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Outline

B Why Muon g-2 and EDM?




Muon Dipole Moments

B Magnetic and Electric DMs: both related to Spin
of the Particle

B Fundamental physics observable for elementary

‘If EDM nonzero, T is violated ‘
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Starting W Physics at RHIC!

B The highest energy polarized pp collisions at
500 GeV just finished at RHIC! 4
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Why Spin?

B Fundamental
Concept in Physics

B Appears in Many
Different Levels
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Muon magnetic moment

B Magnetic moment and spin can be related as

r e Ir Wﬂ magnetic moment
i e g7 spin
T\ 221 : . :
g . gyromagnetic ratio
B Dirac equation predicts g=2 a=0
PRSI =1 2c-3 fore, 1 ..
ﬁz_r=|(1+ a) ) a=1.8 for proton

B Radiative corrections (including NEW
PHYSICS) would make g#2 220

2 2
(m”j ~ 40,000 (’”J ~290
m, m,
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They have painted out that parity nonceiservation
implies & polarization of the spin of the muon emitted
from stopred pions in {17 along the direction of motion
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Discovery of a¥(0

PHYSICAL REVIEW VOLUME 118, NUMBER 1 APRIL 1, 1960

Accurate Determination of the u* Magnetic Moment®*

E. L. Garwin,t D, P, Hurcamson, S, Penuan,} anp G. Smarirod
Columbia University, New York, New Vork
(Received August 4, 1959)

Note added in proof—FExperiments which have re-
cently been reported to us [ J. Lathrop, et al. and A.
Bearden et al., Phys. Rev. Letters (to be published)]]
indicate a mass value of M,=206.76_y 051°%M,. This
yields a value of g,=2(1.00113_¢ g00127%-20%16)  Although
the assigned ~x=2== ~~~ »~w slightly greater than above,
it is to be n¢ 20011623 newgremﬁtgrepresents a direct
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distribution in time of the emitted electrons, achieved

identity of the interactions of the two particles. - - : )
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SM Contribution to a0

B Any particle which couples to muon/photon
would contribute : QED >> Hadron > Weak

+ higher order terms ~1 2 X 10_3

11 658 470.57(.29) X 10~ '°
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1st + 2nd Order Weak = 15.1(4) X10 From Lee Ra@




Current Precision

MR = g 8t e SR

H E821 at BNL-AGS
measured down to
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Hadron vacuum polarization

B Largest contribution among hadronic
correction

L 1 I 1 | |
CMD2 2007:

361.511.7 ;514 2.9¢ et

SND 2006:

361.042.0. ;51447 oyar

KLOE 2008:

356.7+0.4. 1o +3.1gyer

BABAR 2008 prelim.:
369.310.851,112.25y5y
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Muon g-2 in the LHC era

Form Fermilab proposal “New g-2”

mEven the first SE
SUSY discovery 201

was made at LHC,
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Muon Spin precession

I | / |
B o (el b B 20 A e 68
0, ——_azﬂB—(aﬂ—y2 j ; \IBXB+—

=l

n:d,= Q(i) Electric Dipole Moment
2\2m
d =(6.9+7.4)x10"e-cm
Expected to be
d,<(1.5£1.4)x10"e-cm
Measured to be

d,=(3.7+3.4)x 10"e-cm :
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How it is Measured?

B Precession frequency (®,) of muon spin
in the storage ring is measured,;

electron time spectrum (2001)
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Experimental Technique: fill ring, count until
all muons are gone; do it again

25ns bunch of ch 77 mm

5 X 102 protons B ~ 10 mrad

from AGS B-dl # 0.1 Tm
Pions - Inflector

— e ————————————— ——
J\ p=3.1GeV/c

Target

* Muon polarization
* Muon storage ring

» focus with Electric Quadrupoles | Kicker
* 24 electron calorimeters Modules
(& —
—)
Wqg — auB
(44 -

Electric Quadrupoles
(thanks to Q. Peng) Xc



Signal: Oscillation in hi-E electron

H4E9 electrons; E > 1.8 GeV

f(H)=Ne™ (1+ Acosw,t + ¢)

electron time spectrum (2001)
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Systematic Uncertainties
from Final Report of BNL E821

B Major Sources | R99  ROO ROl

® Pileup
B Lost Muons

(ppm) (ppm) (ppm)

m CBO | Pileup 0.13 0.13 0.08

AGS background 0.10 0.01 i)
Lost Muons 0.10 0.10 0.09
Timing Shifts 0.10 0.02 I
E-field and pitch 0.08 0.03 i)
Fitting/Binning 0.07 0.06 I
CBO 0.05 0.21 0.07
Gain Changes 0.02 0.13 0.12

Total for w, 0.3 0.31 0.21




Proposal for g-2@Fermilab

H Submitted to Fermilab PAC

B Contact persons: Lee Roberts (Boston U)
Dave Hertzog (UIUC)

.......

