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IS: lon Source

RFQ: Radio Frequency Quadrupole Linac
DTL: Drift Tube Linac

SDTL: Separated-type DTL

ACS: Annular Coupled Structure Linac

0 MeV
Front-end 7[5350)31% ;E%%ev
LN SDTL  55% ACS
27 m) [ (84 m) ‘

- 3 MeV:SHED8%

X Front-end = IS + LEBT+ RFQ + MEBT

400 MeV
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RCS TMW >1.5 MW{EA
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Extraction energy: 3 GeV
Repetition period: 40 ms
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MLF 1 MW stable user operation (2024)
Recent operation:

~770 kW w/o significant trouble
(observing MLF beam target status)

To aim 1.5 MW for the near future 2nd TGT plan
Linac & RCS have performed beam studies for

« IS peak current: 50 mA = 60 mA
« Pulse length 500 us > 600 us

Inj. at 0.4 GeV

Extr. at 0.8 GeV

3 GeV

Linac demonstrated to

== T

RCS study X

(< 0.8 GeV)

Injection pulse length : :

— 0.1 ms
— 0.2 ms
— 0.3 ms
— 0.4 ms
— 0.5 ms

accelerate 60 mA with

Circulating beam intensity (x 1013)

—06ms(15MWeq)

reasonable beam quality

RCS New

RF cavities
(power save)
8/12 done
4/12 by 2028

125 15

Time (ms)
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RCS |

25 Hz! %

Injection
at 3 GeV

HNEZEAR in MR
10 for Fundamental, 2 for 2" harmonic

Main Ring

Fast (1 turn) extraction
at 30 GeV

Abort Fx AF

Slow (2 sec)
extraction
at 30 GeV

o

=5 in MR

=
==X

(MR) /85 X—% & J-PARC

Circumference
Injection energy
Extraction energy

Injection time
Acceleration time

Super-periodicity
harmonic
Number of bunches

Total 96 magnets

1567.5 m
3 GeV
30 GeV

0.13 s
0.65 s

3 Physical Aperture

o) 81m mm-mrad

S Ring Collimator
54-70 T mmmrad

UG A in MR 10
Total 216 magnets
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AIEZE R in MR [mEIERA in MR 4B B LA in MR 11
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Fast (1 turn) extraction

at 30 GeV
Room for KIF o KTR
FX kicker rise 2 ——
1000 ns LTTos K2F
RCS | \ W
2 buckets N n
25 Hz ‘

Injection
at 3 GeV K4R

a 100m = 1
KaF /17 K3R
1 .
Room for
Injection kicker rise

~ 200 ns
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3 GeV ->30 GeV
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—RVRHISHIE: (IEDOERRDIEHROBERA T Ficos(wit + ¢1) + ca cos(wit + ¢a) + cgcos(wit + ¢g) = 0
ULHUY 2O #iEICEP U7 HIS (RS HIR) (X[EhEEd S UhR o7z,

U2 TRFEEZEAUVIEMIE: MRTIE 3-ArcER. 1-ArcERE 7z EEADRUCellhi83 %
?Eﬂ%iﬁﬁArc‘&M%?*%lﬁl: EE%@“%@B ArcERDAIRE A 2 FE I NIEHISIIRIRIND

Fy cos(wt + ¢) Zz_ﬁ cos(wit + wpq) > 0 (F1ICKSTID)
r=1 g=1 19

T. Yasui, S. Igarashi, Y. Sato, T. Koseki, Prog. Theor. Exp. Phys. 2022, 013G01 (2022).




@ KEK ®MR-FX FArc/cFHRA msstgms < J-PARC

U TKFEE: MRTIE 3-ArcEB. 1-ArcERE7ZWAREANFEUCellN88 %

3 8
Flmﬁ{wli i '[}5'1]I — Zz.ﬁ'ﬂﬂﬁ({dlﬂ | ‘:ﬂp,q} -0 ('ﬂ ICJ:B?IC)
—_

=1 g=1
. ArcBRDAIFEEH Z FFZE
Ark Qrk
D cos(int + ) = co(nt + 1) + 08wt + s + ) -+ cos(unt + iy + T-) =0

q=1

i o FNIBEBRTRT v )VDxy2DEHNED HISIEE SIS (v — 21y = —21
HHif . ANBRAEEO TV BIRY . CORBITETF B MR & ST,

""""""""" A : l/)x_zwy
Gl,—ﬂ — fﬁlf?ﬂy}'{ Eﬂ:ﬂf.r zvy}dg ~ Z J?_l:{lizﬁjqj_ {{2‘_‘_&1{’)“. t'[“i.ﬂ_zg _2}"-"'}'2] = ¢y — 26, — (vx—2vy + 3+ 7)8
IEEGS DS j / '/.-. Yy , Py 2 SOEIEL
X AU bOAERB S KR L b EHE DA

