AP

» & D

<o

Belle IT

W

Future prospects for tau and
low-multiplicity physics at
Belle II

Kiyoshi Hayasaka
(Niigata Univ.)

2016/03/15 WRU Symposium 2016 1



e T —
O = . <>
- > Belle II
LHCb collect 5-7 fb-1 collect 15 fb-!

—t——————— e p—————

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC LS1 LHC Run Il LHC LS2 LHC Run Il
e ppruns 13 TeV @25 ns e ppruns 14 TeV @25 ns
.é, 102 TTI]TTTIII’IIYIIITY'ITIYIYTI‘IITTYIITITT'ITTI]YTI
7] = 3o
o ~ Bellell Projection (May 2015)
£ [~ :
3 - —m— LHCb [fb™
ki —e— Belle (Il) [ab™]
5 L »
2
E

-
o

TTTIITI

lllllll

1

1

—_—

111111ll111[llllllllllllllllllllllll

2017 2018 2019 2020 2021 2022 2023 2024

2016/03/15 WRU Symposium 2016 2



Our target

() 2 2y
Mg mey M,
2 2 2
M, M, M,
2 2 2

\mze mT,Ll mm'/

Through the study of lepton flavor structure, find the New Physics

2016/03/15 WRU Symposium 2016 3



Our target

() 2 2y
mee mey mer
2 2 2
a | M My, My,
2 2 2

\mze mr,u mﬂ/

Through the study of lepton flavor structure, find the New Physics

2016/03/15 WRU Symposium 2016 4



i

=%
mee

2

I’T’Iﬂe

2

-

Our target

2

meﬂ

2

muu

2

m;,

2\
meT
2

m:,

2

mrr /

tEDM/MDM

Through the study of lepton flavor structure, find the New Physics

2016/03/15

WRU Symposium 2016

2



Our target

( m m?
TLFV ‘ m
\ Te zxz rT1

2\

5 )

p g-2

tEDM/MDM

Through the study of lepton flavor structure, find the New Physics

2016/03/15 WRU Symposium 2016

6



=%
mee

2

I’T’Iﬂe

2
-

i

%

Our target

2

meﬂ

2

mﬂﬂ

2

m;,

2\
meT
2

m:,

2

r1177r //

p g-2

tEDM/MDM

Through the study of lepton flavor structure, find the New Physics

2016/03/15

WRU Symposium 2016

Y



Our target

( m m?
TLFV ‘ m
? \ Te zxz rT1

o

2\

5 )

p g-2

tEDM/MDM

Phase?
t CPV

Through the study of lepton flavor structure, find the New Physics

2016/03/15 WRU Symposium 2016

8



D

TN = o

<« : « Belle IT

B2TIP

e Belle IT Theory Interface Platform

https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP
Details will be introduced by Mishima-san later.
WGS8:tau & low-multi group
—->We care tau and low-multiplicity ( events with small number of tracks (2-6) )
physics
5 golden mode

Tau WG page B[1077] LFV T — pipip

CPV 7 = K¢nv
Dark Photon to invisible
T~ cross section

0 TFF
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Around 50 tau LFV modes have been searched for at Belle
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Tau LFV at Belle > Belle I1I

with almost 1ab-l. They were
clean analyses ( at most, 20
BGs.) But, when data sample
gets x50 larger, ...
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NP contribution for t=>uupu

e Dalitz analysis is possible using 3us.
S L an - ane, e ot =
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Lan” = = {Csu(BPL7) (AP1) + CommBPRr)@Pa1) 1) signals may give some information.
+ Cvie (ar Po7) (ar,PLu) (With 50ab-1, det. eff.=7%,Br=2x10°->10 ev)
+ Cyrer (Ar" Pge) iy, Pri) PHYSICAL REVIEW D 89, 095014 (2014)
+ Cyir(fr* Pz) (jay, P ri) Model-discriminating power of lepton flavor violating = decays

+ Cvre (A" Prr) (ﬁyﬂpfﬁ) +He}. (2.8) Alejandro Celis,"”" Vincenzo Cirigliano,”’ and Emilie Passemar™*
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t—=>3u on LHCb

e | HCDb
e At 14 TeV, 100x more tau will be produced.
e Trigger efficiency will be doubled.

e 20fb! data sample will be accumulated.
e V1400=40 >1.1x109

o Belle II
e x70 (2.1x108)—3x1010
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somewher
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s i
= * At BelleII, due to the higher luminosity,

this may get larger. With more realistic MC,

8 19 2 this will be studied soon.
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0.2 ISR ¥ H 7 v
o e
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i T
Mi - If main BG(ISR y + SM leptonic decay) can
Tt  be reduced, sensitivity is drastically modified.

