Acceleration of Positive Muon and Precision
Measurement of Muon Dipole Moments atJ -PARC
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History of accelerator technology
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Muon acceleration
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Anomalous magnetic moment-2g 4

The most precisely calculated physical quantity to date

~
Strength of the magnet (g-2) Is

determined by ALL particles and
Interactions

( \
18 5 5
~  EMforce4 Strong +

fo rce

N - Wi 4+ New force

Theoretical prediction e New particles

— 9 1234567809 o~
gT — 0.00116591810(43) g2

uncertainty 4 parts in 10
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Breakdown of ¢-2 contributions
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Muon g2 theory Initiative 6

An initiative formed in 2017 by a group of experts on muon g -2 theory
towards the precision prediction of muong -2

Seventh workshop at KEK
(Sep 913, 2024)

https://conference-indico.kek.jp/event/257/

7th Plenary Workshop of the Muon g—2 Theory Initiative

September 9-13, 2024 @ KEK, Tsukuba, Japan
https: / /conference-indico. jp/event 257

Thank you very much for many participants from
Liverpool!
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https://conference-indico.kek.jp/event/257/

Standard model theory prediction 7
IS work In progress
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Seereview slidesby Martin Hoferichterin Exploring BSM physics with muons (Sep. 30, 202



https://conference-indico.kek.jp/event/268/contributions/5572/attachments/3771/5189/Talk_hoferichter%20Martin%20Hoferichter.pdf

Status of muon @-2 38

There will be lots of inputs to come on SM predictions.
Check out slideshttps://conference-indico.kek.jp/event/257/

White paper will be updated before the FNAL finadsult (early 2025)

 BNL

White ' -  (2006)
Paper | O i
(2020) f) o : FNAL Phys. Rev. Lett26,

(2021) 141801 (2021).

Currently, under scrutiny

by newe*e dataand lattice QCD FNAL Phys. Rev. Lett31,

—— (2023 161802 (2023)

J-PARC

e A " (projection)
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muong-2 4 x 10° - 1165900

JPARC will independentliest BNL+FNAL results.



https://conference-indico.kek.jp/event/257/

School on muon dipole moments O

Simon Eidelman School on

Muon Dipole
Moments

and
Hadronic
Effects

supported by Wilhelm and Else Heraeus Foundation

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

s Web = https://indico.kmi.nagoya-u.ac.jp/event/8/
[=]: contact = muonschool24_contact@hepl.phys.nagoya-u.ac.jp

Topics & Lecturer

Muon magnetic moment: Experiment

Anna Driutti (Pisa)

Muon magnetic moment: Theory

Martin Hoferichter (Bern)

Data input to hadronic vacuum polarization
Zhiging Zhang (1JCLab)

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)

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)
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School on muon dipole moments




Experimental steps 11

1. Prepare a polarized muon @4_®_>‘
beam.

spin O Sp|n<j:

neutrlno left handed
helicity’ b helicity’ b

2. Store Iin a magnetic field
oYdzZ2yQa alLIAY

3. Measure decay positron




muong-2 and EDM measurements 12

viomentum —>

In uniform magnetic fieldnuonspin rotates ahead of momentun
due tog-2 0
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Spin precession vectov.r.t momentum :

c e& C 1 gb°E haC C Eoo
w=- EeamB- %m_ g +—§§)3 B+—8]
m@ C g2-1+ C 29 C_;g

d

g-2 precession g-2 precession in

in Bfield motional Bfield | | COM Precession

BNL/FNAL approact JPARC approach
r=30 (P=35eVc) E =0 at any

C ee £ n(C C)@
W___éa’”B-I_E(bBBH

—

—_—

&=-< %E"'g(ﬁ"E"'E

m C

m

BNL & FNAL E989 JPARC E34



b S—
5
:




FNALE989 experiment (201-8 ; gted'data taking

s “ il S Sl ults expected in 20

&€

g | e

S
— —
Q 9

Weighted €'/149.2 n

40
Time after injection modulo 102.5 ps [us]|

Photo courtesy oFermilabE989




Independent test of muong -2

New experimentat J _-PARC

Muon storage orbli

e+ tracking
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Conventional muon beam 16

proton T >+

® emittance
. —_—e _ ® 4YMmnann mrad
pion decay - - o Strong focusing
production Muonloss
. D o2yl

