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Outline: LFV Higgs decays @ CMS
● Short Motivation
● 8 TeV: H→eμ, H→eτ, H→μτ a
● 13 TeV: Run-II update for Moriond
● 13 TeV: Tau polarization
● Summary
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Why Charged Lepton Flavor Violation 
(CLFV)?

?

CKM matrix -  quark sector

PMNS matrix -  neutrino sector

Higgs: CLFV couplings?
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Constraints from low energy measurements

Harnik, Kopp, Zupan, JHEP 1303 (2013) 026 (2013-03-05) 4
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Constraints from low energy measurements
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H→eμ:

● Limit on the 
BR(H→eμ) in 
the order of 
10-8

● No chance 
at the LHC!
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H→μτ : Overview
● 2 channels: leptonic tau (e) 

and hadronic tau decays
● GGF and VBF production 

considered: 0,1 and 2-Jet 
categories

● Dilepton (eμ) and/or 
SingleMuon trigger 

● Kinematic cuts to enhance 
S/B ratio

7



Daniel Troendle, Uni Hamburg, troendle@cern.ch

H→μτ: mass reconstruction

Mass Mean RMS

120 119.3 20.37

125 123.4 19.11

130 128.4 21.0

150 147.6 22.48

200 196 25.5
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● Collinear mass approximation 
(projection method)

● Assumption: neutrinos are collinear 
with the tau directions and thus with 
the lepton (e/μ)
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H→μτ: background composition
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H→μτ: results
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H→μτ: results
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H→μτ: Signal?
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H→μτ: interpretation
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● Limit on BR can be  reinterpreted as a 
limit on the corresponding flavor 
violating yukawa coupling

Assumptions:
● SM Higgs decay width ΓSM=4MeV
● At most one of non-standard decay mode 

of the higgs is significant compared to SM 
decay width
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H→eτ: overview
● Analogous to H→μτ analysis:
● 2 channels: leptonic (μ) and hadronic tau decays
● GGF and VBF production channels: 0, 1 and 2-

Jet categories
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CMS-PAS-HIG-14-040
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H→eτ results
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H→eτ results
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H→eμ: overview
● Dilepton trigger (e,μ)
● GGF and VBF production: 0,1 and 

2 Jet category
● Split in Barrel and Endcap region 

(resolution)
● Low MET in the events is required
● Background: ‘simple’ fit of the 

dilepton invariant mass distribution 
meμ=[110,160]

● Fit-Function: function with lowest 
‘bias’ in each category is chosen
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CMS-PAS-HIG-14-040



Daniel Troendle, Uni Hamburg, troendle@cern.ch

H→eμ: results
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H→eμ: results
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LFV Higgs @ 8TeV: summary
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LFV Higgs decays @ 13 TeV
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TOP SECRET!● Reload of 8 TeV analysis for Moriond (hopefully)
● No changes to the analysis strategy for the 2.1fb-1 reload 

(H→μτ only): same cuts (except VBF category, due to 
statistics)
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LFV Higgs decays @ 13 TeV
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● Reload of 8 TeV analysis for Moriond (hopefully)
● No changes to the analysis strategy for the 2.1fb-1 reload 

(H→μτ only): same cuts (except VBF category, due to 
statistics)

Overall good 
agreement 
after baseline 
selection!
Still blinded!
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LFV Higgs decays @ 13 TeV
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Very preliminary expected limits!

Expected limit is in the order of 2% on the BR(H→μτ): 
0.75% exp. ( 1.57% obs.) limit from Run-I!

2.1fb-1 update: no gain in terms of BR limit with the 
Moriond update expected!
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Prospects for H→μτ at 13 TeV
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Very preliminary combination!
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Prospects using the tau polarization
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Yμτ vs Yτμ: extracting r=Yμτ/Yτμ

● If the excess is a true signal and if it will be confirmed in 13 TeV, we 
can do interesting physics!

● Extracting the ratio of r=Yμτ/Yτμ!
● How to:

○ Assume mhiggs=125GeV and colinearity of the tau decay products: 
reconstruct the full tau 4-vec

○ Extract visible energy fraction(x) of tau decay products with respect 
to the full tau-4vec 

○ Fit templates of x for Yμτ and Yτμ 
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Reconstruct full tau 4-vec

∆η(fit-truth) ∆Φ(fit-truth)

Note: first approximation - neglect tau mass!

∆pT(fit-truth)
pT(truth)

Tail to higher “fitted” 
momentum most 
probably due to 
neglecting the tau mass 
in the calculation!

colinear approximation

colinear approx. + 
neglecting tau mass!
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Yμτ vs Yτμ: templates τ±→π±ν

gen particles

gen particles

pT> 20 GeV

pT> 20 GeV

reco PFTaus: 
decayMode=0
(single prong taus)
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Yμτ vs Yτμ: templates

pT> 20 GeV

reco PFTaus: 
decayMode=1
(single prong +pi0)

reco PFTaus: 
decayMode=10
(three prong taus)

pT> 20 GeV
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Yμτ vs Yτμ: templates pT>20 vs pT> 40

reco PFTaus: 
decayMode=10
(three prong taus)

reco PFTaus: 
decayMode=1
(single prong+pi0)

reco PFTaus: 
decayMode=0
(single prong)

p T
> 

20
p T

> 
40
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Yμτ vs Yτμ: extracting the ratio (test)

reco PFTaus: 
decayMode=0
(single prong)

reco PFTaus: 
all decaymodes!

0.5xPol=-1 
and 0.5xPol=+1

τ±→π±ν
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Summary
● All possible LFV Higgs couplings has been tested in 8 TeV
● Small excess (2.4σ) observed in the H→μτ 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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Atlas: H→μτ analysis
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Best Fit Point for the combination of both channels: Br(H→μτ)=0.77%

arXiv:1508.03372

http://arxiv.org/abs/1508.03372
http://arxiv.org/abs/1508.03372

