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‘ Status of Lepton Flavor
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Outline
* Charged Lepton Flavor Violation (short intro)

e Current Status

0 CLFV 1n Muon Decays (stopped y beams)
2 CLFV in Tau Decays (e*e- colliders, LHCb)
0 CLFV in Higgs and Z Decays (LHC)

* Future Prospects
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| Charged Lepton Flavor Violation

* Charged Lepton flavor: accidental

symmetry in the Standard Model

Q Lepton flavor violation forbidden if

neutrinos are massless

& Very small SM effect due to finite neutrino
mass: BR(u—ey) ~ 10-32

 CLFV: an unambiguous signature of new physics
&~ Sensitivity to mass scales far beyond the reach of direct searches

& Window into TeV physics and beyond

‘¥~ Next generation experiments will have sensitivity to directly test
predictions of many BSM theories, e.g. SUSY

08/26/2015 Yury Kolomensky, CLFV
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| Possible New Physics Contributions

Supersymmetry Compositeness Leptoquark
Mg =
rate ~ 10-16- 10-15 A, ~ 7000 TeV 3000 (A 4Agq)"2 TeV/c?
H e n 0 d
q q d ‘ e

Heavy Z

Heavy Neutrinos Second Higgs Doublet _
Anomal. Z Coupling

U nUen[? ~ 8x10°12 9(H,e) ~ 10%g(H,,) M, = 3000 TeV/c?
t t WL
q q q : 9

Marciano, Mori, and Ro'ne'y, Ann. Rev. Nucl. Sci. 58
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What Sensitivity is Needed?
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LFV in Tau Decays

B Factories now
Belle-II projection

tanf=30 normal hlerarchy} o tanf=30 (inverted h|erarchy}

1™ 1™
o 200 400 Ei:l'] ann 1"'|][| o 200 400 Ei:l':l 200 1"'|]|]

Scalar tau lepton mass [GeV] Scalar tau lepton mass [GeV]

Model examples: ‘ B(r — t+) | Br — ti0)
SUSY Higgs (PLB549(2002)159, PLB566(2003)217) 1010 107
SM+Heavy Majorana v, (PRD66(2002)034008) 10~ 1010
Non-Universal Z/ (PLB547(2002)252) 107 10
SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012) 108 1010
mSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013) 10~ 10~

I
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HISTOI"Y of LFV Searches
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‘ uwN—e'N and u*—e*y Complementary

Model

M —
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‘ uwN—e'N and u*—e*y Complementary

Model m, . K
independent = s URo e F,, + -
CLFV (k + DA " (k + DA
Lagrangian:
(A. de Gouvea) s | T
Z -
ProjectX potential |
—> * > x > B(u — e conv in 27Al)=10""7
M : \\\ 9 //I ei e |
? a7 Mu2e goal ]
N ? ! N _____________ B(u — e conv in 27Al)=10""°
— - [ :
MEG goal ™.
K<<l B o710 |
magnetic moment type operator B(u - ep)=10""
T It 1
T\Nk?%\\“

u — ey rate ~300x
ulN — eN’ rate

2
10

M b\_ __s-°~\\~
1 0 10

R
10 1

LY.e, >y e,

qg=u,d

K>>1
four-fermion interaction

ulN — eN’ greatly enhanced
over U — ey rate

Similarly, complementary information from y and T searches
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‘ MEG: Search for put—ety

MEG (PSI)
COBRA Magnet
Drift chamber
[ // ]
Muon Beam N
o f +
Stopping Target !__,-‘ e Timing counter
[ : —1]

Liquid Xenon d
Scintillation Detector| |

Eur. Phys. J. C (2013) 73:2365

08/26/2015 Yury Kolomensky, CLFV



12

| MEG Results and Prospec’rs

‘ D. Grigoriev @ NuFact 2015 —

/ Published
Data taking finished at 31.08.2013

Statistics is doubled compare to published

year Sensitivity, x10-13 Br, Upper limit (CL
90%), x1013

Phy. Rev. Lett. 110, 201801 (2013)

bo12+2013

2009+2010 17.5 13 13

2011 18.5 11 6,7
2009+2010+2011 36.0 7.7 5.7 (20 times better
All data (expected) ~80 ~5 than MEGA)

Final result of analysis is expected by the end of 2015
with the improved analysis. The data are reprocessed now.

