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World wide inventory of accelerators, in total 15,000. The data have been collected
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P.C,T-even P,T-odd (CP-odd)

Magnetic Dipole Moment

Electric Dipole Moment




Anomalous magnetic moment : g-2 14

The most precisely calculated physical quantity to date
~

Strength of the magnet (g-2) is
determined by ALL particles and
interactions
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EM force —I— Strong —I—

ﬂ force
N - Wi - New force
Theoretical prediction idle New particles
9_2 123456789 — & u?

—— = 0.00116591810(43)

uncertainty 4 partsin 10’
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Dirac’s theory QED
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Schwinger
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as(QED) = Ay + Ax(me/m,,) + Ax(me/m,) + As(me/m,,, meg/m,).
A= A® (9) + AW (9)2+A§6) (9)3+..., =123

s s s

* A(n) is known up ton =10

ASZ) =05 1 diagram (analytic) (1948) Schwinger
Ag4) = —-0.328478965... 7 diagrams (analytic) (1957) Sommerfield, Petermann
A = 1.181241456... 72 diagrams (analytic)  (1995) Laporta and Remiddi

ASS) = —1.912 89 (90) 891 diagrams (numerical, July 2014) | Kinoshita,Nio
Agm) = 7.651 (353) 12672 diagrams (numerical, July 2014) | Hayakawa, Aoyama

T. Kinoshita, Phys. Rev. Lett. 75, 4728 (1995)
T. Aoyama, M. Hayakawa, T. Kinoshita, and M. Nio, Phys. Rev. Lett. 109, 111807
(2012)

T. Aoyama, T. Kinoshita, and M. Nio, Phys. Rev. D 97, 036001 (2018)
T Anviarma T KinAachit+9 AanAdA M Niana A+Aarmce 7 O (DON1 Q)
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QED 389 self-energy like diagrams in 10t order calculations
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Physics world

Deep thinker Toichiro Kinoshita (left) and
Richard Feynman, friends and
collaborators on a boat ride during a high-
energy physics conference at the Scripps
Institute in La Jolla, California, in 1961.
(Photo by Clarice Schwinger, courtesy AIP
Emilio Segré Visual Archives)



https://physicsworld.com/a/toichiro-kinoshita-the-theorist-whose-calculations-of-g-2-shed-light-on-our-understanding-of-nature/

INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS G: NUCLEAR AND PARTICLE PHYSICS

J. Phys. G: Nucl. Part. Phys. 29 (2003) 9-21 PII: S0954-3899(03)53696-9
Proceedings of the talk in the celebration of the 70th birthday of Alberto Sirlin

Everyone makes mistakes—including Feynman

Toichiro Kinoshita

Newman Laboratory, Cornell University, Ithaca, NY 14853, USA

Received 5 September 2002
Published 17 December 2002
Online at stacks.iop.org/JPhysG/29/9

Abstract

Early stages of the theory of radiative corrections to weak interaction
processes such as muon decay and 1 — e decay are described based on
my personal recollection. The discovery of an error in our initial paper
on the muon decay played a crucial role in the realization of remarkable
cancelation of mass singularities in integrated observable quantities. General
formulation developed to deal with mass singularity turned out to be very
handy for numerical evaluation of high-order radiative corrections to the lepton
anomalous magnetic moment. This has led to the most stringent test of QED
available at present. New developments of last two years are described briefly
in ‘Note added in proof”.
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« IMESED RV T~ Ty T EBW-BREE AT

D. Hanneke, S. Fogwell, G. Gabrielse, PRL 100, 120801 (2008)
D. Hanneke, S Fogwell Hoogerheide, G. Gabrielse, PRA 83, 052122 (2011)

X. Fan, T. G. Myers, B. A. D. Sukra, G. Gabrielse, PRL 130, 071801 (2023)

a. =1 159 652 180.59(13) x 10~

105 _oP* o5 1
g/2 2022 e
g/2 2008 | ®
SM with (X.(Rb) e A% by Volkoy
SM W|th a(Cs) grm—— Aoy,
179 5 ' 180 ' ‘ 1865 ' ' ‘ 1é1 ' ' ' 181 5 Kinoshita, Nio

(-w/u_ - 1.001 159 652 000) x10'2
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T
N
al(X) ~J CX —
Ax
C, : Coupling strength
/A : Mass Scale

lepton X lepton

Much larger contributions

True for new physics sensitivity too

~ 170 Even larger for tau, but difficult to measure.

