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The J-PARC g-2/EDM Collaboration

- Institutions

- 9 countries
- Canada, China, Czech, France, Japan, Korea, Russia, UK, US
. 49 Institutions

. Collaborators

72 in Proposal (2009)

92 in Conceptual Design Report (2011)

. 137 in Technical Design Report (2015)
- 144 in Technical Design Report rev. (20106)






Brief History

Jul 2009 Letter of Intent submitted to PACS8

Jan 2010 Proposal submitted to PAC9

Jan 20172 Conceptual Des!gn Report §ubm|tted to PAC13

Milestones defined

Jul 2012 Stage-1 status recommended by PAC15
Stage-1granted by the KEK IPNS director

May 2015 Technical Design Report submitted to PAC and

Oct 2016 Revised TDR submitted to PAC and FRC

Nov 2016 Focused review In the revised TDR

Next step : Revised TDR and request for Stage-2 status
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Muon Dipole Moment
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Muon Dipole Moment

. Electric dipole moment (EDM) nu
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- CP-odd (T-odd)
- Assuming the CTP invariance
- CP violation in the lepton sector
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Muon Dipole Moment

The results by BNL E821 is at the frontier now.

g-2 : 0.54 ppm, a famous 3.3 o deviation from the SM
Can be a window to BSM, Tension in global analyses

EDM:<10-®e-cm T o
Needs much better precision knT17 M update
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The next generation experiments with nhew technologies
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Measurement Principle

B =—-< aué—(aﬂ— 21 )/J)XE+17
m| vy —=1) ¢ 2

- Two alternative methods
Magic momentum : BNL E821 and FNAL E989

Eliminate the 2nd term by
setting p=3.09 GeV/c (r=29.3)

- Spin precession in a uniform B-field
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Can use E-field for beam focusing

. Zero E-field : J-PARC E34
Separation of ay and nu

A new technology is necessary.
Muon beam w/o E-focusing

=~ Ultra-cold muon beam
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New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

Silicon

3 GeV proton beam Tracker
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Surface muon beam
(28 MeV/c, 3x108/s)

Muonium Production
(300 K~ 25 meV = 2.3 keV/c)

Super Precision Storage Magnet
(3 T, ~1 ppm local precision)
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Proposed Site at J-PARC
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H-Line Construction
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Ultra-Cold Muons

Ultra-cold muon is one of the most important technology to

establish J-PARC E34.

Ultra-small transverse dispersion : Apt/pTt < 10°
Cooling with muonium production and laser ionization

M )
0eV

355 nm
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Laser resonant ionization of Mu (p*e’) AN

Laser 122.09 nm
(Lyman-«)
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1S -13.6 eV
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Mu production re—acceleration
target
p= 28MeV/c 3 keV/c 300 MeV/c

Ap./p ~3 keV / 300 MeV =1E-5

13



u*e” in ionization region (100% Mu)

UItra-CoId Muons
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Muon Acceleration Development

5.6 keV 0.3 MeV 45 MeV 40 MeV 212 MeV
B =0.01 B =0.08 B=0.3 B =0.7 =09
[ USu H RFQ H IH-DTL H DAW CCL ]—’[ Disk-loaded }—’
3.2 m 14 m 16 m 15 m
<
Total =~ 40m

. Covering a wide range of 8

- Low current & low duty
. Intensity : 10° u/sec
. Repetition : 25 Hz
. Pulse length : 10 sec

- Fast acceleration

. Minimize the decay loss
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Muon Acceleration Development
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Muon Acceleration Development

Systematic studies on Mu production from

laser-ablated aerogel at J-PARC D2 area
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Emittance Growth Simulation

5.6 keV 0.3 MeV 4.5 MeV 40 MeV 212 MeV
B =0.01 B =0.08 B =0.3 B =0.7 B=0.9
[ USu H RFQ H IH-DTL H DAW CCL H Disk-loaded ]—'
3.2 m 14 m 16 m 15 m
Total = 40m
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Matching btw DAW and DLS leads to a better emittance. ‘™ g



Muon Beam Injection and Storage

Horizontal injection + kicker 3D spiral injection + kicker
(BNL E821, FNAL E989) (J-PARC E34)
’ Inflector Slide by Lee Roberts o
4 (1 '45T)\\ Upper plate t““"?,'
/Injection orbit (pure iron) e
) P Pole tip (pure iron)

—

Storage Kicker Returr} yoke
ring Moduless (pure iron,

L

\ _ cylindrical sha
x, =77 mm\ "\ R=711.2cm
f\ =0cm / -
g =10 mrad \\\ A Main coil
B-dl=0.1 Tm :
Electric Quadrupoles
Injection efficiency : 3-5%*) Injection efficiency : ~90%
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Spiral Injection Test

Proof-of-principle injection test
using electrons.

Successfully observed a spiral
track

. Beam
emittance
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B-Field Shimming

B-field shimming test with the MuSEUM
at J-PARC_
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B-Field Shimming

Before shimming -
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Muon Storage Magnet and Detector

1
Taan!

Muon storage orhit

ww 0062

e+ tracking
detector
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Positron Tracking Detector

Radial tracking vanes (Silicon strip)

p(e+) > 200 MeV/c



Detector

. Silicon strip tracker with a “vane” structure

®590 mm

Readout ASIC
(S1it128)

FPGA Flex

Bl neutrino

Silicon sensor

2b



Detector

Half vane

Vane
Two single-sided p-on-n sensors
Axial/radial strips
190 um strip pitch
1,024 strips/sensor
ASIC readout outside the tracking
volume
Binary readout with ToT

The entire detector

768 sensors
786,432 channels




Detector Development

Full-scale sensor
o T

Evaluation
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Expected g-2/EDM Measurement
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- Separation of g-2 and EDM
- Simultaneous measurements of both g-2 and EDM
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Summary

- The muon g-2/EDM experiment at J-PARC uses a ultra-cold

muon beam to establish a new principle of the measurement
with E=0.

- The targeted goal

- g-2 :0.37 ppm in Phase-1, 0.1 ppm at Phase-2
. EDM: 1.3x1021 e * cm

- The R&Ds in all the area are progressing very well towards

the readiness for the construction.

- The independent measurement of g-2 together with EDM

could contribute to opening a window to new physics.
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