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Muon g-2 experiment - Physics motivation

Muon anomalous magnetic moment “g-2”

Standard Model (2020) Experiment (BNL/FNAL)

magnetic dipole

a B-fleld
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Measure spin precession and
magnetic field
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210 i%i\/\‘) Mott, J., & Venanzoni, G. New Results from the Muon g-2 Experiment. FNAL (2023).
SM: efe_ HVP World A'verage B.Abi etal., Phy. Rev. Lett., vol. 126, no. 14, p. 141801 (2021)
T.I. White Paper (2023) T.Aoyama etal, Physics Reports, vol. 887, pp. 1-166 (2020)

(2020)

, New physics beyond the Standard Model
ol s, T - is expected.
i On the other hand, another method of

o [ “sm: ove-rive verification is need.
only for demonstration: ' lv CMD-3

data below 1 GeV - J-PARC method.
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1:
Spin polarized beam

Positron tend to be emitted for
a muon spin direction

l1+acos

Experimental method

Measure
decay
positron

ABOUT MY STUDY

2: momentum (c)
Spin rotates

in a magnetic field

Ws — W = Wq
anomalous
precession
frequency

spin cyclotron

(under specified conditions)

The measurement of w, and B determines q,

No electric field

—

E=0



ISBA-24 CHIANG MAI UNIVERSITY ABOUT MY STUDY

Differences of Muon g-2 Experiments
at JPARC and BNL/FNAL

BNL/FNAL g—2 accuracy 0.46 0.1 ppm

EDM sensitivity 102! e-cm

Utilize muon beam decayed at a specific y No E field focus + Compact magnetic field region

— Large emittance — Requires a low emittance beam of 1/1000 of conventional.

— Strong focusing by E-field is essential

New method
Large magnetic fleld reglon Is needed. ' 3D spiral injection

Strongly
Focusing
E -Field

New method !
Beam control by .
“cooling” and 7 fuwak cmgpenti focuse)
“acceleration”

No E-field

Storage region (0.66 m)

storage reglion (14 m)
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Muon g-2/EDM Experiment in JPARC

proton ;5 hite
(3 GeV) target

g-2 450 ppb (¥ BNL/FNAL run 1)
EDM 1.5 x 1021 e * cm (x70 better)

muon storage magnet
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Basic Design of Muon LINAC

ABOUT MY STUDY

e
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Designed muon LINAC

Z[m]

performance satisfies experimental requirements.
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DAW CCL - Disk and Washer Coupled Cavity Linac

25 MW L-band 2.5 MW L-band 2.5 MW L-band
Klystron Klystron Klystron
Module 1 H Module 2 H Module 3 H 16 m (14 tanks)
be [0 oo e ] [ [ow o T [ oo [ e [oe [ ] [ [ [ o [ o [ T oo
B=0.
l APF - (Alternating Phase Focusing)

DAW 1st tank and bridge coupler model IT T TTTSTTSSTTSST ST omoommoomomeees
- - A negative synchronous phase (accelerating

J | Disk i field increasing) results in longitudinali
| [FOCUSENG and transverse defocusing, while a !
i positive synchronous phase (field decreasingi
i at gap center) causes longitudinal defocusing E
i but transverse FocUSIng . i
i— If the sign of the synchronous phase isi

periodically alternated, alternating-focusing

~ 740 mm forces are applied in all directions, leading

s Co-axial bridge coupler to stable transverse and longitudinal motion.
DAW tank (11 cell)

= No focusing magnets —> Simplified structure.

My main research will perform the beam dynamics design via APF

(Alternating Phase Focusing) method for DAW CCL.
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The timeline schedule

HiStory / schedUIe ‘Beamteat

Cavity development

World’s first Mu- acceleration
Mu- source .
- Profile measurement

" | g4 acceleration test
Bunch measurement [___] k

RFQ
- Fabrication.
. . |- Prototype IH study |-Design IH-DTL is ready! [" _] |4 acceleration test
mor || [ L]
1
e |- Prototype DAW study |- Design H_ ___| 1=t tank fabrication H[?__JFabrication _ _ i+ ace. test
= F o= o -
DAW | . | Mystudy !
§ T oo o oe o
Lt 1
-Design I Prototype DLS B ] Fabrication
~ fabrication T
DLS

2018 2020 2022 2024 2026




THE NEWEST RESULTS OF MUON G-2/EDM EXPERIMENT

J-PARC muon g-2/EDM experiment

J-PARC MLF o i
Aiming for data taking

) from 2028

Figure 2. Experimental set up for muon cooling and
acceleration at the J-PARC (MLF).

World's first cooling and acceleration of muon

A positive muon beam enters from the right side, is cooled in the muon cooling chamber on the right
Press Release

(May 23, 2024) = and is accelerated in the RF acceleration cavity on the left. The accelerated muon beam is measured by a

diagnostics system at the exit of the acceleration cavity.

Positive Cooling Acceleration
muon beam

- AT E .

30 % of speed of light  0.002 % of speed of light 4 % of speed of light
(4 MeV) (25 meV) (90 keV)

Figure 1. Cooling and accelerating a positive muon beam 13
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Run-2/3 Improvement: Statistics

100 —
Muon g-2 (FNAL)
Weighted e* in 80 1
our final fit after : _
quality control 60 '

E>1GeV
t > 30 us

40

Analyzed positrons [billions]
W, statistical precision [ppb]

204

Run-1

0

N '\-% "\.% x‘\_q {}
'\ o
o L ‘B':l o \"\.'F ﬁ'v‘hﬁ"l oY ‘oﬁ\} o> X

« Factor 4.7 more data in Run-2/3 than Run-1
Dataset Statistical Error [ppb]
Run-1 434
Run-2/3 201
Run-1 + Run-2/3 185

3¢ Fermilab
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Comparing between 2 experiments

EDM (Electric dipole moment)

Time-reversal violation observation
if we can see EDM = 0.

d= g (2:’1::')5:
A non-zero muon EDM, the spin precession is
W =w, +E’EDM:—ia§—(a — ! +EE>‘(§+£ A AL
a m | # Looy2_q 2 c W, i®
g-2 precession . isf
\/,/ $ d, ~ 102 e em:
§:'. U)EDMIUJ;’_"- 10_5

Orthogonal

Fos :
. w
BNL/FNAL @~ ;7= 0 J-PARC E = 0atanyy / e

B TR [
m=—ﬁ a‘uB-l-E(ﬁXB)]
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J-PARC muon g-2/EDM experiment

J-PARC MLF o )
Aiming for data taking

from 2028

Constructed in 2021

Construction from FY2022
JAF T

Shields, area control (2022)

RF Acc. Test at S2 area (May 2023)




