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1. ϱрЕк( ᾆẕχ ὂ)

Muon  spin  presession  tells  what ˁ
Ὁ πʾ off -‎ ʾsub-meter ring

Measure g -2 and EDM at a time, with 
the same setup but independently!

Anomalous magnetic moment

+?

Electric Dipole Moment

Direct evidence of new physics

The SM ̇ 2 x 10-38 eƋcm
Upper limit (E821) <  1.9 x 10-19 eƋcm (90% CL)

ϵКиϻ˔χ‰ ꜗMuonР˔ЭϬל ỡԁ sub -ppm, sub -m зрϽ τ βϥ Ṫבּ χᵫ
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︠ЊйЛϱЖꜗ (3T)
τᴥΠʺֿפ ꜗ
Ϭ ϦVBO<50mm π
Р˔ЭϬ Ὲ

ᴥ Ṁχ зрϽ
1 3km(KEKB) ~ 27km(LHC)

ЬвϷрםᾓ
⁯ зрϽ1 ʿ44m

2.1mˢ πΦϥχΤˁˣבּ

kick

Storage 
orbit plane
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:  BRL 

p=300MeV/c
Initial Pitch= -0.27 rad
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ὓπὨϛϥχψ2νιΪʿ
1. ṍСАЎᶑϬᴡ ḧπЉкτΰϢΞΤˁ
2. Z=0π♁ϛϥτψʺςάΤϣ Ϥ◐ϛϥˁ    
ĄϺАϼḧχz ΰχӱ ЂϱЇϬὨϛϥʻ
ĄBRLΥὨϘϥʻ

3. ϺАϼⱲḧTK/2ΥὨϘϦωʺС˔ϼꜗ BRΥὨϘϤʺ
С˔ϼ I0ʺ ᴞЀϱиḧᶖὨϘϥʻ

4. ςάΤϣ μοʺςΞΜΞz(t), vz(t)ϬθςϧΞΤʺϬ
ὨϛϦωϺАϸ˔Ѐϱиχꜗ χ ΥὨϘϥʻ

2.3ⱳᾕ ) ρψבּ ◓ṟ ˣ 4

Key-word



1. ϱрЕк
2. 3ⱳᾕ ρψבּ
3. ᾓχם בּ ὓχᾝ

a. ṟ χ ὓ
b. ӡ ἋḧϬ― ΰθ ὓ

4. ם ᾓם
¸ ρ ᴮ (DCР˔Э֫ ʺОиІР˔Э֫ ˣ
¸ ם ᾓΤϣם θ ᾋρ₈ῇχ

5. Ϙρϛ

3ⱳᾕϣδϭṟ בּ
ρχ ᵓΜ
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῟ꜗ ψ︠Ѐϱи˴ֿפ ЀϱиΥνΨϥ ꜗ ˴

ϺАϸ˔ОиІꜗ =ὄ ὶȟᾀ ὄ ᾀίὭὲ ὸ ὸ
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Å ◓χ ʿϺАϸ˔Υ⌠ϥἋḧבּ ʺⱲḧ Ϭ
ΰοBRL Ϭ -0.267[ T.m] τβϦωϢΜʻ

Å Kink -shape ψ ◓ṟ ῈˢР˔Эˣπ τ νʻ

Ѐϱиχ‰
ήϬꜘβ

Coil radius˹35cmˢorbit  33.3cm)

ד Є˔ЕἷЀϱи

Beamṟ z(t) -z (t)

BR<0 

BR>0 

BR>0 
Ą Vertical 
focus effect

Trajectory z(t)

redʿkicker field
blueʿweak focus
grayʿeffective B R for a 
single trajectory

Apply current
(half -sine shape)

