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muon g-2

Our proposed scheme
ultra-cold muon beam

Progress since last year

Summary
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muon g-2 and EDM

H=g, (e/2m )s
a,=(g, -2)/2 : anomalous magnetic moment
Dirac equation predicts g=2.
Radiative corrections deviates g from 2.
a = a(QED) + a(Hadronic) +a(Weak) + ...
y Y
bt ot X

Contributions from all particles, even undiscovered

d=n(e/2mc)s
If EDM is nonzero -> T reversal is violated.
=> |ndication of CP violation in the lepton sector.



muon g-2

BNL E821 measured a, to 0.7 ppm for pu* and p (sum 0.5 ppm)
Deviation of experiment and theory by 3~3.5 ¢ was observed.

Aa, = a, (Exp) - a,(SM) = (295+-88) x 10°1

New physics?
Experiment and theory to better precision is waited for.
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Hadronic contribution (experimental input)
study by several groups and methods
(“e+e- 2y > hadrons” and tau-decay).

=> Some variations but not large enough
to explain the discrepancy.




muon g-2: method
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Momentum —

make this zero
Measure o, and under well controlled B.

Previous measurement BNL E821
use of magic momentum (p=3.09 GeV/c)




Muon g-2/EDM@J-PARC

We plan an independent measurement at J-PARC
based on ultra-cold muon beam and MRI-type storage ring.

with different scheme - in systematic errors.

g-2 measurement EDM
5= ClaB Qg[ﬁxék}

Out-of plane oscillation is
an indication of EDM.

Make E=0 by making focusing needs low.

- no high "magic" momentum requirement.
Need of well controlled muon beam

- start with ultra cold muon beam.



3 GeV proton beam
( 333 uA)

.»~Graphite target
(20 mm)

8 Surface muon beam 66 cm diamet
T (28 MeV/c, 4x108/s) —

. uonium Production

Silicon Tracker

C —

Super Precision Magnetic Field
(3T, ~1ppm local precision)

Resonant Laser lonization of

Muonium (~108 ut/s)

New Muon g-2 -2/EDM Experiment at
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Our goal: comparison

Muon momentum 3.09 GeV/c 0.3 GeV/c

gamma 29.3 3

Storage field B=1.45T 30T

Focusing field Electric quad very We?k
magnetic

# of detected p+ 5.0E9 1.8E11 1.5E12

decays

# of detected p- 3 6E9 ) )

decays

Precision (stat) 0.46 ppm 0.1 ppm 0.1 ppm*

* Based on 1 x 10%/s stored muons
x 1 year data taking (107 s).



Muon g-2/EDM@J-PARC

High intensity Japan Proton Accelerator Research Complex
1 MW at 3 GeV (O 3 MW at present), 0.75 MW at 30 GeV
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proposed experimental site

J-PARC MLF (Materials and Life Science Facility)

H-line will provide 108/s surface muons.
Installation in the proton beam tunnel completed
(Y. Mlyake, this workshop)

g-2/[EDM
orage magnet

LLAON |




Ultra-slow muon from Thermal Muonium
Starting from surface muon beam (4 MeV, Ap~2%, 4cm¢, 50 mr)

Laser Stop muons in a material,

122nm, 355nm some diffuse out at thermal energy.
Good muonium emitter and

%QUltra-cold an intense laser to remove the electron

are essential.
Surface muons

(efficiency>1% required)
Mu production

Silica powder has been known to be a good
Mu emitter at room temperature

Mu diffuse out through network of SiO, grains
(large surface area)

Silica aerogels with similar network structure
can be more easily handled and may fit better
our system




Measurement S1249@TRIUMF

(a) Side view (b) Front view
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Mu excess over reference target was observed

First results S1249@TRIUMF 2010-2011

Yield was "not" satisfactory (~¥1% emission per stopped p)
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More muoniums wanted

Muon should stop near surface (<0.1mm)

to come out!