2
) ~ 437 000 to muon than electron.
) 2
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CERN courier (2025.3.26)

https://cerncourier.com/a/do-muons-wobble-faster-than-expected/

STRONG INTERACTIONS | FEATURE

Do muons wobble faster than expected?

26 March 2025

With a new measurement imminent, the Courier explores the experimental
results and theoretical calculations used to predict ‘muon g-2" - one of particle
physics’ most precisely known quantities and the subject of a fast-evolving

anomaly.

Vacuum fluctuation The fine details of
“hadronic vacuum polarisation” could be the
difference between reinforcing the SM and
challenging it. Credit: D Zemba, Pennsylvania
State University
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https://cerncourier.com/a/do-muons-wobble-faster-than-expected/

International workshop on muon g-2 theory at KEK

The seventh plenary workshop at KEK (Sep 9-13, 2024) https://conference-indico.kek.ip/event/257/

g - 3 E# ‘ - | |

.....

Proposal for Whitepaper-li (adopted from slide by Aida El-khadra)

®" |mportant to convey the message that data-based evaluation is important besides LatticeQCD
= Communicate clearly that Whitepaper-I value should not be used in future
= Spread of experimental results makes an averaging procedure difficult

= Range of results also difficult to communicate

HimR A b R—/X—2 g
2025FABRK~5A#HIC) U —XFE
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Models predict new particle(s) in the mass range below O(10 TeV)
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Updates from collider searches 30
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1. Prepare a polarized muon 4_@_>‘
beam.

spin 0 spin <~

neutrmo left handed
helicity : -1 helicity : - 1

2. Store in a magnetic field /\

(muon’s spin precesses) B

- ~~
- ~

- ~~
-

3. Measure decay positron

@ spin -
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Photo courtesy of Fermilab E989




J-PARC g-2/EDM experiment

Science documentary “cosmic front”, NHK
November 23, 2023
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Conventional muon beam 36

proton v ut

@ emittance
= ® ~10001t mm mrad

" .
oion decay - Strong focusing
production Muon loss o
BG it contamination

Source of systematic
uncertainties




Muon beam at J-PARC 37

roton N * .
P e emittance
® ~1000t mm ~mrad
pion decay @ Stronglfocusing
production Muon loss o
BG 1t contamination
8 Source of systematic
o uncertainties
S
0q ut _
aemittance

= Imtmm - mrad
Reaccele ratEd Free from any of these

thermal muon

L—H—H A FREEEAL—Y—
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Re-accelerated thermal muon 39

surface muon thermal muon accelerated muon
E 3.4 MeV 30 meV 212 MeV
D 27 MeV/c 2.3 keV/c 300 MeV/c
Ap/p 0.05 0.4 4x10-4
Mu
\ (uﬂe_) ....... .
[y S - R
) o S .
_—Y - el -+ -
i e
H-line Mu production Electrodes(Soa) LINAC
target
lonization Laser |, “Thssm ZS,,,;QS,;H
Muonium : a bound state of u*and e I
S g e



J-PARCOFT LW I 2 —F>g-2/EDM=EE 40

20094F es
ST o015t BfTERERESERL
2010-2018%F I 2 — A > /AH) « MEEEE
20225 HZ 4 5ER - 1E—LA
2028FHE~ EERFHB (FE)

2021 EERE

ww 006T

b
IIIIIIIIIIIIIIIIII||||IIIIIIIIIIIIIIIIIIIIIIIII

WS i,
§

~s

Sa—A>mEmEl » PR - NETRAIC
ZIET3HFEICLDg-2 EDMERBIBZAIE




Comparison of g-2 experiments 41

Prog. Theor. Exp. Phys. 2019, 053C02 (2019)

BNL-E821 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/e 300 MeV/c
Lorentz y 29.3 3
Polarization 100% 50%
Storage field B=145T B=30T
Focusing field Electric quadrupole Very weak magnetic
Cyclotron period 149 ns 7.4 ns
Spin precession period 4.37 us 2.11 pus
Number of detected e™ 5.0x10° 1.6x 10" 5.7 x 101
Number of detected e~ 3.6x10° — —
a, precision (stat.) 460 ppb 100 ppb 450 ppb

