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muon g-2, EDM at J-PARC
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If the muon g-2 anomaly persists, next step is to understand the origin of the anomaly.
Muon EDM offers a way to study time reversal symmetry of BSM.



J-PARC muon g-2/EDM experiment 5

J-PARC MLF

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

Features:

* Low emittance muon beam (1/1000)
* No strong focusing (1/1000) & good injection eff. (x10)
e Compact storage ring (1/20)

The only experiment to check FNAL/BNL g-2 results

Excellent sensitivity to muon EDM about 100 times better than the
previous limit (sensitivity : 1.5 E-21 ecm)



muon g-2 and EDM measurements 6
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In uniform magnetic field, muon spin rotates ahead of momentum
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Muon beam at J-PARC 8
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EDM and radial magnetic field 9

g-2 >> EDM

* Radial magnetic field can be a major precession precession
source of systematics on EDM since the - e B n (—> B»)
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Very weak magnetic focusing 10

* FNAL/BNL g-2 exps use electric weak

_ Weak focusing B-field
focusing (n ~0.1)

B
B, = —nﬂz,
R
* We adopt Very weak magnetic focusing o5 o R By
* Bill Morse, Yannis Semertizdis (2010) z=Bo: —n—r(r —R) +npz
* Field index n = 1E-4 (1ppm/cm)
e Vertical position of muon beam will be 3
self-adjusted to find B, =0 E el — - rom
-» no systematics associated with Y
B .. B — 1= 338 mm
radial R ;/ \
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The collaboration

114 members from Canada, China, Czech, France, India, Japan, Korea, Netherlands, Russia, USA
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muon beamline (H-line)
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First beam to H1 area (Jan 15, 2022)
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H-line extension
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Extension of H-line 16

Assembled radiation shields for extension (Oct 15, 2022)
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Re-accelerated thermal muon 17
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Muon cooling

". ‘ Muonium (pte’)

Silica aerogel with 30 meV (after cooling)
laser-ablated holes
(SiO,, 30 mg/cc)
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Experiments at TRIUMF
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Muon cooling test (since Feb 2023) 19

J-PARC S2 area

' Laser ablated silica aerogel
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Muon cooling test (since Feb 2023)
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. prototype |
RFQ

Photo by M. Yotsuzuka
To be installed to S2 area for the beam time in 2023




Muon cooling and acceleration @H2 22
FY2025

HZ2 area

C x|
3 o e 3 Y " L . W =3
a " m ¢ B , _ - ow . B e . »
M JG0E . 4 ' T ; a4 : = P I
S L. ST S N . a . 5 = 4 ] g

4

Cooling Acceleration by RFQ Acceleration by IH-DTL
(30 meV) (5 keV = 0.34 MeV) (0.34>4.3 MeV)

Muon I e W x — u-r "By Bk 0o m & \v‘
(4 MeV) 'l . ¢_ agRpegas llm i 1 1,: Hee———=———— W g;; _'~’ >"

>N
N S
4

0 2(m)

Mu production chamber J-PARC LINAC IH-DTL ~ Scale
(available) R

T

Q (available) (fabricated and evaluated in FY2022)

&

Currently, the cavity is located at J-PARC LINAC.
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Start-to-end simulation

Simulated beam in the muon LINAC

Y. Takeuchi
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Start-to-end simulation 24

Simulated beam in the muon LINAC
Y. Takeuchi

1IH) | DAW |— «x || DLS |
MEBT1 | MEBT2 | = MEBT3 1
|

o
o

D)

0.45

o
>

0.35
|| | - | | i s s

I ..A..\-‘Q“L.._..._L - —— — -
| |
| |
| |
' 1

0.25

| | |

o
(%)

RM$ normalized
B

°
-

0.05

Transverse

30 15 20 25 30 35

emittance [r deg MeV]
° &
OPHH‘lIHIHH|HII|Iﬂjl’|LLP_LU+UH‘HHéH

L(m]