Accelerator Overview

Main Injector
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Hadron & Neutrino

Facilities
(Proton Beam 30 GeV <> 50 GeV)

Proton Beam




Location of J-PARC at Tokai

H Closer to beach...
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J-PARC Inauguration
Ceremony

July 6, 2009 in Tokyo




Tl (7 Reluisic

J-PARC aims to provide answers for

How matters (hadrons) are formed?
Confinement is understood? I
How hadron properties are emerged?

ANy

How matter-dominant universe is emerged? .
CP violation in quark sector

c

s CP violation in lepton sector

., =0rigin of Matter

Sakharov’s necessary conditions
violation of matter number: Ovf3, pdecay
CP violation
out of equilibrium




Hadron Hall at J-PARC




Neutrino Experiment: T2K

5 % "'-( o

Peirter 36' 20410807 N 130" 1184717 Elelev E65m Strear HIILE 100%







Parking Lot Solution?




Shipping to J-PARC

H Estimated to be
$2.5M




Brain-storming!

B Why at magic gamma?




New Generation of Muon g-2@J-PARC

Proposal in preparation

B Current result is 3.4 sigma above from the SM value

B New generation of muon g-2 experiment is being explored
at J-PARC

B To establish the deviation by improving the statistics and
systematics

B To further explore new physics

B With completely new technique
B Off magic momentum with
ultra-cold muon beam at 300 MeV/c
B Stored in ultra-precision B field
without E-field so that the 3 x E term
drops
- Muonium

Laser

@9? ' Ultra Cold
oy bea Surface M::'n ’;‘\:\}’ Lt Bsearﬁ
(3 GeV, IMW ) ik el T (u+ 10%/sec)

(~30 MeV, 4x108/s) ”p Muon Linac (300 MeV/c)



Possible Location at MLF

B Hi-momentum port?
Service Lines (Power,
B Large acceptance preferred Cryo etc) should be

H LINAC ~50 m? considered...
B Magnetically Shielded Room : 5x5x5 m3?
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Capture solenoid & beam transport

B Being designed by R. Muto et al.

H Needed to be installed before too much
contamination

Capture solenoids




LINAC configuration

M. lkegami & T. Kamitani et al.

B Low-beta (proton like) LINAC - Hi-beta
(electron like) LINAC

Schematic view of the ACS module

o
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Hi-beta LINAC - Disk Loaded

Type

B Close to electron
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Intense Ultra Slow Muon Source @

At J-PARC, Aiming at; From Miyake-san’

1) Repetition Rate
25 Hz (At RIKEN-RAL 50 Hz) factor 2 times

2) Surface Muon Yield by Super Omega C nel
4.0 x 108 /s /1.2 x 10° /s (RIKEN-RAL) = 333 times

3)

20/s x 2x 333 x100 = 1.3 x 10%/s (10%/s without Laser Developments)

N\

Riken-RAL Slow Maximum
Muon Intensity J-PARC Slow Muon Intensity



Expected “Wiggle Plot”
B P=300 MeV/c, B=3T version
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BNL, FNAL, and J-PARC

B complimentary

Muon momentum
gamma
Storage field

Focusing field

3.09 GeV/c 0.3 GeV/c
29.3 3
B=1.45T

Electric quad

# of detected p+
decays

# of detected -
decays

5.0E9 1.8E11

3.6E9

Precision (stat)

0.46 ppm 0.1 ppm




Ultra-Slow Muon Source

K.Nagamine et al. PRL 74 (1995) 4811
Y.Matsuda et al. NP B(Proc) 155 (2006) 346

B Laser lonization of Muonium
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Laser Improvement
H Collaboration with Prof. Wada

at RIKEN (led by Prof. Iwasaki)

Schematic Diagram

B Pump laser 1:2-photon resonance at 212.55 nm

LD pump Nd:GdWVO4 _
DFB-LD Multiamp 5 HG a}L}'—u =2 Wy =
Fiber 0.1mJ 100 mJ Kr 4p%5p
amp system @1062.55 nm  @212.55nm 5?5
» 212.55 nm =~ 850 nm
E:I".-"I:J.
1215
B Pump laser 2: tunable from 815-850 nm , - 1222 nm
212.55 nm Lyman €t
DFE-LD 100 mJ
@B815-850 nm Kr 4p®

g > -

LD pump Cr:LiSAF 100 ud @ 122 nm is

Multistage-amp. system

possible

Base technology IS
demonstrated at
Subaru Observatory’s
Artificial “Guide-Star”.
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Muon Storage Ring