(syst.) 280 ppb 100 ppb <70 ppb
EDM precision (stat.) 0.2 x 107 e - cm - 1.5x 102 e cm

(syst.) 09 x 107" ¢e-cm - 0.36 x 1072 e - cm

Completed Running In preparation



The collaboration

N EW . . 114 members from Canada, China, Czech, FranvA’Z
Collaboration chair

= ‘ a/ ) i India, Japan, Korea, Netherlands, Russia, USA
S ~, Tamaki Yoshioka (Kyushu)

Seonho|Collaboration board (CB) *::
Choi Chair: Seonho Choi N EW ’

(SNU) 2024.3 EBIGERF HAMA . ]
\§ Executive board (EB) 2024.6 5 FKEHIA 1 g™ R ®
} Spokesperson: T. Mibe N I
Subgroups Interface coordinators Committees

Surface muon beam Speakers committee

leader: T. Yamazaki, N. Kawamura

hair: K.Ishid ic insti .
cha RIshida v.sato | Domestic institutes .

Publication committee Kyushu, Nagoya, Tohoku, Niigata,
chair: B. Shwartz .
Ultra-slow muon Toyama C, Tokyo, Ibaraki, RIKEN, JAEA,
leader: K. Ishida etc.

[

KEK: IPNS, IMSS, ACC, CRY, MEC, CRC

M. Otani

Working groups

tjt

LINAC

leader: M. Otani ‘

physics analysis

T.Yamanaka, S. Ogawa

Y. Kondo

Injection and storage
leader: H. linuma

H. linuma

th

Storage magnet, field measurements

leader: K. Sasaki‘

T. Kume

Detector

leader: T. Yoshiol‘<a

Y. Sato

tjt

DAQ and computing

leader: Y. Sato ‘

iT. Suehara‘ ‘T. Yarlnanaka ‘

Analysis
leader: T. Yamanaka .
The 28 collaboratio




1B B L



S 2 A A ER(2023F 2 B ~BA))
BIUXKF-ZBHERFE-AINKE-ZTIBKRF-FHERFEEHND
J-PARC sz%%%')?

(A) Mesh Mesh

& ‘:;v~
‘ Ok B 5 )



(A)

MCP #hits /20 ns

> A HEER(2023F2 F

~BH1R)

BT aF VIREOEGEHEBRORE (2023F28~)
AHEN I 24 v DIESERICKTY (2023F38)

@ (“o.m 1M1
@ I3 .
Electrostatic M '
@ S - agnetic
%@ (Q)m % n@- acceleration = Iilectrlcft.)ltenc):l bend =»> MCP
@@ @ (10 kV) energy Titer (momentum filter)
@ | @
@ Silica
ey . . 5[
REIINT-
d S1— A DES
3 : ! : hTime1
100 g L—H—#Iz&? | ' Entries 3478
= A2 20 Underflow 0
— : P | : Overflow 25
10° - | L : :
- ; § B . Raw data :
0 s I (Very preliminary)
TE. 1T ri[L Hn.nn. in”. . ﬂ” mﬂnnhiﬂm. C000, 0.0 i”nn 000, H .n.”
2000 2500 3000 3500 4000 4500 5000 5500 6000

time (ns)




SEI T 2 F Y OIERER

COEHZIaF 2 7 TREXEGE



ﬁl] -~ -L j- a)huLnit%ﬁ
2024$4H 11~29H i \‘i.




BE T 2 F DR ER
A RFQ (90keV ¢ 5.7keV) T 7 L& R —(x,y, X,y )

(Qi\x2, REAHEA. MCP)
X V) L E15(5.7 keV « 30 mev)

== syhITFAHFL
(30 meV Mu€ 4 MeV)




J-PARC MLF 2024A

R .03
£ 0.02
S

I .01

i
0.0Q

B Laser off
Laser on

llllllllllllllllll

}——i
-
L

o
(<]
o

500

AEIE NG ICHNERE &
1 EBXIRIFI=I a4

el TR

R|T — &

AED - IR E 7
e 1

1000 1500 2000
RsfE [/ #]