0.05

2

0.04

3

= HIIIHHIIHIIHHIIIH]IIH]llll‘llll'llll‘llll

0.03
0.025
0.02
0.015

at 324 MHz [ deg MeV]

RMS emittance

0.01

3

Longitudinal
,10;,.,115,...210“1.2[5..1130.‘l135‘, ,401
L[m]

o



Muon storage magnet and detector
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Positron tracking detector 26

IEEE, TNS 67, 2089 (2020)
JINST 15 P04027 (2020)

Test with prototype boards

)

Development of the detector system is in progress.
Mechanical & electrical prototypes in production.




Schedule and milestone
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Muon acceleration and future colliders 28

KEK IPNS workshop, Nov. 2, 2023 H+ “- or M+e- P
https://kds.kek.jp/event/48168/ )

R. Kitano
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https://doi.org/10.1093/ptep/ptac05

Summary 29

 We plan to measure muon g-2 and search for muon EDM with
sensitivity 1.5E-21 ecm

* Experiment adopts new method
* Low emittance muon beam (Cooling + acceleration)

* Compact storage ring
* Very weak magnetic focusing

* Experiment is under construction.
» Expected date of data taking from 2028.




Systematic uncertainties on EDM

T. Yoshioka, T. Yamanaka

Table 7: Summary of systematic uncertainties on the EDM measurement

Uncertainty source EDM 10~ [e:cm] Remarks on this experiment

Detector misalignment 0.36 Estimate based on laser alignment monitor sys-
tem. Corresponds to ¢-axis rotation of 3.6 urad.

Axial E field 0.001 E, =1 mV/cm is assumed.

Radial B field 0.00001 E, =1 mV/cm causes a shift of z position and

it becomes B, ~ 3.5 x 10710 T.

Total 0.36

Detector misalignment WeaL< focusing B-field
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o
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H
Spin axis rotation wn
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Comparison of g-2 experiments 31

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

BNL-ES821 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/ce 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° 1.6x10" 5.7 x 10"
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



Expected uncertainties

Estimation
Total number of muons in the storage magnet | 5.2 x 10'2
Total number of positrons 0.57 x 10"
Effective analyzing power 0.42
Statistical uncertainty on w, [ppb] 450
Statistical uncertainty on w, [ppb] 100
Uuncertainties on a, [ppb] 460 (stat.)

< 70 (syst.)
Uncertainties on EDM [1072! e-cm] 1.4 (stat.)

0.36 (syst.)

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




J-PARC Muon Science Facility (MUSE)
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g-2 and muonium experiments 34

Fermilab E989

J-PARC E34 (this experiment
Wy g Wa by Ty A
a e
=gt | AN [a = el
/ \ Wp He Te 2
Wp Hp \
\ 120 ppb/ ,, \ N 8 ppb 120 ppb 0.3 p[:D
/ sm
My / AN
MuSEUM(J-PARC) ,’ \ Mu-MASS(PSI), new exp.(J-PARC)
‘ K
Mu HFS 4 ==========3Mu 15-2S
rTXJonlum N 16 - . 1 m 3 v muonlurréa2 : - 1
VIS-HFS = @ = + m_ﬂ Aviszs = <5 M€ 1+ m_u
V34 — V19 X Hu Three quantities are mutually correlated.

Fp Closing a triangle with new experiments will establish ultimate precision.




g-2 and muonium experiments 35

at J - PA RC Fermilab E989

J-PARC g-2/EDM (2025~
Lead by K Shlmomura (IMSS/KEK) g— 2 82/ ( )

MuSEUM(J PARC)

Mu HFS ‘------:----! Mu 15-2S

Ongoing
Lead by S. Uetake (Okayama)

Ongomg L

Three independent experiments
have launched at J-PARC for
improved measurements.

s g | N »y 3
KEK, Tsukuba Campus ¥ o be transported to J-PARC MLF S-line in summer 2020