I
08/26/2015 Yury Kolomensky, CLFV
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| MEG-II Upgrade

e An upgrade of MEG, aiming at a sensitivity improvement of one order of
magnitude (down to 5 x 10-1%) approved by PSI and funding agencies is
ongoing

2013 2014 2015 2016 2017 2018 2019
|
e ] e BRER - BB - BN - |

Larger LXe volume
with finer photon 6.
detector granularity \

Higher beam intensity
1

: \ Unique-volume
—_—0 2. &8
- Drift Chamber
ey . N R |

Pixelated TC -.! —
5.

A.Papa @ NuFact 2015
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MEG-ITI Sensitivity

¢ More sensitive to the signal...
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¢ More effective on rejecting the background...
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‘ Muon—Electron Conversion

- stops 1n thin Al foil ,
. u 1n 1S state

the Bohr radius 1s ~ 20 fm, so Al Nucleus
the w- sees the nucleus ~4 fm

‘ 60% capture
40% decay
muon “falls into”

>y
nucleus: l

normalization u —evv
u +(A,2)—=v, +(AZ-1)

muon capture,

Decay in Orbit:
background

08/26/2015 Yury Kolomensky, CLFV



15

‘ Muon—Electron Conversion

- stops 1n thin Al foil ,
. u 1n 1S state

the Bohr radius 1s ~ 20 fm, so Al Nucleus
the w- sees the nucleus ~4 fm

60% capture

40% decay
muon capture,

muon “falls into”
nucleus:

T Muon conversion:
normalization

signal

08/26/2015 Yury Kolomensky, CLFV
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‘ Muon—Electron Conversion

- stops 1n thin Al foil ,
. u 1n 1S state

the Bohr radius is ~ 20 fm, so Al Nucleus
the w- sees the nucleus ~4 fm
A.U.
m 7]
signal region 60% Captu re
40% decay

muon capture,
muon “falls into”
nucleui: ¢i 103 = e 156. Muon conversion:
normailization Electron Energy [MeV] Signal

08/26/2015 Yury Kolomensky, CLFV
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Previous Best Experiment

SINDRUM-II currently has the
best limit on this process:

Prompt Cosmic ray

background Expected background Bﬁeu < 7Tx1071 @ 90% CL
signal

Limitation: CW beam

10 3 El COSMIX supf A Collimator J Outer Drift Chamber I
= B Moderator K Superconducfing Coil (V)
- C Beam Counter L Helium Bath
1 D Pion Stopper M Service Tower )
5 7 E Target N Magnet Yoke
10 — F Inner Hodoscope O 5x End Ring
= G Cerenkov hodoscope J P Light Guides
— H Outer Hodoscope Q Photomultipliers
] I Inner Drift Chamber 1|5 SRR |
10 —=
i » u—e conversion at
1 = B.R.=4x10"
T

Muon ™ 95 100 105 110 115 120
decay total e” energy in (MeV)

0.6 04 0.2 0 0.2
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Near Term: DeeMe

*| @ m~ Production
I’ - | o@inflight 77— pu-

° ®Muonic Atom Formation
Proton |eeate®s| @ H-€ Conversion

Production
Target

Secondary Beamline

/proton beam

- Capture Solenoid
HS1A,B,C

Transport Solenoid

M. Aoki @ NuFact 2015

Tracker
(4 MWPC's)

IMSS/Muon PAC: Stage-2 Approved

J-PARC/RCS: High-Power High-Purity Pulsed
Proton Beam.