2500 3000 3500



1)~

| I

|l

L <

aIRXINF——1—2R

HIGH ENERGY NEWS

Volume 43 Number 3,4 October/November/December 2024
January/February/March 2025

B FRREN

HRADDAES 21—

1

7

Z > ORRERME

J-PARC I 2 —* > g —2/EDM EBRICTrI T

KEK FHK 7 FR4BT%ET
LB R

WA B EIERERI LTS
G BEE

KEK /Rl 55t
i g s

kamioka@post .kek. jp imail117@s.okayama-u.ac.jp takayuki@post.kek. jp

2024 4 (4RI 6 4) 11 A 1 H

1 ELoIC

Fx DI N—T1F JPARC CBVWTEI 2a—4 YD
FHHSHER (9 — 2) WIE & WA THES (EDM)
RER 1] KU LMFEEED TS, AEROHER
HMEREO—DICIES 2 —4 Y OIRHI L 2 OFEILEC &
HEEE I a—A Y= 2EMABH 5. KRN 7B
RPRETDI o TIIDNTE A, SEDWNICHRY)
DIFH S 22— > DEFEIE IR L (2],

FRETIE 2024 FE3 DS 4 APITIT o723 a—
* Y OWHN FHEEBROMR L J-PARC 32—+
g—2/EDM EBC LI 7 HERT Y 7, JHRREE 0
RIUZOWTHET 5,

2 J-PARC muon g—2/EDM RER L
S a—FUmE
2.1 J-PARC g-2/EDM 8

g2 g WNTFORTFHIECL2 2250FhTH
B ZLTI2a—F 210 g— 2 3BT & 2 FHERS
R3] & 7 = I ELIERHIEHT O 7V — 7 5 ORE
fER [4,5] ORI 50 OTRBEHRE STV S, ZhU
HHOFEOMREN L UTRECHE > TEHSATY
b, FO—HTIa—FY g— 2 DN KB > AR
DHFHIZOWT, BT QCD AW a5 R (6] ¥ 2
HBEER 2 H VIR OFH RS B L R, 51
SR E R ORISR B e -t Wi
FHHE S IERDFER e HRICER 2RRIRE S TE
b [7) BB RRE R L TW3, ZORIATRAZ I 2—
AV g2 DREBREEERIETE 2M—D 7 L—T
ThH3. g—2 YOOV TIHBEDOH T L
F—ma—20FH 8] bBEIILTVRES LW,

R, EIa—ArEHzsa—Fre#,

https://www.jahep.org/hepnews/2024/43-34-P7 7-jparc.pdf

Ia2—4YEDMEH 2 ROV T v s Z—0
CP PN 2 IRRT 2 R TH 5, g—2 £ EDM
BRI CEAE FOEBLERTH27DIa—F g2
D7 7%V =DELWALE, 1072 com BEDKE
%3 a—4 > EDM 2SHAICHIFTES (9, I 2—F
YO EDM IZOWTIHHEDE T AL F —= 2 — 2Did
o [10] BF LW,

I a—A Y g-2flED EDM RS — ARG cE
L7 2 —A Y U — 2D R VERIEEBEAMORE T
BB, HRDI 2—A -2, BTFE—LERE
HNCHRGT, RN A HRIF2 5 OIS 2 —4 >
MO THE, %352 THOND, 1EF 100%
AEURRL = aA 350555, 3 KK FE— LT
BHB7HE—LAMENTEL, U—AMEOEEOHEL
T3y &Y ZFIARIZ 1000 7 mmomrad ¥ B2,
ZDi, BHFED I 2 —F ¥ E— ARSI EE LT
RT3 BRI R E AR E 5 3 NED D
%o LAL, HHISGEVEE CER T2 I2—F4>TH
57 DWHH A VREEMCHFST LI hs, Z0
FETEI 2—F> g2 OMERESEECE 2. B
HOEBTERY VESHEIAOBHOF 52 % v v &
AENBREHEFRD I 2 —F > — 2% FWTH
EEToTVEH, THIHL ENRr - LBEROFEI
e FEAMEHHO—212R>TW3,

ZIT, 2523 EHEHATICI a—F Y E2HRL
3, LVISOBRADTAFTTHS (1. —HRES
WA THIUCRBES 2 W5 & & ThEF 2 ZEICERTS
3. MEOFHROBKOMIELREALR RS L EDHIT,
32— v OB D HENSEN S 7 RGN O H
EHWMA 5, LL, E—LMHEOBISHFMLTS
570, E—ARHEDME, D2FDIa—F T E—L20D
WHDBRET D,