0=s/R

7
S cosng +6) = 0| ArcEBRIDATIBEH T THIBA I

k=0

NSNS G1,-2

FEAREAEEDCell =R DArcal T—HREIICH R,
20

T. Yasui, S. Igarashi, Y. Sato, T. Koseki, Prog. Theor. Exp. Phys. 2022, 013G01 (2022).



@ KEK @®MR-FX #HArc t5 %

. *%E/itﬂ%éifﬂ%U?%%ﬁArc%ac() —J8RDEN LHH&*H%@EEEFFEEJ%)%»E?*H%@“%;Hr ZEDTz,
ZEICHV, FTEMAE

Beta function for
one super-period
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— New-arc

- Ir. ||.|“| || I ] |
milfif ;ﬂ | '&\ f |l | m
1 ||| j Ill|' !|!|| | s |I |qu || :: h .l ||u|f !: | g' ||f | |h-| i, ,H| !I |Iul |:. | .' |U| I: ﬁ ‘U( |; ,f' .i
1 h Ill'n; R | I"!' \ '.l'-'! A I'\ll Nl | II,'

n l | iy ' \ ﬁ | ‘
.' !"'. R
{ | f". .'I'l ||!' lkfl-,l ,u "'l I'\ l’\l /' || ,'A' ;'Ilﬁ ﬁ{ i .||.| |'nl || I li'l ,-:Iuls
. (ma;“ 400 500

20 ||

#J-PARC

] IS AR

ERICH T DEKIEIKRE<SEN DT,

— Prev. (till JFY2024)

2021
Vx — 2¥y = —21 walkinshaw
(BRIBEHNS : FNIBELIZHN)
+ 2vx — 2vy = 0 Montage
(ARBEHE | ZREFTHRBNR)
- 8y, = 171
(BRIBEH : ZRERMRANR)
C3ve= 64, v+ 2uy = 64
(BRIEBE R | FNIBBLIH R ZEHR)

*1 for nx-2ny=-21

T. Yasui, S. Igarashi, Y. Sato, and T. Koseki,

“Beam optics for the compensation of third-order structure resonances”,
Prog. Theor. Exp. Phys. 2022, 013G01 (2022).
https://doi.org/10.1093/ptep/ptabl146

*2 for 8ny=171

T. Yasui and Y. Kurimoto,

“Suppression of the eighth-order space-charge-induced resonance”,
Phys. Rev. Accel. Beams, 25, 121001 (2022).
https://doi.org/10.1103/PhysRevAccelBeams.25.121001
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@ KEK @MR-FX #TArc/t= 5% miestems < J-PARC

-+ BEHISEINH T SERArCHEE (77— OB DENBE A RNIHEED

EERINFORAKDT7I/3A (v31L-vaY)
(g =z,y)

|
7,1

g = +/12J48, cost,,

SH=
p =l

BHEZER) Z5RAE: &FHN SN AEmERE TLE,

« EEBMAOHERADMLHRLEL: 20215F

« TEMAOHMERKEADDASFE: JFY2024TxT,

« > MArCIHEFE COREEE —LEFE 2025.3A. 5 A TEliE
- FREFEA: 2025.11H~

DL

2.37e14 ppp (1.36s, 830 kW) in 2025/3.
£ ADZEH#FEI?%E (DCCT baseT’EnJr)

0.35

Beam loss [10"* ppp]
o
(93]

0.2F o ' s
s %ﬁArcﬁ‘ﬁ%ZQT »r ....................................
0.1 ——— f """"""""" ( 2 O 2 5 3 ) —_— Present optics |

0.05F£ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ o —— New-arc optlcs ~~~~~~~~

1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 1 1 i 1 1 1 1 ‘ 1 1 1 1
% 01 02 03 04 05 06 07 Time [s]
T. Yasui, et. al, IPAC2025

NN —_—
D 2 ——)|o I Y. Sato for J-PARC MR, “J-PARC MR status”,
-
PASJ2025, FRO603.
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@©OKEK G FXEH 1.36 s> 1.28 s t423sF% ~#J-PARC

MR Magnet PS Gr.

FX cycle 1.36 s © 1.28 s [ZEXERRIR,

At IERSRIEZR F1C, T YRR 2RI [ Gurrent pattern of ¢
E—LYAFTIORZZATIC 5%E—LBEMNEZ D, et 1365 cycle

Current pattern of the QFP PS

400 -

1F(DED . EEWAERBELR CZERBRMAZHEL,

2026/1/14 - 21
FX1.28 sEHDOE— LG ERZE £,

[r:r:‘u T ERAEE EAREORL ARSI NE, J

Excitatton Current {A)

i

0 i } f 1 : f
0.0 U 2 U 4 06 08 10 12

YIEN 5 FX1.36 sSEMERIFDIEFERZEA/R,
ZENTHREDS\E—LZHT 1,28 5 cycle

E—LF1FTIOREHREFITCET

9

ZHIEOTDTuneZiES ZEICHIN, BICOXZIMHIL |
2026.THMDNU 900 kWZEFFEERYA. > SR u
2026-250)NU 1 MWj—_\\:EEﬁ'%%,ﬁIon)EEEﬂL\EO ”1].H .{}?2 {}?4 [l_:ﬁ E:I‘-‘. ii[b ]?2-