Produiction.Target as p-stopping target.
H-Line/MLF: Large=Acceptance Beam line.
State-of-the-Art MWPCJechnology

S.E.S. — BR~5x 1015

(8 x 107 sec of data taking with SiCarget)

Staxt the physics run with graphite target
SE.S. —1x1013 (2 x 107 sec)

Aiming testart the engineering run in 2016v

Magnet leased from

Spectrometer Magnet
(PACMAN) TRIUMF I

08/26/2015
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u—e Conversion Experiments

4 2

2 3 e S K 3 R D . N N LR ) TN Y ML) N

Fig. 1. Set-up MELC: A - meson-production part, B - detector part.
1 - tungsten target of the meson-production part (T}),
2 - big ducting solenoids, 3 - ion of the solenoid against radiation,
4 - steel magnetic circuit, 5 - solenoid-collimator,
6 - aluminium-target of the detector part (T3),

T - coordinate detector,
8 - total absorption scintillation spectrometer,
9 - protection of the detector against background.

V. Lobashev, MELC 1992

08/26/2015 Yury Kolomensky, CLFV
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u—e Conversion Experiments

Proton Beam Mu2e (FNAL)

Production SOIeV Detector Solenoid B
— - Transport Solenoid i = ﬁ
e S — \

Production Target Calorimeter 1T

25T ‘ g Tracker
4.5T Muon 2T 1T
Stopping Target

Protons

Pion Capture
H Section

Production
Target

3m

Stopping
Target Electrons

Fig. 1. Set-up MELC: A - meson-production part, B - detector part.
1 - tungsten target of the meson-production part (T}),
2 - big ducting solenoids, 3 - ion of the solenoid against radiation,

4 - steel maguetic circuit, 5 - solenoid-collimator,
6 - aluminium-target of the detector part (T3),

T - coordinate detector,

8 - total absorption scintillation spectrometer,

9 - protection of the detector against background.

V. Lobashev, MELC 1992 Detector [ —

COMET Section L
(J—PARC) TIUUULHEEL

A

08/26/2015 Yury Kolomensky, CLFV
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‘ Critical Issue: Proton Beam Timing

Primary proton Mu2e
beam pulse

Arrival time distribution
for secondary beam at
200 ns ! the muon stopping target
—l

0 400 600 800 1000 1200 400 1600 1800 2000
time (ns)

Muon occupancy in

the stopping target Adjust the live window to “wait

out” the prompt backgrounds
from pions and beam particles

Critical parameter: beam extinction between pulses (<10-19 required)

08/26/2015 Yury Kolomensky, CLFV
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‘ Critical Issue: Proton Beam Timing

Extinction @ J-PARC MR Abort

c

S B

© : _

£ Have achieved 10714

1] =

g F at 8 GeV beam energy

=
10™ = * """"" T """"" T """""""""""""""""""""""""""""""""""""
S B =
10‘13IJl]lll]]llLJl]lLl]lllJ.J

140 160 180 200 220 240 260

B. Krikler @ NuFact 2015

RF voltage (kV)

08/26/2015
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Detectors: Mule

Neutron Proton absorbers
absorber

Calorimeter Beam Stop

Tracker

Stopping Target

3196 mm e Electron tracker: low-mass

straw tubes

e 18 planes of 5-mm diameter
straws transverse to beam,
0.1% momentum resolution

 Time-division readout to seed
pattern recognition

08/26/2015 Yury Kolomensky, CLFV
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Detectors: Mule

Neutron Proton absorbers
absorber

w——
Muon Beam

Calorimeter Beam Stop

_ Tracker
Stopping Target

* Calorimeter: disk geometry
« Hex BaF, crystals; APD or SiPM readout
* Provides precise timing, PID, background

rejection, alternate track seed, and possible
calibration trigger.

08/26/2015 Yury Kolomensky, CLFV
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perconductor
&D

Mule Schedule

‘ Detector I

Project Complete
1 1 1

KPPs satisfied

% .

