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Muon g-2 and EDM W rshy

N

One of the best probes for New Physics (NP) beyond the SM.

- Anomalous magnetic moment (g-2) of muon: a,

Calculated in 0.37 ppm precision in the Phys. Rev. Lett. 126, 141801 (2021)

SM.
(Phys. Rep. 887 (2020) 1-166) BNLo2 (SRS
« The best experimental precision is 0.46
ppm by the FNAL E989 Experiment. Aenihan
- The experimental average value { RE Y
deviates from the SM prediction by e
4.20. e beyondthe SM? e
« This deviation may be the result of Standard Model B
physics beyond the SM. 175 180 185 190 195 200 205 210 215
- Electric dipole moment (EDM) of muon : d a, % 10"~ 1165900 .
- If non-zero EDM exists, it means T-violation. H=gG)s
+ Current experimental limit for muon is a, =22
|d, 1<1.8%x10719 e-cm by the BNL E821 experiment. g )3
- (Phys. Rev. D 80, 052008 (2009) ) ~ Mome
- The SM expectation of muon EDM is "2xX1038 e-cm. ,
- Some theoretical models beyond the SM predict g:the Lande g factor or
much larger values, current experimental technique for the EDM

would reach that values.
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Experimental approach ¥y
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Experimental approach ¥y

FNAL E989 8

« Eliminate the B XE term for simplification.
> “Magic momentum” p = 3.09 GeV/c

— — —
w=w, +w,

= —m—u a#
BNL/FNAL p= 3 09 GeV/c, B 1 45 T
v =29.3 electric focusmg
e n E
=——/a, B + BxB —~
my, C
FNAL E989

« In the BNL and FNAL experiments, to use a beam focusing
electric field, the muon momentum is chosen to satisfy

(aﬂ _ yzl_l) = 0.
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Experimental approach ¥y

. Eliminate the B8 xE term for simplification. ~ "ARCE3Z

> E = 0 with low-emittance muon beam
B=@,+@ 0 0

1 Y 4
e - 1 [;’ nf- =
Ny W OLI(¥ @3]
-PAR
E =JO at a(r:]y Y pP= 300 MeV/C y B:3 T
no electric field
B e O P
= —m—ulauB +E(,8XB)]
J-PARC E34

- In the J-PARC experiment, the electric field itself is eliminated, E
=0.

« Use of a reaccelerated thermal muon beam is a key of this
method.
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- Japan Proton Accelerator Research Complex (J-PARC)

i Rapid-Cycling
Synchrotron
. 3 GeV

AECT T
> -
- £ . Y g
e Bt i s '
' 2

Neutrino beam to
Kamioka . DEGERIERRR N5

' - e B
Material and Life Science
Experimental Facility (MLF)

- -\: -y

Main Ring
30 GeV

l\ p v '
v I_‘9

« A new beamline (H-line) will be i 4
Hadron h

constructed at J-PARC MLF and g-2/EDM
experiment will be conducted here.

all
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J-PARC muon g-2/EDM experiment ¥ kyushu

=N

Proton beam (3 GeV) J-PARC E34

Kinetic energy, Momentum

Surface muon (3.4 MeV, 27 MeV/c)

LINAC

Thermal muon (25 meV, 2.3 keV/c)

O RCS

Re-accelerated muon
(212 MeV, 300 MeV/c)

MLF muon
experimental
facility H-line

Thermal muonium
production Muon Linac

Ionization laser o
3D spiral injection

Muon storage i
magnet (3 T) Positron tracking

detector
Features:
« Low-emittance muon beam
« No strong focusing ‘ Completely different from
« Compact storage ring BNL/FNAL method

« Full tracking detector
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Muohn beamline (H-line) s

Proton beam
from RCS (3 GeV, 1 MW)

H2 area

e = - Beam delivery in FY2023
| i e » Extension building (not existing now)

e %T ‘% - Ready for construction

ind DT 7] - Apparatus will be installed by FY2024

i area ]