2 If you have any good idea possible to

M., (GeV/c?) distinguish signal from this BG kinematically,

2016/03/15

please inform us! There, energy of system
for tau-pair is lower than that of usual tau-pair
due to ISR. But, we have no simple way to
reconstruct tau-pair.
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§ ol BG can be classified into 2 categories:
- Usually Ep should be
0.2 . . HHV Vs/2 while, with ISR v,
: . it should be (Vs-E,)/2.
0- ISR Y So, the energy fake t gets
: (Vs+E,)/2
-0.2-
:
0.4:—

1516 17 18 19 2, 4he upper half plane, less BGs are observed.

M, (GeV/c®) SO, when search area is focused on the UH plane,
rather clean analysis is possible. But, the detection
efficiency also becomes half. Thus, strategy of
selection criteria should be changed to reduce ppy.

———
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e Main BG is very similar to that of t—>py
when t—=>puvv is replaced by t—>evv.

—
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T>ey?

e Main BG is very similar to that of t—>py
when t—=>puvv is replaced by t—>evv.

But the detection efficiency in the Belle
analysis is lower than that of t—>py:
O 1=2uy:5%
1 12ey:3%
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T>ey?

e Main BG is very similar to that of t—>py
when t—=>puvv is replaced by t—>evv.

But the detection efficiency in the Belle
analysis is lower than that of t—>py:

O 2uy:9% e X
J‘> To veto Bhabha events, events dropping high
1 12ey:3% energy into calorimeter are rejected by trigger
at Belle. Some of t—~>ey events are also rejected.
At Belle II, more sophisticated trigger will be
introduced and it gets similar to that of t—>py.
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CPV in tau sector
e Similarly to charged LFV, CPV in the lepton
sector has not been observed yet.
—The observation indicates NP.

Some model where new scalar propagates
similarly to W predicts CPV in lepton sector.

—1E>TEKLOV (Phys. Rev. Lett. 107, 131801 (2011))
e How to observe CPV?
—Evaluate decay angle from t+ and t-.
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CPV search in 1=K\ v

-Effective Hamiltonian Scalar Boson
SM H e = siNn EE%{:E{I + ;fg)r)(gﬂfff TS )ifi]

H.,, =sing. %{;ﬁ-“{l - };:;r}fl}ll::;}';(l - 7)) Complex
Coupling
constant

5 = (K(p)7(p,) | 57,1 | 0) r o, Q0

= (pj_ — pZ )V EjiF(QZ) + Q,u/:s (Qz) " B Q;
Form Factor:F (vector) ﬁwﬂ%ﬂﬂﬂ=€@”ﬂ;@@%
Fs (scalar) ’ |

F, (@) = (K(p)m(p,)| su|0)
2016/03/15 WRU Symposium 2016 27
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leferentlal decay W|dth and CPV

dr(z™)
dQ*d cos 8d cos B

—[‘{Qz}cc;g,ﬁmﬁw-F{e{FFS{r;rE}jé.——- CPV appears here!

_[ (0*) - B(O*)(3cos* ¥ —1)(3cos? § - 1}] | FP+m? | F: P

Q*=M,.* A(Q?),B(Q2?), C(Q?): known function.

B: direction of Ks in K.t rest frame Since n is complex, %

this term can be extracted.
‘V: direction of tin the K_rt rest frame.