Solenoid !
Installation and

Commissioning

ion

Cosmic Detector

Tests

Beam line

Produced: February 2015

08/26/2015
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‘ MuZ2e Progress

08/26/2015 Yury Kolomensky, CLFV



‘ COMET Schedule

Japanese Fiscal
Year

2015 2016 2017 2018 2019 2020 2021

Proton Beam

Construction

Phase-I|
Data

Construction
Phase-lIl
Data

08/26/2015 Yury Kolomensky, CLFV



24

COMET: Phase-I

Pion Capture

Protons
Section
Production
Target
Goals of Phase-|
® Understand production system
I ® Understand bent solenoid dynamics
== ® Prototype the detector
/_'é‘_ ® Ll-e conversion search at: 3 X 1071°
CyDet StrECAL
|
Detector
Yury Kolomensky, CLFV

Section

08/26/2015
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COMET Progress

COMET Phase-lI
2018
Sensitivity < 3 X 1071
110 days
O Phase-| Straw Design L I8N 32 KW proton beam
O Based on NA62 Straws s :
with single seam weld - L ‘/ ‘
©.20 micron aluminised mylar § Z = — ' N\ COMET Phase-ll
© 9.8 mm diameter tubes {0 . WIS 000

O Phase-Il pessibilities: A ‘ /! Sensitiv _17
- ensitivity <

© 5 mm diameter A 7 . Ty y<3 x 10
ear

O 12 micron Al-mylar
56 kW proton beam

Straw Tracker

O Status N
O Phase-| production finished (2500 straws

O Aging tests, resolution studies underway
The future:

PRISM / PRIME
Sensitivity << 1018

The COMET Experiment, 10 Aug 2015 19 Ben Krikler: bekO7 @imperial.ac.uk

08/26/2015 Yury Kolomensky, CLFV
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Next-Generation: PRISM/PRIME

PRISM - Phase Rotated Intense Slow Muon beam . Pasternak @ NuFact 2015

I I 1 1 1 1 1 1 1 I 1 1 I 1
High Energy
F Advanced Phase | T
o - - o gl;r;o&Energy b Incoming Proton
g - ool RS E Beam ——wn
8| o | ST | e
3 & AP _
i I | ."%‘/ Pion Production Target
. LowEnergy i = and Capture Solenoid
| Dle\ayeidPhlasel T oL 41 1
Muon Transpor
Phase Phase ) Channel
Phase Muon Stopping
Rotation Electron Target
Spectrometer
R e | (R
Detector
Solenoid
PRISM:

* |t is the next generation muon to electro
conversion experiment based on an FFAG

8 T T T T
(Fixed Field Alternating Gradient) ring, 6l g%%:ﬁﬂ% |
* |t allows to create a high quality muon beam by: 41 %
reduci 21| \
reducing the muqn beam energy spread Alternative = ot %E
by RF phase rotation, . : > [
. _ . ring designed™ 2!\,
- purifying the muon beam in the storage ring. B [
) . e by Task Force -4
* [t will have single event sensitivity — 3x101° 6l
* Design details are being addressed by the Task Force B

led by Jaroslaw Pasternak (contact him for more details). X [m]

08/26/2015 Yury Kolomensky, CLFV



u— eee: Mu3e Experiment

— Mus3e is a dedicated experiment searching for y© — e*e " e*

— aimed sensitivity B(u — eee) < 107 '°

— stopped muons per second: 10°

— main background: p — eeever,,, with B = 3.4 - 10~° and accidentals

— Phase Ib: muon stopping ~ 10° u™ /s (2017)
— central module upgraded with 250 um diameter scintillation fibres

(three layers)
— two additional recurl modules including pixel and scintillation tiles
= better timing

Recurl pixel layers

EEREEEEEERERNEEE RESRREREERERREEE
Scintillator tiles Inner pixel layers
>
———J uBeam Target 17 cm
_—
I
ST T Ty Scinilating fiores EENRERREERRRREEN

AN 7
\ / Outer pixel layers
36 cm

08/26/2015 Yury Kolomensky, CLFV




LFV Processes at a Collider

BABAR T—>uy simulation

Taus produced in pairs: ete——>t+t-, before taus decay. Use one side to tag the
process, the other to look for LFV. Obvious signature: two leptons of different flavor
in the final state.

