PHYSICS

cLFV/g-2/EDM

Experiment

Satoshi MIHARA
(KEK-IPNS/J-PARC/Sokendai)

© 4. @

{ &
L/ ARl

XXXIX INTERNATIONAL CONFERENCE ON

—
-

v
Ll
n
=
O
N
0
Ll
L
O

™
v

4 ) geo



S. Haciomeroglu 5/Jul

Congratulations FNAL g-2 !

SOISAHd NO FON3H33INOD TVNOILVNJILNI XIXXX ™

1N?3S 8102dIHII Fg~



Congratulations FNAL g-2 !

PHYSICS

le19
| 140
—— Integrated Muon g-2 POT (4.4E+19)
—— Integrated with g-2 DAQ live (89%) ~
44 —e~ Rawe* total as % of BNL (u*) (115.1%) 120 2
=
S - 100 &
o 5 “
1w Q £
D3 i o0 ®
o © v
L =z o 60 =
wn S € &
= ©
00 <« i g
= 2 40 4
Al £ 20 E
0 « D
Ll 5
I g " ‘) i i T bl bv 61 0
X L . , , , ) 2
OF a @ W@ W e e e

2 S. Haciomeroglu 5/Jul



PHYSICS

Outline

. Introduction
- Muon cLFV experiments

. MEG & MEG Ill, COMET, MuZ2e, and Mu3e

- Muon g-2/EDM experiments

au cLFV experiments
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Charged Lepton Flavor Violation

@)
o
M . CLFV rate in the Standard Model with r
non-zero neutrino mass 1s too small W
to be observed in experiments; O(BR)
< 10-50 X
M Vu Ve e

- No SM Physics Background
. Observation = clear evidence of NP

- Motivated by many kinds of new
physics models BSM
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Charged Lepton Flavor Violation

@)
o
M . CLFV rate in the Standard Model with r
non-zero neutrino mass 1s too small W
to be observed in experiments; O(BR)
< 10-50 X
M Vu Ve e

- No SM Physics Background
. Observation = clear evidence of NP

- Motivated by many kinds of new
physics models BSM

MH—€eY

¥

Z
O
w
O
Z
w
o
(18]
(18
Z
O
O
-
<
>4
O
-
<
Z
o
w
[
4
28
x
x
x

—
-

v
Ll
n
2L
O
N
0
Ll
L
O

/A




Charged Lepton Flavor Violation

. cLFV rate in the Standard Model with Y
Nnon-zero neutrino mass is too small

to be observed in experiments; O(BR)
< 10-50 X
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..and muon g-2

*The Lande’s g factor is 2 in +In quantum field theory, g
tree level (Dirac equation)  factor gets corrections:

A Anomalous
Magnetic

l l

y y / /

PHYSICS

Moment

g=2(1+ay

a, =a,(QED) + a,(had) + a,(weak) + a,(BSM)
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..and muon g-2

*The Lande’s g factor is 2 in +In quantum field theory, g
tree level (Dirac equation)  factor gets corrections:
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Search for u+—e+y at
Paul Scherrer lnsjcitue

. World’s most intense DC muon beam at PSI AT “1 v ”
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Stopping Target
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—— Liquid Xenon
y-ray Detector
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PHYSICS

MEG Result
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. Confidence interval calculation by following the Feldman-Cousins approach with the
profile-likelihood ratio ordering.

. Profile-likelihood ratios all consistent with a null-signal hypothesis.

Briu—eyry) <4.2x10-13 @ 90% C.L.
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PHYSICS

Detector Upgrade: MEG |

o Tche bettel’ l’eSO|utIOﬂS Liquid xenon photon detoctor

' L Xe
In all components COBRA Fo SR e (LXe)
sterTuctmg magnet ﬂ::\ RAL N ey ye

. Double the muon beam
rate

- /x107 muon stops/s

- New detector to tag the

— Pixelated timing counter
radiative muon decay

(PTC)

event Muon stopping target
Cylindrical drift chamber
: : Radiative decay counter (CDCH)
- New calibration method (RDC;,y
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COMET & MuZe

- conversion searches
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u-e Conversion Search

L -€ conversion
W +(A,Z)> e +(AZ) Atomic capture of u-

. Decay in orbit (DIO)

PHYSICS

- electron gets recoll energy
- Capture by nucleus

. resultant nucleus iIs different

o) T uN < T yfree (7 oA = 860 nsec)

. U= conversion
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u-e Conversion

Electron Energy Spectrum

run2000 on gold SINDRUM I
s

PHYSICS

~~_ Mmeasurement
ue2v simulation
A e simulation at B=10™"
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u-e Conversion
Sighal and Background
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100 ns

. S|gn a| A - Main Proton Pulse ~_
h / \N
//
. Electron from the muon stopping % _—— Frompt Background
£ _

S . .