(6: direction of K.it system in the trest frame. Correlated with 'V )

2
1] gfg“ cos 3 cos 1 (dg;_ — diﬂj) dw

AP —
! Q3 (dT__ dF
g (S + ) deo
™~ {COS 3 cos)__ — (cos 3 COS 'L'"IJ ;
(cos. ‘ >T (cos | >T+\ Values measured
with dw = dQ2dcos Odcos 3. - [ expeiliEnl
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Belle result and prospect at Belle I1I

Data sample: 700fb-1

8 s | @] A, =(1.8+2.1(stat) +1.4(sys))x107
O TE comrol sample IIm(n.)|< (0.012-0.026) at 90 %C.L.
0,08 =¥~ MC with Im{n,=0.1) | Corrected using control sample (t=>=nrnv), since

'— . -
final state of t—>nrnv is same as that of 1=K v .

Main contribution to systematics is the statistics
of this control sample. So, it is expected that
systematics is also
scaled by luminosity.

-0.05

=0.1

0.1

0.8 1 1.2 14 16
M (Kn)  (GeVic?)

Black: data
Blue: control sample (t=>nnnv)
Red: MC sample with (large) CPV

% 10 20 30 40 50 60 70 80 90 100
\Im(XZ")
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Belle result and prospect at Belle I1I

Data sample: 700fb-1

8 s | @] A, =(1.8+2.1(stat) +1.4(sys))x107
O TE comrol sample IIm(n.)|< (0.012-0.026) at 90 %C.L.
0,08 =¥~ MC with Im{n,=0.1) | Corrected using control sample (t=>=nrnv), since

'— . -
final state of t—>nrnv is same as that of 1=K v .

Main contribution to systematics is the statistics
of this control sample. So, it is expected that
systematics is also
scaled by luminosity.

-0.05

=0.1

0.1

0.8 1 1.2 14 186
M (km)  (GeVich) 50ab: x70
Black: data statistic 2.1-0.3

Blue: control sample (t—=nnnv) systematic 1.4->0.2
Red: MC sample with (large) CPV

% 10 20 30 40 50 60 70 80 90 100
\Im(XZ")
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Belle result and prospect at Belle I1I

Data sample: 700fb-1

8 s | @] A, =(1.8+2.1(stat) +1.4(sys))x107
O TE comrol sample IIm(n.)|< (0.012-0.026) at 90 %C.L.
0,08 =¥~ MC with Im{n,=0.1) | Corrected using control sample (t=>=nrnv), since

'— . -
final state of t—>nrnv is same as that of 1=K v .

Main contribution to systematics is the statistics
of this control sample. So, it is expected that
systematics is also
scaled by luminosity.

-0.05

=0.1

0.1

0.8 1 1.2 14 186
M (km)  (GeVich) 50ab: x70
Black: data statistic 2.1-0.3

Blue: control sample (t—=nnnv) systematic 1.4->0.2
Red: MC sample with (large) CPV

We will obtain
one order more
% 10 20 30 40 50 60 70 80 90 100

sensitive result. \Imez)
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tau EDM/MDM

In SM, tau EDM is almost 0 while some BSMs predict
sizable tau EDM. Most opportunistic prediction is
O(10-18), Belle’s sensitivity is O(10-17). At Belle II?

PHYSICAL REVIEW D 81, 033007 (2010) Tarek Ibrahim'~ and Pran Nath®

Vi Th Vi

T \—J\f\f\j T
L L b
T T T ' ' T T ' ] T
b1

TABLE I. A sample illustration of the contributions to the electric dipole moments of », and 7. The inputs are as follows: tanf8 = 5,
[£3] = 90, |f4l = 120, |f5| = 75, my = 150, |Ap| = 100, i, = 75, iy = 150, u = 130, y3 = 1.0, x4 = 0.6, xs = —0.8, ay = 0.3
and @y = 0.6. All masses are in units of GeV and all afgles are in radian.

mg(TeV) mpy(TeV) d¥e-cm d¥'e-cm d¥’c - cm d¥e-cm d¥'e-cm
0.1 0.2 6.5 10718 ~34x10718 50x 1071 3.7x 10718 ~24x 10718
2.0 1.0 4.0x 10 % ~72 X102 30105 51x10 % ~7.1 X 10 2
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Measurement of tau EDM/MDM

=

EDM of flying tau?
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Measurement of tau EDM/MDM

EE——, e L
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Measurement of tau EDM/MDM

Y e’ Tt
T : ::: Y*
EDM of flying tau d
e e

From tau-pair creation vertex,
EDM/MDM will be measured.
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Measurement of tau EDM/MDM

1 e’ T+
T : ::: Y*
EDM of flying tau d
e e

From tau-pair creation vertex,
EDM/MDM will be measured
via cross-section of tau-pair.
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Measurement of tau EDM/MDM

1 e’ T+
T : ::: Y*
EDM of flying tau d
e e

From tau-pair creation vertex,
EDM/MDM will be measured

o T e T L ..._..

