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Outline: LFV Higgs decays @ CMS

Short Motivation

8 TeV: H—eu, H—et1, H—>pT a

13 TeV: Run-ll update for Moriond
13 TeV: Tau polarization
Summary
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Why Charged Lepton Flavor Violation

(CLFV)?
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Constraints from low energy measurements
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Constraints from low energy measurements
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Constraints from low energy measurements

/H—>ep: A

e Limit on the
BR(H—ep) in
the order of
108

e No chance

k at the LHC! /
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CMS preliminary \s=8TeV
R L M s LS ANS RaRs Las nas nan Y

H—pt : Overview

G x Br [pb] /5 GeV

e 2 channels: leptonic tau (e)

and hadronic tau decays
e GGF and VBF production

10°F =

considered: 0,1 and 2-Jet e e
categories Variable “Hom | Hogm
[%eV] O-jet 1-jet 2-jet | O-jet 1-et 2-jet

e Dilepton (eu) and/or O Ol B
. . p§e> — —  — | 35 40 40
SingleMuon trigger - i

. . ML < — — — |50 35 35

e Kinematic cuts to enhance T ——————" ="
S/B ratio sl s Bl
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H—pt: mass reconstruction

. . . CMS Simulation
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H—pt: background composition

~
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H—put: results
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H—put: results
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H—pt: Signal?

CMS 19.7 fb' (8 TeV)
|||I|||||IIIl:IIII|||IIIIII|I|II|IIII
5 pt ., 0Jets
19.7 b (8 TeV) % om =
> 10_ T T I T T T T | T T T T 1 0.87 W %
@ - CMS LFV Hosut signal (B=0.84%) — =
O 8—_ i BT, 1 Jet
8 i | I Bkgd. uncertainty i 0.81 _*c?-?ﬁ?% 2
--.._‘ I —
..:":3 61— — oDt i pt,, 2Jets
@ - i 0.05 41589, B
u:j B il - &7 B a
- 4 P T, 0 Jets
[ R i 0.41 129, )
5 o : - -
= i - i ut 1 Jet
B + | 0.21 +103a; *
E B —= 5 1.0
m B i 4] — =
+ + - Il T, 2Jets
@ 2 il 1.46 +1184 *
%) i il e
Al i H—pt
4_ 1 1 | ! ! ! 1 | 1 1 1 1 2 0.84 ng?%
100 200 300 ||||||||||||I|I|||||||||:|l||||||||||||
Mut)  [GeV] -15-1-050 05 1 1.5 2 25

Best fit to B(H—u1), %

12

Daniel Troendle, Uni Hamburg, troendle@cern.ch



UH
m
LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

H—pt: interpretation

19.7 o' (8 TeV)
e Limit on BR can be reinterpreted as a

limit on the corresponding flavor
violating yukawa coupling

C(h>141%
C(h=>1"1")+T,

[“P=e w, Twithl“#I

BR(h>1%1")=

(h_)l ZB |Y1“zf‘|2+|Yzf‘z“ )

Assumptions:

e SM Higgs decay width 'SM=4MeV

e At most one of non-standard decay mode
of the higgs is significant compared to SM
decay width

. 81 0>ug
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CMS

H—et: overview

e Analogous to H—urt analysis:
e 2 channels: leptonic (1) and hadronic tau decays
e GGF and VBF production channels: 0, 1 and 2-

Jet categories

: H— etT H — et

U h
i Ojet | Tjet | 2jet | Oget | 1get | Zet
% (GeV) >50 | >40 | >40 | >45 | >35 | > 35
PT (GeV) =48 | 216 | 31 : - )
PT (GeV) : : — [ >30 | >40 | >30
Mr(p) (GeV) <30 | <40 | - " ¥
Mt (1) (GeV) <70 < 50
&‘piﬁne—ﬁw (radians) - - 2.3
&cpﬁw_ pmis (radians) | < 0.8 | <0.8 -
APy, pr,  (radians) > 0.5 -

Daniel Troendle, Uni Hamburg, troendle@cern.ch

CMS-PAS-HIG-14-040
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H—et results
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H—et results

CMS ereliminary 19.71b" (8 TeV)
I|:||||||||III||I||||I|III|III|I

*  Observed

*  Expected
|| Expected 16 |
| Expected + 20

et,, 0 Jets
1.63% (exp.)
1.82%; (obe )

et,, 1 Jet
1.54%: (exp.)
0.94% (obs.)

e, 2 Jets
1.59% (exp.)
1.49% (obs.)