Simulation with structured surface by M. Iwasaki
(Ultra Slow Muon Microscope Meeting, Sapporo,
2012)

How to make it?
lon beam, dust-gun, mold, push-pin, ...
Laser ablation was successfully applied.
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Time (usec)

New measurement (S1249@TRIUMF 2013)

aerogel

vacuum
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(to be published in PETP soon!)



Muon source

Huge increase (x10) of Mu yield in measurement last October.

We now have about 10% of muons coming out in vacuum.

(from 23 MeV/c, 6,=2% beam)

Expected ultra-cold muon yield is only factors away from requirement.
(present estimate is 0.2 x 10°/s assuming other conditions are fulfilled)

=> Further optimization of target condition (density, hole size/pitch, ...)
(we initially tested only four samples)
IS now ongoing at J-PARC

=> Demonstration of ionization from silica aerogel
is planned at RIKEN-RAL.



Mu lonization Laser

Remove e for g-2 measurement (and acceleration)

with lasers Improved Coherent Lyman-a
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Lyman-o. laser progress

New Lyman-a laser developed by RIKEN laser group
for ultra-slow-muon-microscope project (USMM by Grant-in-Aid)
aimed for use of ultra-cold-muons for materials study

=> Laser intensity goal is 100 u (x100 improvement over record)

Lyman-a was introduced to the USMM beamline this year.
Laser tuning and calibration progressing

=> Good R&D for muon g-2/EDM laser

lonization test (with Mu source from hot-W) this autumn

guide laser

= o

— v B - .-- =,

laser system installed in J-PARC (for USMM) laser fluorescence in the source chamber



Ultra-cold muon from silica aerogel
Muonium to ultra-cold muon beam by ionization and acceleration
So far all the ultra-cold muon beam at KEK and RIKEN-RAL Muon Facility
was based on Mu from hot-W (~2000K) and with static field (~10 keV).

Ultra-cold muon beam from silica-aerogel source need to be demonstrated.

Silica aerogel will be evaluated for
1) long term stability of Mu yield

2) brittleness and vacuum /

3) electrical field stability Fion . uﬁaoe“‘“@
(use of meshed metal container)

and also we try good things /

1) colder beam spread

2) multiple-pass laser mirror
3) other functions (spin contral, ...)

shield

A new Muon Source chamber will be constructed for evaluation study.



Baseline for muon g-2 accelerator
5.6 keV 0.34 MeV 5.1 MeV 42.3 MeV 200 MeV
B=0.01 B=0.08 $=0.3 B=0.7 $=0.94
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Initial acceleration simulation

for ex. RFQ capture loss~30%, muon decay x 0.7



Muon storage magnet and detector

Muon storage orbi
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Magnetic field: B=3T
local uniformity 1ppm
+very weak magnetic focusing (n~10, 1ppm/cm)




Beam Injection

Injection scheme

Spiral injection + weak magnetic kick (8 mr) to storage-orbit
injection through

Main coil

Design of injection-matching transport beamline.
Spiral injection test with mini-solenoid and electron gun soon



Muon storage magnet and field monitor
Good synergy with MUSEUM (P. Strasser, MuHFS talk)

in physics (4=p /u, needed for g-2)

ultra-precision magnet (3T vs 1.7 T)
shimming method of MuHFS magnet

D1400747

MuHFS magnet 1.7T

and field measurement
monitoring system, NMR probe



Detector

measure muon decay positron tracks with Silicon-strip detectors
forward/backward decay gives different positron momentum

beam test with test sensor
Z muon beam at J-PARC
Silicon strip sensor  and electron at Tohoku-U
in progress

200 mm 140 mm

400 mm



Collaboration

B > 98 members (...still evolving)
m > 21 Institutions

m Academy of Science, BNL, BINP, CRNS-APC, UC Riverside, Charles U., KEK,
Korea U, NIRS, UNM, Osaka U., PMCU, RCNP, STFC RAL, RIKEN, Rikkyo U.,
SUNYSB, CRC Tohoku, U. Tokyo, TITech, TRIUMF, U. Victoria

