T&)otﬁ\ FEEBRIGNOR 5 R ITIXEE 2R

L. #9111 B T2 T L,

2 H BIZEHhHREITO TEL 723, RF ZEAD &
I &L —7 v (HOM 7 —7 V) O3B LA
Wi oTole®d, 7o M E MR T2 LN TET,
St A @ T B C 3 B H O YR R
BRI AR IREL ﬁﬁ'ﬁﬁ“é;}:k?‘xoto

3 H H Ol AT HE A K 1 REE 2 120
Jﬁz%ﬂnﬂﬂﬂ;@%ﬁwﬁwéﬂto LIRS, D

“»—Aﬁ/l'/ﬂ BWT, 2 HBEICHREL-eHh2 3 HE

ICHBL TRV ERN D772 i Z1T -7,

BRI BRI, 8 IR D EREAS L 55mA
Top-up IEEEAREAELTOIRRE T T4, BUR SR~
DXFEII D >T-bD D 4 HHA LD — L34
3L [Al H &K LABE D Top-up HEEZFFBHZ 21T 55mA %
HERF A2 LN/ BE T -T2, T, 6 H HDF
BITHAELUTZRIK AR O Beam dump LA, B — AF M
DR LD . AHFHEEAZ1T->CTh 55mA DHERFT
Xl TLE-T-, EREM £ T _-?//2577“403
B 2R CERW I EMD, WG 23 h BT, tFED
it Bsa LT,

4. 5GeV EEDIFIK

2019 FE LY 5GeV EihnN EXICBBENT-,
6.5GeV B —HP—|CEE L, 1 ERD 6.5GeV &
5GeV O — W —EERIF 23 2 1272 D KO A
Va— R ENT,

4.1 5GeV EHADINLEH B

AR D WG 123V T, 5GeV DAY, ERENLELT
WL R ET S T-HEEOEWVIZHOWTIHE, BEL
ToAE R, 2 SOJFIRMN R A TET,

1 ©HIZ, 3.3 iDL — LT A AR EAX T ARFIZFAE
L7= 2 bunch IZ ARSI CTLEIHE L EREEEN
41mA ZABZ AT T AR DD B SIT, A —20
IRNX—LERBI T ORI F =BT TNDEIE
DR THDHES 212, ZHiL, LINAC TIELNLT
5GeV DEFE—21% AR-BT Z3HHE L CTEBY /£ T
Wk LT-EZ AT, EMI 7 OIRIAERA D ERESL

PASJ2020 THPP63

o 1%ZXHTEF FIFL, ZOEESX—FarFa—

NF =) B IET AL AR T Z L THER LT,
ZORER IR M ERA OEWEELR 0.19%EL7zLZ
ATANRNEETDHZEN DT, FDHDOSLH B
IZBWTCHRICFTRE B2 BT Tz, AFE —20
TR F—LEFEY T DT R —F A AL
Th, Fa—r&BEED£0.0016 LINICHET 57217
T)\%T?Ji ETDHIENDN->TET, ZNLIEDI S

I CIE, AR-BT OfFmIER A EEREY 7 OfF T E
WA DR EMITEEL ., Fa—r DM IEZMN<ITIZ
LIZEH- T, B, BELIE AR EHRIEHLZ LN HE
Lo, TORBETIZ . E—LRI gy o —
(BPM, Libera[3]) & ffi > T AHE —LDIEE)Z Turn-by-
turn CHITE (Fig. 3(b)) L. £ DRz &7 — U w28 i
(FFT) 2T CTF 2—2 %4155 (Fig. 3(a)) 2T, iHFERE
M OEMEIZR I LT=, 22T, 2 bunch AHESNTLED
L. LINAC ONNEE o RF J&8 %L PF-AR DFh
NI BURIZIRNZED S, PF-AR @ RF bucket (261
TARE —LDZAI 7 D E350ps FREEPHNTNDD
EMRRTZEHEE L TUVAD, 6.5GeV TIEZEAEL TV
[/\

(a)

(b)

Figure 3: Oscillation of injection beam by Libera.
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Figure 4: Result of beam parameters.
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Figure 5: Trend of PF-AR 5GeV operation.
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Figure 6: The 3rd switchyard at LINAC.
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Figure 7: Switching operations.
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