Time (5) 24

Excitation Current (A}




& J-PARC @ RCSHHDOE—L/NnA—

2025FFBE Tl RCSHSMRADAF E—L/\O—HKEL. NU beam power I& 650 -
750 kW [ICEBFE o1z, FHADEREMNSLI/RCST1HIEEMEH U= AR Z &NIE, /\O—3i1pHl
DREREERBCENFRINTUVEN, ATV 1—=IbENEBX T B COEREREEZHEY
RUTEHBERMICIT@D D DT,

52925/ Mareh o NUuseron.800 830kWin1.36scycle | LI/RCS/MREBRIRAYT 1 (2025/12/22-24),
2025/5/22 MR-FX Demo 954 kW in 1.36 s cycle LI/RCS:
with small beam halo from RCS A) LI StUdy g@
MR Beam Power Since Fall 2025 Ll_ﬁgmatching (13 hours)
MREXGEMS 500 500 kw | B) RCS
E 1000 NU user op. 910 kW StUdy
o 650 - 750 kW ' MR-FXF(F SHBRAHL
5 600 l C) RF system®OATBX7F 2R
o 400 HD user op NOTE: Many parts of A,B,C could be performed in a full day,
g 200 68 - 88 kW but they could not be done in fragmented time of half-days.
2 o ‘---kl |
= SX / HD FX/Nu B : EX/NY MR: E—LFEFZ12/21 NU750 kW/INSX—%
zoze) 2025/ 5026/ EEIUICLUTE MR-FX > 900 kW demoikIh
Uz 11/25 - 12/24 1/17 -
| I
ERDOSTRETHOLI/RCS/MR-FX/NU ZFREAZE in 2025/11/25 -12/24 5

> LI/RCSZEH%Z NU 900 kW LEFIAERR(2026/1/27 ~) ICHREFREDICUTZ,



© KEK

FXF]

BE - FBUHBLIAIKCS

I iE 08 (Walkinshaw)

v — 2y =—21
(EAE © 7 i i5)

4 s 08 (Montague)
2ve— 2w =0

(B3 : ZEERHE)
3RIEFE S TR

_11.'-'. = {14 L":i: Vo + 21".' = {34
(FB 3% : /S HERISEEE)

|.l'1'.||

© MR-FXGH%E

BERICBEET B8

_|B¥EF % till JFY2024

IBAFRDOHArCIEFRICHEAT
3REEHIG
4;k$%L/\ %
il BICRBEHIRDEEN TZE R DTl EN 5,
F1—UZEHIBEOTIU7 2R RT FEBEETEL.

HWERL TV e (IERARFENTTD7) IRIFEEH

BTN

: |
g \i~

:,;T_...... Lotiiiacil

211

4 J-PARGC
MR Beam Commissioning Gr.
HArctF%

.4

0.09
0.08
.07
0.06

RS

0.0
HEN 0.03
EER 002
EER
EER

MTEETRERN Srl _ FENe ST CE T aa e
2.2 i 1.8
\I

LISZ 28NS TRITHS T &SI,

PIC Space Charge
Simulation w/o field
errors for 4e13 ppb (1.3
MW eq.) beam,

T. Yasui, et. al., IPAC25

NOTE: The 3+0 and
1+1 lines are well
corrected with Trim-S
system, but only
during injection period.
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2025.5
FX 855 klW
demo
1.36 s cycle

(908 kW eq. in 1.28 s)

2025.5

FX 954 kW
demo

1.36 s cycle

(1015 kW eq. in 1.28 s)

MR-FX Beam Quality

2025.5 MR-FX demo

[ 2025 May 21 11:51:20 - Run 92 Shot 2268523 |
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50 100 150 200
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[ 2025 May 22 23:17:38 - Run 92 Shot 2269733 |
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(Beam Loss localized)

50 100 150 200

2026.2-3 MR/NU-FX
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— 1005
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~E
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=]
=

® .

Higher
Repetition
1.36sto1.28s °

50 100 150 200
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| VB FED 1Y TUS/EE - HUN 33 SN0l £2960 1382 |

Furth T
Al 2.68 < 10" ppp
y ;” Particle Loss 1.1%

D.4

0.2

o

50
+—> Addresse
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(Beam Loss localized)



@ KEK NU900 kW ZEfIFESE 2026.1 - 2 J-RC
MR-FX/NU 904 kW

2.47e14 ppp in 1.28 s cycle

(ima

Yy

1005

[sec]

