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Plan

(naive question)

u (T) 2 3e exp. (high stat.) are known to be highly sensitive
to LFV via 4-fermi contact interactions.

How about ILC (high E.) ?

Introduction

Setup
Constraints on LFV couplings from low-energy exp.
Analysis
Summary
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Introduction

Neutrino oscillation = finite neutrino mass (source of LFV)

— too small to observe LFV processes

4
3 k ml/’b o ml/i :
Br(u — evy) = 39 % UsUy | ( W> <107 (1 eV)

- LF symmetry is recovered at m(v)—0

extra (sizable) LFV sources are expected in some new
physics models

but no new particle has been found at LHC yet
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Introduction

four Fermi contact interactions — describe (unknown)
UV theory as a low-energy effective theory

ex: Fermi theory

d U
q2 < m%/
W= € >
Ve
G g°
E B 8mi;,
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Introduction

four Fermi contact interactions — describe (unknown)
UV theory as a low-energy effective theory

ot ot ot ot

X g2 << m?

e 0~ e I

LFV process ete”™ —etl™ ({ =pu, 7) @ILC

compare sensitivity on LFV parameters w/ u—3e and 71— 3e
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effective Lagrangian

e - —
_TQF {gf (éReL) (erer) + ¢5 (ELeR) (erer) Six operators (d=6)

+ g5 (Cry*er) (€rVuer) + 94 (L er) (€zvuer)
+ g5 (Cry*er) (€xvuer) + gs (Crv"er) (Ervuer)} + huc. (6= p, 7)

Leff —

do(ete” = etl™) Gis

d cos 0 T 64n [(Gls +16G5,) (1 +cos ) + 4G5 {4+ (1 — cos 6)*}]

# of parameters: 6 = 3 (2) ij — ]gf|2 + |g§]2
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LFV observables@|low-energy

I'(p — 3e)
'y — euuﬂe)

Br(pu — 3e) = (G’fQ + 16G%, + 8GLy)

Br(u™ — eTeTe™) < 1.0 x 1071%  SINDRUM, NPB299,1(1988)

59
T T 1
Br(r — 3¢) = =~ (m—) % < (G, + 1665, + 8G35)

Tu \My
~ 0.022 x (G7, + 16G%, + 8GL)

Br(rT = e"eTe™) < 2.7x107%  Belle, PLB687,139(2010)
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o(e'e —e'l)[fb]

cross section vs. (y, T)—3e

Js=25

102 L
10° | '
102 —
107 [
10° [
10°® .
10-10 N

T—3¢

0GeV 500GeV 1 TeV

-

P

1 ) | 3 2 1 3 2 s 3
1010"%10°10® 10° 10* 10'10"%107°10® 10° 10* 10"*10"%10'%10°® 10° 10*

Gqo

I I
I I
I I
! !
! I
! I
I I
I I
! I
! !
| il

| | L | | |

¢ | 0|2 )2
Gij — ‘gz‘ _l_‘gj‘

@’ BRDIKL R

Ochanomizu University

Gay Gsg
GCC, Shimo, arXiv:1612.07476

u-LFV couplings are severely
constrained from Br(p—3e )

— focus on T-LFV
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Background

[BG process] [signal process]

Vs = 250 GeV | 500 GeV | 1 TeV
oglete”™ = eTv.7 75 [fb] 203 113 85.5

MadGraph5_aMC@NLO
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Bounds on LFV couplings (1)

Js=250GeV 500GeV 1 TeV

(e'e"—=e" 1) (eeee+ (eeee T)
5:' L) DL DL ' I = - L T '_‘_'__ 2 'l T 7 | E
E ] : § ’ _ E ' :
4E 1 F | -
|
x | I E |
°F | 1 F | ER | E

3 | _ | |

| |

G12

GCC, Shimo, arXiv:1612.07476

(Ns45 — Ns)2 - S

2 - U+B 7 175 no improvement (i) | (i) | (i)