08/26/2015 Yury Kolomensky, CLFV
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Search Strateay

* Select a large clean sample of “tag”

tau decays
Q Clean leptonic and hadronic tau decays:

“l-prong” and “3-prong”

EF T2evy, ToUVvVY, T2V, TPV, T3V

* Look for LFV decays of the “other” t

Q Typically a fully-reconstructed final state
& t->ey,Tt>wy, T, T=1h9

» Take advantage of kinematics (known beam energy):
define

[
Centgr'tﬂ mass

-

system b,

AE=FE_—-FE,

rec beam?

Eptm P8
AM,, = Moo —m., = bean 4L
: T \/ C”" c2

- Tn T

08/26/2015 Yury Kolomensky, CLFV
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Summary of LFV in Tau Decays

2 = 0 0 0 .
3 Ly P IS \Y 1l lhh BNV
o . ° Summer 2014
S 10%F . =
'8 § ° ..ooo.. °.® LI ° . §
> B . °® . ° e o ° 7]
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-6 ()
— 10 — T —]
o — =
o [ -
n — v ]
= — v vy, v v v . =
g i Vv v M v Vo, v ]
- 10-7 4 Yy M \ v M 1 ° CLEO
8 ; LA Y * A Aad vy v § v BaBar
= ¢ N v - A A = A A A A A 31 . Bell
% [ N “v"t " A x x X' . A A A A‘ A A a 7 e e
I e ettt ’ ] - hHFi'é
. 8 2
O 107 .
o\c> :I Lrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr el F
8 TR ::::O‘Q!‘Q—Ou—oqoo_o"!*! (RE e 3300 110: ‘2B l:‘. v B t:xgox“”x"’ﬁ By vy < Ik< \<+1'1

‘'3 id)iq;i N

02?503 '0'305% iq’i‘l‘@ =t = kh ﬁlﬁxzxgox so's oo B B LS
mimimimimimimimiﬁﬁﬁﬁxx (ST

Comprehensive search with 48 decay modes: leptonic and hadronic
Several modes with nearly zero backgrounds

~x100 better sensitivity wrt CLEO

LHCb sensitivity comparable to B-Factories for leptonic modes
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Future: SuperKEKB & Belle-IT

SuperKEKB i
— TR

— ,;»—:_K,.

Belle Il

— ~ New IR
New superconducting

o

/permanent final focusing

" New beam pipe
& bellows
—

Replace short dipoles
with longer ones (LER)

HHHHHH

KEKB superKEKB
Sl kiass Fow emitance poszons Vertical B function: 5.9 mm - 0.27/0.30 mm (x20)
Positron sourc
Redesign the lattices of HER & w ”\‘\\~ New positr Beam Current: 1.7/1.4 A 9 3.6/2-6 A (XZ)
LER to squeeze the emittance i ‘ capture sec —
o u¥/
TiN-coated beam pipe with Low emittance gun
Low emittance electrons
" to inject
L=8-1035 s-'"cm-2
(Bea hamme x 40 Gainin LumiHOSity Beam-beam parameter
Lorentz Beam current

factor

NANO-BEAM scheme: S
* Y Lumi. reduction factor
= Smaller‘ b L=—=1+ (crossing angle)&
Y . Tune shift reduction factor

(hour glass effect)

- Increase beam current

lassical electron 0.8 ~1
adius (short bunch)
C. Ceccldeam size ratio@IP Vertical beta function@IP 14