V|C! FfOSS=SecCriOin Or tadii= i
\— o b A L L ALl - r“ L]

via optimal observable.
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Optimal observable

Amplitude for tau-pair creation: i
M2,y = My + Re(d M3, + Im(d,) M3, £=F00-eRr-2d. 70"y F,,

2
My, = Ur? +m2 + [K*|(kp)® — S4.S_[k|*(1 — ((kp)?) NG
+2( kS+) kS ](|k|2 (kﬂ -~ Tﬁu—)g[ﬁﬁ)z) p:eJr momentum
k(o — m.) (k) (kS )(BS_) + (kS,)(4S.))
+2k2(5S. ) (PS_) kK:z" momentum
L RS 4%|k|[—(mfr + (ko — *rrarr)(l;ﬁ)g)(& X S_)ﬁ". S+ :Ti spin

+ho(kp) (S, x S_)7
By defining
0, — Mhe| (Oge) / Opedo / OreM?2,.4d¢ By extracting offset

b - and sensitivity from MC,
=_[M%ed¢+.[ Mi ip We can obtain d..
sensi
Offset EDM tivity
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Sensitivity at Belle and Belle II

PLB551, 16(2003)

e At Belle, the result using 30fb! is
published. Now, the new analysis using
825fbt is on-going.(x27 larger sample)

Re(d_)x10" :1.15+1.70 (ecm) Re(d_)x10"" :+0.33 (ecm)
Im(d,)=10" : —0.83+0.86 (ecm) Im(d_)=10"" :+0.30 (ecm)

The total error of the real part is proportional to the square root of the
data sample while systematics become dominant in the imaginary part.
This depends on the understandings of MC for tau decay.
So, we need to understand MC sample at Belle II deeply.
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muon g-2 and New Physics

500 —
450 H°
400 -
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350 Hif oo
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™ e
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\\:\ \ \ i ]
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1000 — T T
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\\ N

800 | \ "l{u
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400 [;." \\\\‘\\ \\\
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300 i NN N

NN N
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NN N

s L

: s Do NG
100
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2016/03/15

1500

2000

my (GeV)

my (GeV)

500 ——
450 | |
400 F |

350
300 |
250 |
200 |

100 &

150 —

(b) tanf=10
p=800 GeV
A =0
1y = My 1

200 300 400 500 600 700 800

100
M, (GeV)
1000 :
(d) tanf=50
900 | _ .
pu=800 GeV
800 | . A0
700 H N mpTmy
600 fi
500 F AN
T "
400 | )
300 ) == R—
200 | _ -
100 ——
100

as™ — ax™ =29.2(8.9) x 1079 = 3.30
(TAU2014)

For example, MSSM can predict
the allowed region for slepton,
gaugino mass from the difference
between the observed g-2 and
SM prediction.

As Mibe-san reported,

at FNAL and J-PARC, experiments
for 0.1ppm measurement of
muon g-2 is on constructing.

"1 Cho, Hagiwara, Matsumoto,Nomura

0 100 1500 2000 JHEP11(2011)068
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http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP11(2011)068&v=b74da250
http://link.springer.com/article/10.1007/JHEP11(2011)068

. P gy >
~ /O

Prediction of muon g-2 and
budget of each contribution

QED contribution 11 658 471.808 (0.015) x10719 Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) x10~10 Czarnecki et al
Hadronic contribution
LO hadronic 694.9 (4.3) x10—1° HLMNT11
NLO hadronic —9.8 (0.1) x10710 HLMNT11
light-by-light 10.5 (2.6) x1071°0 Prades, de Rafael & Vainshtein
Theory TOTAL 11 659 182.8 (4.9) x10~1°
Experiment 11 659 208.9 (6.3) x10~1° world avg
Exp — Theory 26.1 (8.0) x10~1° 3.3 o discrepancy