5 target with a characteristic g  Stopped Muon Decay
5' 0 energy with a delayed timing < o Widow.

) E - ] Signal

11 > . Backgroun
o |

- . . >
00 < . Decay in Orbit Electron 0 Time (us) 1
5 :_2 1.1 s
AN ‘z‘ . Radiative muon capture Tiny leakage of protons in between consecutive
0 T pulses can cause a background through Beam Pion
il e c _ Capture process:
L x » osmic-ray e T+(AZ) = (AZ1)* = r+(AZ1)
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. and others
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: More Muons
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. Pion production in magnetic Curved Solenoid Beam Transport

Vertical Field
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> w i t Momentum and charge separation
'V, g SOIENOId Magnets Same scheme used in COMET Phase-ll
L (Z> electron spectrometer
o

—

0 <

O 8 Mu2e COMET
N 2 2 ‘%| P> ]
n- é DS i@"

- I_i _,.U_\ = —]
LIJ -~ { = TS /i pion production
I 5 calorimeterT / gzg;ing | - lt‘gtiggtstopping
(_) s ™ Pion/muon collection i:mtt - -

using gradient . s \ >

pion production

magnetiC field target

.\-_
e\
33

o
G

4
N
N



—
>

(et
LLI
N
.o,
O
N
0
LLI
I
O

PHYSICS

z
o
i
O
z
w
o
(18
(1
z
o)
O
-
=
z
O
<
z
o
(18
|—
<
a
>
o~
<

D. Grigoriev 7/Jul

COMET at J-PARC

e Target S.E.S. 2.6x1 o'’

8GeV Pulsed proton beam at J-PARC

« Insert empty buckets for necessary pulse-
pulse width

. bunched-slow extraction
pion production target in a solenoid magnet

Muon transport & electron momentum analysis
using C-shape solenoids

. smaller detector hit rate
« need compensating vertical field
Tracker and calorimeter to measure electrons

COMET decided to take a staging approach to
realize this. The collaboration is making an effort to
start physics DAQ as early as possible under this.

e Phase-l 8GeV-3.2kW, < 10-14
o Phase-ll 8GeV-56kW, < 10-16

Phase-l

Muon Transport
Solenoic Proton Beam

Phase-ll

Proton Beam

| Ba olenoid

\

u-e conv. \

Detecto
G‘ .

»

Spec.
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MET Facility Construction Status

PHYSICS

J-PARC Facliity
(KEIWJAEA)
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MET Facility Construction Status

J-PARC Facllity
(KEIWJAEA)
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M. Moritsu /7 /Jul
B. Yeo 6/Jul, M. Lee 6/Jul

COMET Phase-l Status

. Beam measurement Detector

PHYSICS

- Physics Detector

. CDC and trigger counters - Straw-tube tracker and LYSO Ecal

Optimized for Phase-I physics Prototype of Phase-ll detector

Straw-tube tracker

LYSO Ecal

ArEthance=50.50 2050V T — Phase I
| Ecal Design

ot
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8GeV Acceleration Test and
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O - -
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2 Extinction Factor Measurement
o . . .
. 8GeV acceleration and extraction to the abort line (FX) and
Hadron Hall (SX)
RCS P A
\ o Ny
- 4 bunches out of 9 bunches are filled with protons to realize & P
the COMET beam time structure h=2 Y SR T~ ‘
1 bunch | iy 100
- Same number of protons per bunch with that of e
Phase-l beam ;
| MR
pd - Injection kicker timing is shifted to kick in only the filled 4 balch injecion M h=8 (h=9)
O bunch \J 4 bunches
— ,
O N
D Z - SX with RF HV on to keep the bunched time structure .
w TIv
14 . . . . iy S Hadron Hall
&/ & - Rext = 101112 jn FX and < 6x10-11 in SX, possible to improve _
Ll = even further with more accelerator study time in future Primary Target
O
m O Measurement at Abort Line with FX Measurement of secondary particles with SX ‘
- TDC
m < . - N 108 = Entries m1 006863e+10
—— O B Qo = Mean 2598
@) "51 0710 O o7 RMS 1308
O c S F t -
AN <Z[ e L @ w/obeam loss S 10 e
(0 L 1 000000000 RSN —
E] =G - ' o . g
pd _E : f 'C 10* ;—
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— >>E £ - 9 102;
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2 m = 10 =
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MuZe at FNAL