1 ~2 % (flat beam)

08/26/2015 Yury Kolomensky, CLFV
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Belle-IT vs LHCb

SuperKEKB luminosity projection

70
60 :_ : LHCb collect 5-7 fb~" collect 15 fb-!
£ T Goal of Belle 11/SuperKEKB
£ 50[ 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
§=~ 403_ LHC LS1 LHCRunII LHCLS2 LHCRun Il
i-'g E +» ppruns 13TeV @25 ns « ppruns 14 TeV @25 ns
E 305_ E\ LI LI ! LIl l“l.“;!" llll l LILELEL !“l“.l“.l"-l.-!--.l- LI L LI -I..!;-“I."l“.l- T ! rrri }.I’Z
£ b g e gele I Pisjiciion (Feb 2015y T
10f- L O T R o i
35 of——— 8
;10 8t Commissioning starts ;% 10
6 in early 2016. £ —
8~ = o SO S SUUOU UUIOY 40 SO SO SO S -
£% af Shutdown —
5E forupgrade @ -~ e e b e _
x s 2 — ) oot SUUSUU FUNUINS SR S’ SRR SN SIS SR SO —
] ob—— L e R
a 2016 2018 2020 2022 2024 — S -
Calendar Year ~LHCb b
‘ : _. o —Belle i ab Y -3
1 1) 0TI 05 3T 3017 20Ta- 2076090 07T 2005052004
O(10'!) T sample by 2024 e 2

Complementary sensitivity for Belle-II and LHCb

C. Cecci @ NuFact 2015
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UL of BR

| Projected Sensitivities

A | | | 107
-6 =
10 g I
CLEO » B
) ® Touy g -
- - 8
-7 A | :;—)ﬁﬂu 8 10 E
10 oy C
2 _
3 i
® o - =T
Belle R S 109 o eew
-8 o - eret | .
10 A0 - o
e l‘ -
A o : o pl*Lll'Tl*
_10 [ R A | 1 [ R T R B | 1 ' R N SR |
10 BellelI 10 1 10 e
A Luminosity (ab™)
The no-backeround regime improves as 1/ I Ldt
-3 2 -1 g1 g p
10 10 10 1 10

Luminosity (ab™) If there are background events, the improvement is 1/ J.L dt

C. Cecci @ NuFact 2015

I
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CLFV in CMS

- 2.40 deviation from SM observed

S : : _ B(H — pt1) < 1.51%
- Limits on branching fraction & LFV Yukawa couplings set:

VIYir2 4 1Yz uf2 < 361073
* Heavy states:
- Model-independent analysis
* tsneutrino: m < 1.28 (2.11) TeV for 1132 = 4311 = 0.01 (4132 = 0.05, 1311 = 0.1)
 QBHs: m<1.99 - 3.63 TeV for Nextradim. =0 - 6
« Z'la’: no sensitivity, yet

o Z—ep:
. . . . . . . . -7
- Obtained most stringent direct limit on branching fraction: B(Z = ep) <7.3-10
19.7m*‘(8Te\l) = X ; . . . _”"" el & CMS _Proliminary 19.7 10" (8 TeV)
(E CMS . ] 8 1o gr’:?minary l:le\lw % 10 ; ¢ ‘Dﬂ‘a ‘ ‘ ‘B"g ”“ce"‘ai"'y
9 E 10° 38 105? —— signal, B(Zeeu)ﬂxW‘D -
g ‘2 102 i) 104;, & w, [l oiboson, 2~ eeuu
g 3 % 103i [ misidentified leptons
5 a  F
2 102k
& E
é 10F
w E
-
& TR
g0 o %HEH Shmserl g -
§Zg§ = %5 R T
00 0 5 g L2 R . = 7080 90 100 110 120
M), [GeV . 00 65 ST B = M,y (GeV)
| — —

A. Nehrkorn @ NuFact-2015
S. Dasu, D. Kobayashi @ SUSY-2015
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| CLFV in ATLAS (HO— 1)

Events with L and hadronically decaying . w\i

Use T kinematics and missing Et to correct for undetected v. ‘;Jﬁ” S
AA .