— Commissioning .+ + 9-2/EDM

L, in Nov. 2021 * Tus
A - DeeMe ,
. MuSEUM I~ g-2/EDM
o SRETAT [ | < TS
e TSEe—— Muon LINAC :
ki i (=212MeV)
Muon target USM production
(grapmite, | (4MeV—>3OmeV)_}\Fr,ﬂ/;,&ﬁ j &=
20 m) Surface u* (>108/s) 600 S 100 ns
Double pulse structure at (\ N (FWHM) /\ /\
X 25 Hz repetition
P 100%-polarized and monochromatic - R
I! 40 ms (25 Hz)

Neutron target '
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Thermal muon production

- Surface muon beam is stopped at a target and muonium (bound

state of w* and e-) is produced.
- Laser-ablated silica aerogel is used for muonium production

target.
« An electron is stripped from a muonium by intense laser and

thermal muon beam is produced.

i/
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« Various laser-ablated

structures and aerogel

- . ) materials were studied.
Silica aerogel with Muonium (w*e-) __
gooTa

Sutece ey e 6 & 8

L 01
PH_I_

suonuijetud

L O
Y
D @
5 o
1 -
R 2,
— o
Q -
”

o

Y

PTEP2020, 123CO01



Oct. 20, 2021, Y. Takeuchi | Muon g-2/EDM Experiment at J-PARC

Muon acceleration
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« Thermal muon is accelerated up to p=300 MeV/c in LINAC.

IH-DTL DAW-CCL

(Radio Frequency Quadrupole) (Inter-digital H-mode DTL)  (Disk and Washer CCL)

Ultra-slow . 324 MHz

W5

1296 MHz

DLS

(Disk Loaded TW structure)

{; ;.;;J .

L=3.2m 1.4 m 16 m (14 tanks) 10 m (4 modules) Total 40 m
« The World’ s 1st « The prototype of « The 1st tank of DAW-
IH-DTL is being
tested.
Real one: to be

fabricated in
FY2021.

acceleration of w (in
Mu-) by RFQ in 2018.
« Acceleration of .

thermal w using RFQ
in 2022.

0 -Mu(u+re e) ¢ RFon
{ RFoff

simulation

l , Phys. Rev. AB 21,

Events/50 ns/4x10'" u* incident
(=]

0 ' + 050101 (2018)
- it
bt | M

Proto IH -DTL
Time of flight [ns]

CCL: to be fabricated
in 2021 FY.

« Finalizing design of
DLS in FY2021.

Bridge coupler

DAW 1st tank
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Injection

« A three-dimensional spiral injection scheme for beam
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insertion into a solenoidal storage ring (SR) is newly 50
&

developed. %Jirpopne)r plate — {

« 2D injection is quite
difficult for our SR.

- Required kick is too fast and . voke
big due to its compactness. (iron, octagona

= A 3D injection scheme is share)

needed. | /-'—

Main coil vertical kick 1 model
- A proof-of-principle experiment using electron beam is going well.

Experimental setup Wrre scan in vertical direction

Pole tip Injection
= Vvolume

Storage volume
(weak focus)

24 cm Orbit seen from the top of 30
| emcen | the storage ring S o e I, e BN
Diameter of orbit 66 cm 24 cm '§ L
B field 3T 82.5x104T =
£ -2 i
Momentum 300 MeV/c 296.9 keV/c St i
Cyclotron period 7.4 ns 5.0 ns orage + — DC beam
Kicker duration 130ns 70 ns magnet _4, — 100 ws pulsed
- beam x 10
-6
e-gun QQQ i
MIIM|I M !
-8
80 keV Quadrupole Bending I
e-beam magnet magnet ~1900 300 =200 =100 0 100 200

vertical (mm)
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Storage magnet
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- The low-emittance muon beam frees us from magic momentum and
enables us to use more precise and compact magnet.

Muon storage orbit

Positron tracking detector

A 3 T MRI-type compact (¢ 66 cm)
solenoid magnet will be used to store a
muon beam.

Local uniformity of field <1 ppm is
expected.

Shimming studies are going well using
magnet for MUSEUM experiment.

< 0.2 ppmat 1.2 T is established

- ——
S

« Development of NMR probe & field
mapping system is also ongoing.
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Positron tracking detector Y xusiy

« Positrons from decay of stored muon beam are
detected by the detector consisting of silicon
strip sensors installed in the storage magnet.