8GeV protons from FNAL accelerator complex

PHYSICS

Re-bunching in the Delivery Ring

Injected onto the tungsten target located in
Capture Solenoid magnet r Recycler Ring

Single event sensitivity: 3x10-17
DAQ starts in 2022, T yr commissions and 3 yrs JE & o8 _
running. NN S €3

Delivery Ring
Production T)?;?nn Le® Detector \ frer—
Solenoid e
L e Transport = \ \ 4

A
-, — -'r*‘"
- ( o ¥ B,

. | __;1 SR e
oo

* —

) X\

Muon Campus” SEEEPEFEES
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MuZe Status

Facility Construction Detector Building

PHYSICS

Straw Tube Tracker Csl Calorimeter

North face

MLon Trackar
Stopning Tasget

2 disks, each disk contains 674 undoped Cisl
3
crystals of 20x3.4x3.4cm

&-. N
’ ~‘. ',_-." %

31 transport eolenoic cols (of 22)

Panel aith elactionics
mrountad_in st stand
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Yet Another u-e Conversion

Search at J-PARC

Production

PHYSICS

Primary proton beam

Accelerated target Fast extraction: Free.frc?m backgrounds by
celerate off-timing proton
_prfti",_,' @ 3GeV < anti-proton production threshold
f
it/
£ °
> Q

o Pion production by accelerated proton hits on target

O rmop sy,
o H- trapped by a nuclear. Muonic atom formation

XXXIX INTERNATIONAL CONFERENCE ON

o Particles emitted from muonic atom
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o Extract electron via secondary beam line and measure the momentum

IGHEP 2018, 2018/July/07 @ GOEX, Seoul



22

SOISAHd NO FON3H33INOD TVNOILVNJILNI XIXXX ™

1N?3S 8102dIHII F¢



u—eee Search using DC Muon Beam

1))
O
)
>
I
o

. Another channel sensitive
to cLFV with DC muon
beam

. 1.0x10-12 (90% C.L.) by SINDRUM

pd
O
—ts Signal Acc. Overlap
O . 216 :
- z « Goal:1016in 2 steps > p=0 5 p0
) & At=0 ‘
u‘j - - Measure all electron tracks K 5 Atx0
Z = - =
N S with extreme precision
m &J Different signal BR
S 3 - Background source g Muse Phase B
= S L — eee
AN Lz-[ E 10 ) ‘ at 10
a % ° 'u+—>e+3+e—y vV g L — eeevv N Llﬁfse
T = . Accidental overlap 5 ‘%—gno‘fe
05 qu " ' T e
\_ < o Beamllne IS Shared with < 107 210 o mbinatorial Bkg
% Irreducible Bkg -~
. Additional suppression
MEG 10—3 due to Timing detectors

96 98 100 102 104 106 108 110
M [MeV/c?] 23




Detector Preparation

Tile detector prototype 5PM Aviay: Hamamais 8:366241QR
Good enough ot

PHYSICS

Fiber hodoscope
prototype
Good enough ot

Target prototype

1st large-area prototype
MuPix8 is being tested
MuPix9 & MuPix10 follow

XXXIX INTERNATIONAL CONFERENCE ON
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Muon g-2 & EDM
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Muon g-Z2/EDM Measurements

PHYSICS

. In uniform magnetic field, muon spin

rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

» e I \BxE
G =-|a B- a, —— b 2
m vy -1) c
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Muon g-Z2/EDM Measurements

PHYSICS

. In uniform magnetic field, muon spin

rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

. - I \BxE
w=—eaB—(aM— : )ﬁx 2
m Y C

BNL/FNAL approach
r=29.3 (P=3.09 GeV/c)
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Muon g-Z2/EDM Measurements

n
-
n
>
L
o

. In uniform magnetic field, muon spin
rotates ahead of momentum due to

g-2+0

pd - -
» o General form of spin precession vector:
O
-
o u . e
Ll = W=—-—
nao m
0 2
o BNL/FNAL approach
| r=29.3 (P=3.09 GeV/c)
N
|
T AAAAYA%Y - R . - E
A @ = = —| 8, B+ X | B x B —
] m 2 C