120nsec

ςΞΜΞϺАϼṟ z(t)-z (t)Ϭ ὓβϥΤʺπϺАϸ˔Ѐϱи ϬὨϛϥʻ
τψἋḧ∑ם BR(z,R) ϬϜνϺАϼꜗ ʻ

︠ЀϱиΥ⌠
ϥꜗ ˢ ˣ

Kink-shape

1. ᾓχם בּ ὓχᾝ
a. ṟ χ ὓ

6

◓
ṟ◓

ṟ

1.5kA meas.
1kA meas.
Ideal half -
sine

ὸ

(PPJ)

sechttps://www.pasj.jp/web_publish/pasj2022/proceedings/PDF/TUP0/TUP036.pdf

PASJ2022 
TUP036

https://www.pasj.jp/web_publish/pasj2022/proceedings/PDF/TUP0/TUP036.pdf


Vertical kicker 
control beam 
inside ellipse 
of weak field

Vertical -pitch correlation 
during the kick

Beam
ṟ z(t) -z (t)

BR<0 

BR>0 

BR>0 
Ą Vertical 
focus effect

Kink-shape

ΰΜ ˹ϘμβΩσР˔ЭжϱрπψσΜάρ
I. ꜗ Ϭ β ὓṟ χΩ ᵔψˁ ὓṟ ϬὨϛϥṁ ψςάΤˁ
II. ὓṟ χṁ τΣΪϥӡ Ἃḧ(X-YὫ›)χΩ ᵔϬ β ψˁ

Vertical kick
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71. ᾓχם בּ ὓχᾝ
a. ṟ χ ὓ
b. ӡ ἋḧϬ― ΰθ ὓ

ꜗ בּ
(z~150cm)Τϣᴅ
ΰϵЬАЌрІ
0.1 mm-mradχР˔
ЭϬ βϥʻבּ
Type-A:

σX-Yӡ Ἃḧ
Type-Bʿ
ϹϳІ

Vertical 
Harmonic 
motion 

Storage orbit plane

0.66m

ẑNot correct  time  scale,  just  for  image

VBO<50mm



ꜗ χẄṟ χ 8

É בּ (z=1.5m)χР˔Эӡ Ἃḧχ ẐϬ ϥθϛτʺꜗ χ
z=0.95mχṁ Ϙπʺz=0ΤϣẄṟ Ϭ Μο▄ βϥʻ

ÉЊйЛϱЖ꞊ᵕ σꜗ :X-YὫ›ήδθР˔Э
É Z=0.95m ṁ χӡ Ἱ ψVBO<50mmχ ὯΥ ᶎτ ֳήϦϥʻ
É Z=1.5mχӡ Ἃḧψ ṁ z=0.95mΤϣẄ▄ʾט βϦω Μʻ

ʿ ṟ
⁷ʿZ=0.9m πχBRLϬ

Ẅṟ
χ ṍ
Ἢ

VBO50mmד

⁷ψ
чz<10mm
̏z=0.95m

1. ᾓχם בּ ὓχᾝ
a. ṟ χ ὓ
b. ӡ ἋḧϬ― ΰθ ὓ

Р˔Э℅ ὉπψσΨ
ꜗ ᾖ πṳ ΰϘβʻ

Z vs. BRL
@95cm

Z vs. BRL
@95cm

Ǥz
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ᶆṟ χΚϥⱲ⁭χӡ
ʾ֫ ЦϼЕи

z-z 

z-ѣ

Z꞊-ᵕ σ¬зЩрºἹ τσϥʻ
X-YὫ›

BRLΥ Ξ
(Key-word)

r-z-ѣ

Ẅ
ṟ

ṟ Υ ΪϥBRL ʻ
⁷ʿ ЕрКиϬ ϥ Ὧ



ÅϘγψ ʻZ~95cmχǤr-Ǥz-Ǥɗבּ ρϺАϼῇχVBO χ ᶓ
ÅǤr-Ǥz-Ǥɗ Υ τựξΨϢΞτ“ Dπ
Å בּ (ꜗ ᵰ)ϘπЕжАϼНАϼΰʺР˔Э℅ Ὁτ ḊχῇʺTwiss™ὓ▄
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1-sigma 
0.1mm-
mradχ
Gauss

