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Muon g-2

v'Muon anomalous magnetic moment (a, ): Deviation of g, from “2”
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* Precisely calculated in the SM - Good Probe for new physics

* 4.20 discrepancy between the SM calculation and measurements.

» Verification of this discrepancy from both theoretical &

experimental side is important
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Muon EDM

v’ Muon electric dipole moment:
 (Can be measured in parallel with g-2

» d=2X1038%e- cm (SM prediction)
* Large EDM indicates T violation = CP violation the lepton sector.

-19 . o)
d<1.8%X10 €*cm (90A C'L') History of direct limit of EDM (arxiv: 2102.08838)
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Experimental method of
g-2/EDM measurement

e Determined from muon spin precession frequency in magnetic field
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W = Wq + Wy
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» Time dependent spin direction is measured from the decay e+

> 2" term « E-field is unwanted term to be eliminated

In the previous and current experiments...

[Eio for storage. FNAL E989 e crsmiy £ i 71 \

Magic gamma (p = 3GeV ) for elimination of 2" #
term. |
- “magic gamma approach”
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Another approach

* The elimination of the 2" term can be also realized by no E-field
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» Even when eliminated, non-zero E-field results in the major
collection or systematic uncertainty in magic gamma approach.

Correction Uncertainty
Quantity terms (ppb) (ppb)

w} (statistical) 434
@} (systematic)
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> With zero E-field, an independent measurement with

completely different systematic becomes possible!!
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Key technique: Creation &
reacceleration of thermal muon

* 1" beam from decay of it has large emittance - E field is required.

» Thermal muon is created by laser ionization of muonium & re-
accelerated to produce the low emittance muon beam.

> Low emittance > Enaghle

New Experiment featuring z€ero E-field

measurement is ongoing
@ )-PARC

Also featuring |
orage magnet, full tracking

SOA

Muonium Laser



Japan Proton Accelerator Research
Complex (J-PARC)
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Muon g-2/EDM experiment
1. Surface at J_PARC
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2. Thermal
Muon
production

4. Muon injection
S

ZT
o i
! g b

5. Storage magnet

Current status of 6 sections
shown above will be reported

6. Detector




1. Surface p* beam line (H-Line)

/ :
* A new beam line is being constructed iy \

To g-2/EDM
e Surface muon beam

extension
building
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* decayed from rt* stopped near the ﬁv

surface of the target )
* 100% polarized, monochromatic & =
> Pulsed, 4MeV, 108 u*/s with 25Hz rep :

* Commissioning from next year

» Extension building for g-2 experiment
is being ready for construction
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2. Thermal muon production

e Design of muonium emission target & development of ionization laser
» Emission target: novel laser ablated silica aerogel - Eff ~ 3 X 103

» Dedicated study of ionization will start from Jun. 2022 at another
beam line with the collaboration of Mu spectroscopy experiment.

Production of thermal energy muon Set up for muonium
spectroscopy experiment

Silica aerogel with

laser-ablated surface Muonium (H+e_)
(Si0,, 30 mg/cc) 30 meV

Efficiency
f 3 x103

muon beam (laser region SmmxS0mm)
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3. LINAC (Muon acceleration)

* Acceleration of the thermal muons suppressing the emittance
growth. (Y30meV - 200MeV)

* Demonstration of world first RF acceleration of pin Mu- was
succeeded in 2018

» Fabrication & design of each component is ongoing

- -

thermal muons RFQ IH-DTL DAW-CCL DLS

Hsoa Iens (Radio Frequency Quadrupole) (Interdigital H-mode drift tube linac) (Disk and Washer CCL) (Disk Loaded TW structure)

324 MHz 1296 MHz
/

Design will be
finalized in 2021 FY

Acceleration @
of thermal 1/3 model under test.

in 2022 ) Real model will be 9
fabricated in 2021 FY
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First tank will be
fabricated in 2021 FY
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4. Muon injection

* New 3D spiral injection scheme is being developed for the injection
of L beam to the storage magnet from LINAC
» enables injection of muon to smaller muon orbit (66cm<¢>14m)
» High (~90%) efficiency

e Dedicated simulation & first demonstration of the scheme with
electrons - To be performed in this Autumn

Test bench for 3D injection with electron
Muon beam (electron-gun, kicker, storage magnet)

" Storage magnet




5. Muon storage magnet
» Utilize small MRI-type solenoid magnet (3T, ¢ = 66cm << 14m)

» Better field uniformity is expected (AB (local) < 0.2 ppm )

1. Shimming studies in collaboration with Mu-hyperfine
spectroscopy experiment : <0.2ppm @ 1.2T is established

2. Development of NMR probe & field mapping system

Solenoid magnet for




6. Positron tracking detector

 Direction of spin is measured from momentum vector of decay e*

* Detection of e* (100MeV < E < 300MeV), reconstruction of p vector,
stability over rate change (1.4MHz ~ 14kHz) are required

» New Silicon strip detector is being developed

v’ Test assembly & cooling test is ongoing > Mass production will

start from next year.
Total 40-vanes, composed with

4-quarter vanes Preparation of cooling test of
Quarter-vane

Quarter-vane

Flexible printed
circuit boards ’ Readout component \

ASIC boards

FPGA-based Readout
Board for SIiT (FRBS)

Sensor component 13

4 silicon strip sensors




Expected sensitivity

M efﬁciency ® Transmission + decay loss

* Total p* efficiency: 1.3 X 10 p Transmision only
* Assuming 1MW proton beam+2 |
year data taking s
> g-2: reach the BNL precision £ os
(450 ppb)
. =
» EDM: 1/100 times better 025 1
sensitivity . x 10
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Our systematic goal of g-2 measurement » ok
Anomalous spin precession (w,) Magnetic field (w),)
Source Estimation (ppb) Source Estimation (ppb) SyStematiC uncertainties
Timing shift <36 Absolute calibration 25 -" b h "
Pitch effect 13 Calibration of mapping probe 20 Wi € mucn smalier
Electric field 10 Position of mapping probe 45 e g
Delayed positrons 0.8 Field decay < 10 than StatlStlcaI ones.
Diffential decay 1.5 Eddy current from kicker 0.1

Quadratic sum < 40 Quadratic sum 56 14




Intended schedule and milestone
» Start data taking in FY2025.

2020

2021 2022 2023 2024

2025 2026

KEK
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Surface
muon

Bldg. and
facility

Beam at H2|area

Muon
source

Completid
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Data taking

LINAC

Injection and
storage

Storage
magnet

Detector

% Mass production

DAQ and
computing

Analysis

Now!

Commissioning

| muon injection

% Shimming done

Installation

Y

Analysis software ready

Analysis erfvironment ready

15




Summary

* J-PARC E34 experiment intends to measure the muon g-2
and EDM with a new experimental approach.

» Different experimental approach from that of the BNL/FNAL
experiments.

* Small-emittance muon beam with no strong focusing
* MRI-type storage ring with high uniform B-field
* Full-tracking silicon strip detector

* Experiment is getting ready for realization.

» The development and construction is in progress to start
data taking in FY2025.

v Intending to reach the BNL precision in ~2-year running.