2T, ST I v &Y AL Fof b 13, MRLms =3Iy 2>
ADZ L EET,
SAMKINCIE v =293



RORTv7 4 MeV ¥ TOMER@H2TY 7
H2 area FY2025

b‘ ICooling Acceleration by RFQ Acceleration by IH-DTL '..v"\-_ N '.'v [
~ (30 meV) (5 keV > 0.34 MeV) (0.34->4.3 MeV) S ¥
Muon : \ v."r".. :
(4 MeV) 4 PR
2(m)
Mu production chamber J-PARC LINAC IH-DTL Scale
(to be evaluated in Feb. 2023) RFQ (avallable) (fabncated and evaluated in FY2022)

Currently, the cavity is Iocated at J-PARCz ‘



J-PARCMLFH2T Y 77

2025F4 8708 11:47t8
H2TZT Y 723 a—F>E—LOEY H LD

J-PARC B L ap 7 RER R

3 GeV
BFE—L

v/ A KR

aFvRH [

advmE [
(0.34 MeV) ¥

(4.3 MeV)




J-PARCMLFH2 T ! )7

2025.4.7 13:15 RSN

t t
gt g

B B E—LA
TaxvH2TUT

4A20H £ THRE - T—2EUEFE




I 2 —F Y LINACOFEFIT 54

IH-DTLIIER ZE R
(4.3 MeV £ T NiR)

(40 MeV E T NNE) DLS DLQEI/ -
e pa (210 MeV £ TDHNR)
HElwT T SRR =

MERFER



2 aFVEEHRA IS —FRE 55

CaIcuIated average fleld unlformlty

— 80
£
£
A
N
O
O : robb
> . 8 g 25 ppb/lme
orbit _8290 a0 330 350“3\70
r [mm]

FNAL Run 1 pra 103, 042208 (2021)

e+ tracking 18
detector "
B=3T a0

M. Abe et. al., NIM A 890, 51 (2018)



Faﬁ?ﬂﬁﬂ)ﬁﬁﬂﬁﬁ

AAY EE Y aAVR M)y Ti8HE
KEK * #riaK « MK THF - #iLhETH




[% & £ AREIR H 2% 0D B 5

BEEFEATET S —
I 7 0OVIEE CHMIL

T HEDWNE - =

AZ %

Kwﬁﬁﬁ&ﬁfiﬁ hKk B2 %&417#




I a—Fg-2/EDMEREHE 58

201752021

202452026 py i, 20272028

Perimentg bldg.

/1+(4 MGV)

L+
C (}r ) . ;"_.(25 me‘/}

2024 | 2025

Beamline First beam
*
Bldg. & design funding
facility refinement request Construction
4+———r 4¢——»
Source RIS v 15-25-unbound K lonization test with 1S-2P-unbound
LINAC, NI/l /' 100 keV@S2 * 4 MeV@H2 210 MeV %
Storage I S R R
Injection & Storage Installation %
Detector positron tracker

Installation %

magnetic field monitors




I a—Fg-2/EDMEREHE 59

201752021

202452026 py i, 20272028

Perimentg bldg.

H+(gq MeV) iy
5

\ {u,.;"_. me‘/}

XREEUTFE

1.2 0.5(2

2024 | 2025

Beamline
*
.4

Bldg. & design funding
facility refinement request Construction
D —_

| | | |

Source el 15-25-unbound Kk lonization test with 1S-2P-unbound
LINAC, XYYl v 100 keV@S2 * 4 MeV@H2 210 MeV %
storage I B B

Injection & Storage Installation %
Detector positron tracker

e (3 . Installation %
magnetic field monitors
RTE ERs ] >

K70 | >




The collaboration

* Tamaki Yoshioka 2024.3 Shanghai Jiao Tong University
~ € (Kyushu) 2024.6 lwate University *
Collaboration board (CB) | 2025.3 University of Liverpool m
Chair: T. Yoshiok
alr: 7. Toshioka 138 members from Canada,

\ China, Czech, France, India, Y\

|Executive board (EB) ,

\ Spokesperson: T. Mibe :Rauias?a’ Klj)srza,ul:I(ethe rlands, N

Subgroups Interface coordinators Committees

IS &

Speakers committee

Surface muon beam
leader: T. Yamazaki, N. Kawamura

chair: K.Ishida v, sato

Domestic institutes -

_|Publication committee Kyushu, Nagoya, Tohoku, Niigata,
chair: B. Shwartz .
Ultra-slow muon Toyama C, Tokyo, Ibaraki, RIKEN, JAEA,
leader: K. Ishida lwate, etc.