Ẅṟ Τϣ
θзЩр ḩ

X-YὫ›₅ϙ
χӡ Ἃḧ

OPERAπ
tracking@150Ą95cm

RK-4πz-z 
Ϭ▄ @95

1

2

3

4

1

2

VBO<50mm

VBO

3

3

Ǥr-Ǥz-Ǥɗ

2 3

Beam phase 
space control ?

x-x 

x -y 

y-y 

x-y 
y-x 

x-y

4

4

1

1. ᾓχם בּ ὓχᾝ
a. ṟ χ ὓ, b.ӡ ἋḧϬ― ΰθ ὓ

Ὣộψ2˙3ᵕχϱЌй˔Єдрὓ▄
Transverse emittance 
Ů=0.1, 0.2 [ mm-mrad ] 

VBO

Transverse emittance 
Ů=0.1, 0.2 [ mm-mrad ] 
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IPAC2025 https://meow.elettra.eu/81/pdf/WEPM029.pdf
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Bends

3-D injection 
point
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.Grבּ

θΰꜘπ‮ ῟בּ (~90%)Ϭ βϥР˔Эʿstrong X -Y coupled beam χ ψʺ жϱрπ“Ξʻ

:
É 26 χἱּהΰθ жϱр
É 7ᾤχᵕ 4ớχ ϙ›ϩδ

ếΜX-YὫ›
Р˔Э

ᾝ∕ “ ʿ LINAC ῢ˙ ꜗ בּ Ϙπχ жϱр ὓ

ID angle K-value

Q3 45.0 16.449 

Q4 45.0 -0.278 

Q5 60.0 2.091 

Q6 -60.0 0.063 

Q7 -60.0 0.814 

Q8 45.0 -0.041 

Q9 -60.0 -1.825 

Seven rotating quadrupole magnets in 
the transport line control X -Y coupling at 
the injection point. Horizontal  position[m]

ID angle K-value

Q3 -30.6 -20.2 

Q4 -51.3 3.7 

Q5 -61.6 0.71 

Q6 -57.2 0.64 

Q7 61.1 1.04

Q8 -36.8 -0.64 

Q9 -58.2 -2.31 

ψ ψ
?
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PASJ2023  THP04 https://www.pasj.jp/web_publish/pasj2023/proceedings/PDF/THP0/THP04.pdf

https://www.pasj.jp/web_publish/pasj2023/proceedings/PDF/THP0/THP04.pdf
https://www.pasj.jp/web_publish/pasj2023/proceedings/PDF/THP0/THP04.pdf


ᶘᵓπχḩ ⁮

1. ϱрЕк
2. 3ⱳᾕ ρψבּ
3. ᾓχם בּ ὓχᾝ

a. ṟ χ ὓ
b. ӡ ἋḧϬ― ΰθ ὓ

11
ᾝ∕ “ ʿ χ ᶋᾆйРв˔
Å жϱр ὓʿ ︣ ΰР˔Э χ― ʺІСрὓ▄
Å ꜗ χР˔Э ʾР˔Э Ṑ 
Å ϺАϸ˔χ ᾛ ὓʺםᾓעπχ ⌠ᶎ
Å ϺАϸ˔ χᵃ ᴂ ὓ▄
Å ◓ЄзЀрᾁ ṀχẶ
ÅʾʾʾϘιϘιΚϤϘβʻ



Ṑχ3ם χ1ЂϱЇχ τЀрОϼЕṟ ππΦϥάρψˁ
ˢ ◓Р˔ЭϬ ϥ ꜠ππΦϥάρˣ
i. ṟ Р˔Эχᴦ♪Ḣ ˢ ψϕϖἋμϗˣ
V ṁ ṟ Υ πψσΜ˹ςάτР˔ЭΥạϥχΤʺ ϘΠϥχΥ

ii. Р˔Э֫ Ϭ ꜗṓᶘρχ ᶓʻ τʺ πᴅ ΰӡ Ἃḧχ Ὲ
iii. ϺАϸ˔ʺֿפ ꜗ Ϭ ΜθˮР˔Э ˯χםᾝ
iv. פֿ ꜗ χế Ϭ n=1E-2 ~5.6E-2 Ϙπᴦ ˢ ψ n=1.5E-4τᾧ

ˣΰʺ Р˔Э χ ϬḢ

ם.4 ᾓם

KEKᴥ Ṁ
╦ήϭ
ήϭ

ᴞήϭ

ᵈˑχ ӤΨϣΜ?

