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Three steps of g-2 measurement

. Prepare a polarized Vu‘_®_"
muon beam. .
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Muon g-2/EDM
experiment

Proton beam (3 GeV)

Surface muon (4 MeV)

MLF muon experimental
facility (H-line)

Thermal muonium

production, Muon LINAC
lonization laser 3D spiral injection
Muon storage
Features: magnet3T)  pogsitron tracking
* Low emittance muon beam (1/1000) detector

No strong focusing (1/1000) & good injection eff. (x10)

Compact storage ring (1/20)

Tracking detector with large acceptance

Completely different from BNL/FNAL method )



muon g-2 and EDM measurements

viomentum —>

In uniform magnetic field, muon spin rotates ahead of
momentum due to g-2 # 0

general form of spin precession vector:
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Decay e* counts / 5 ns
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The first collaboration paper
on experimental design
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Comparison of g-2 experiments

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

BNL-E821 Fermilab-E989 Our experiment

Muon momentum 3.09 GeV/e 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 us
Number of detected e™ 5.0x10° 1.6x 10" 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 107? e-cm

(syst.) 09 x 107" e-cm - 0.36 x 102! ¢ - cm

Completed Running In preparation
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The J-PARC g-2/EDM collaboration

ane0A D oo ’:j 116 members (Canada, China, Czech,
, SIE France, Japan, Korea, Russia, USA)




July, 2009
Jan, 2010

Jan, 2012

July, 2012

May, 2015
Oct, 2016
June, 2016
Nov, 2016
Dec, 2017

July, 2018
Nov, 2018

Jan, 2019
Mar, 2019

History

LOI submitted to PACS8
Proposal submitted to PAC9S

CDR submitted to PAC13, Milestones defined.

Stage-1 status recommended by PAC15
Stage-1 status granted by the IPNS director

TDR submitted to PAC
Revised TDR submitted to PAC and FRC
Selected as a KEK-PIP priority project

Focused review on technical design
Responses and Revised TDR submitted to PAC

Stage-2 status recommended by IPNS-PAC
Stage-2 status granted by the IPNS director

Stage-2 status recommended by IMSS-PAC
Stage-2 status granted by the IMSS director
KEK-SAC endorsed the E34 for the near-term priority 10



KEK Science Advisory Committee
(Mar 23-24, 2019)

The SAC strongly endorses KEK’s decision on near-term priorities (the muon g-2/EDM experiment, the
upgrade of the J-PARC Hadron Hall, and the upgrade of the Photon Factory), and the updated KEK

roadmap. The KEK leadership should be congratulated for establishing outstanding near- and longer-term
strategies and for producing the implementation plan. Specific comments and/or recommendations are
discussed in Chapters 3 and 4.



Intended global schedule

2019 | 2021 298
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Beam Power History at MLF
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Proposed experimental site (H-line)

Material and Life science Facility in J-PARC
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VUSEUM (MU-HFS, 1,/1,)
" DeeMe (mu-e conv.)




New electric power station for H-line
under construction

AN e B e o e

Parking lot
(location of the H-line extension bldg. for t




Conceptual design of

the H-line extension building
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Re-accelerated thermal muon

surface muon
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Laser-ablated holes

m%

Production of thermal eperg
muonium £ 88

¥ J

i K. Muonium
Silica aerogel [
(Si0,, 30 mg/cc (“+e_)
5 Efficiency (measured)
surface 3 Xlo_g/u

(laser region 5mm x 50mm)

muon beam

Data taken at TRIUMF

Region 1
10 <z <20 (mm)

QO no hole
@® w/ holes

P. Bakule et al., PTEP 103CO0 (2013)
G. Beer et al., PTEP 091C01 (2014



Demonstration of Mu ionization

UBC, RIKEN, KEK, Peking U

Laser-ablated silica aerogel for
the Mu production were
prepared. Ablation patterns are
same as those studied at TRIUMF
in 2017.

The sample was installed at U-

| H-line .

(under construction)

Detail tuning and systematic
studies are planned in
forthcoming beamtime at U-line.

line in May for demonstration of - g U-line
. . . ol e 1“ -
ionizing Mu from silica aerogel. VB (andercommissoing "
= g § g ::; o]
Initial tests successfully Ps : JI
. . . . (R S
confirmed ionization of Mu. L § R Ry i
: D-line ,lﬁ {
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Laser ionization of muonium

1S->2P—->unbound
e
\/ 0eV
355 nm
2P
122.09 nm
(Lyman-a)
1S -13.6 eV
Muonium

J-PARC MLF U-line laser system (RIKEN+KEK)