Combined, post fit

wh{s

10°
Two signal regions > 3§ | AITLAS A
SR1: m-l— (u, ETmiss) > 40 Gev and (D 2 55_ prhad events e lmmary : :(125] —;i r'u ((:;;s(;,?'i%
m; (Thadl ETmiss) < 40 GeV 9 : g {s=8TeV [Ldt=2031" -:a;‘le:;:s_ss)
SR2: mT (u, ETmiss) < 30 GeV and [ 2:— :y;::: vV (0S-SS)
m; (1,4 E;™*) < 60 GeV S 150
w - r
11—

Dominant backgrounds are Z/y* — tt (SR2) . .
and W + jets (SR1) 0.5F =
BR < 1.85% (95% CL) 9 1% ' E

5 50F =
1 0 i
Theory: BR < ~10% from § -50E- -
T =» uy and (g-2), " 50 100 150
’ MMC
C. Blocker @ NuFact-2015 mz, [GeV

S. Palestini @ SUSY-2015
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‘ . Future of CLFV Searches
8 R B R R S R

3 s s : (YT >0y
107 S e N VYV-D1 1. AN e

107 oo g B e Vg
T L S _CLEOw¥ _ [YTHu

é é §  ARGUS W w ;
-6 : : : : : :
10 ........ oo “:. ..................... ;NHDELPF”? .................. v .................... ..................

107 S T s T Vv y..2abar
| & g : g g "V ‘Belle
([ e — - | s B S

10°
1 0-10
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V1T-ouy

Belle-II
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® . —ece o0
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Ok —pe |
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Branching Fraction Upper Limit

a K+—) e ..................... ..................... ..................... ..................

e

Mu2e-II,PRISM

T R B R B
1950 1960 1970 1980 1990 2000 2010 2020 -
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Summary

* CLFV offers unique sensitivity to new physics
0 Complementary to LHC in SUSY parameter space
0 Can potentially reach significantly higher mass scales
" Bridge between Terrascale and GUT

2 Complementary to other rare decays and precision
measurements

%= Muon g-2,0vfS, EDM
* Current sensitivities in TeV range for CLFV

* Multiple experiments pushing the sensitivity frontier
&~ SUSY-2025 will be exciting !

08/26/2015 Yury Kolomensky, CLFV
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Backup

_________________________________________________________________________________________________________________________________________________________|
08/26/2015 Yury Kolomensky, CLFV
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MEG Analysis

Analysis Region shown in 2D
(No Selection)

Blind likelihood Analysis: s

E, [MeV]

Data Sample defined by 5 Observables:
Ee+' Ey 'eeyi(l)ey' Tey

Mev)

events / (0.5

Defined in 5D-space as:

Analysis-box for Likelihood fit k

PRSP R R W
40 45 50

e 50 - e
Analysis box o
“Blinded” in the
E,vs T, plane
during calibration
and ; _
optimization of ETey resolution
physics analysis y v -

455 ;

Il Time and E, sidebands Important Ingredient to Analysis also angular sidebands introduced
= Since our background is dominated by “accidentals” the side bands can be used to
estimate the background in the signal region, check of experimental sensitivity &
measure the timing resolution using RMD in the E -sideband o
D. Grigoriev @ NuFact 2015
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MEG Results

 Confidence interval calculated with Feldman-Cousins
method + profile likelihood ratio ordering

Confidence Intervals P_rnfile_ Ii_kelihnod_ rat_in_

ML rmee—— i— & 10
ool 4 P 80% C.L- T gl
= L} L] 4 L} E 8
=
= 6
2011 S
- 4
< 2008-2010 3 |
. ] * 2009-2010
L= 2009-2011 | . +011 |
3T . U P ETPUPO P ¢ | . R T L e I 10!
0 0.5 : 1.5 B 25 0y 3 3
Branching ratio Branching ratio
Consistent with null-signal hypotesis

