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Flavor Physics

Precise measurement
of flavor structure

Establishment of SM

Indication of BSM?

muon g-2, proton
radius, B leptonic
decay -
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Flavor Physics with
uons
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More Muons!

. Muons are produced from 00 / \ Al
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DC or Pulse?

« DC beam for coincidence
experiments

. utilize the lifetime difference
between pions and muons
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~20 ns
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« Pulse beam for non-coincidence
experiments

Optimize the proton beam
pulse structure

U -€ conversion

.

1-2 ps
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PSI| Cyclotron (DC Muon)

2.2ZmA at 590 MeV: 1.3MW beam power
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MEG & MEG |l

Signal Background
oo~ + MEG Muon Statistics
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MEG I

Im prove reSOI Utlons by Liquid Xenon Gamma-ray Detector
about factor 2 everywhere cogra 4G
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u—eee Search using DC Muon Beam

A _£e
« Another channel s
sensitive to cLFV with AR "‘
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Detector Technology
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. ',’ /r M LN # - High granularity (occupancy)

Iy - Close to target (vertex resolution)
 ' ,f . 3D space points (reconstruction)

4 1 - Minimum material (momenta below 53
Y ‘.?L"J' VAL I/ MeV/c)

W7/ ) ) - Gas detectors do not work
/i | “:““* (space charge, aging, 3D)

| Silicon strips do not work
%74 (material budget, 3D)

Hybrid pixels (as in LHC) do not work
(material budget)
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Detector Bullding

. 50um silicon

. 25um Kapton™ flexprint with Al traces
. 25um Kapton™ frame

. Lessthan 1% R.L. per layer

. He cooling for 2ZkW heat generation
from the chips

PIA = 150 mWicm?2

284 °* Vo ™ 3TV
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Pulsed Muon Beam Facility
(in Operation)

800MeV Praton
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Pulsed Muon Beam Facility
(in construction)

MLF H-Line @ J-PARC MLF

- COMET > 109

ustops/sec

. MuZ2e

Bi

using gradient

magnetic field
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Muon transport with large momentum
acceptance and momentum selection
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- conversion search

- Atomic capture of u-

. Decay in orbit (DIO)

. electron gets recoll energy

O
N ‘
. Capture by nucleus l
. resultant nucleus Is different LD vV

T < W (T W =800 NSEC) - 44 7) S Va4 (AZ 1)

- conversion
W +(A,Z2) > e +(A2)

. U=-e conversion
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Mu-e Conversion

Electron Energy Spectrum
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Mu-e Conversion Search
Experiments

DeeMe

~107"°M using C or SiC for

muonic atom formation

COMET Phase-l & I

Al target to reach the 10"

sensitivity in Phase-l and 10°'°

In Phase-ll

MuZ2e

Al target to reach the 10°'°
sensitivity
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Spectrometer Magnet
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COMET at J-PARC

e Target S.E.S. 2.6x107'’7

« 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
Transport

e T
Solenoid s 3
‘ ~ gﬁi

e
. need compensating vertical field >

o [Tracker and calorimeter to measure electrons y/
{

ey a1 R\ %
. e \g;

« Recently staging plan showed up. The collaboration
Is making an effort to start physics DAQ as early as
possible under this.
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e Phase-l 8GeV-3.2kW, < 10
-16

e Phase-ll 8GeV-56kW, < 10
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MuZe at FNAL

. Target S.E.S. 2x10™"’

uses the antiproton accumulator/debuncher rings to
manipulate proton beam bunches

No interference with NOVA experiment

MuZ2e uses beam NOVA can’t

pion production target in a solenoid magnet 2 (@} N o S &

S-shape muon transport to eliminate BG and sign-select RESs = Zas] o/

- Tracker and calorimeter to measure electrons » Tracking and Calorimeter

* Decay into muons and
transport to stopping
target

) et
g T

— .

* S-curve eliminates
backgrounds and sign-selects

Pt “’. ‘ WS ot ) S e
e [ r
* Production: Magnetic bottle traps backward-going &

iy 2
/}.’L-.:siﬁi Oon Campus AUg 2 = atonst Lonvers that can decay into accepted u's
» RSB R RBLEA d P SOKENDAI [ &,
@ K E K ELZILF—NNRSHHFTEE (S & The Grathuaie Usiversity for Advaied Stadies o s PRRC




Muon Stopping Target
Dependence ...

of j — ¢ conversion in nuclei

Different target material contains different quark
contents | |
May be possible to see the target ,q;.:
dependence on the mu-e conversion rate 1 N
2o AN
Discriminate the principal interaction of the =5 V’%f = \,,,\ —d
mu-e conversion? ‘igﬁf?‘*‘"": Sy

