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Abstract

In the high-intensity proton synchrotron J-PARC Main Ring (MR), precise measurement and control of the betatron tune
from injection to extraction is essential to suppress beam losses caused by betatron resonances. Tune measurement methods
in synchrotrons are generally categorized into two types: (1) the excitation of coherent betatron oscillations using a dedicated
kicker followed by spectral analysis of turn-by-turn (TbT) BPM signals, and (2) the measurement of the orbit response matrix
(ORM). While MR has traditionally adopted the TbT-based method, ORM-based tune measurements have not been introduced.
Developing the ORM method in the MR provides several advantages, including cross-checking with an independent principle,
serving as a backup in case of Tune meter failure, and leveraging the existing capability of acquiring closed orbit distortion
(COD) data over the full ring within a short time of a few seconds per shot. In this study, we developed a precise ORM-
based tune measurement method, implemented it in the MR, and conducted beam-based validation. This paper reports the

methodology and experimental results.
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Table 1: Basic Parameters of the MR

Parameter Value
Circumference 1567.5 m
Superperiodicity 3
Particles proton p
Injection energy 3GeV
Extraction energy 30 GeV
Number of steering magnets  Horizontal 93
Vertical 93

Number of BPMs Horizontal 186

Vertical 186
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Figure 1: Example of tune measurement using the Tune meter.
The upper plot shows the BPM signal spectrum, and the lower
plot shows the derived tune.
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Figure 2: Measured and designed closed orbit responses
from one of the steering magnets at 10 ms after injec-
tion. The closed orbit responses are shown in terms of

(Ax(si, 05) — Ax(si, —0;)) /2.

LB, TORIH L B BT R DV T
Y5, £9. BEESEIA R, 1

Rij = fi;( X3, V)T + 95 (X3, Yi)Uj, 3)
= gi;(U;, Tj) Xs + fi;(U;,T;)Y5, “4)

0)4:5&:25@@@%'@53\%“6‘%50 Z T, HERIT
= +/3; cos ¢;. = Bising; T = 2£D oS ¢
U; = 2;(Vs1n¢] BBJZUSU Sis]‘ CEHET D, F

7o BB E UClm, y TR LT fu(a? y) = zcosmr+
ySijsinmry B X g;i(x,y) = yeosmv — x5;;sinmr &
‘3—50 Rij EFa—v Vﬁ‘E%%ﬂTZ@ZD tﬂiﬁ?‘%ﬂi\ X,L',
Y, T;,U; 232571 v 74 v 7I2koThkDd Z
EMTEL, ZNOEDNRTA—=RPS, B = ,/X2+Y2
X ¢ = arctany ZEIETH I & T, & BPMALEIC
B R— XS LONMHEFMfTCE 5, 72720, Z
oL TRdDoNZBELT ¢ I 1\17—wl¥
ATy bWV EAREWENEEND 2D, HlE
BRBALRM R LI K D EREZEE T 2 HELDH 5 [10],
B, ARTIEZ OFFMAABEIZ O WTIREIE T 5,
iz, BRI T v T4 VT FIEIZDOWTEHT
%, X#k[10] TEERDO T 7a—FraRiEhTns
2, MR TRIROFENFHINTWS, £7. X, Y,
T;,U; OWIHEE LT, MR O TR AZEEDWTE
RAIh2MmEE 525, DS AT, Eq.3)IZHWNT
fzg(Xz»}/;) BJ:U‘QZJ(XZ,Y;) X&i L/\ Tj el Uj %&Q
HEHLLT714y bEITS, ZNIXMELERNTH
0. BIZISR RS R (SVD) % W7z i/ I &
D@E<:t7§‘(%éo ‘{9_\’0: f%‘%mf: T],Uj %Eq(‘l)
L:’f'h)\ [J\ /%\B@i glJ(UjaTY]) EBJ:Uf”(U],TJ) %iﬁ