D. Grigoriev @ NuFact 2015
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MEG-IT

Liquid Xenon Gamma-ray Detector

COBRA a8

Superconducting better uniformity w/

Magnet VUV-sensitive
12x12mm? SiPM

Gamma ray’ -

full available
intensity
7x107/s

Muon

rywhere
v

x2 resolution eve

.....
180w .
2L

Drift Chamber

single-volume He:iCsH1g

small stereo cells Positron

Positron Timing Counter f“?her_reductign
30ps resolution of radiative B

w/ muiple niie - Radiative Decay Counter
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Groundbreaking
April 18, 2015,

Final floor pour
on July 28, 2015 !

08/26/2015

Yury Kolomensky, CLFV
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MUSIC @ Osaka

Pion capture solenoid
Max.Bsol: 3.5 T

Muon transport solenoit
Bsol: 20T
. Bdipole: 0.04 T

A - H
: o 2 p P
' = - £ ’ —

S

08/26/2015
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PRISM

Detector Solenoid

Spectrometer Solenoid

Muon Stoppin
Targeqp 9

Muon Storage Ring

(Phase Rotator) Pion and Muon

Transport Solenoid

Pulsed Proton Beam

Pion Production
Target

Pion Capture Solenoid

08/26/2015 Yury Kolomensky, CLFV
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PRISM

PRISM - Phase Rotated Intense Slow Muon beam

*The PRISM/PRIME experiment based on FFAG ring was
proposed (Y. Kuno, Y. Mori) for a next generation cLFV
searches in order to:
- reduce the muon beam energy spread

by phase rotation,
- purify the muon beam in the storage ring.
* PRISM requires a compressed proton bunch and high
power proton beam

- It needs a new proton driver!

» This will allow for a single event sensitivity of 3x10-19

I I I I I I I I I I I I I |
High Energy
Advanced Phase

. - Mamow Energy 1
Spread

Energy

Energy

» Low Energy
| Dl-elayﬁ-d Phlase

Phase Phase
J. Pasternak
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| Belle-IT Detector Upgrade

Belle 1l detector upgrade
Belle Il

RPC p & K| counter:
.. scintillator + Si-PM

CslI(Tl) EM calorimeter: °
waveform samplingi\\
electronics, AN
pure Csl

4 layers DSSD —
2 layers PXD
(DEPFET) +

4 layers DSSD

‘ -of-Flight, Aerogel
‘Cherenkov Counter —;
(B Time-of-Propagation
W counter (barrel), |
~-~-<pr_9_)_(. focusing Aer;ogel
RICH (forward

Central Drift Chamber:
smaller cell size,

longleverarm

24

TDR arXiv: 10110352

Critical issues @8x103° s-icm-2
-Higher background (x10-20)
- radiative Bhabha dominate
- radiation damage, occupancy
* pile-up in ECL
-Higher event rates (x10)
* higher trigger rates (0.5 >
3KHz)
- DAQ
-IMPROVEMENTS
* hermeticity (kn-ID u-ID
endcap)
« IP and secondary vertex
resolution
 Ks and n° efficiency
* K/m separation
* u-ID and PID endcaps

08/26/2015

Yury Kolomensky, CLFV



‘ Low-Energy Searches for New Physics

 Precision measurements
O Look for small deviations from the Standard Model

"~ Deviations go as aNp ( Mo ) n
aspy \Mnp
¥ Examples: muonic g-2, parity violation measurements

* Processes suppressed in the Standard Model

0 Symmetry violations, Rare decays, Forbidden
transitions
&= Little Standard Model background usually implies higher
sensitivity
@ Examples: Ovpf3, EDM, LFV searches

08/26/2015 Yury Kolomensky, CLFV