« It consists of 40 modules called vanes
(composed with 4-quarter vanes) and uses
silicon strip sensors for positron detection.

o e

) , Quarter-vane Top view of the detector . Storage

magnet

mmm ===,

490.5 mm

J\
JOsuss ¢ DJISY ¢¢€

7

neutrlno

positron

: 208 mm
: Positron tracks are reconstructed

$580 mm by hits in radially arranged vanes.

Test assembly & cooling test is ongoing
> Mass production will be started from next year.
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Expected sensitivities ¥ xumw
u efficiency = Transmission + decay loss « Overall u*efficiency of
" Transmision only 1.3 x 10°5.
E34 simulation
075 | « “2-year running will reach
the BNL precision of a,
£ 05 assuming,
25025 - 2.2 x 107 s data taking time,
2 - 1 MW proton beam,
, X 10 >5.7x 101 e*’ s for analysis,
L32fssgegasycsgs - 50% wt-polarization.
88Efs8 L f£x¥3zc . L .
T2 2 3 w © - Systematic uncertainties will
;"“:; | LII\YIAC ' ;njection'& Detect’ion be mUCh Sma“er than
statistical ones.
Table 6. Estimated systmatic uncertainties on a,,.
Stat. Syst. Anomalous spin precession (a,) Magnetic field (a,)
Sa Sf)ur.ce | Estimation (ppb) Source . Estimation (ppb)
[ob] 450 <70 P e o e
Electric field 10 Position of mapping probe 45
S EDM Delayed positrons 0.8 Field decay ‘ <10
[102" e-cm] 1.5 0.36 Quadatic s’ < 40 P
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T

Schedule and milestones ¥ xusuy

First
result

N\

2020 2021 2022 2023 2024 2025 2026

Dat
Data taking will be started in FY 2026. tal?ir?g
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< Commissioning
Data taking

LINAC * 1 MeV ac

()

T

* Comple
electronii

Injection
and
storage

% [muon injection

a
% Shimming done

Storage
magnet

Detector % Mass productio nstallation

DAQ and

computing Ready

Analysis softiware ready
Analysis environment ready

Analysis
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Summary 3 Kyusiy

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

- Low emittance muon beam with no strong focusing.

- MRI-type storage ring with a good injection efficiency and
high uniformity of local B-field.

- Full tracking detector with large acceptance.

o The_exp_eriment IS being prepared for
realization.

- The development and construction is in progress to start data
taking in FY2026.

- R&Ds of the experimental apparatus keep going well.
- Funding requests are being made to government.
- Intending to reach the BNL precision in “"2-year running.

NS
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Back up S
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Updated iron yoke

Injection  Shimming
tunnel holes (coarse)
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Table 4. Breakdown of estimated efficiency.
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Subsystem Efficiency Subsystem Efficiency
H-line acceptance and transmission 0.16 DAW decay 0.96
Mu emission 0.0034 DLS transmission 1.00
Laser ionization 0.73 DLS decay 0.99
Metal mesh 0.78 Injection transmission 0.85
Initial acceleration transmission and decay 0.72 Injection decay 0.99
RFQ transmission 0.95 Kicker decay 0.93
RFQ decay 0.81 et energy window 0.12
IH transmission 0.99 Detector acceptance of e 1.00
IH decay 0.99 Reconstruction efficiency 0.90

DAW transmission 1.00
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Table 5. Summary of statistics and uncertainties.

T

A

Estimation

Total number of muons in the storage magnet

5.2 x 10"

Total number of reconstructed e* in the energy window [200, 275 MeV] 5.7 x 10!

Effective analyzing power 0.42
Statistical uncertainty on w, [ppb] 450
Uncertainties on a,, [ppb] 450 (stat.)
< 70 (syst.)
Uncertainties on EDM [1072! e-cm] 1.5 (stat.)
0.36 (syst.)
Table 6. Estimated systmatic uncertainties on a,,.
Anomalous spin precession (w,) Magnetic field (w,)
Source Estimation (ppb) Source Estimation (ppb)
Timing shift < 36 Absolute calibration 25
Pitch effect 13 Calibration of mapping probe 20
Electric field 10 Position of mapping probe 45
Delayed positrons 0.8 Field decay <10
Diffential decay 1.5 Eddy current from kicker 0.1
Quadratic sum < 40 Quadratic sum 56

21
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