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Abstract

PF-AR is a 6.5 GeV storage ring for the synchrotron radiation with the emittance of about 300 nmrad that is about two
orders of magnitude larger than that of the present standard light sources. The injection energy was 3 GeV and the beam
instability was so severe that we almost cannot change the optics and operating point from the original one designed in
1980s with keeping the injection and acceleration stability. A new 6.5 GeV full energy direct beam transport (BT) line
was constructed and PF-AR started the user-run with this new BT from Spring 2017. The injection was very smooth with
the weak beam instability compared to the case of 3 GeV and thus there is a new possibility to change the optics and
operating point for the low emittance. In this presentation, we review the previous low emittance optics study in 2003
and the preparation status for the machine study with the new BT.
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Figure 1: Optics of the ring.
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Table 1: Parameters of the Ring

Present Low Emittance
Circumference [m] 377.26
Phase advance / cell
horizontal degree 90 140
vertical degree 90 40
Betatron tune
horizontal 10.14 11.84
vertical 10.21 8.38
Chromaticity
horizontal -13.60 -20.67
vertical -13.37 -14.78
Energy [GeV] 6.5 3.0
Energy spread o /E 1.15 x 1073 5.28 x 1071
Energy loss [MeV/rev] 6.661 0.302
RF voltage [MV] 17.4 3.0
Damping time
horizontal [msec] 2.45 24.95
vertical [msec] 2.46 24.98
longitudinal [msec] 1.23 12.50
Emittance [nmrad] 287.59 162.60 34.7
Momentum compaction | 1.26 x 1072 | 7.50 x 10~ | 7.49 x 10~3
Synchrotron tune 0.054 0.043 0.028
Bunch length [mm] 15.94 11.81 8.61
Bucket height [%] 0.84 1.30 1.06
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New low emittance optics
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Figure 2: Optics of the low emittance ring. The left is the old optics designed for the study conducted in 2003 and 2004.
The right is the design talking into account the existence of the RF mask with 19 mm-aperture.

Table 2: Comparison of Physical Aperture

€, [nmrad] Ap/p Bz [m] | 1z [m] | oy [mm] | PA; [mm] | PA, [0,]
New Injection Point _3 18.5 1.34 2.78 28.0 10.1
RF Mask 288 L1510 117 | -0.05 1.84 19.0 10.3
New Injection Point _3 13.6 1.42 2.20 28.0 12.7
RF Mask 163 11410 278 | 000 | 213 19.0 8.93

0. EEIREEREICERINLTWS, 512, HE
BRI v 2 —ay ZIClARENTE D, 2. LAk
2003 L &5 T2V Ty A Bkt zHE
BRLTW5,

—FH. BT I v R A ETHIITHD.,

1. REX A7
2. ¥ v —EHEAERD KD
3. AB SR ENZ BT B optics DR

DEIH BRI REFESFET S, 1. 1200
T, 2007 A2 HE 2 % U e n 5 &9 5 HIW T,
RF Y A7 LN B REY AT B Lz [5], VY
TWIZBTBENGHET N—F ¥ D2 19 mm O RF ¥
AW BE, FNEDEEVWART N—F ¥ 2@l L
72— LD F ZTHIN, A7 L TLE S, B
FDOIT Iy XY A288 nmrad IZBIFT YT N—F v
DBRE, BT I v XV ALZBIRTH - 2RO Y
TN—=F ¥IZOWT Table2 I &3, ZITo, T
HEHEDOE =LY A1 X, PA YT A—F ¥ TH 5,
W7 N—F v 2 ZDGFHTOY — LY 1 X THEEL
U7-fE% Table 2 IZ PA, [0,] L LTE DTS, B
1ED optics TIE RF ¥ A7 DB AS L D AW
72, ¥—=LMRF Y AZ L FBT5Z 23w, Ly
UKL I v X > A optics ZHAED AR R TIRET 5 &,
RF Y A7 AR ML 0 L 25,

2. ¥y —EBHOBOBAMT X > T, AFHZBEWT
RETELHHENEADT S, HARETIEF Y h—

BEAIXA4BEDHD, o KO o' 2N U TREETE 7205,
BEDOH AR R TIEF v h—EEAIX3BICHEA L. ¢
o BENETNHNLIIRET DI LIFTER, £k,
312DV THE, IHASIZBE W TIZEMID optics (2l
FIDEN D AT D HIIRBE S > R EN AR > 72
D F AR RULEEIC BB U, 15 FIZ RF2ZHAD S 5 72
&, optics TR TN 5,

ED LS HBERIZIEZBL - ZHP N D0 dh B
W, BIEZ o 2 TOERZ 9 & 5 L/l
I v X VA optics Z#&FHL T\, Figure 2 (2% D 1 4
EZRUZ, @EDKT I v X A optics TIdHT AG L
2B 3 B, DXRFmask 12815 B, (2 L T/IE W,
W77 optics 1IZ X DEZMD D, B L ATKR/NEFRZ
WX 2 BERD 5,

5. F&&b

PF-AR 1% 6.5 GeV DS LML TH 253, 1987 FED
I —FEERIR LIRS Z D optics IZIFE A EED -
TW7ZR W, 2003 4 & 2004 412 tune advance 22 X %
ZXIZL BT Iy R A optics ART 1 &EL -
D, BRWARLENED T T AR 248 0 3K U 72 72 DRk % 728
BOWEEF LI Uiz, 2017 FEIZY VTRV F—
LRIU 6.5GeV TAHTTE S & 57 PE-AR HH D A4S
BWREZINZ, ZTHNIZE D ¥ — ARZEEPIIG X
N5 NP/ TE, WODTEZI v 2 2{LE HE
UIZART 1 2175 FETH 5,

-327 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan

August 1-3, 2017, Sapporo, Japan
PASJ2017 TUPO13

S Xk

(1] HE er al., “PF-AR EHEASHOEZ I Iy a=y
I, 85 14 [ HAN#R RS S 4ES, fLIRT, 2017 4£ 8 B 3
H, THOL10.

[2] Y. Kobayashi, “PF V) > 28 KU PF-AR DKL I v X v
ZEEE” H5 22 [ PF Y YRV A, 2005 4£3 A 18 H.

[3] EHER, “PFLHFEROBLR”, PF =2 — X, Vol.21, No.1,

2003 4E 5 A.
[4] BHEX, “PFRFROBUR” , PF = 2 — X, Vol.22, No.2,
2004 4E 8 H.

[5] EFEER et al., “AR MIEZEH ARG A8 ~ 2 7 O E
& ¥'— A5 A+, PE-RING REPORT 905, 2007 4 10 A
30 H.

- 328 -