(Numbers taken from HLMNT11, arXiv:1105.3149)
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Prediction of muon g-2 and
budget of each contribution

QED contribution 11 658 471.808 (0.015) x10719 Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) x10~10 Czarnecki et al

Hadronic contribution w.“ .f'n;;i im i@
LO hadronic 694.9 (4.3) x10~10 o “a°|' ,Experimentally

. B _10 m.w > |do || y—>hadrons

NLO hadronic 9.8 (0.1) x10 had.  had should be
light-by-light 10.5 (2.6) x1071°0 Prades, de Rafael & Vainshtein evaluated.

Theory TOTAL 11 659 182.8 (4.9) x10~1°

Experiment 11 659 208.9 (6.3) x10~1° world avg

Exp — Theory 26.1 (8.0) x10~1° 3.3 o discrepancy

(Numbers taken from HLMNT11, arXiv:1105.3149)
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Prediction of muon g-2 and
budget of each contribution

QED contribution 11 658 471.808 (0.015) x10719 Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) x10~10 Czarnecki et al
The largest uncertainty comes from
the experimental measurement!

Hadronic contribution

LO hadronic 694.9 (4.3) x10—1° HLMNT11

NLO hadronic —9.8 (0.1) x10710 HLMNT11

light-by-light 10.5 (2.6) x1071°0 Prades, de Rafael & Vainshtein
Theory TOTAL 11 659 182.8 (4.9) x10-10
Experiment 11 659 208.9 (6.3) x10~1° world avg
Exp — Theory 26.1 (8.0) x10~1° 3.3 o discrepancy

(Numbers taken from HLMNT11, arXiv:1105.3149)
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N /O

. » Y Belle II
Content of LO Hadronic
e*e process Contribution to a "% '© [x101°] Total
val * sta. * process sys. * common sys. error
1481 507.80 +1.22 £ 2,50 £ 0.56 2.88
' 46.00+0.42 £1.03 £0.98 1.48
KK 21.63 £0.27 £ 0.58 £ 0.36 0.73
rtrenond 18.01 £0.14£0.17 £ 0.40 0.46
TUTUTUTU 13.35+0.10+0.43 £ 0.29 0.53
K°K,° 12.96 £ 0.18 £ 0.25 + 0.24 0.39
Oy 4.42 +0.08 £0.13 £ 0.12 0.19
KKrt (partly from isospin) 2.39+0.07 £0.12 £ 0.08 0.16
KKnure (partly from isospin) 1.35+0.09 £ 0.38 £ 0.03 0.39
Tv'nn 1.15 £ 0.06 £ 0.08 £ 0.03 0.10
Total auhad' Lo 692.311.4%3.1+24%0.2,20.3,, 4.18

[1] M. Davier, A. Hoecker, B. Malaescu, Z. Zhang, Eur. Phys. J. C (2011) 71: 1515 [DOI 10.1140/epjc/s10052-010-1515-z].

Taken from Jason _D. Crnkovic’s TAU2012 talk

2016/03/15
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I » l Belle IT
e (9GeV) L
Recent status for ee—=>mm(y)s-we
Vs’ = Ecm
e+(3 Gc\')
Coe © ALEPH MR
BABAR
 CLEO 0.70-0.85 GeV
. i 1 OPAL CMD2-2003
i t Belle
CMD2-2006
ee BABAR SND
ee CMD-2
—— KLOE-2008
ee SND
ee KLOE ——— KLOE-2010
' 096 098 1 102 1.04

500 520 540 560

10 Ratio to BABAR fit
aHEn.LD (10°™)

The recent big issue is the difference of the results on BaBar and KLOE.
Belle can not measure it since the trigger is not designed to measure it.
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I » l Belle IT
e (9GeV) L
Recent status for ee—>mm(y)s-w
Vs’ = Ecm
e+(3 Gc\')
Coe © ALEPH MR
BABAR
 CLEO 0.70-0.85 GeV
. i 1 OPAL CMD2-2003
i t Belle
CMD2-2006
ee BABAR SND
ee CMD-2
—— KLOE-2008
ee SND
ee KLOE ——— KLOE-2010
' 096 098 1 102 1.04