KEK: IPNS, IMSS, ACC, CRY, MEC, CRC

LINAC Working groups

leader: M. Otani ‘

physics analysis

T.Yamanaka, S. Ogawa

Injection and storage

leader: H. linuma
[

Storage magnet, field measurements

leader: K. Sasaki‘

Detector
leader: T. Yoshioka

DAQ and computing

leader: Y. Sato ‘

Analysis
leader: T. Yamanaka The 29% collaboration meeting at J-PARC, Dec. 11-13, 2024




History of accelerator technology

100,000

10,000

1,000

[y
(=]
(=]

Collision energy (GeV)
S

0.1

0.01

LHC-II
Hadron-Colliders
Tevatr
i e e Colliders 'S =
9
£ A
) LC500 @'
LEPII ’DQI
SLC
= LEP & —
Tri TS
ristan Q &
PETRA ©'PETRAIL &S &
PEP K éz\,
. NS
FSkisu SACLA © —
SPEARII O [ ]
SPEAR s
ADONE
uTx@ BN
LBNL "{AL
. ACO ® —
MPQ@ LINL SACLAEUY
vich o 0 202
GSI(PHELI
- RAL sLBNL . Proton A
@ @] I ]
@RAL o |
® UCLA o CoRels]
N CG-
3 I
= IS | o
@ ;9
NS |
«Q &
N |
9 @
T © |
llllllllllllllllll(lbllllllllllllllllll

1970 1980 1990 2000 2010 2020 :2030

Commissioning year "
I
I
I

J-PARC

100,000

10,000

1,000

100

1

8

0.1

0.01

(A99) AS10Ud Wedq U0.IIIY

(n/A39) AS19ud noapey

Muon acceleration

O h 2024

61



W RV R (uazmEmE) O LELER

AEHLTEWI a—FE—LA

For acceleration to

multi-TeV collider For acceleration to NuMAX

(325MHz injector acceptance
3mm,24mm)

—
()
)
000 N S

(15mm,45mm)
Initial

Cooling
Final _—~¥

Cooling post-merge
6D Cooling re-merge

oy e (orna dongr) J-PARCCHWA SHAR
O | : .; -4
J-PARC 0.0 10> 10 10 10

Transverse Emittance (microns) *; T i v 9 S/

MrIyarx
=
o

£S.000 N

Longitudinal Emittance (mm)

ro

[
o
= CO00

coolin 8Figure 3. Ionization Cooling path in the 6D phase space. 1-: f: L u+ @D &

(Wi IBBRATE &)




e 374 X — DAk 63
RiéTAN . 2023F 118 |ZBafE [_,7"6)};‘%{::\ U

4
Dreaming is free. /

=
v
LB EE—ER &
Yu Hamada!, Ryuichiro Kitano'?, Ryutaro Matsudo!, Hiromasa Takaura'
and Mitsuhiro Yoshida?®
'KEK Theory Center, Tsukuba 305-0801, Japan

2KEK Accelerator department, Tsukuba 305-0801, Japan
3 Graduate University for Advanced Studies (Sokendai), Tsukuba 305-0801, Japan

Ve

Proton LINAC (500 MeV)
RCS:3 GeV x 6.6 nC x 2-bunch x 50 Hz =2 MW
Pion production ring:
100 nC/n/(AEp=75[MeV](10mm))
(MPression  3_bunch x 40-turns x 50 Hz
(6.61C x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1TeV x (7.2nC=>3.6nC)/pt x 40 bunch x 50Hz
=9 MW

30 GeV muon LINAC ~ 3 km
Laser

o
W L .. ..H
W

R=1km (B =3 T max)
16 turns ~ 700ps

Triple ring

30 GeV muon LINAC ~ 3 km

U+

PTEP 2022, 053B02

3 km Main ring T, = 20 ms (2000 turns)
put:1TeV, 2.2nCx 1 TeV,2.2 nC x 20bunch
p*e  :1TeV, 2.2 nC x 30 GeV,10 nC x 40bunch

<

Fig. 1. Conceptual design of the e /u*pu™ collider.