1062.78 nm cw

DFB laser

Yb fiber

amglifier
| o |

Nd:YGAG
Regenerative
amplifier

# _'
100kHz Modulator

100kHz 50 nJ 2.0 ns

Nd:YGAG ceramic

S_eed SHG Power amplifier
Ti:S laser by LBO
1062.78 nm
Kr gas cell
531.4 nm
Kr 4p°5
4th HG 1 E 2
OPG by CLBO ey 820 nm
by LBO 212:55n
265.7 nmu 0 e 2 AT
5th HG 212:55n
w1
on by CLBO |[Z0
by LBO | K 4°

efficiency (calculated) 73% @100ul




First step

Muon LINAC

r-----------~
I | muon | . injection
J | source DEL g DAW beamline
\-----------J
length 3.2 m 1.4 m 16 m 10 m
RF +«— 324 MHz — < 1296 MHz >
E 5.6 keV 0.34 MeV 4.5 MeV 40 MeV 212 MeV
p 0.01 0.08 0.3 0.7 0.94
Phase space distributions after muon LINAC (simulation)
’("cg 8 §1'55 %\0815- g?OOOE Mean: 299.7 MeV/c
\g/ 6F E 1_ | - 306- L%ge;ooo;. RMS/Mean: 0.04%
x 4 il NG LS 204 5000F
ok lliiaaa 0.5} ..ae. <ok ;
of === -LEa of .;IE‘D of -us Ty 4000F
Py ::?@E‘?:: § L —0.2F - 3000F
L CHE osp L 04 2000}
M n s 1000}
Be e as02a568 LT 046 08642024 6 810 0266 300 302
X (mm) <—p Y (mm) A ¢ (deg.) p (MeV/c)
G
4 mm 4 mm 23



RF acceleratlon of Mu for the flrst tlme'
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RF acceleratlon of Mu for the flrst tlme'
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Muon LINAC and beam diagnostics

Development of RF input coupler for IH-
type cavity (low [3)

Non-destructive beam profile monitor

Experimental setﬁp

Ibaraki U, KEK;, JAEA UNIST, KAIST SWalideirti

Studies on effects on beam dynamics
due to manufacturing/alignment errors (middle [3)

24.00 m (Vert) KyUShU U, KEK, JAEA




Muon storage orbi

wuw 006¢

e+ tracking
detector

i .
M. Abe et. al., Nuclear Inst. and Methods in Physics Research A 890, 51 (2018) ﬁ




Average magnetlc field
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Beam injection and storage magnet

Spiral Injection Test Experiment  Refined design of the storage
(SITE) with low energy electron magnet

b Muon chamber Shim tray Main coil Iron yoke
eam
KEK

Ibaraki U,
KEK

Studies on seismic ground vibration
HBIA—VERT

29



Positron tracking detector

Development of components

& N\

Production version has been
delivered. Evaluation is on-

going.
L Coo—sTRo S
Design fxcd -
2024 ch/picce Mass production A & 1600e ENC@30 pF
Flexible Printed Circuits 128 ch/chip

Line/space ~ 30/50 pm

ASICS  FpGA-based 5 nsec sampling

Readout Board

- ) Test modules production/operation
Silicon strip sensors

Mass production.
Specification
98.77 mm X 98.77 mm
190 pm pitch ——
512 ch X 2 block - Mechanical moc. this JFY.

Used as a working detector in MuSEUM experiment
(Mu-HFS)

Eo.mo

%o.oosf A

A /e

2 0.006 B\

i AR

£ 0.004- Tk

» - N¢

°-°°2L/{ \Q\ }

2018/7/18 Data collected in ol L. L

o JRS 0 200 363
\ ¢ frequency - 4,463,302 (kHz)
Mar and June 2019 = resonance with Kr 20% gas at 1.0 atm =1



' Cross calibration between J-PARC and
US NMR probes at ANL (Jan 14- 2019)

N -sguquu

MRI magnet

Initial results reported in
H. Yamaguchi et al., IEEE Trans. on Appl. Sup., 29 9000904 (2019)

e — [ G




US-Japan collaboration on B-field cross calibration

Ken’ichi Sasaki (Pl)
4::%'[{0'

Collaboration meeting at J-PAR
(Sep 2-4, 2019)



Summary

The J-PARC muon g-2/EDM experiment will
independently measure g-2 and EDM with
completely different method.

Construction was partially started.

Requesting funding for full construction.

In coming years,

— Construction of muon beamline (H-line)
— Demonstration of “muon cooling” by ionization of Mu
— Re-acceleration to 1 MeV



Conventional muon beam

roton mt * :
P = HO O emittance
% > O ® @ ~1000t mm -mrad
@° 0
pion deca o Strong collimation
oroduction Y Strong focusing

Muon loss
BG 1t contamination
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Muon beam at J-PARC

+
HO O emittance
@ ~1000mt mm mrad
O OO
pion decay o Strong collimation
oroduction Strong focusing
Muon loss
BG 1t contamination

@ emittance
1t mm -mrad

ReaCCEIeratEd Free from any of these
thermal muon .

L—H—H 1 F@EEEAL—F—
R RBR@EBILFHRA(E/31)




Experimental sequence

40ms (25 Hz)
+

Surface = '
muon beam =~

(28 MeV/<) - =~
|aser lonization

Mu
Thermal
muonium ~1us = /
(3keV/c) -
+
H A ~1ns
Ultra-slow muon | A ~
(3keV/c) N
L 1 ~3ns
Acceleration + injection N -~
(300 MeV/c) 40 s -
Storage and detection + + ~~
(300 MeV/c) H e A\
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Breakdown of efficiencies

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
[H transmission 0.99 Detector acceptance of e™ 1.00
IH decay 0.99 Reconstruction efficiency 0.90

DAW transmission 1.00




Statistical and systematic uncertainties

Table 5. Summary of statistics and uncertainties.

Estimation

Total number of muons in the storage magnet
Total number of reconstructed e™ in the energy window [200, 275 MeV] 5.7 x 10!

5.2 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 38