‮ (J-PARC g-2/EDM) ם ᾓם

︠ꜗ 3T 80 gauss

Р˔Э ◓ Muon(<1ns pulse) ◓(DC~100ns pulse)

֫ 300MeV/c 300keV/c

ЂϱϼкЕкр ṍ 7.4ns 5ns

Ἲ 0.33m 0.11m

פֿ 1.5E-4 1E-2 ~ 5.6E-2

ᵕ ͐ớχ 7 3

kicker 120ns, 1.2kA 140ns, 45A



3ⱳᾕ םבּ ᾓʿKEKνΨωם
  τГІЕР˔Эжϱр

ᶘӡ︡ יּ
2020 ᾆ ●
2021 ●1
2021 ᶘ∑ ᶘ ●1
2022 ●1

2025 ᶘ∑ ᶘ ●1
χ ʻ

2011 ϺАϸ˔ ♯⌠
2014 ◓ Ϭ Μθם Р˔Эжϱр

ὺ ᵫ◐
2016 Р˔Э֫ ᵫ◐(DCР˔Эˣ
2019 X-YὫ› Ὲˢ ╦ˣ

мϱб˔ІϺаЗ˔ᵫ (Rehman)

2020 ϺАϸ˔Ѐϱиʾ ᾛ
DCР˔ЭϬОиІᴟ( ᴞˣ

2021 ОиІР˔Эᾁ Ṁᵫ ˢ ᴞˣ
2022 ϺАϸ˔ ˢ ˣ
2022 Ῑˁ PASJ/ FROB05

2023˙2024 Д˔Ќ︡

ЫϱиІЕ˔р1:
3ⱳᾕṟ χᴦ♪
ᴟʾX-YὫ› Ὲ

DCР˔Эχᵊ ︡
ⱲḧϬ300
Ą10 τᵠ ˂

134. ם ᾓם
¸ ρ ᴮ (DCР˔Э֫ ʺОиІР˔Э֫ ˣ
¸ ם ᾓΤϣם θ ᾋρ₈ῇχ



3ⱳᾕϣδϭР˔Э םבּ Р˔Эжϱрὺ ̏KEKνΨω Ṁבּ

2014 Oct. 2014Oct.

2015 4Ὦ

◓ Ϭ
βϥʻסּ

ṛ ⌠χЊйЛϱЖ
ꜗ ϬϱрІЕ˔и

KEK
B:2014 2018,ṁ ᾆẕ͖2019˙2022     

2015Apr.