500 520 540 560

10 Ratio to BABAR fit
aHEn.LD (10°™)

At Belle II, new trigger to keep relating events is designed.
We expect the similar accuracy as that of BaBar. > ~40% more accurate result?
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J = = > 4 Belle IT
Y
e~ (9 GeV)
Recent status for ee=>mm(y): w
| Vs =
et (3GeV)
I T - T I T T T | - T T I T T " T T T T L2 T T T T T
—— T ALEPH oo on'x
NUS— BABAR
—— t CLEO 0.70-0.85 Ge
* 1 OPAL CMD2-2003
boe 1 Belle
CMD2-2006
ee BABAR SND
ee CMD-2
—— KLOE-2008
ee SND
66 KLOE — KLOE-2010
' 096 098 1 1.02 1.04

500 520 5'_’-11-2 560 Ratio to BABAR fit
3,20 (107) Not only ry but also
At Belle II, new trigger to keep relating events is designed. =nr’, KKy should be.

We expect the similar accuracy as that of BaBar. > ~40% more accurate result?
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Two-Photon Process

e Transition Form Factor using single tag process

0.35
3
Q,, 0.3 }
R
S o025 |
LL
S
0.2 t
0.15
m BaBar
0.1 J+ e fit(A)
'y + CLEO
s+ CELLO
0.05 s Belle
— fit(A)
— fit(B)
D 1 L 1
0 10 20 30 40

Q2(GeV?) .. .. .
BaBar data exceeds pQCD a§ymp{otlc limit
Belle consistent with pQCD
Up to 60 GeV? with 10 ab
BaBar also measured n, n’, and nc from 4 to 40 GeV?
BhaBha veto reduces the efficieny at Belle.
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A roadmap for HLbL

Pion transition form factor
. 29y
'r'.'r"'}‘-r" Ilql_ v g )

D

<O

b Belle IT

Partial waves for
__r_ 'T — T L& nl' —}'nl' £ ‘T.l

2016/03/15

Giun polariza bllltles

— Flowchart by M. Hoferichter

Pion pole
2, s e input the doubly-virtual and
%7—.3 ggf singly-virtual pion transition form
2@ | OS factors F. - -z0 and F .o
A Y
S , . . .
N Z e dispersive analysis of transition
3 a7
Ay & form factor:

— Hoferichter et al., EPJC 74 (2014) 3180
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Dark Photon search
INntroduction

 Dark Photon A" motivated by Dark Matter, g-2, ..

* Minimal Dark Matter model: Dark Matter particle x and a
new scalar or gauge Boson A’ as s-channel annihilation
mediator (ma > 2my)

« Additional U(1) symmetry — Kinetic mixing* of massive
Dark Photon with the SM photon

LI Ay

3 *Holdom, Phys. Lett B166, 1986
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Reach 1n near future
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Summary

e Utilizing Belle II data sample, we like to
reveal lepton flavor structure (~10 years)

e Off-diagonal: LFV
e Diagonal: EDM/g-2
e Complex component: CPV

We expect to peep the new physics world
around several hundred GeV or a few TeV.
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e Belle IIMT—42%FALT. LI+ DT

L—/\#E&EZBHSHIZLTLI(~10%)
o JEXT

 E R IELFV

o XfAEZRIXEDM/g-2
o BEXR7ILCPV
Bt

$o&Mm

H

S 38R ~ FGeV

AWNTATATHHS ' ELVHAE
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Belle I

* For LFV Higgs and

Lepton Flavor Violating (LFV) decays nothing else: LHC bound

H->urt,, H>pt, (CMS)
Post-Fit M, ° |_>

100 < My <150 Gev BR(T - ,me:) <1.5x10™

19.7 i (B TV}

F CMS > omn

7] Bkgd, uncortalnty —a
ceesimsy [ sMH ]
f H | 2 ] =
[ Other 1
g Bt
[ misind v e, .
------ LFV Higgs, (B0 B4%) |

BR(7 — py)<22x10”

@
]

o
=
T

By E.Passemar at TAU2014

LFV B(H > p)f 0.84%

S/S+B) Weighted Events / 20 GeV
=

ATLAS also has a result:

Best fit Br(H->ut, ) = (0.77+0.62)%

No significant excess of data over SM BGs

10° 10% 10" 1 95% CL Br(H=>urt,,,4) obs (exp.) < 1.85% (1.24 +0.50 -0.35)%
All categories combined, each category weighted by significance (S/(S + B)) IY;.:'

a0 agn 4
M), [GeV] 10, %

‘cal

* Aslight excess of signal events - still consistent
within background uncertainties
* significance of 2.4 standard deviations
* Best fit branching fraction
+  B(H - ur) =(0.84 +0.39 -0.37 )%
* Constraint on the branching fraction
* B(H - prt) <1.51(0.75)% at 95% CL

* BRlimit <1.51% constrain the p-t Yukawa
couplings <3.6x10°

* Itimproves the indirect current bound by
an order of magnitude.

H->et, H->ep will be published soon!

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 7
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Belle I

* For LFV Higgs and

Lepton Flavor Violating (LFV) decays i nothing else: LHC bound
H->urt,, H>pt, (CMS) BR(7 — py)<2.2x10”
Post-Fit M., |—>
100 < Mo <150 GEV oy BR (7 — pnr) <1.5x10™

R
4 i ] 2ot ]
[ Other 1
g Bt

[ Misin'd v, .
------ LFV Higgs, (B0 B4%) |

By E.Passemar at TAU2014
LFV B(H - ptj 0.84%

ATLAS also has a result:

Best fit Br(H->ut, ) = (0.77+0.62)%

S/S+B) Weighted Events / 20 GeV
=

No significant excess of data over SM BGs

10 a0 10“ .
"M, GVl 10* 10 10® 10! 1 95% CL Br(H->pt,,.4) obs (exp.) < 1.85% (1.24 +0.50 -0.35)%
All categories combined, each category weighted by significance (S/(S + B)) IY;.:'
* Aslight excess of signal events - still consistent . o , = 5
within background uncertainties S:ull:m:‘;:t:leflzcrsvam the p-t Yukawa Welg hted mean.
*  signifi f 2.4 standard deviati ) o)
?Igm can_ce © . standard deviations * Itimproves the indirect current bound by (0-82 i O- 32) /0

* Best fit branching fraction
+ B(H- pr)=(0.84 +0.39 -0.37 )%
* Constraint on the branching fraction
* B(H = pr) <1.51(0.75)% at 95% CL

an order of magnitude.

and UL is also similar.

H->et, H->ep will be published soon!

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 7
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* For LFV Higgs and

Lepton Flavor Violating (LFV) decays nothing else: LHC bound

H->urt,, H>pt, (CMS) BR(7 — py)<2.2x10”
Post-Fit M., |—>
100« Meor <150 GEN. 1 1av R BR (7 — pnr) <1.5x10™
snE cus = m-uwl-n«v 1 .

R
4 i ] 2ot ]
[ Other 1
g Bt

[ Misin'd v, .
------ LFV Higgs, (B0 B4%) |

LFV B(H > p)f 0.84%

By E.Passemar at TAU2014

S/S+B) Weighted Events / 20 GeV
=

ATLASHEHL TET=

Best fit Br(H->ut, ) = (0.77+0.62)%

No significant excess of data over SM BGs

“Mipe), [Gev]’ 107 o . i 0 o o
10 10 10 10 1 95% CL Br(H—>WT,,.4) Obs (exp.) < 1.85% (1.24 +0.50 -0.35)%
All categories combined, each category weighted by significance (S/(S + B)) IY;.:'

* Aslight excess of signal events - still consistent
S8 & - * BRIimit <1.51% constrain the p-t Yukawa QI—'E'— (j: ;
within background uncertainties coublings <3.6x10° 1L /G i
* significance of 2.4 standard deviations piing )

«  Best fit branching fraction * It improves the indirect current bound by = My%{ﬁ’) —C-H|ggsefc“€

an order of magnitude.

o 08 020 071 RRLIHEBr<2x109% T
. H i |
e B{H -> ut) < 1.51 (0.75)% at 95% CL H->et, H=>ep will be published soon! L\b\f&b\tl__ﬁir_o)* § '\

Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 7 tibtil'\t(l\j 7”:(-)'0) EE
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* For LFV Higgs and

Lepton Flavor Violating (LFV) decays nothing else: LHC bound

H->urt,, H>pt, (CMS) BR(7 — py)<2.2x10”
Post-Fit M., |—>
100« Meor <150 GEN. 1 1av R BR (7 — pnr) <1.5x10™
snE cus = m-uwl-n«v 1 .