8T, 0 Jets

2.71% (exp.) H

3.99% (obs.)

et,, 1 Jet
2.76% (exp.)
3.00% (obs.)

et, 2 Jets
3.55% (exp.)
2.88% (obs.)

H—et
0.75% (exp.) g
0.69% (obs.)

0 2 4 6 8 10 12 14
95% CL limit on B(H—e1), %
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H 1 Category Bimbes | Teptnpe | Sn B-tag
—_ u ® ‘N} / of jets (GeV) (GeV) .
ClL. OVErvie 0 | EB-MB 0 >2% | <30 :
1 | EB-MB i > 22 <30 < 0.38
: : 2 | EB-MB 2 >25 | <25 | <038, <048
e Dilepton trigger (e,n) 3 | EB-ME 0 >20 | <30 .
e GGF and VBF production: 0,1 and | 4 | EB-ME 1 >22 | <20 <048
5 | EB-ME 2 >20 | <30 | <051, <057
2 Jet category 6 | EE-(MB or ME) 0 =20 | <30 n
e Split in Barrel and Endcap region ¢ En=an el s | = e
: 8 | EE-(MB or ME) 2 >20 | <30 | <051, <057
(resolution) VBE
e Low MET in the events is required | 7 | lsht = e | B LR
. ) 10 | Loose 2 >22 | <25 | <062 <030
e Background: ‘simple’ fit of the i
dilepton invariant mass distribution Category | Selected function | Selected order Bias
B 0 Polynomial 4 10.8 £ 1.0 %
m_ =[110,160] 1 Polynomial 4 46+11%
Fit-Function: function with lowest 2 Power law 1 7.6+1.0%
rina? | . 3 Polynomial 4 48+1.1%
bias’ in each category is chosen ; Bl i i
5 Exponential 1 84+1.0%
6 Polynomial 4 13.8+1.4%
7 Power law 1 126 +1.0%
8 Polynomial 4 7.7 11%
9 Exponential 1 < 0.1%
CMS-PAS-HIG-14-040 10 Exponential 1 < 0.1%
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H—epn: results

19.7 " (8 TeV) 19.7 tb” (8 TeV)

> 1 00 _I 1 1 I | 1 1 1 ] I ] 1 I 1 | I 1 1 1 I L ) I I_ > ] 1 1 1 | 1 1 1 ) I I I | 1 | | I 1 1 I ) V I LI
M — CM -

8 r gerrgmary e data = 8 8 5 E’eﬁﬁmary e data 5
gl " epincl. — background fit i ol - ep VBF — background fit 7
% 80— ---:LFV Higgs (B=0.1%) _| % / - --- LFV Higgs (B=0.1%) ]
(@) | i O 6 =

= 1 = C ]

LL 1 LL B 5
60 — 5 5 2

- - 4 E_ - —f

40 __ __ 3 ;— ® r Y —f

I T 2;.— L 2R JNE J L 2 L J L AR J 0—-

20 + 1 g

i i 1 1::-“7;""“‘--«'4_.___1_»_55!:____ o ¢ o —

i | . bnabeab=ep==}® ; L1 .l""'l--l..l PR e e R OO (1 Wy Vi (O -

b .I-'-h-"P"r-:—: 1 1 ‘I‘“""-I Lhacl L |. Ll e L I. { AP ey o
10 120 130 140 150 160 P10 120 130 140 150 160

M(ep) [GeV] M(ep) [GeV]

18

Daniel Troendle, Uni Hamburg, troendle@cern.ch



UH
m
LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

H—epn: results

CMS Preliminary 19.7 ' (8 TeV) CMS preliminary 19.7 b (8 TeV)
T | TTTI ] TTTT | TTTT | TTETJTTTT | TTTT | TTTT | TTTT | TTTT
Lo e i - Observed >
0.625-10° (exp.) =]
0.417 - 107 (obs.) % Expected S

- [ |Expected + 15 —
incijet H | |Expected + 2¢ ted

11— e conv. -

0.941 - 107 (exp.)
0.658 - 107 (obs.)

inc2jet
2.016-107 (exp.) -
3.597 - 10 (obs.)

