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Motivation: CFLYV at LHC
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o Lepton Flavor Number (L) "
is not conserved —Neutrino 5
Oscillation! . New

Physics!

e Charged-Lepton-Flavor K
violation (CLFV): no SM
contribution, hence clear
signature for New Physics!
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e Lepton Flavor Number (L)
is not conserved —Neutrino
. . ' .
Oscillation! 0 v, U, e
e Charged-Lepton-Flavor BR~O(10°5%)

violation (CLFV): no SM
contribution, hence clear
signature for New Physics!
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Motivation: CFLYV at LHC

Example: p—ey W Y

e Lepton Flavor Number (L)

is not conserved —Neutrino

Oscillation! v,
e Charged-Lepton-Flavor

violation (CLFV): no SM W v

contribution, hence clear SUsY

signature for New Physics ,’}M_ ° _lie_

(NP)! i
e Examples for NP

contribution: SUSY
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Motivation: CFLYV at LHC

Example: p—ey W Y
e Lepton Flavor Number (L)
is not conserved —Neutrino
Oscillation! v,
e Charged-Lepton-Flavor

violation (CLFV): no SM W v
contribution, hence clear susY
- — . - — —

signature for New Physics } Uy U e
(NP)!

e Examples for NP H,o s
contribution: SUSY, Heavy / '
N?utrinos, Leptoquarks, 7, " l u 777{[ | e
Higgs,... v 5
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Search for CLFV Higgs decays
In general two Higgs-Doublet models " E
(ZHDMS): SM values
o CFLV Higgs coupling are possible! (
e Typically one need to introduce an Y Y e Ll Y
additional symmetry to suppress flavor \
changing neutral currents (FCNC)... Y — Y Y Y
e LHC-Runll: exploit the full ne Lu T
yukawa-matrix, not “only” the “ \
diagonal entries! Y Y Y
| Y
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Harnik, Kopp, Zupan,

Search for CLFV Higgs decays

Channel Coupling Bound
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Pre-LFC bounds on LFV
Higgs couplings
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Pre-LHC constraints:
B(H—ut/et)~0(10%)
are still allowed!
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Search for H—ep
CMS 19.7 fo™ (8 TeV)
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e Dilepton: e+u with opposite sign et N * Observed
. g % (exp. o,
e GGF and VBF production: 0,1 and 2 Jet 0.041 % (0bs.) X Expected
category incl. 1 jets E Expected * 1o
e Low MET in the events is required 0.094 % (exp.) o [ Expected + 20
. € ) : 0.066 % (obs.) -
e Background: ‘smooth’ fit of the dilepton
invariant mass distribution m_=[110,160] o
eu incl. 2 jets
19.7 16" (8 Tev) 19.71b™ (8 Tev) 0-304 :/o (e)gp.) “ e
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Search for H—ert
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Search for H—et
e Kinematic cuts to enhance S/B ratio ,
CMS 19.7 fb™ (8 TeV)
Variable H — eT}l H — eTh e‘tu, O—Jets UL | T 11 T 1 1 T 11 | T 11 | T 11 | T 11 | T
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Search for H—>e17h
ad

e 2 channels: leptonic tau (i) and hadronic tau decays
e GGF and VBF production channels considered

e SR defined in 2D plane of m_(¢,MET) and m (7, ,MET)
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Search for H—ert

e SRs: kinematic cuts and jet multiplicity
e Fully data driven background estimation!

e Flavour symmetric backgrounds
estimated by switching cuts on p«e

%) ATLAS .
O ypo ‘ 1 =
o E \s=8TeV Ldt=203fb 3
— = -
~ i e -
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GC) L | w0 T Symm. background
Lﬁ 10 E Tot. background 3
- 77 Post-it uncertainty 3
10

— Expected + 26 —]

ﬁ(((((( e

o W

7%
2%

arXiv:1604.07730
SRuosets  SRwithJets
Light leptons et F etyuF
7 leptons veto veto
Central jets 0 >1
b-jets 0 0
ph > 35GeV > 35GeV
P2 >12GeV > 12GeV
<] <24 <24
In#| <24 <24
Ag(Ly, ERiss) <0.7 <0.5
Ap(ly,42) >23 >1.0
Ag(ly, Exiss) >25 >1.0
APT(fl,fg) Z TGeV Z 1GeV
T | T 1 T | T 1T T | T 1T | T T T | T 1T | T 1T I T 1T T
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Search for H—ur

e 2 channels: leptonic tau (e) and hadronic tau decays
e GGF and VBF production considered: 0,1 and 2-Jet categories