Possible taget

DeeMe: C ( & Si) lifetime 864ns | 330ns

. COMET & Mu2e: Al (& Ti in future? & Pb in time window 0.3 0.2
far future 77) signal 1 1B

- National Lnuversity net O- 3 O . 3
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Muon Precision Physics
muon g-2/EDM
&
Proton radius
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muon g-2/ EDM measurements

Anomalous magnetic moment (g-2)
a,= (g-2)/2 =11659208.9 (6.3) x 1010 (BNL E821 exp) 0.5 ppm

11 659 182.8 (4.9) x 10-19 (standard model)
Aa = Exp - SM = 26.1 (8.0) x 10-10 30 anomaly

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

general form of spin precession vector:

. e — 1 3 x E Y AY
w=-—|aB-|a, —— P 1 BxB+—
m vy -1} c 2 C
BNL E821 approach J-PARC approach
=30 (P=3 GeV/c) E=0atanyy
N B T Y
W=-— 51MB+n B x B+— W=—— aMB+quSxB
m 2 C m 2
Continuation at FNAL with 0.1ppm Proposed at J-PARC with 0.1ppm precision
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Fermilab E989

-Goal:

day < £16 <10 €14 ppm)

©OKE

-systematic errors w_, o

11

-1.8 x 10 detected high energy decays

+0.07 ppm each

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

= > NPT !! Silicon
= - a .... - ' _,,‘l‘; " T k
3 GeV proton beam - el o racker

(333 uA)
Graphite target

(200mm)

- ;4/
» Surface muon beam
(28 MeV /¢, 4x108/s)

o 8 Muonium Production
. (300K ~25meV=2.3keV/c)

Super Precision Storage Magnet
(3T, ~1ppm local precision)

Laser
122nm, 366nm

Ultra-cold

Surface muons

Mu production 1. Ultra-cold pu* beam is injected to storage magnet.

target . .
2. Pulse kicker stops muons in storage area

3. DPositron tracker measures e+ from u*=>e*vv decay for

the period of 33us (5 x lifetime)



What'’s different?

® Tertiary Muon Beam

Electric focusing

® Widely spread over phase space = Magic momentum

® Contamination of pions

Electric Focusing

injection

No focusing

= Any momentum

® Ultra-Cold Muon Beam

® Can be contained in the detection volume w/o focusing

® Yield?

injection

- National University & a
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Muonic Hydrogen

Formation of up (highly
excited state)

L aser excitation (25-2P) after
subsequent cascade

D i S s — OILSPILLS
(c) 8.4 meV :here’s mor
1% 99% acome
a =
2 / 2p 2Py :i: F:% . PLAGIARISM
-t & It's worse than
2S5 — 2P, F=1 i

F=0 :

! CHIMPANZEES
§

2 keV X-ray

Electron_——__ K. K.K )
Muon S e 206 meV
/ F \\ 50 THz
\ !
‘\ ‘I || . | (b) 6 um
Proton ) Prelon op
~—— _-‘/" 2 -
2 fin. size
2keV X-ray| 37TmeV |
2nZo. “ (K,,) 25,,2 :'*'."
AEfinite sire = 3 2 |P(0)) f;, meV

1S —

rie National Lniversity



Hydrogen Charge Radius

Antognini et al, Science 2013
h\ /‘ Plon ceam In2

\,\ Frotons
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- ~/ o discrepancy!

ro.=0.84037(39) fm (muonic hydrogen lamb shift)

roe=0.8775(51) fm (electron scattering, spectroscopy)
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Flavor Physics with
B, tau, H, and Z
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cLFV Searches and Lepton
Universality Tests at Colliders

. cLFV searches

H/Z boson decays to e/u, T at LHC E
- tau lepton decays at LHC, BES Ill & Belle ( and Belle I
soon! )
- Tensions in B-Physics
BO—> D Tv.:/lv,390 : LHCb + BaBar + Belle §
B K uu/ee260 :LHCb
- Anomalies b = sll, esp. P5inB - K*'uu @ LHCb
340&Belle 2.10
New physics effect or long distance charm loop?
ar Xivi1604,0822]
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Flavor & precise physics experiments

- Complementary approach to High-Energy
Frontier Experiments

cLFV experiments using muons.

New experiments (MEG I, Mu3e, COMET,
MuZe, DeeMe) are in preparation

Precise measurements using muons
FNAL g-2, J-PARC g-2/EDM
Proton radius

New results from LHC experiments and BES Il &
Belle
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