Mimhnru Acki®. Pasd Bakale®®, Barnd Bueslleck®, Goorpe Beor®™, Gormry Buneoe®T,

Abiliay Dealguands’®, Shinon Elldman®, Douglae B, Plode®, Miloalav Pliger®, Misheial Finger TS,
Yuyn Pujiwmra! ™, Yoshinori Fulee 'Y, Nociyeem Humahimki™, Seike Hirote!™ 4, Hicomi lioomal!®,
Mlnsnior] Toegami '™, Miasaliie Theso'™, Katsinhiiko Bhida'T, M Teasaki', Ayosilo: Badosag™
Takuys Kokurai'?, Takuys Kambiten! ™, Yukihide Komlya'®, Sohraro Kanda®?, Frédrm Koepusta®,
Maritembs Favwnrmirs 2, Thkeshi Fobrikil®, Sechic Komamiya!'?, Kook ek 10 Vishitaks Ko,
Alfrodo Lucelo!®, Sz Luches™, Mumoyoslil Maki®, Glen Macstinl™, Mo Masssasa
Yisuvuki Mutsudu®, Teijirs Matsuzaki' 7, Teutoenn Mikwe!?, Kstsamni Mdorikawn? . Satoshi bilasra Y,
Yemuhiro Mivake™, Willlomm 51, Morse?, Jiro Murata™™ 9, Ryotano Muone™,

Fanstada Mogsni pe 1R T Mmien™, Hinmyoshl Maksynms " hagnmi Maraki'™
Makiko Mo, Hojlame Misligechi™, Daisake Mommra, Faroyukl Mo Tk Chgauw’,

Mo Uhmitan ™, Kamaki, (lhlshi®T, Kataunoaba (hdet?, kaashing Okas e, At £n e,
Plslbice F. Saite®, Maohiie Saice! 1 Yieshire Sakemi”, Kes-ichl Basaki!?, Osans Sasakl™,
Akira Saro?, Rurore Savor-Momm®. Yanmes K. Semertodls, Yurl Shvtamoy?,

Kedehire Shinmmmera™, Bors Shwarie®, Willrh] da Silva?®, Patclek Stessser 17, Byahel Sugaham",
Michiinnkn Sugman'®. Kensiol Tonaka ™, Manobu Tanakn'®, Mobohino Terumms*®,
Flastinakosan 'l'l.rl.l;\-r\-"',_ Dind Tenmoma ", Bk Torikai ™, Tl byvulkl Tembit i ikihisn Toymda!?

Kyo Teiknda'®, Tomahisa Ushidal!®, Kosuki Uenn!™. Viesow Veba!, Saroshi Wadn®,

Akirn Yarn o™ K aomn "r'-uhuly.ll" ol Yokomama'", Makosn Yoshidn!™, Miranhimo Yoshida ™,
Kol Yookinmes ™




Muon g-2/EDM@J-PARC : Status

J-PARC PAC
Conceptual Design Report at J-PARC PAC (13 Jan 2012)
Stage 1 approval as E34 (21 Sep 2012)
Most recent PAC report highly recognized
our progress in muon source.

Collaboration Meeting held every half year.
9th C.M. will be in 6-8 Nov at KAIST in Daejon, Korea

Technical Design Report to be made this year
Expect to start running in 3~4 years (dep. on budget)

Several small grants obtained for development.
Overall budget is still a issue.



Summary

New muon g-2/EDM measurement is under preparation at J-PARC.
Since last year, there has been significant progresses.

Muon Source (x 10 Mu emission)
Practical Mu ionization study will follow

New Lyman-o Laser progressing in collaboration with USMM group

Also progress in accelerator, storage magnet, injection, detection.
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