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>30 discrepancy of muon g-2

* Muon g-2 is one of the most sensitive targets to explore new
physics
- Precise experiment (BNL E821) : 0.5ppm
- Precise theoretical calculations : 0.3ppm (PRD97, 114025 (2018))

 According to a recent theoretical calculation, the discrepancy
between experiment and SM theory is 3.70 — New physics?
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Muon g-2 experiment

Viomentum —a

« Measurement principle
v' Store a polarized muon beam in a
uniform magnetic field B
v' Detect decay e* to measure spin
precession frequency w,

* w, under B and E field is
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Elimination of E-field effect is necessary
for precise measurements



FNAL E989 / J-PARC E34

 Their difference is the way to eliminate E-field effect.
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Improvement of the BNL method  New method with different
systematics

Super-low emittance muon beam is the key technique for
the J-PARC E34 experiment




J-PARC g-2 experiment (E34)

3 GeV proton beam
Production (1MW,.double pulses, 25Hz)

beam (4 Me :

: Muonium production target
Surface muon%“@|< 7 25 meV)
. \ A.: »

122nm, 355nm
Aerogel

Target precision
A(g-2) = 0.1 ppm
target "\ AEDM = 102Te - cm

Surface muons

Mu production |



Muon acceleration

5.6 keV 0.3 MeV 4.5 MeV 40 MeV 212 MeV
B =0.01 B =0.08 8=0.3 B =0.7 B=0.9
m} IH-DTL H DAW CCL H Disk-loaded }—»
3.2 m 1.4 m 16 m 15 m_
Total ~40 m

« Beam acceleration and transportation were simulated from
USM source to the exit of muon LINAC, and emittance
growth is not significant.
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Muon RF acceleration for the flrst timel!
JPARCMI.’FDZarea October 2017 1
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Muon RF acceleration for the f|rst time!

J-PARC MLF D2 area, Oct ber 2017 :
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Next step

40 MeV 212 MeV

B=0.7 B=09

DAW CCL —» Diskloaded —»
16 m 15 m_

Total ~ 40

« Demonstration of muon
acceleration by IH-DTL
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J-PARC g-2 experiment (E34)

3 GeV proton beam
Production (1MW,.double pulses, 25Hz)

beam (4 Me :

: Muonium production target
Surface muon%“@|< 7 25 meV)
. \ A.: »

Target precision
A(g-2) = 0.1 ppm
target "\ AEDM = 102Te - cm

Surface muons

Mu production |



J-PARC

J- PARC = Japan Proton Accelerator Research Complex

B Lnac e pere o BETAC
: (400 MeV) o -8 Rapld Cycle Synchrotron ~-
o — , (RCS, 3 GeV)
§ Neutrino beam = '_[‘ R @MLF

to Kamioka '

* Proton beam energy
3 GeV

| « Beam power 1 MW
SR " (~500 kW stable
Material and L|fe m operation at present)
o SC|ence FaCI|Ity (MLF)

N, 3 \5_

 Repetition rate 25 Hz

Main Ring
(MR, 30 GeV)

Bird’s eye photo in Feb. 2008
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Beam power (kW)
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Success of TMW stable operatoin

1 hour stable operation!
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On 31 July, 2018



J-PARC muon facility

« MUSE (MUon Science Establishment) in the MLF

S-line

surface p*
dedicated to uSR
S1 area is avallable

S2/S3/S4 will be
constructed

3GeV proton from RCS
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U-line

ultra slow p+

U1A for nm-pSR

U1B for p microscopy
under commissioning

H-line

surface p* (>108 ut/s),
decay pu*/u, e

for high intensity & long
beamtime experiments
H1 for DeeMe & MuSEUM
H2 for g-2/EDM &
transmission muon
microscopy

under construction

' D-line

decay p*/u, surface p*
D1 area for uSR
D2 for variety of science
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Proposed experimental site (H2) |
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Construction status of H-line

 Frontend devices (magnets, vacuum apparatuses, etc.) were
already installed in the proton beam tunnel.

« Beamline shield blocks in the existing experimental hall were
installed

Proton beam tunnel MLF experimental hall #1
. 4/0ct/2012 '

To H2 area Deelvig




Construction status of H-line

* H-line needs about 5 MW | ] (T~
electricity, but the surplus | New electiic \‘W )
power of the MLF is only 1 MW. jPloweT subrstation | By, 2

* The construction of the new ~|.;*- I gy o, N
electric power sub-stationis ‘Hd =  ~ A
on-going and will be finished = ML Exp. Hal # L7H @)

in JFY2019. | i_ Sra e P

2017 Renovation of the MLF wall ‘ TR s - _:

—MLF  Nw2
| Cable rack
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H2 area (Extension building)

« H2 area is not only for g-2 experiment but also for transmission
muon microscopy, which are selected as a KEK-PIP 3™ priority
project.

« We are handling tasks necessary to build a new radiation
controlled area step by step.

Transmission muon
microscope




History

Jul, 2009 LOI submitted to PAC8

Jan, 2010 Proposal submitted to PAC9
Jan, 2012 CDR submitted to PAC13, Milestones defined.

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

May, 2015 TDR submitted to PAC

Oct, 2016 Revised TDR submitted to PAC and FRC

Jun, 2016 Selected as a KEK-PIP priority project (3v)

Nov, 2016 Focused review on technical design

Dec, 2017 Responses and Revised TDR submitted to PAC

Jul, 2018 Stage-2 status recommended by PAC

Nov, 2018 Stage-2 status recommended by the IPNS director

Feb, 2019 Stage-2 status approved by IMSS-PAC (Full approval!)



The Collaboration \\! 102 members (Canada, China, Czech,
, — France, Japan, Korea, Russia, USA)
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The Co||aborat|on \ \ 102 members (Canada, China, Czech,
B France, Japan, Korea Russia, USA)
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Summary

 J-PARC g-2 experiment (E34) is under preparation to
measure muon g-2 with an independent method using ultra
slow muon beam.

* Fully approved.

» Construction phase is on-going.

- Main part of H-line will be completed in next JFY at the
earliest, which will lead to further development for muon g-2
experiment.

 Further information : http://g-2.kek.jp