B BNL-E821 achieved % @ ||
ultra precision as
such large magnet (14 .
m — diameter)
B Local uniformity ~ 100 o | 0
ppm = 0.1 ppm - s I
integrated field
B Smaller Ring with Hi
Field just matches
with MRI technology

B Active shimming — 1
ppm local uniformity

B High field (~ 7 T) with
large gap (~ 40 cm) is
possible | P <t

8
[

relative field [ ppm
g




Spiral Injection Scheme
K. Oide, H. Nakayama and H. linuma

B Inject muon beam with vertical B

angle to avoid interference in the
injection region

| H.linuma ~L_ - Kick to Good Field Region




Detector Concept

B Tracking device with hi-rate capability
M Silicon tracker for precision tracking
B Time structure of measurement : 30 usec meas. 40msec intrvi

B Calorimeter with small Moliere radius / or active absorber




Spin Rotation and EDM

B Rotation axis is orthogonal to g—2 case

ot ©, =-—|a,B+-(fxB)
§OME N gy = N(SPIH )—N(éplﬂ\ ) d

TT] mL

)
En_us_— N(spm )+N(§pm &
M

-0.{}4;— By H. linuma

Pt b b b b raa b
W5 10 15 0 B W0 X
Helical Dipole to control

B Spin Direction



Origin of EDM

M.Pospelov and A.Ritz, Ann.Phys. 318 (2005) 119
Energy

A

TeV ——

fundamental CP—odd phases

acp -

\\ [ qu qu ]

N

I
I
I
N I
I
I
I

uclear —— .
[ Cspr ] S [ 8NN ] neutron EDM
Y Y N Yy
EDMs of EDMs of
atomic —— paramagnetic diamagnetic
atoms (Tl) atoms (Hg)




Muon EDM °
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18 !|£ Balley et al. [1978]
. DlreCt CPV In i :L McNabb et al. [2004, unpublished]
Lepton Sector -
{lepton mass scaling,

ECPV Req uired cuble# Babu, Bar, Drsner [2001) With proposed

10 Experiment at

theory: J'Fi
model-independent relation to
2xp. g-2 anomaly with ¢ - 1

I IIIIlI'I P rrrrm

inferred limits from

10%

I IIIIlI'I 1 IIIIIIII

(Bartl et al. [2003])

10 £ quacratic PSI

- (Babu, Dutta,

- Mohapatra [2000])
10% LR SUSY

r + See-Saw

l i JPARC
1 0.24 Er ..........

= SM: < 10°*°

10.25 II|IIII|IIII|IIII

1970 1980 1990 2000 2010 2020 2030

Courtesy PSI EDM collaboration year




Collaborative Efforts!

Precision

Magnetic Field
(KEK Cryogenic

(KEK Accelerator Center / Progress in
MRI technologies)

(Laser technologies
and High Intensity

Proton Beam : RIKEN
and KEK)

(KEK Theory
Group & Belle,
VEPP, Babar...)

 Muon Working Group




LOIl submitted to J-PARC PAC

B Process to handle —_—
th is expe ri m e nt is New Measurement of Muon Anomalous Magnetic Moment g-2

and Electric Dipole Moment at J-PARC

discussed at the

Institute of Physics, Academy of Scienee of the Crech Republic,
Divigion of Elementary Particle Physies,
Na Slovance 2. CS 18221 Prmgue 8 Crech Republic

WM. Mose, Y. Semeritzidis
Brookhaven National Laboratory, Uptorn, NY 11873, USA

B. Shwartz
Budler Institute of Noclear Physics, 630000 Novosilirsk, Russia

k. MNagamine®
University of California, Department of Physics
and Astronomy, Riverside, CA 92521-0413, US4

M. Finger, M. Finger Jr.
Charles University, Institute of Particle & Nuclear Physics,
Faculty of Mathematics and Physics,
V' Holesoviekach 2, CZ- 18000 Prague 8, Crech Republic

T. Kamitani, K. Koseki, H. Tiomma, M. Ikegami, H. Kamiva, T. Mibe, 5. Mibara,
R. Muto, T. Naito, H. Nakavama, M. Naruki. H. Nishiguehi, K. Oide. T. Ogitan,

N, Saite,” O, Sazaki, N, Terumuma, A, Yamamoto, K. Yokova, and K. Yoshimura

KEK. High Energy Accelemtor Research Omanization,

I-1, Oho, Tsukuba, Tharali, 305-0801, Japan




Summary

B Proposal is being prepared for New Generation of Muon
g-2/EDM Experiment at J-PARC

B Proposal at Fermilab is proceeding well
B Completely different systematics

B Intend to start the experiment in 5 years!
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