A
AEEEEE - .
JFY2025 % o y— . é A os 600
= - __ | | Beam loss (estimated) I qé 400
900 kW 7 - — |-0.5%(0.48 kw) b2 l £ o
RENMEER @ _ L ethmesof -
Z=EIH gy LI/RCS/MR/NU Inj.t
2026-1 = [jﬂ 06 07 tllmﬂi‘?] o 50 100 150 200 ”
= | | Addresst
@ | | Collimators -
> i ﬁ [ TT i l]
c L P
We have optimized o1
LI/RCS/MR/NU £ oAl .., i
iteratively during o e o 100 120 ;\‘;IﬂR‘ﬁl”\é“d::s_s
2019 515 kW 2.48s 2.66X10" ppp 1.7% 1.5-month user op. E(L_vl\\jlgain (1/64) in collimator area
2023 760 kW 1.36s 2.20x104 pPP 1.6% High gain in non-collimator area
2024 809 kW 1.36 s 2.29x10'% ppp 0.9% D A D B RaaLL I
s S TN BAXITFHIR DRI N
2024 830 kW 1.36s 2.35X10' ppp 1.5% O X ERLUTFICETh SAITT I

2025 900 kW 1.28 s 2.40%x10' ppp 0.5%
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@ KEK FX/NU 1MW eq. Demo X 2026.2

MR-FX/NU 1007 kW
2.68e14 ppp in 1.28 s cycle

HArcitE
| B EdnE
JFY2025

1T MW

T EE BRI
FIFEER
AJREL NIV

<

2019 515 kW 2.48 s
2023 760 kW 1.36 s
2024 809 kW 1.36 s
2024 830 kW 1.36 s
2025 900 kW 1.28 s
1.28 s

2025 1 MW

Beam intensity [10" ppp)

—
|

0

01
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W -t

02
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j;/fBeam loss (estimated) AU)
[ [711% (1.2 kw) '
03 04 05 06 07 “ime ]

2.20X710" ppp
2.29x10" ppp
2.35%X10" ppp
2.40%X1074 ppp
2.68X%X10' ppp

2.66X%X10'* ppp

1.7%

1.6%
0.9%
1.5%
0.5%
1.1%

Beam loss [10"

pppl

Time [s]

«* J-PARC

BLM signals along the ring

=
[

time from K1 [sec)

Addresss

‘ Collimators|

| Kﬂ.ﬁim \ LL.,H

El.} 4I'.I ﬁEI El:}l I:IL'II 12I:I Idl} 1ﬁ'!l 1EEI Zﬂﬂ :

BLM: MR Address

Low gain (1/64) in collimator area
High gain in non-collimator area

E— A0 E KBTS BAESELE LT
JUVREYEFH2709 (WR) 65 |

20264 E 3 DRI AR HIE 29



Beam lo

ounts --- Integrated over time

"
*J-PARC ok o
s

\B Past BLM threshold

Beam loss localization |- e

' to keep hand-on-
o] "'% - . ' . 1'I'Il b ﬁ""'l' . 7.
i IEDI I .40. i IE}DI i IBUI I 'Il[‘.lﬂll I 'IIE{‘,Il I ;4{5 I 'IIE}{‘.IU I 'IIB{:.l i ..I""_"D{ill [ malnt'enance Capablllty
Addressa
G600 i i :

2019 515 kW 2.48 s 2.66%X10" ppp 1.7% 3

L | O O O S O T T - Collimators
2023 760 kW 1.36s 2.20x10 ppp 1.6% E:L8"?0';3’20‘3,,‘;?_5I°,ff§;§,“f£§';£?f£’e I M el
2024 809 kW 1.36s 2.29x10'4 ppp 0.9% < in 1365 cycle

2024 830 kW 1.36s 2.35x10'ppp 1.5% | ° LLJ“H-AL'-» l L. -l Uu-u-u - maintenances were

' 100 ' 120 ' 140 ' 150 150 ' 200 done during JFY 2024
Addrass#
2025 900 kW 1.28 s 2.40x10" ppp 0.5% — |
2025 TMW 1.28s 2:68x10™ppp 11% |... . .
NU 904 kW f1288 cycle (Mar., 2026) 7 - Collimators
. - . B 1 -1 d ' 5
Present scenario of collimator balancing SR e s o o s Y OO Y DA e
- Consider single path collimation first, 4, .-.i. I . L... | in 1.28 s cycle
then optimize the balance empirically T :t;;.;rr;'.;jnrjf'ﬁ; i :m* (NY finalized)
- Upstream collimators are set in smaller *ﬁ—
aperture. Downstream collimators are — T T T e
basically set to catch scatt. particles. i — Colli
- Scattered particles at collimators are Nu1 :’7 KW ¢a- I8 llzs”y“'e (Feb, 2026) 7- Collimators
. e . d b angle d COl‘jaWS 200l 0SS counts -—- ntegrated over tlme | |
f, ;.h.....hgl.u..a#,._..,;,ﬁ,..;l, ........ L LL in 28 s yel
— =2 = = (=18 : IHII,)I ! 1 00) ! 120 ! 14{) : 'IE{'.l : !IH{) ! l.l:;l{) ! Zna ZZe
2026/4/23 Addresss

Collimators are mostly optimized.