Continuation at FNAL with 0.1 ppm precision 26
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AN EXperiment

II|IIIIIIIIIIII]IIIIIIIIIIIIII[II

DHMZ —A—
180.2+4.9

HLMNT .
182.8+5.0

|
I
|
|
|
|
Y
|
|

L

BNL-E821 04 ave.
208.916.3

| | | I | | | I | | L1 | | | | | I:l || | |
140 150 160 170 180 190 200 210 220 230

a,-11 659 000 (10°)

A NYVEEERA VAEET TR R




' moment

2 ) A e X\ \\
. . -. - . _

8

~PR 097 114025 (2018)

Featured In Ph

Muon g -2 and aM%): A new data-based analysis
Alexander Keshavarzi,”' Daisuke Nomura, " and Thomas Teubner'"
'1)1‘,’-’«!‘!!:4('1.'.' of Mahenmatical Sciences, Universite of Liverpool, Liverpool L69 SBX, United Kingdom

KEK Theary Center, Tsukuba, harake 3GS-0861, Japan
YYukawa Institute for Thearetical Plvsics, Kvoto Universire, Kyvoto 6668502, Japai

M (Reccived 6 April 2018, published 23 Junc 2018)

This wark presents o complete reevaluation of the hadrome vacuum polanzation coninhubons ta the
anomalous magnetic moment of the muon, «3* "%, and the hadronic contributions to the effective QED
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H-:-J 1d inl » where the new data compilation has
vielded the full hadronic R-rano and its covanmance matnx in the energy range m, < 5 < 11.2 GeV,
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uon g-2/EDM Measurements

PHYSICS

. In uniform magnetic field, muon spin

rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

. - I \BxE
w=—eaB—(aM— : )ﬁx 2
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uon g-2/EDM Measurements

PHYSICS

. In uniform magnetic field, muon spin

rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

. - I \PxE
w=—eaB—(aM— : )ﬁx 2
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J-PARC approach
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uon g-2/EDM Measurements

PHYSICS

. In uniform magnetic field, muon spin
rotates ahead of momentum due to
g-2+0

General form of spin precession vector:

. el = 1 3% E N(s = 2
w=—-——|a B-|a, - +—|PxB+
m| " (“ —ﬁﬁc/ 2 b c

J-PARC approach
P.=50% N, =57x10" E=0at any r

200 MeV < E_. <275 MeV
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uon g-2/EDM Measurements

PHYSICS

flomentum =

. In uniform magnetic field, muon spin

rotates ahead of momentum due to
g-2+#0

General form of spin precession vector:

. el = 1 3% E N(s = 2
w=—-——|a B-|a, - +—|PxB+
m| " (“ —ﬁﬁc/ 2 b c

J-PARC approach
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New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

3 GeV proton beam

(333 UA)Graphi’ce target
W’(ZO mm)

y"}.;“*

Surface muon beam
(28 MeV/c, 4x108/s)

A Muonium Production
e ». (300K ~ 25 meV=2.3 keV/c)

— P2
Super Precision Storage Magnet
(3T, ~Tppm local precision)

Laser
122nm, 355nm

Surface muons A(g-2) = 0.1 Ppm

Mu production _ 21 A,
target N AEDM=10-21 e-cm




J-PARC Muon g-2/EDM

Muon source R&D and Acceleration

. Muonium production with aerogel samples with different
sizes of holes

PHYSICS

. Acceleration of negative muonium atoms (Mu-) by static
electric field and RFQ
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J-PARC Muon g-2/EDM

Muon source R&D and Acceleration

. Muonium production with aerogel samples with different
sizes of holes

PHYSICS

. Acceleration of negative muonium atoms (Mu-) by static
electric field and RFQ
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New Physics Searches
with T Leptons

. Same physics motivation with muon
cLFV searches Y

. Mt heavier than my ‘5
T u or ©
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W S . Different, perhaps larger, coupling
QO = expected to new physics
ok U+ o KO
N2 h/H/A P
o g . More final state types U ke
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g8 . Large T statistics in collider T M or €
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experiments including LHCb
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. > 30 deviation of muon g-2 in BNL E821

experiment
« FNAL g-2 started physics DAQ!

- J-PARC g-2/EDM succeeded initial
test of muon acceleration

- MEG limit: Br(u—er) < 4.2x10-13

- MEG Il engineering run, followed by
physics DAQ

. COMET, MuZe & Mu3e in 2019-202x

. More tau data from Belle |l
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