19.7 fb™ (8 TeV

-

19.7 fb™ (8 TeV

~
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Misidentified lepton and background estimated from data!
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e Kinematic cuts to enhance S/B ratio CMS 197 16" (8 TeV)
Variable H— ut H— um, }Lre,D.Jets R R N L B B
[GeV] O-jet 1-jet 2-jet | O-jet 1jet 2-jet 1.32% (exp.) .' * Observed
o> 50 45 25 | 45 35 30 2.04% fobs) | % Expecied n
pT > 10 10 10 — — — 1 Jet
pL > — — — | 3 40 40 % ] . [ Expected + 1o
M% < 656 65 25 | — — @— 2.38% (obs.) D Expected + 26
M} > 50 40 15| — — — i oete I~ =]
ME < — — — |50 3 35 o
a 3.77% (exp.)
ga ians] — 3.84% (obs.)
cpﬁp:rh > — — — 4 — — - —
TPr , 0 Jets
Aps fmss < 05 05 03| — — — nr
Pi—&r 2.34%, (exp.)
A(Pﬁ%fﬁ? = 27 10 — — — — 261% (obs) | B
19.7 1" (8 TeV, 197f' @ Ty T 1 Jet
> 77— { ‘e_) s> WVp———T ( ne_) 2.07% (exp.) -
8 L CMS ® Data ur, . 15] - CMS ® Data pr, a 2.22%, (obs.)
o r Ut 0-Jet Bkgd. uncertainty ] =) 18 :_ Ut 2-Jet Bkgd. uncertainty _: = —
a1 I sM Higgs = o5 6 L I sM Higgs e jL’I.'h‘ 2 Jets
w - [z — w o [z 7
E E I Other ] CIC.) 14 I Other s ig;:i EEEE] - »
o 40 Bttt = A - et ] : (obe.)
- -, [_| Misidentified leptons - 12— [ misidentified -]
r SR LFV Higgs (B:u?aa%): - e | - LFV Higgs (B=0.84%) ] H_)’H
30— — 10| — 0.75% (exp.) ! g
Iz A - [ | . 7 1.51% (obs)) i
- - 8,_ — PO T TN T N ST TN NV TN T NNV NN S N A
20~ b . s 0 2 4 6 8 10
: — £ E 95% CL limit on B(H—u1), %
10— [ =

Phys. Lett. B 749 (2015) 337

" Compact Muon Solenoid
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Search for H-opur pxcess: =240 excess
2 Best Fit B(H—p1)=0.84+0.39%
10— : — 1971078 Ter
8 F CMs \:] LFV Hoyr signal (B=0.84%)-
} g 8; Bkgd. uncertainty 7 CMS 19.7 fbl (8 TE'IJ'}
O ,gsj e Data-Bkgd . TI T[T T T T[T T AT T[T T o T[T T T[T T T TrrT
o E:
Q 3 — 7
N =
P & B ]
= o .
2 2 ]
L - T ] - |
e 40 E:I M'S -ar L L . ]
E Ll LFV 100 200 M) [Ge\};im "
S _— 0.05 4158 %
T ] [\ N
= . prh, 0Jets
@ ] 0.41 H2q, =
a ] - -
%] ] . 1 Jet .
. 0.21 g%
prh, 2 Jets
T S—— ] s )
BE .F e ]
- 0 E ] H—}],L’L'
Eg 0.1 e + =SSO OO SO SO 0.84 40399,
[m] = 160 - S_UD IV IUPISHATIN (SRR TN IS SIS I S A B SPINEri A
M(ut)_ [GeV] 15 -1-050 05 115 2 25
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Best fit to B(H—1), %

Phys. Lett. B
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EXPERIMENT

Search for H—ur

e 2 channels: leptonic tau (e) and hadronic tau decays
e GGF and VBF production channels considered

® SR defined in 2D plane of m_(¢,MET) and m_(t

ATLAS Data 2012, Vs

=8TeV [Ldt=203fb"

— 140pg . - -
> o Y OF g F 2. 2
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O 120 9

g L

‘%_l:- 100 S
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c
é_ iel
©
©
S
L
0 20 40 COR— 100 120 140
H,Emiss
m; T [GeV]
Cut SR1 SR2 WCR TCR
pr(p) >26 GeV | >26 GeV | >26 GeV | >26 GeV
P1(Thad) >45 GeV | >45 GeV | >45 GeV | >45 GeV
mr(p, ERiss) >40 GeV | <40 GeV | >60 GeV | —
M1 (Thad, ER%) | <30 GeV | <60 GeV | >40 GeV | —
(1) — n(mhaa)| | <2 <2 <2 <2
]vjet - . - >1
No_jet 0 0 0 >0
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QCD and Z—7t background estimated from data!



http://link.springer.com/article/10.1007/JHEP11(2015)211
http://link.springer.com/article/10.1007/JHEP11(2015)211

UH
m
LAl Universitit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Search for H—prt

SRs: kinematic cuts and jet multiplicity
Fully data driven background estimation!

Flavour symmetric backgrounds

estimated by switching cuts on p«e

arXiv:1604.07730

% - ATLAS .
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GCJ . Symm. background 7
S 102 Tot. background —
L - 72 Post-fit uncertainty 3
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10 E
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g 2 I - : AL 1l : ]
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0 50 100 150 200 250 300 350 400 45
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SRnoJets  SRuvithJets
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Search for H—prt

SRs: kinematic cuts and jet multiplicity
Fully data driven background estimation! 1,
Flavour symmetric backgrounds

estimated by switching cuts on p«e
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Note: if B(H—pt)==B(H—et), then the signal
would be hidden in this channels, due to the
flavour symmetric background estimation method!
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Search for H—ut
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Repetition of 8 TeV CMS H—urt analysis: no
change of strategy and kinematic cuts

Slight excess of 8 TeV analysis could not be
confirmed so far, but also not excluded!
Updated B(H—pt) Limit: BH—ut)<1.2%

observed (1.62% expected)
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Search for H—-ut @ 13TeV!
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LFV Higgs Summary
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Expect major update by end of the year for the Atlas and CMS Analysis!
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Conclusion

e All possible CLFV Higgs couplings has been investigated at
CMS+ATLAS!

e Limits improved by one order of magnitude with respect to
previous limits

e Slight excess in 8 TeV not yet confirmed or ruled out at 13
TeV — full 206 data set will reveal 1f excess was true!

e More interesting results on general CLFV searches (SUSY,
EXO, Z, ...) available as well!

http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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