EEB I 2 —F MR 64

e e M BERHRM ke EL]
. Slice ‘
S"’ Eu Living cell i a — 7,‘_ >/ 0) _I%_ b\éﬁ'v_ﬁﬁ C\:. jJD\L;E‘(\\/%I‘: \b *L
HEWERMEZEAESHE T,
O et “ BB I 1 —F EPMEENEIRA]

-z o

Transmission Transmission °
image (slice) image (bulk)
° Ve
Transmission image (bulk)

Reconstructed 3D image

kavRyY7

: b bKRgprE Eh
@ ;‘H @ SIAETEE

1) 3 INFR @ ((
BTk m
S ey XS

0 YIS+
(3%

AQFI14ILA S”

A QMWL B
|
y

F T2 @ 3R
TN SN /-\< < H 255
) _TEM ) HVEM > TIRMER (MRRaLK) D
4 I : ] l l Ly
100nm 1um 10um 100um 1mm 10mm

sMeV B S 2 A > FESH



\ ]
ZIDEEHESDERICAIT=ICH
NEFFKZ A 7 2 LR (2024-2029)
Gl : 22a—FVAA=VTIEBFFAT A=V TFRE
Sa—Fr0oagWEBRNEEN L CIERIETRHEIEY) % RA]

RS
‘/ \
7 AlE aAVTHRE E
, s e i HAE T R
i TAAF ({8/cm?/s) SMRHE Al ==.i| :
V)

»

FER (071,000GeV| 102 | 30em | 104

' .I
.I

< > N L
TaFtr Ei AN ‘=:w\
AT 2 GeV - ANy
L2y 104 | 1cm | B+ R
(*E;) + 1% ..\ I

Bl: Ta—FULAX=PVTIC&B4 7 F7@BEY DRSS



References 66

Simon Eidelman School on https://indico.kmi.nagoya-u.ac.jp/event/8/

Muon Dipole
Moments

and
Hadronic
Effects

supported by Wilhelm and Else Heraeus Foundation

Topics & Lecturer

Muon magnetic moment: Experiment

Anna Driutti (Pisa)

Muon magnetic moment: Theory

Martin Hoferichter (Bern)

Data input to hadronic vacuum polarization
Zhiging Zhang (IJCLab)

Lattice QCD: Hadronic vacuum polarization
Aida El-Khadra (UIUC)

Lattice QCD: Light-by-light

Harvey Meyer (Mainz)

Hadronic light-by-light: Phenomenology
Franziska Hagelstein (Mainz)

Hadronic light-by-light: Data input

Andrzej Kupsc (NCBJ/Uppsala)

New physics contributions
Kei Yamamoto (Hiroshima Tech)

Detector technology
Paula Collins (CERN)
Accelerator technology
Mika Masuzawa (KEK)
Precision measurements
Fan Xin (Northwestern)

Monte Carlo generators
Yannick Ulrich (Durham)

Sep 2nd-6th 2024
KMI, Nagoya University, Japan

£y

Scientific organizers

Achim Denig (Maintz), Boris Shwartz (BINP), Gilberto Colangelo (Bern),
Jim Libby (Indian Inst. Tech. Madras), Kenji Inami (Nagoya),
Toru lijima (Nagoya, Chair), Tsutomu Mibe (KEK)

Local organizers

Kazuhito Suzuki (Nagoya), Kazumichi Sumi (Nagoya), Kenji Inami (Nagoya),
Masato Kimura (KEK), Seiso Fukumura (Niigata), Toru lijima (Nagoya),
Tsutomu Mibe (KEK), Yuki Sue (Nagoya)

Kobayashi-Maskawa Institute ‘
for the Origin of g ElapP

Particles and the Universe

|
KM

N WILHELM UND ELSE
TJE ﬁﬁ% HERAEUS-STIFTUNG %»

22K21347, 22K21347, 22K21350




B

X & & 67

¢ J-PARC I 24 v g-2/EDMEERIZ I 2 A4 v #QE - IR L Ta /¥y FRER
MAICEB T2 LWFERICLY g2 EDMEBIEZAITES 5,

B1o /A

« 2024F48, HETHBD T, I 2a—FvOSEERMEIZEII,
M a—FINERTE]

EEREO 7R —2a v Ild > TED TE/-RIDITREA DR . ERHIBEF -
TW3, 2024 FFIXRELILOFEIAEBEIN., WL W EIEREHILE
BT —XICA-T=, 202 SEEHI BT —XINEFE,