LT, X, Y274y 7140035, ZO—EHDFIH
., BEBOEHN SN D ETREITHED
KEZET, X, Y, Ty, U; Ol E%RE2 2 0T
5,

23 Fa—VHIENDIIRIZET 2%

£ (Subsection 2.2 &) TiX, Fa—v v %
BAOEHL UTRELTWS, 22T, Fa—VriH
TA4v T4 Y DOHHEKRE UTHKIZRD B FHEA
CHHREEZ D, UL, Fa—VIETRTODHEIIBEWN
T—%Baﬁo)ﬂ:éffﬁz’LE)t&) X; Y T;,U; DEHIT
fth D 25 % % [ Iibfﬁﬁ/ﬁ&ft bfﬁﬁ( Z t?JVCé?
BKWEWS NN DL, TITAMETIE, Fa—2v
BIRD 2 DODEM a=cosny & b=sinmv IZEZHZ

Rij = (XZT] + Yin)a + (Y;TJ — XlUj)b, (5)

ENRTAREEEZ B, ZoEREHONE. X, Y,
T;,U; ZEE L7 BT, a,b 28R LT T 1 v

IZEORDBZENHEEE D,

HRWKm 71y 71 Y 7FIHE LTiE, £THETF
BRI, EFVREICEILYHED SO T,
Egs.3),(4) #HHWT X, Y;, T;, U; #%HIZ7 4w MY
5, TNODERMN—HKF o772, Eq. (5) IZBWVWT
(XiTj +Y;U]) B&LO (Y;TJ —Xin) ZEEL, a,b%
HHAEARE LTy hd5, 2OLSICLTHELGN
7= X, Y, Tj, Uy, a, b DEZEBIZOWT, ZER 412
Wﬁ?éif Egs. B)-(5) IXEDLK 714 v T4 VT %
MOKRSTZE T, RBHEZRETEILNTES, K

WHNZ, a, b5 Zl:u—farctanf ZEkDFa—vvE
BT 5, $$§@ﬁmr Obfi\§W®t — A

ERHWAZFEERGERRIC L > THERAL TS Y,
TZORERE2RET S,

3. RIEMEIHER
3.0 BRMGEEABR O HEE

REFEOFRBM L EGHMEEMEES 272012, 2 ff
HOVY —LR8BMZERML 7z, ZhoDRBRTIX, T
DFZ Y MFM e HEHEDEEBNRIFEZ T NEFNE
e U7z, B, WITNORERE R 78 2 x 1012 ppp
(protons per pulse) DY —ALBETITbNZ, ZDEME
&, J-PARC MR IZ B W Tl D F o — v il
ETHWONBEEMETH S, Miklre &, FX EEZIZ M
172 & — LA R Ic e S 7z, MR O FX 5 IC
BT, =20 A4 GHEEI= 2 )L¥—3GeV) 25
¥ 130 ms BIZHNGELBAE X, Z DK 650 ms % D>
17T 30GeV ETHEZ NV, E—LDHWELD H L AT
bbb, & Section Tld, ZDE—LDASH»SHELD H
LETOLTORBMEBIZE TS5 F 12— OFHZ
EMGEONRE T 5,

3.2 JRPEMGEAER 1 Tune meter & D FLig

ORM FEDEAIZER U THANZEFAN RN & %
WEFR 9 5 7-8, Tune meter & D HLELIZ JZ % JE MG %
ﬁotoﬁﬁwmfin DY — LRI THEME N,

DELGVEEMRIET 5 Z 212X D, ORM FEOERM:

uﬂﬂﬁbf_o BARIIZ I, £ 9 Tune meter 2 T 1 [0]

IRz

- 958 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

—— ORM Hor.
—— ORM Ver.

= Tune meter Hor.

* Tune meter Ver.

200 400 600

Time from injection [ms]

Figure 3: Tune measured by the ORM method (100 samples)
and the Tune meter (1 shot). The blue and red solid lines rep-
resent individual samples of horizontal and vertical v/ (t) mea-
sured by the ORM method, with 100 lines drawn for each di-
rection. The green and purple dashed lines indicate the tune
values measured by the Tune meter in the respective direc-
tions.
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Figure 4: Tune shift between two main quadrupole current set-
tings measured by the ORM method and calculated by SAD.
The upper plot shows the tune shift for each individual sam-
ple of ORM, while the lower plot shows the average over 10
samples.
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