Ὦ3~4ᵕKEKνΨωτ Μʺ KEKІЌАТρ ὀΰοᾆẕτ︡Ϥ Ϛ

ÅГІЕםᾓχΩ ʿР˔Э ♯ᾓḁ  Ą πὫᴮם„ ⁮
Å 3ⱳᾕϣδϭṟ םχבּ ὊᾓϬ ᾓϒᶨΤβʻם

14

ꜗ χ
ЎϴрН χ ◓

Ṁ Staff ρ֫בּ Ԍχ ˑʺ ṍτϩθϤЂЪ˔ЕϬ ΦϘΰθʺΚϤΥρΞέίΜϘβʻ



15
4. ם ᾓם
¸ DCР˔Э֫ ʿ ᴅ ΰӡ Ἃḧχ ῈĄ жϱр “ χ ᵔ̍ЄϽЫ“

Beam

ὓ Ὑɲ ὔ Ὑɲ ,
Ὑɲ

ὧέίɲ π
π ὧέίɲ

ίὭὲɲ π
π ίὭὲɲ

ίὭὲɲ π
π ίὭὲɲ

ὧέίɲ π
π ὧέίɲ

¸ χ„ χ
χ ρ жϱр
“ MϬ Μοʺ

◐ χ„“ Ϭ ϥʻ
¸Q-scan Ϝ

ů

3νχᵕ 4ớψ Ӫχᶑ ᶫ

Å ψ10ᾤ
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4. ם ᾓם
¸ DCР˔Э֫ ʿ ᴅ ΰӡ Ἃḧχ ῈĄ жϱр “ χ ᵔ̍ЄϽЫ“

Beam

5mm

4mm

4ớ꞊Їй
¤300ѧmχθϛʺ
χ Υ

⁷ʿ
ʿЄЬвй˔Єдр



жϱрπ θ ᾋˢ ό ΰθΤˁˣ

2023

ἱΦρֲּב

- Ὗ Ὀ, Ὗ

‘ π
π ‘

ὶ ὶ
ὶ ὶ

ὶ ὶ
ὶ ὶ

‘ π
π ‘

,Ὀ

‍ ‌
‌ ‎

π

π
‍ ‌
‌ ‎

Å π‮ ᵒΰθ21 Ϥ Τϣʺ ῢχ
4×ὭίίὴὥὶὥάὩὸὩὶχ︡ϤΞϥ ӽϬᶎ ʻ

ם ᾓם π ΰθР˔ЭχTwissϬ▄

ʺќΥ τ ˢ τ ╩ˣιμθʾʾʾ
άρΥῇτσμο Τμθʻ

17

π ᵒΰθ21 ϤχЯИЌ˔ ᵊ ΤϣẐϛθ◐ χ
ЄϽЫ“ ρ “ Τϣ▄ ΰθὫᴮρ ᶓϬβϥʻ

„ ὓ„ ὓ ἱΦ

ֲבּ

1 2

‌ , ‌

‍, ‍

ὶ

ὶ

ὶ

ὶ50 Ϥ

50 Ϥ

ů



ϒʾʾʾ
18

ˢDCР˔Э֫ ˣ
Å⌠ ṓτϢϤʺ ψ ϹІ

(7E-3 torr)Ϭ ϦϥˢЀзЮ˔Ќ ϬϱрЍ
ϼЌрІτΰʺ ◓ χ ἋψϺ˔Фˣ

Å ṟ χᴦ♪ᴟ
Å2 χмϱб˔ІϺарπDCР˔ЭχZ
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ОиІР˔Э ˢ ψ2023 χᴥ Ṁᶘᵓπ ⁮ˣ

Time [ s]
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ОиІР˔Э ‹-2
Condition of beam injection
Å 100ns pulse, 25Hz
Å Apply the vertical kick (45A, <1gauss) 

coincide with the pulse
Measurement
Å Set SciFi edge at ( -30mm<z<50mm, 

every 5mm step from the mid plane)
Å Accumulate 1000shots to detect 

averaged waveform

How to judge whether stored beam is there or not!?
The beam should be stored within weak focusing field potential
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Ὣᴮʿ Р˔Э χֿפ ꜗ Ӣ -1

1. ꜗ ΤϣẐϛθʺ ᴦ Ӥ
2. Р˔Э ΤϣẐϛθʺР˔Э χ

Field condition: ( Imain, 
Iaux)

Length of storage region 
[m]

Edge of Z-scan dist. [m]

(9.60A, 8.72A) (9.1˶0.3) x 10-2 (5.6˶0.2) x 10-2

(9.20A, 7.16A) (7.5˶0.3) x 10-2 (4.2˶0.1) x 10-2

(8.82A, 5.67A) (5.0˶0.5) x 10-2 (2.7˶0.2) x 10-2

(8.70A, 5.20A) (3.9˶1.2) x 10-2 (1.2˶0.3) x 10-2

ʾ ᴞ
24
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