©OKEK MR-FX E—LBREEE Eﬁwﬁ « J-PARC

. . p— — —— L B S B S B A e |

k o s A= ) RE 23 FX mm——

t: _‘[Aaﬁg cC /\)I/Zédz:ﬁ )Bﬁ%ﬁ& 12001 giﬁgle shots @ @ @ @ | seor
- coml @ @ e e | |
w Sz X EifAiE ]
O£ TOWBDLERED KA. Pl s L i
BIREDN RTINS EIREE S SRR, 2 600l L) nzass o | B | |12 o
@J:Ulbb\bwl_.lnl:lgt:‘_A(j:L\D:Bj(E_EO E 400+ i?ﬁ;wu = I ‘ | gg |
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RB® IZFE =IE NPT 717 PICE DL, Z 200 '!NR#Z J
7477@Ef¥$nﬁl;liﬂﬁ£§£ *%_ A Oﬂj_ﬂl[II#le Bl e T
\ | 2010 2012 2014 2016 2018 2020 2022 2024 2026 Year
7o, ttixﬁ’]ﬁaﬁ$° LI, mﬂiiiﬁ\ﬁﬁﬁ_uli . FX/ULURFEM 3.52s 248s > 1365 > 1.285
= < NOFR 150 ns long 300 " 400 ns long
tasDEREIhaR. BETHER. T2V X T LEHE |
N Z A Fa—Y (22.4, 20.75) (21.35, 21.43) (21.37, 21.29)
XJTTJZ’E@EE1% TR E TR ARERRE N T o
- & - X T2KICLDEBKRIDT—FTD O 135X,
MUDERZEZET D, 73%:;?&? :J—Fx'bu-;gé:;%&—(ruﬁﬂ}-:%tﬁ;%m@;
— ] 3 b \“_ ’; - : — i :O

MEE‘%I cFE—LTOIREEDNE, D B IR, NU B LS EE FALL J-PARCTEEAL.

OB KoUEIE. EEFEEHSHFEICTOFEN D DK H D,
BB DM REEHEI S AR —AIC L BB LV EREZEEL TN D,

O U TEENTEI-PARCEDEMISILESERIF D 0B CEmlL\eHIZE (T CTL\D,
% 2010 - 2013 OERYEBEULIFI-PARCAIEFO T BREBROAEZEHL W o/ R, EEARERYELT,

R&DE1TIERD—EIPOTE A E. NU User&EDHEEEBRICLYAEINIZ




< J-PARC S ¥ TOMR-FXiBER X & ¥

J-PARC MR-FXTI&. NUEDERERBADIT E—Ls#EZRA LITTET,
2021-20220DF#%EYRUCHER S . BUERKRDRE . H &L U ENZRE A KREE/LRE
HIRERICEA TS,

v MR-FX
2026.1° 900 kWZ=EF FEERDIERL
2.42e14 ppp E—ALEXR 0.5%
NU 830 kW#FIH&EE:IFDF5
2026.2 1 MW eq. E—LzER(NUERNFTGIAH) BT
2.70e14 ppp E-—ALEX "1.1%
MR/NUDEEREEFE(NU-BLHOT2KOSHKL—Y IR I BDEROHBEERES D).
MR/NU&E##ZE. ALL J-PARC (LI/RCS/MLF/MR/NU/HD) TMD A7 « BEITER
E— LSFHERR DY, st FE R\ KR L DREEN A E VWV Z D,

ClECnNuld?
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- Discovery of CPV

« Precision measurements,
mass hierarchy and
exotic searches

T R 1.3 MW
. 1200 _ e:Plan ]
£ ol |o:Achieved | | T

ol | D15 kW

JEEZN

T2K and NOvVA

22.5 kton
Water cerenkov

detector

ol E
2016 2018 2020 2022 2024 2026 2028 2030

I E RS
T2K and NOvA (1§%l*iml_lti%n%“n HK and DUNE)
M ER LB, 2R

FERE IS 2T RIS,

HEIFETERE, - IERFEEIBE DR

M Rj(E&Ln-l_

EITH> 71300 kW in 2028 N\

NOVA far detector

14 kton
Scintillator
detector

MEnaaear Detector (A
& MINOS Farbete

A long-baseline neutrino
oscillation experiment,
situated 14.6 nrad off

F13_rrr'|'|lah

the NulMl baam axis
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T2KETIB D& ©  HKETIE

—a1—k) /EEaFesR Discovery of CPV;
Precision measurements;

Mass hierarchy and exotic searches

NU with 2.3-2.7E+14 ppp beam
INVRERYEGTER HR—

=2 NU > 3.3 E+14 ppp beam

/NU experimental facility (2009 -)
« Long baseline neutrino oscillation experiment (T2K)

s 515 kW in 2020

+ Observation of Electron Neutrino Appearance in a Muon Neutrino Beam
Phys. Rev. Lett. 112, 061802 (2014)
* Restrict Possible Values of Neutrino CP Phase