R
4 i ] 2ot ]
[ Other 1
g Bt

[ Misin'd v, .
------ LFV Higgs, (B0 B4%) |

LFV B(H > p)f 0.84%

By E.Passemar at TAU2014

S/S+B) Weighted Events / 20 GeV
=

ATLASHEHL TET=

Best fit Br(H->ut, ) = (0.77+0.62)%

No significant excess of data over SM BGs

“Mipe), [Gev]’ 107 o . i 0 o o
10 10 10 10 1 95% CL Br(H—>WT,,.4) Obs (exp.) < 1.85% (1.24 +0.50 -0.35)%
All categories combined, each category weighted by significance (S/(S + B)) IY;.:'

* Aslight excess of signal events - still consistent
- L * BRlimit <1.51% constrain the p-t Yukawa == :
within background uncertainties ? H /I,E\ TP j: =

N o lings <3.6x10°3
* significance of 2.4 standard deviations coupiings X

- Best fit branching fraction * Itimproves the indirect current bound by nggsefu %LHC—G'@O 7(-: l:_')

an order of magnitude.

B ey ot R SRS
. i i | - S -~ =
+ B(H -3 1) < 1.51 (0.75)% st 95% CL H->et, H->ep will be published soon! }ﬁ/\lf: tL \7 EE_G ‘j:

-
Th. Lagouri, Yale Univ. EPS HEP (22-29 Jul 2015) 7 ;k L/ i % L) i‘t:_l AJ
(0]
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&% — p— p pt at hadron colliders — first time shown!

observed events

LHCb

Preliminary

—rrs
LHCb

Preliminary

-
%)

Events / ( 8.75 MeV/c?)

Events / ( 8.75 MeV/c?)

e

.1800 1900 % 1800 1900. .
m(upp*) (MeV/c?) m(uwppt) (MeV/c?)

11 % of the signal
0.03 % of the background

red dashed combinatorial background

D" — n(p—pu y)u™ v,

LHCD

B 1 fb—

. LHCb-CONF-2012-015
blue combined background

,-l:ﬂ Paul Seyfert (Heidelberg University) LFV and LNV FPCP 2012 29/ 31 ﬁ’ﬁiﬁ

2016/03/15 WRU Symposium 2016 58



- e

D~
- >

t—=>3u on LHCb

e | HCDb
e At 14 TeV, 100x more tau will be produced.
e Trigger efficiency will be doubled.

e 20fb! data sample will be accumulated.
e V1400=40 >1.1x109

o Belle II
e x70 (2.1x108)—3x1010
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L -L.?

7. Phys. C 68, 25-28 (1995)

A search for the lepton-flavour violating decays T
T — eq, T — MO

ARGUS Collaboration

3n%kZpseudo tau&lL T,

=B NDtau®4 momentum Z{XE
Pt-Puh bPaz 5 i

2 {A%; D Tmonochromatic
pseudo’Z D TILAYHLH S

Arbitrary units

Plap  [GeV/e]
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Trigger Efficiency at Belle

Y.Unno
Bhabha(%) Cosmic(%) Physics(%)
B+2>K+n- 00 0.060.03 98.8+0.2

B> n0n? 1.1%+0.2 0.2%+0.1 98.0+0.2
B> pY 0.04+0.03 0.06*+0.03 99.2+0.1
B—>1tv 0+0 0.10x0.04 97.7x0.2
T Uty 9.0+0.4 45+0.3 73.5%+0.6

@214MeV

60% vetoed by Bhabha trigger. Similar or worse for n*ny.

Scale factor for the radiative uu trigger makes it difficult that no. of the uuy events is correctly
estimated.

At Belle II, more sophisticated Bhabha trigger ensures high efficiency.



