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New physics search

& Energy Frontier (High energy experiment)

- LHC, ILC — observe new heavy particle
by direct production

Complementary

& Luminosity Frontier (Precise experiment)

* Muon physics 1 observe new heavy particle

* B physics via loop process

- K physics _ _

. EDM search Key to identify a correct
g theory for NP

The muon (g-2) measurement is one of the most
sensitive test of the SM.
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Magnetic moment

& Magnetic moment is a strength of coupling between
a magnetic field and a charged particle with a spin.
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& In the case of u and e(spinl/2, Dirac e.q.), we find




Anomalous magnetic moment

& Gap between experiment result and “2”
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Magnetic moment and New physics

& In the SM, there are corrections from QCD and EW
as well as QED.
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QED Hadronlc vacuum Light-by-light Electroweak =0.00006 9%
Up to 5-loop leading polarization (HVP) scattering at twe-loop SERRERRRRNNENY
Kinoshita et al (LBL) level 000 iiLiiiLaiiLiilind

& A measurement of a, provide one of the most
sensitive test of the SM.

— can be a breakthrough in reaching to beyond
the SM.

(Because the mass is so much heavier than electron’s 6
there is larger contribution.)



Magnetic moment and New physics

& The a,, is paticularly sensitive to SUSY(smuon-
neutrarlino and sneutrino-chargino loops).
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Beyond SM

- Large tanb
- Degenerate spectrum of superparticles with mass m

| 100 GeV'\
a, (SUSY) & 140 x 10~ ( OOEPV) tan 0
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E-821

experiment



Brookhaven National Laboratory

& Located on Long Island, New York, Brookhaven
&« RHIC(Relativistic Heavy Ion Collider). 2000-.
- First heavy ion accelerator
- only spin-polarized proton collidi
- PHENIX experiment etc.
& AGS booster(Alternating
Gradient Synchrotron)
- Radius : 7.1m
-B:145T




Experiment overview
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THE g-2 EXPERIMENT using a difference on
[ Point@ : Polarized muonm]";’;s rates of p and the spin
- tops. rotation Y

cnanges oy 12,

yet it keeps on traveling

Protons Pions, weighing Pions decay
from AGS. 1/6 proton, to muons.
are created.

One of 24 detectors

see an electron, giving After circling the rin

the muon spin directio
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Measurement muonis traveling oy [nformation about p
magnetic field spin from decay e*
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Point@ : Polarized muon

Beam injection
& 0.37 Hz, 12 bunch
24 GeV proton & 5x10%2proton / bunch

Proton _
extraction & Bunch interval : 33 ms
1 spectrometer
Proton Decay channel
transport _
Target:Ni Storage ring
© production T Spectrometer
4 \

n rest frame Spin=0 _
‘ - | Polarized I
Helicity: V €&—— 1" —> yt

\ left-handed

11
u spin is initially lined up in the direction of the momentum.



Point® : Measurement principle

g« To measure a,,

Momentum
- spin precession frequency(w,) —3\Spin
- cyclotron frequency(w.) g &
- angular frequency difference o

(0= 0~ w,) Thomas =
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Considering the interaction with E to confine y,
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Point® : Measurement principle

& It is easier if the second term is disappeared.

1 a, ~0.001166
=0 > y=29.3

y=E/m

> P, = 3.094[GeV /] Magic momentum !

Accurate determination a,

= Accurate measurement of B and w, 3



Point® : Measurement principle

& Additional idea to get higher precision
= use Larmor frequency of proton

_, B g, eB |
W, =a,— @, = —=—— (Larmor precession)
m, 2 m
u
N w, o, R
= — —
o,-0, olo,-w,/lo, A-R
Utilize more sensitive result
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Point® : Magnetic field measurement

& NMR(Nuclear Magnetic Resonance)

- A proton sets up a magnetic field B and the energy
level is split into two.
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112 — —
1=1/2 y irradiation Y
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- This technique is used for MRI
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Point@ : Muon spin and detected e

& There is a correlation between u spin direction and
e emission direction due to the P violation.

N = N {1— Acos(w, + @) | SR

[1 polarization(~95%)]x[asymmetry in u-e decay]

e direction highly correlated to the muon spin direction

Events per 149.2ns

& Fitting to the time distribution
of the detected electrons
In @ given energy bin.
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Point@ : Detector

£ Maximizes the acceptance of the high energy electron
& 24 detector stations(15 degree intervals)
- Calorimeter — Electron energy
- consists of scintillating fibers embedded in lead
- depth:13X,
- 5 scintillator paddles — Electron time Scintillator







Result

Final result: a = R 11659214(8)(3)x10°(0.7 ppm)

A-R

R, =% — 0.0037072083(26) <—, Good agreement
Previous result

R . =0.0037072048(25) CPT theorem
é

7,

i T e New average )
- PT o ([a ieses-a0 “ospem
) m_ ______________________________________________________________________________________________ ee] + ____________ @ 2 70 deviation!!!
o ':|' a,(SM) =11659181(8) x10°(0.7 ppm)
“ Experiment  Theory .
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Current situation

£ SM prediction has been improved.
a®™ —116591834(2)(41)(26) <10

[ Aa,=a;®—a;" =255(63)(49)x10™" ]

3.20 deviation!!!

New experiment is needed to improve the experimental

result.
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Proposed experiment

Muon momentum 3.09 GeV/c 0.3 GeVic
gamma 29.3 3
Storage field B=145T 30T
Focusing field Electric quad None

# of detected i+ 5.0E9 1.8E11 15612
decays

Zfeo;adyestected - 3 6E9 ) )
Precision (stat) 0.46 ppm 0.1 ppm 0.1 ppm




High Intensity Muon Beam for
Space-time Symmetry and

Orlgm f Matter/Universe

eV Proton Beam
(333 uA)

Silicon Tracker

- QQ cm diam

Ultra-Precision Magnet
(3T)

Search for
electron with
Specific Energy
and Timing




g-2/EDM @J]-PARK

e[ 1 Vo o onfs s E
w,=—|aB-|a, - xE+—=| fxB+—
m{“ (“ 72—1jﬂ ZLﬂ Cﬂ

£ Measure the muon sSpin precession

& Off magic momentum with ultra-cold muon beam at
300 MeV/c

& Stored in ultra-precision B-field without E-field so that
the BXE drops-> w,Ew MER(CIRD >R (TEINS
—EZ7£ < 9 Dl(Echallenging

8 Many technical challenges are undergoing
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Summary

& The anomalous magnetic moment of the muon has
played an important role in the search for BSM.

& This is the final analysis of the anomalous magnetic
moment from E821.

a, =11659203(6) x107°(0.5 ppm)

2.70 deviation (current : 3.20)

& To improve the result some new experiments are

proposed.
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