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Abstract

The Photon Factory Advanced Ring (PF-AR) is a storage ring light source of hard X-ray region dedicated to the single
bunch operation, and has been operated for users about 30 years from 1987. The lattice and optics are almost not changed
from the original one as the TRISTAN booster ring constructed in 1984. The lattice employs FODO structure and the
horizontal emittance for the 6.5 GeV user-run is about 300 nmrad. In order to acquire the higher brilliance competitive
with the state-of-the-art light sources, the full replacement of the accelerator with the ESRF-type HMBA (Hybrid multi
bend achromat) lattice is examined. In order to geometrically fit the new lattice to the present PF-AR tunnel, the new
ring consists of 12 cells with four long straight sections. The emittance is improved to about 500 pmrad at 3 GeV.
With the present user experimental hall at the north of the ring, at least eight undulator beam lines can be constructed.
The simulated dynamic aperture is about 1.5 cm at the long straight section with reasonable magnetic errors and COD
correction. The conventional injection system with kicker and septum magnets is adoptable and the Touschek lifetime is

about 6 hours.

1. ELC®HIC

HMBA (hybrid multi bend achromat) 7 7+ A% ESRF
(European Synchrotron Radiation Facility) @ EBS (Ex-
tremely Brilliant Source) EFH D7z HIZERKINZH D
TH5 [1], D ESRF & HMBA &, #1745 RIZK L
THGARZFE DL REMEBHAZEHEATLI LT
FOREVERLERZETL, 1 DD/ =<)L - LILIZ
SUDBDNY THR20H3 L DRFBHTH S, <l
BHAII DB DORENE ZAIZHREI N, $HEK
WZBIGERMIEDR R I NG, FbS 2 ot
RABHAIE, —<I)L - ZILOHEMIEI N, TI VX
VADRPRIT TG T B, NREA DI R & 1
HilT 272012, 2 DDHENY THICB I 5 F 2 — U8
IR BUZ 2B L5 FFINT VWD, FHRDOZ T«
A TIEPLERRZE R OEB ERAEIC X 5 F 2 — 2 bk
EFWIZNEL, BAF Iy - THRA=F vy —=FREW,
T 5IZHMBA 77 1 AIIER I RIRRGEG L > TH
. KEK-LS 1ZD 20 V5725 3 GeV EBS 77 «
AZJEME U, 1.2 m OFEMTZEML TWS [2,3],
X 52 KEK-LS I ERB I UM ER A Z 80T 5 Z &
Ty BAFIVT - THR=F ¥ =Ry IERN
WEBINDEZ DD >T WS [4,5], KEK-LS i<
Pl ek 2 @R T A TH B, — A THEY V
J% HMBA 77 4 AZBEEMMZ LI L HARETH 5,
Z ZTIXPF-AR # HMBA 77 4 AZBEEHZ 154
DEXEt e ZTOWBRIZ OWTHRT 5,

2. PF-AR DOIRIK

PF-AR & 6.5 GeV DL TH O, & v 7N
VFEELIZRHMEL T WS, ZONESRIEZTE ZFE 1984
412 TRISTAN D728 D EFEY > 27 (AR: accumulation
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ring) & U T X7z, KEKB 7' LINAC 725 7 )V
AINF—AFEZZIFTANDE LDIZRo72728, AR IZ
PF-AR L7320 MBS R & U Ca— ¥ —iin%
RHELTWE, AEIF377m THH., 4 DOEBERRHE
2RO, £D 5 LHAIE TEMIL RF ZH D 7217 E ) 24
ToHNTWS, Fkidst 4 TRISTAN HiR ok 25 B
FDT=DIZHHINT WA, BRI H A SEIR
NREINTE O, MEANINEIED T =X — 2%
EXNTW3S, TRISTAN fH AR ¥ LCTRIHE N T W
EHD AR RS S 257 2130 V7Bl E I N T
B, BEERH =Y — D7) DFEE K — VIS
IZDAFEFZINT WS,

FEF YA D PF-AR AST#& 13 2003 4£1Z 2.5 GeV 725
3.0GeV ABHIEFE XN, TNUUE6.5GeV DI - T
FNF— AR EITD M TELR 572, 2017 FFEL
2545 % % SuperKEKB Phase 2 ##E TIIET I v X~
A - @ —LBREEHT 27-0DOREE LT, &Y
Vv Z7FMHMN 10 HFEE L& KEKB RRIZEEAREN I
%3 <. High Enegy Ring (HER), Low Energy Ring (LER)
& HIHEGEARF BRI R E 725, SuperKEKB & AG i
% —IIA T % PE-AR ~D ASF A3, SuperKEKB ~ D
AR Z LT WL 51235728, PR-AR BHDE
BRI & @ X, 2017 FRIZ5ER L 72 (6], AST I
PR ERER D ST EREIZBE L, 2tk > TH
AHF B 72 el AR % B E S U, BEAF O Rk SE
BRAR—IVIZH LW =LA S Vv RBZTEIENTE
%, BIEFD FODO 55 4 AZBITBT I v RV AL,
65GeVDY v T - TxI)F¥F—T8 &% 300 nmrad TH
0. ZHIIBED U SR TRE I TV A E
D MW,

—DDREHEHT 8 ADE —L T 1 WS D
X217 50D PF-AR O RISTIEH 505, 187
m DFEEZFOWHED PFIZHLAR PF-AR D 5 5 1 A
WRIZE VARG TR ICHS -IRETH 5,
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Figure 1: Lattice and optics of the normal cell of 12 cells
symmetrical HMBA ring as a starting point of the de-
sign. Light blue show the bending magnet with longitu-
dinal gradient, deep blue the combined function bending
magnet, red the quadrupole magnets, and yellow the sex-
tupole magnets. The short straight section middle in the
figure is 1.6 m and the long one both sides 5.4 m.