VBF
1,878 - 107 (exp.) - .
3.470 - 107 (obe.)

all
0.480 - 107 (exp.)
0.358 - 107 (obs.)
II|IIIIiIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

-1 0 1 2 3 4 5 6 7 8
95% CL limit on B(H—ep), 10 1Y gl
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LFV Higgs @ 8TeV: summary

19.7 o (8 TeV)

.I
g
>
10"
10 e
19°
» i ......:'.g 4
10
10+ 10° 10° 10’ 1
Y |

CMS Freliminary 19.7 ib" (8 TeV) CMS preliminary 19.7 167 (8 TeV)

"'v -~

ATLAS Hott
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LFV Higgs decays @ 13 TeV
\

e Reload of 8 TeV analysis for Morion @e‘fully)

e No changes to the analysis strateié e 2.1fb"! reload

(H—ut only): same cuts (exce category, due to
statistics)

211 #t (13 Tew)
==
e
D-—
= momm gy
[ iz —

- P 1
i s |

Events / 10 Gay'

. . 21
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LFV Higgs decays @ 13 TeV

e Reload of 8 TeV analysis for Moriond (hopefully)
e No changes to the analysis strategy for the 2.1fb™! reload
(H—ut only): same cuts (except VBF category, due to

statistics)
2.1 1Y13 Tewv) > 211 (13 T
- i LT LR 2R A AR e
5 H—s o Oy - =
o S o - 8-
= Hﬁl 13
@ . S W v E
> = E‘mn*k'mﬁﬁiﬂﬂf’ Overall good
i agreement
after baseline
B selection!
Still blinded!

coliMass [Gev]
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CMS,

" Compact Muon Solenoid

LFV Higgs decays @ 13 TeV

2.1 {13 Tev) 2.11 i (13 Tev
ffcus =gl ] o ]
oy Preliminary : =
e :

o d@

et

Failh

150

pLiE

50

[i]

K i g

e 8

collMass [GeV]

Expected limit is in the order of 2% on the BR(H—pr):

0.75% exp. ( 1.57% obs.) limit from Run-I!

2.1fb™! update: no gain in terms of BR limit with the
Moriond update expected!

Daniel Troendle, Uni Hamburg, troendle@cern.ch

Very preliminary expected limits!
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Prospects for H—put at 13 TeV

Very preliminary combination!
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Prospects using the tau polarization
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Y vsY_:extracting r=Y /Y
P ur pt T Tp

e [fthe excess 1s a true signal and if it will be confirmed in 13 TeV, we
can do interesting physics!
e Extracting the ratio of rZYm_/YW!
e How to:
o Assume mhiggS=125GeV and colinearity of the tau decay products:
reconstruct the full tau 4-vec
o Extract visible energy fraction(x) of tau decay products with respect
to the full tau-4vec

o Fit templates of x for YMT and Yru

26
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Reconstruct full tau 4-vec

Note: first approximation - neglect tau mass!

M*=(p+p, ' =pi+pi+2p.p,=2p.p,=20pp.

= - “ o= Miffggs \ 1
2(E XE,+p, X ﬁe) colinear approx. +
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~" Compact Muon Solenoid
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Events / bin
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"~ Compact Muon Solenoid

Ym VS Yru: templates p_>20 vs p_> 40
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Y vsY_:extracting the ratio (test)
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Summary

All possible LFV Higgs couplings has been tested in 8 TeV
Small excess (2.4c) observed in the H—ut channel.

(ATLAS: 2 channels; 1 channel similar excess other channel
no excess!)

13 TeV: Moriond update on track, but no surprises or answer
on the excess expected.
Various improvements (like tau polarisation as a

discriminant) planned for the end-of-year update.
High mass LFV A/H search on the list to be done.
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arXiv:1508.03372

Atlas: H—pt analysis
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Best Fit Point for the combination of both channels: Br(H—ut)=0.77%
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