	Slide 1: 世界初のミューオン加速の成功と ミューオンg-2/EDM実験の状況
	Slide 2
	Slide 3
	Slide 4: 高エネルギー加速器研究機構
	Slide 5: 世界の加速器
	Slide 6: 電子加速器
	Slide 7: 陽子加速器
	Slide 8: 重イオン加速器
	Slide 9: 加速器の歴史
	Slide 10: ミュオン加速器
	Slide 11: Experimental particle physics with muon
	Slide 12: 世界初のミュオン加速器
	Slide 13: 電磁場とスピンの相互作用
	Slide 14: Anomalous magnetic moment : g-2
	Slide 15: g因子と量子ループ補正
	Slide 16: 電子の異常磁気能率 ae
	Slide 17: 異常磁気能率 (g-2)
	Slide 18
	Slide 19
	Slide 20
	Slide 21: 電子の異常磁気能率 ae
	Slide 22: レプトン質量とg-2の関係
	Slide 23: 異常磁気能率 (g-2)の内訳
	Slide 24: ミューオンg-2 の状況(2023頃まで)
	Slide 25: 理論計算の内訳
	Slide 26: ミューオンg-2新時代(2024)
	Slide 27: International workshop on muon g-2 theory at KEK
	Slide 28:  新物理の寄与
	Slide 29: 新物理シナリオ
	Slide 30: Updates from collider searches
	Slide 31: ミューオンg-2の測定 3ステップ
	Slide 32
	Slide 33
	Slide 34
	Slide 35: 測定値に問題はないのか？→J-PARCの新しい実験
	Slide 36: Conventional muon beam
	Slide 37: Muon beam at J-PARC
	Slide 38: ミュオン冷却がなぜ必要？
	Slide 39: Re-accelerated thermal muon
	Slide 40: J-PARCの新しいミューオンg-2/EDM実験
	Slide 41: Comparison of g-2 experiments
	Slide 42: The collaboration
	Slide 43: 大強度陽子加速器施設 J-PARC
	Slide 44: ミュオン冷却試験(2023年2月〜開始!)
	Slide 45: ミュオン冷却試験(2023年2月〜開始)
	Slide 46: 冷却ミュオンの加速試験
	Slide 47: 冷却ミュオンの加速試験
	Slide 48: 冷却ミュオンの加速試験
	Slide 49: 冷却ミュオンの加速試験
	Slide 50: 詳しくは
	Slide 51: 次のステップ：4 MeV までの加速@H2エリア
	Slide 52: J-PARC MLF H2エリア
	Slide 53: J-PARC MLF H2エリア
	Slide 54: ミューオンLINACの開発状況
	Slide 55: ミュオン蓄積磁石と磁場一様性
	Slide 56: 陽電子飛跡検出器
	Slide 57: 陽電子飛跡検出器の開発
	Slide 58: ミューオンg-2/EDM実験計画
	Slide 59: ミューオンg-2/EDM実験計画
	Slide 60: The collaboration
	Slide 61: History of accelerator technology
	Slide 62: ミューオンビームエミッタンス（位相空間体積）の比較
	Slide 63: m++e- コライダーの可能性
	Slide 64: 透過型ミューオン顕微鏡
	Slide 65: 安心安全社会の実現に向けた応用
	Slide 66: References
	Slide 67: まとめ
	Slide 72: 標準理論計算の現状
	Slide 73: g-2 and muonium experiments
	Slide 74: g-2 and muonium experiments
	Slide 75
	Slide 76: muon g-2 and EDM measurements
	Slide 77
	Slide 78
	Slide 79: Muon g-2/EDM experiment at J-PARC
	Slide 80: 参考文献
	Slide 81:  新物理の寄与
	Slide 82: 超対称性理論
	Slide 83: 超対称性理論
	Slide 84: 超対称性理論
	Slide 85: レプトクォーク
	Slide 86: 新たな重たいレプトン
	Slide 87: 新たなスカラー粒子
	Slide 88: アクシオン様粒子
	Slide 89: アクシオン様粒子
	Slide 90: 新たな軽いゲージ粒子
	Slide 91: 新たな軽いゲージ粒子
	Slide 92: 新たな軽いゲージ粒子