3. ST4RADREZR

KEK-LS ® 7 7 1+ A% % PF-AR O IZ—H X572
DYNVEE 12 Uz, 12D =< - IR 575
HEY VIR AESLZ330m, Vv o - T xLF—3
GeV CZIVvAVABELZ05nmmrad &5, TxJ)
F—%260GeVEdTdE, TIVvAXYAX2nmrad &7
%, /=N EILVDTT 14 ARONF I E Figure 1
R, HANRIEOEE 2 5129 5720, HEMR %
BIIL 72,

ZOHEY v %BEFED PE-AR b VR ILIZEDYES
o, J—=<) - BIVOEMTPES ZME L, £D
fER % Figure 2 (29, VU V7L 3O EMIRE RS,
BREHEEWLLH#IZ 23 m TY v Zdiz 4 Kb, Z
DOFFEOKER, KEAAMDF 2 — VEMMEMAEY > 7
D) =<V -vINEET S, BAFIv T - T8—
FY—PHRREZDEEIICFa—rEFIUER &
A1FIVT - TNHR=F ¥ —DIEIFITTOMEY v 7D
HeEDLST, Fa—VIZEUTIEMAEY YD) —
S BIZRBERLGEWEDRED 572, REMHE
54m» 5 23m FTIEET 256, KEAAF a2 —:
1% 0.175 84019 % (Table 1), V¥ 7 —JHIZBIF5F 2—
VERBEAIER WL DIZ, MDA AAF 2 — v
1% (28.6000 - 2.5583x4)/8 =2.2958 & L 7=, PF-ARIZ&
b7z HMBA 7 7 « ADXFRZ: 1/8 J& 77 D5 BEU%
Figure 3 1Z/”°97, & MEREFEEUZ D\ T I3 Table 2 12512
T5%, IBSEZHEBLRVWIZIv R VAR, Vs -1
V¥ —25GeV TH &% 350 pmrad. 3.0GeV TH L%
500 pmrad £ 729, 6.0 GeV T 2 nmrad TH 5,

BEAIZDWTHEAIED PRV > 7 L ERED#EZE,
pm DT T4 A NEHE 0.05 % DRGSR EE 01
mrad O [R[HEFRE % [FRAA CHET 5 &£, COD filE%
fToBDXAF Iy - 7/)N—=F ¥ —IL Figure 4 D &
20y, EEHET R—F ¥ =B LE35%TKEA
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Figure 2: Geometrical adjustment of the long straight sec-
tion to fit the existing tunnel arc. Figures show the quarter
of the ring. The blue figure (a) is the symmetrical ring
with twelve identical normal cells for the starting point of
the design. The red figure in (b) shows the existing PF-AR
lattice of FODO structure and the tunnel wall of the arc
section. The green figure shows the new lattice for the re-
placement. S is the short straight section of 1.68 m, L the
arc long straight of 2.7 m. LLH is the very-long straight
section that has about 23 m length between two bending
magnets at the both sides.

Table 1: Distribution of the Betatron Tune for Geometrical
Matching

Num. Hor. Ver.
Symmetrical | Arc cell 12 2.3833  0.8417
ring Total - 28.6000 10.1000
LL cell 4 2.5583  0.8417
AR fit Arc cell 8 2.2958  0.8417
Total - 28.6000 10.1000
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Figure 3: Optics of the 1/8 part of the ring.
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Table 2: Parameters of the Ring

Symbol [Unit] SuperAR 3.0
Energy E [GeV] 3
Cell number Ny 12
Circumference C [m] 374.28
RF freq. frr [MHz] 500
Harmonic Number h 544
Energy loss [MeV/rev] 0.4259744
Momentum compaction o 5.6715 x 1074
Damping time (z, y, 2) [ms] 8.365, 17.58, 19.59
RF voltage Vrr [MV] 2.5
Bucket height [%] 3.58
Betatron tune (x,y) v 28.7,10.2
Beam current [mA] 0 500
Horizontal emittance [pmrad] 481.15 520.23
Vertical emittance [pmrad] - 7.8
y/z coupling [%] - 1.5
Touschek lifetime [hour] - 5.6
(3.5 % oap, 150 0y)
Energy spread - 9.79x 107* 1.0l x 1073
Bunch length [mm] 5.21 5.37
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Figure 4: Dynamic aperture with reasonable magnetic er-
rors after COD correction. The line “average” shows the
averaged dynamic aperture for 100 random error seeds.
The line “ideal” shows the aperture without errors and
“symmetrical” for the symmetrical 12 cells case without
errors.

CHEIENDEE—L T4 >V DOEIL8 R TH 5 (Figure 5).
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Figure 5: Beamline configuration for the existing experi-
mental hall. The upper part indicates the north hall and the
lower is the south hall. “LL” shows the straight line from
the about 20 m (B-B) straight section at the symmetrical
point of the ring, “L” 2.7 m straight section at the arc and
“S” 1.68 m. (a) shows the north side of the ring and (b)
south.

UBIHASEE b > 2V &7z 0 325 A — v & U Cis
TEIENTENEE SITMANPE =L T A v &EM
THILELAHETH D,

5. F&&

PF-AR 3£ 374 m D, B8 L ZHEDLFEINES:
ThHbd, SHOEZDOER, PF-AR DT T « A& &
@O HMBA 2@ EMZ 723546, TN05 725 TRIRIKE
DHININ, EFLUTZA v 7 SXEIRIRERF—IL
MRILTIED B D, FEHEDIAAFEE L IH AN DD >
A EMERTAZ 82L&, V=451 V%
X3 Z e HAEETH B (Figure 5 (b)),
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