Source of systematic
uncertainties




Muonbeam at PARC 17
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JPARC muog-2/EDM experiment 18

JPARC MLF

Prog.Theor Exp. Phy2019 053C02

Features:

A Low emittance muon beami(1000)
A No strong focusing1(/1000) & good injection eff. x10)
A Compact storage ringl{20)

The only experimento check FNAL/BNg-2 results

Excellent sensitivity tdnUON EDMabout 100 timeSoetter than the
previous limit (sensitivity :1.5 E21 ecm)



Very weak magnetic focusing 19

A FNAL/BNL-G expsuse electric weak Weak focusing Held
focusing (n ~0.1) B, — —n%z,
A We adoptVery weakmagnetic focusing 8, = By, — n‘%(r — R+ nfl‘;%

A Bill Morse, YanniSemertizdig2010
A Field index n = & (1ppm/cm)

A Vertical position of muon beam will beelf-
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Acceleration of thermal muons 20

surface muon thermal muon accelerated muon
E 4 MeV 30 meV 212 MeV
P 30 MeV/c 2.3 keVlc 300 MeV/c
4 p/p 0.05 0.4 4x104
Mu
\ (m‘e-) ....... .
T eI
/:__‘:;_ _______ - ;::'f-:'_ ______________________ .
m 7/' ....... ""’*-—-m._,/"//
H-line Mu production Electrodes( Soa) LINAC
target
lonization Laser ;,m“sssnm 25“;;3;5‘;’“
Muonium : a bound state aft and e I
e g



Muon cooling

A

Silica aerogel with
laser -ablated holes
p SIO,, 30 mg/cc P

i.

Muonium ( nte-)
30 meV p after cooling)

Electron will be removed by
Laser resonant ionization by irradiating
Laser beam (122nm+355nm)

Muon
Beam Region 1
4 MeV 10 <z < 20 (mm)

I
|
I
|
I
|
|
p before cooling ]
|

Experiments at TRIUI
s 2011, 2013, 20218




The collaboration

Tamaki Yoshioka 114 members from Canada, China, Czech, 21‘2
I (Kyushu) India, Japan, Korea, Netherlands, Russia, USA
Collaboration board (CB) o *:: .
Chair: Seonho Choi 2024.3 Shanghai Jiao Tong
University
- iversi Y g™ o ]
\\ Executi ve board (EB) 2024.6 lwate University .: SRR
| Spokesperson: T. Mibe N I
‘ Subgroups Interface coordinators Committees
Surface muon beam e < ; - Speakers com mittee
leader: T. Yamazaki, N. Kawamura ; é chair: K.Ishida, Y. Sato T ¢
, ' Domestic institutes

Publicati i -
|Publicatio n com mittee Kyushu, Nagoya, Tohoku, Niigata, Toya

C, Tokyo, Ibaraki, RIKEN, JAEA, etc.
KEK: IPNS, IMSS, ACC, CRY, MEC

Ultra-slow muon

leader: K. Ishida |

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. Yoshiol‘<a

DAQ and compu ting
leader: Y. Sato

\

Analysis
leader: T. Yamanaka




g LINAC - Cop Beam power 1M
J (400 Mev‘ I“ = '_ Rep. Rate 25 Hz =

MainuRing
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Hadron exp Hall" -



Demonstration of muon coollng and acceleration

Experimental 4

area (S2) 4 M g ‘
A




Demonstration of cooling and acceleration

Demonstration of this part at S2 area



Muon cooling demonstration 26

JPARC S2 area
(A) Mesh Mesh 3 ¢4
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Muon cooling demonstration
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Experimental setup

Cooling Acceleration Diaanosis
30meV 100 keV J

Deflectors RFQ Diagnostics line
- 1973 mm

Photodiode

Mirror
Incoming+ ]
muon M
4 MeV

(=~
o ———

Incoming muon RFQ acceptance

beam profile (data) (simulation)
glzz RF frequency: 324 MHz
x 50 RF power: 2.6 kW
o RF pulse width: 405
_s0f % Acceleration energy: 100 keV
100  U=1" mm mrad

_1 1 1 1 1 1
5—015—10 5 0 5 10 15
x (mm)