\ https://www.nature.com/articles/s41586-020-2177-0

\

4 )

- Hyper-Kamiokande experiment (HK) (2027 -)

. Hyper-Kamiokande
» Far Detector ¥ _UCRR g Tokyo)

Water Cerenkov
Detector

10 times of SK
fiducial volume

« MR Beam Power Upgrade
750 kW > 1.3 MW
Hardware Upgrades (MR, NU)

+ R&D new Beam Dynamics

- (anti-)muon neutrino beam produced by 1.3MW proton beam
* New near detector

o J




«J-PARGC

MR Power Trend and Near Future Plan

1| FX-NU 1 MW eq. demo [
1200{ | SX 2:7x10'* ppp 1120 1400 — T
|| + Single shots l | High Rept. Upgrades HK
= : SX-AD 3301 kW % Jun. 2021- Jul. 2022
=000} High Rept. Upgrades 8.9x10'3 ppp 100 |5 5 1200 | Main Maa. PS, RF,
=< Jun. 2021- Jul. 2022 Inj/FX, Collimator, etc.
L Main Mag. PS, RF, RNk At S =, 1000 | - 2.48's > 1.36 s in FX Facal
S| 800+ Inj/FX, Collimator, 2.4x10'* ppp 8o |3 5 +5.20 s > 4.24 5 in SX @ pian
i etc. e g . : = T O Achieved
S o -y 1 AR frida
g 600+ Linac Upgrades 160 % e i : '- :
= Ll 181 pé:zgo/w v o1 T g - 515 kW/ Hardware Upgrades
c to e <> = % i ._.__. (o) i | Every Summer 2023-2027
S| 400} 30 to 50 mA 40 |» 0 400 | . , ' | RF system (cavity, Anode PS),
o ?‘Er ] || Correction Mag. System,
TR .| New Beam Dump, etc.
=| 200 20 [= g _ | | “1365>1.16sin FX
Q P=-S5 Igaras.hi,pt. al., PTEP vol 21021',I$su¢.3,p3i3 PR L R | T ‘I
- L - 2016 2018 2020 2022 2024 2026 2028 2030
2010 2012 2014 2016 2018 2020 2022 2024 2026 JFY
Operation 3.52s 3.04s 2.56s 2.48s 1.36s 1.28s
cycle 6 00s 5.525 5.20s 4.24s
MR-FX/NU 1007 kW demo (2026.2) MR-SX/HD 101 kW user op. (2026.4.4)
2.68 e14 ppp in 1.28 s cycle 8.9 e13 ppp in 4.24 s cycle
E a : I— - £ FX is aiming Beam Spill Duty 83%, Ext. Eff. 99.66% SX is aiming
2 o e e L3 MW " J— = >150 kW
| 2 by JFY2028 aby «  (TGT upgrade 20317)
% P ; jf:::, . \"m.‘ Blue: Beam late 4:5‘; and
g o . 89 TP M . .
iy Beam loss (estimated) U' Red: Circulating Protons \\“x a ngher Spl“. Duty
1% a.2kw) e L 5 <
PR S A I RS o | oy . O o R A A

02 03 04 05 06 07 mels]

Time after accel. (s)
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«J-PARGC

RF VAT LIERE (RFZ2HREE

===
BaX

EhiaEIR (Capacity-Bank, -

-BRAHIEREIR (Trim-Quad/Sext) [2026 & 2027]

P IR—hT T [2027]

FTE—LMIEEZY—YRTL [2025]

EIRIEER) [~2027]
) ) [2026 & 2027]

-SXF&s& (Diffuser, Bent Si crystal, 'J'w JU4#1E, VHF

ung Ut

FX power [KW] 515 - =700 800 500 =1000  »11000 1200 1300
SX power [kiW] 55 §0-70 >80 >80 >80 >80 ~100  ~100  ~100 2 O‘] 9
Cycle time for Fast Extraction 2.48s 1.36s 1.355 1.36s 1.28s 1.28s <1.28s 1.165
Cycle time for Slow Extraction 5,205 4245 4,245 4. Ms 445 4. 4s 4945 4. 24c 2 O 2 3
hew Magnet P5 >
Tnj/Fx system 4 2 O 2 4
Collimator system - 5
RF upgrade > 2024
Magnet PS upgrade (CB upgrade) ¥
Beam comection system upgrade e 2 0 2 5
Beam dump upgrade
DiffuserRipple cancesr/ < > > 2 0 2 5
Bent crystal\HE et
2028

MR TCIEAREEALICEIT T, BICHTZRIEFOIRETH:

FXGRArctZETDTunei®Ezk), SX(RVYR—IZEEBOTHFTORL

T. Yasui, et. al. IPAC2025

S— )

J-PARC MR Mid- Term Plan

2025~2027FEE/\—ROI 78Rzt
Bt EE

2028FE:

- BREODN—RIIFPRSASY

1.16 stHA U )VikesaEE

o FKEARE.1.716 st DIV E—LGHEE
> 2028$f§|7\] FX 1.3 MW A

) DEST

515 kW 2.48 s
760 kW 1.36 s
809 kW 1.36 s
830 kW 1.36 s
900 kW 1.28 s
TMW 1.28s

1.3 MW [6s

M. Tomizawa, et. al. IPAC2025

2.66%x1014 ppp
2.20x10" ppp
2.29%X1074 ppp
2.35%X70" ppp
2.40%x10" ppp
2.68%10' ppp
3.3%X10"4 ppp

RE )

1.7%
1.6%
0.9%
1.5%
0.5%
1.17%
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«J-PARGC MR'FX%LEL HA X §_|__|_|—

Fn*ﬂ“* AR

BT, MESODHERE, B — AFHEE S T, y L g

2028FE(ICE—L/tT—1.3 MWEBIST. o RFCavity

B REIRIERRIZ2027FEICTE T FE- T

2028 FREIC T DIEREREL T RRRLEERT B, | Al B —

© EESEAUELL 1.2855 116 | g [ ¢, (mcontainen

IR E -

IEEE%E BRETEROA)IVT Y —N\UOER | s
FEMOEREFAEBRIS) DEH Beam Position Monitor

. t_[A*ﬁ¥§&i§| & F [ATEQEE:XI:}EJZ signal circuit §
RFFSIBERDIZH JFY2025 Optics Possible op. point (2028")
YR A ERA EIRDIEER in 21 < vz, vy < 21.5 in 20.5 <wvx, vy < 21

E—-LAUBEEZYDEEI
E— LRI
E—LY D TDER(TEAEL)

. E—LY1FIHROMBE

HEMERDBFE
FEFMLE - HISHIEDEEL

Ew
EEEEm
annnnnhenn
EEEnEEEEEm
EEEEw

.01
-F . . . I

FX > 1.3 MWEFRRSTH  note: NU Users1i(TaT 1300 kwessmm e omispine.
RCS 1 1.5~2 MWLEHEEERL. BT >3.3e14 ppp (=4.1e13ppb *8b) Zi&sith
MRADASE — LN FEDIFEL. FREM SR RCS/3-50BTHE . 513U REK. - 38




)

MR-FX =

o J-PARC <+

[E5]

Multi MWD

r

T

INESSALER:8 GeVI—RX5—

MDiENN

400 MeV
H- Linac

v LinacE—LDE—JFER. VIV A RZIER
—>RCSHE—LEEZEE:

- E—LBEMEICRSET:
%E‘—A@IEW@‘JZIEU%?(
>OXDRAE 74D ZEREERIREIEE

- E—LAEMERA S EDEEICR D73 GeVE—

TDEEMRICAFHT D EIETERLY
v RCSOTFRIC8 GeVI—RY—%EN

SR REICLDE—LDIKII VY R{E: batl 0.43

>MRASFRFDZEBRFIRDIER: b2tk 0.19

v MREA
—3.2 MW (h=9, 8/\JF, 11 DIL)
-5.5 MW (h=18, 16/\>F, 1.16#t1DIb)

2 MWHEY (1.67 x 1074 ppp)

e HHHHHH

RF cavi

"ti':s"%

_ o Circumference 348.333 m 696.666 m
5 g % ¥ Super-periodicity 3 4
A€ ..3 € 8 =+= Injection energy 400 MeV 3 GeV
- < =
QL5 = = Extraction energy 3 GeV 8 GeV
- S 3 8 Repetition 25 Hz 25 Hz
Ramping pattern Sinusoidal Sinusoidal
W
k- . Extractio Transition energy 9 GeV 15 GeV
S HHHE Harmonic number 2 4
Number of bunches 2 2
<BR Ext.> RF bucket, beam and kicker magnet
"' Momentum +1% 1%
| harmamic number ; 4, oial bunches ; 2 | t
ﬁb\_ ;mwhul i.'_u:l:. l-tl:'uH hom— | a(':cep ance -
ey R ; Ring acceptance 486pi mm mrad § 189 pi mm
<MR 18> RF bucket, heam and kicker magnet mrad
R GO 9060000030‘# : _ Collimator aperture 324pi mm mrad | 126 pi mm
J_-:;\__\\_ .,,..__ it diumbied .|-. il livimi b & | mrad
ki | Engrect (1] |

Multi MWiZRIEFIXERRRRERE, BlhFERNED



NOTE: EIZZkDStretcher RingldHD Userty 1R

UL

(#riEER 500 KW THEEHE) EDEFENNBE,

2J-PARC  MR-SX455E

SX@30GeV >150 kWDE3K

HD 100 kW ZEH AEErnER(2026.4.4)

HDEEZTGT 150 kW (JFY2031)stEEMHLZSX 150 kWALl
SXOX. Spillid&EtisE. E— LTFZEMENFE,

SX 150 kW3R RITOREFEIJANTHIEES:

@ ErhiEaa [SXOREXR]
@ Spill FB3&1Lb [Spill#EEiE]

[E—ARZE ]
[E—ALRZE ]

® SlippagelEDItFZRRaFR
@ VHFZERE A

ETIE]

BHEREAT
SXOREFHA (D)

ANSYSE LT RaRaD g A TEIT & 518

st By (O,
B:ﬁ%q:l A I'-.'xl".‘ " o
Z

BEARRETA

Keail-Schnell criterion
T Sli;i;l;?;ﬂz E, /e {bp 2 ﬁ‘éi%ﬁﬂﬁf T) i% (@) IJ vY 7 )l/ RE +_ﬂ_ B
‘ " " | S Iy (F)nw:mf t _AZ:KA—E’TQE}‘[D%U $‘\7 yta_ (®) } I Feelidbal:k
Impedance LEﬂn'lﬁi:::::al 77 _0.002 9 _0.003 | ‘ III on Tr. RF
I/b-comnial o1 },,_ ’ i ,
VHFZiA Cdp/plE (@) e ] G
£ — LR : ] e A

w/ MHE

SX@8GeV 50 kW
Phase I [FZENDZEXZHOK. Phase IIICIF/\N—FIOI 78N NE
SX septum (AR & EIR)
AOFQDT

- | J-'ild.:ll "’
Power | Cycle | #Proton
[kw] | [s] [TP/pulse]
9.2 1.6

#Proton Acc.
[TP/bunch] | Status

o 0.22 0.4 Done
| 3.2 2.48 6.2 1.6 Ready 40
Il 56 1.2 52.5 131



#J-PARC  MR-SXRHAETE| SX Stretcher Ring

J-PARCEWEX Y i L Stretcher Ring (SR) 500 kisf?s;:%%i'a%ﬁb?;;m*<*ﬁi*"“
J-PARC BLERYHHL Stretcher Ring(SR) sy parormil
MR EIC. BEEEHAR—AD) T = RHITRE, 125/

MRTHIERL . SEVERY U TSRICASTL, SR‘CEL\HYUH:'.LJO — \_/\_/\_/\_/\_
DT AR AT HRARERE - ARG s .
m ” :(--SRanectmn i
- __Stretcher SR Beam Spill v T Bemon Gy =w
; Ring (8R) A [ o
; Tmr:n ission line —&I-L-:j—ﬁ—
““““““““““ MR only: 150days: NU 100days(1.2s cycle), HD 50days (4.2s cycle,2s spill)
MR+SR: 150days:
[ : NU ISUd:ys*LB (x1.0 POT/year)
Ma| N HD 150days*4.2/3.6 (x3.5 POT/year)
Ring {MR) . NUEHDORBEARL—3Y
1| « REIVERDIE (e.9. 25 > 3s or more)

l - S¥gYIRL 4.2s > 3.65
- NNJ—ZHEVIEE—JER 4.24s/2s > 3.6s/3s
) « DCEMEAEQ@SR -> KUY

— - i { Bk L &
| £ il
T
gure 4 Lsvout of the ME iblick ), SR (reg (Bue), and abort magnels (QFAR amdd QDAR)

.ir|-



S
Quadrupole |

#J-PARC  NURHAETEl Multi MW@
9 GeVizFY=7v7 @Super-KEKB b RV

6.2 GeV 9 Ge'u’

HATRIVF—9 GeVXE—UFRT100 mAXDuty factor 1%  gioes: /o 2,
>E'—L/{T—9 MW il %\ s,
c°—-B%100 mA->ECRT74 VIR% CRICEESH Y
AR > ILCOEAM. ILCYA T DBIEINEZE /2 &R

v KEKBr®RIL: N/ A
B3 km (EfFE0.2 km + 7—2880.55 km) x4 oot .
v 4DMERFE=dispersion-freelZLT. 3399‘1;;93*3?31;3 12 Ge
%:(:RFZE;'EJEEEIEL/Tg G@Vitbuﬁ Ipeak:1 00 mA QECE":'E';EEJ,?;:? KEKB tunnel at KEK
- ILERAEE:9 GeV/0.8 km = 11.3 MV/m 3Entrance
- EOf&:"30 MV/MH\EITRD kL ki b
v European XFELTI&. ILCH1 TNDZERAZESER. 1§ [lresflo | DA%g< .
ECTORMPS ERONSX—SF+Hicemawe o b b b ZELE
> HE1ERERTlE. SNSWYESSTITo TS LIS, H O EY KT LR
HICEZSRCBEEREEAANET te e FL f |
1.2 GeVEZE TIhE i oA F3 ~ Fi ® F

> F2EMRERLETI cell. 1.3 GHzDILCH1TD
BIEZERZEERALTL.2 GeVHo9 GeVETINLE

Multi MWIREYRIFEISEFRRVRERRE, B&ERNED

More Duty factorCOERSAKEEILEHVFD,
479
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