X = /s (GeV) 250 | 500 | 1000

Ng
— reduce BG L (10% em 25 1) | 075 | 3.6 | 3.6
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signal vs. BG
(ex) 120, g2=...=g6=0 s=1TeV  Lix=1ab’

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

ete” — 6+V67_Z:

600 ™/ 1000
800
*g 400
o 600
D 200 o
200
% T s0 100 % 50 100
m_T[GeV] m_T[GeV]
2 2 2 2 2
mr = (|pT ‘ + ‘ZZ)TD o (pT _I_pT)
P+ from tau decay (in signal)
event generation: MadGraph5_aMC@NLO
hadronization: Pythia8
Detector sim. : Delphes
& BAEDIKL R G.C.Cho
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Events

Events

signal vs. BG

(ex) 120, go=...=g¢=0 s=1TeV  Lix=1ab"

signal | background
(i) | 1368 | 171120
, _ | (i) | 1167 0976
% 100 300 500 % 100 300 50¢ (iii) 779 01
160 | E(e+) """"""""" _
120. (I) no cut
80 ..
E <
of j : (i) mp < 10 GeV
o 00 300 500 % 700 300 500 ('”) pT(€+) > 300 GeV
?2 n(e efficiency of T-reconstruction
12 @Delphes—90%
. s (m pl2n], ay[37]) + v,
o ILC TDR, 1306.6329
Tran et al.,, EPJC76 (2016)468
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Bounds on LFV couplings (2)
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polarized e-beam

some of BG diagrams are suppressed by polarized e- beam
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Bounds on LFV couplings (3)

Polarization [e‘] = O 3
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Bounds on LFV couplings (summary)

g1 g2 g3 g4 95 Je
unpolarized

Vs = 250 GeV 2.2 x 1072 5.4 x 1074 5.3 x 1074

500 GeV 9.1 x 1074 2.2 x 1074 2.2 x 1074

1 TeV 2.8 x 107 6.8 x 107° 6.6 x 107°

polarized (P(e”) = 0.8)
Vs =250 GeV [33x107° | 1.1 x107% | 2.7x107* [ 82 x 107* | 3.0 x 107* | 4.7 x 10~*
500 GeV | 1.2 x 1073 [40x107* | 1.0x107* [ 3.0x 107 | 1.1 x107* | 1.7 x 1074
1 TeV [ 48 x 1072 [ 1.6 x 1074 | 3.9x107° | 1.2x107% |43 x 1075 | 6.6 x 10~°
polarized (P(e”) = 0.8, P(et) = —0.3)
Vs =250 GeV [ 27x1073|112x1073 [22x107% 9.1 x107*|[34x107*| 3.8 x 1071
500 GeV | 1.0x 1073 [ 4.6 x 107% |84 x107° [ 34x107%[1.2x107* | 1.4x 107"
1 TeV [ 40x107% [ 1.8 x 1074 |33 x107° | 1.3x107% |48 x 107° | 5.5 x 107°
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Bounds on LFV couplings (summary)

Hl Belle
I unpol.
P(e”)=0.8
B P(e”)=0.8,Plet)=-0.3

g7 in 1073

250 GeV 500 GeV 1 TeV

HEl Belle
I unpol.
P(e~)=0.8
B P(e”)=0.8,Pet)=-03

gs in 1073

250 GeV 500 GeV 1 TeV
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B P(e”)=0.8,Plet)=-03
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500 GeV 1TeV
gs in 103 B Belle
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+P(e+)=-0.3
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Summary

sensitivity on LFV couplings@ILC w/pol. e-beam — better than Belle

limits on Br(t—3e)@Belle-Il = will be improved 2 order than current
one: nearly one order improvement of LFV couplings

Bevan, etal. EPJC74,3026(2014)

1 TeV ILC w/ pol. beam may be competitive with Bell-Il
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