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• Introduction

• Rare and LFV Higgs decays 

•

•

• Summary

H → llγ

H → lτ

Outline
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• It has been almost 10 years since the discovery of the Higgs boson 
at the LHC

• ATLAS and CMS have discovered (>5σ) all main production 
processes and decay channels:

• Coupling to bosons and 3rd gen. fermions

• Used in differential measurements (e.g. STXS)

• Searches for decays to 2nd generation fermions and other rare 
decays already show impressive results

• ATLAS has an extensive program of searches for BSM Higgs decays:

• Couplings to BSM can increase the decay rate to final states 
otherwise suppressed in SM

• Constraint on Br(H→undetected) < 16% (95% CL) from the 
Higgs combination measurement - lots of ‘space' for new physics!

Introduction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
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Search for  in ATLASH → llγ
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Muons

Photon

Candidate  event 
from the µµ low-pTt category

H → llγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-43/
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Loop induced +FSRll

• The  with  < 30 GeV

• to suppress   contribution

• This region is completely dominated by the decay 
through : arXiv:1211.6058

• The contributions of the other processes and 
interferences are negligible

• These searches are statistically limited

H → llγ (l = e or μ) mll

H → Zγ

γ*

Search for  in ATLASH → llγ
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https://arxiv.org/abs/1211.6058
https://link-springer-com.ezproxy.cern.ch/content/pdf/10.1007/JHEP05(2013)061.pdf


LLWI2022 -  February 24 2022G. Pezzullo  (Yale University)

• Fit to the invariant mass  in [110, 160] GeV

•  veto: 2.9(2.5)< <3.3(3.5) GeV

•  veto: 9.1(8.0)< <10.6(11.0) GeV

• Nine categories based on lepton flavor and event kinematics (cluster 
topology and  )

• The signal is modeled by a double-sided Crystal Ball function

• The background is modeled in each category with a different 
functional form: exponential, exponential polynomial functions, a 
power-law functions

• The dominant part of the background originates from non-resonant 
 processes and events with mis-identified photons

• The template for the non-resonant is built from MC events

• For events with misidentified objects, they are obtained from 
background-dominated control regions

mllγ

J/ψ → ll mμμ(ee)

Υ(nS) → ll mμμ(ee)

pTt

llγ

Search for  in ATLAS: fit modelH → llγ
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 pTt = | ⃗p llγ
T × ̂t |

̂t = ( ⃗p ll
T − ⃗p γ

T)/ | ⃗p ll
T − ⃗p γ

T |

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-43/
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• Full Run 2 ATLAS result:

• Observed (expected) significance of 3.2 σ (2.1 σ expected) with the B-only hypothesis

• Production cross-section x Br( ) for  < 30 GeV is  fbH → llγ mll 8.7+2.8
−2.7

Search for  in ATLAS: resultsH → llγ
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• Full Run 2 ATLAS result:

• Observed (expected) significance of 2.2 σ (1.2 σ expected) with the B-only hypothesis

• Best-fit of the  (w.r.t. the SM prediction) of H → Zγ 2.0+1.0
−0.9

Search for  in ATLAS: resultH → Zγ
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• Similar final states as in 

• Two decay modes:  and   ( )

• The main backgrounds are: ,  Top 
processes, W+jets and QCD

• Two categories per decay-mode: VBF and 
non-VBF

• BDT to discriminate signal from background

H → ττ

lτhad lτl′ 
l ≠ l′ 

Z → ττ

Search for  (l=e or µ) in ATLASH → lτ
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LLWI2022 -  February 24 2022G. Pezzullo  (Yale University)

• For the  case, additional  background with electron mis-identified as H → eτhad Z → ee τhad

:  background in H → lτ Zee eτhad
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• 95% C.L. limits on B( ) and B( ) 

• Best-fit:  for ,  and ( )% for 

H → eτ H → μτ

(0.15+0.18
−0.17) H → eτ −0.22 ± 0.19 H → μτ

Search for  (l=e or µ) in ATLAS: resultsH → lτ
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• Constraints on  more stringent then indirect searches:Ylτ

Search for  (l=e or µ) in ATLAS: Yukawa couplingsH → lτ
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• Rare and LFV Higgs decay searches with the ATLAS detector were presented

• Powerful tests to search for BSM

• First evidence (3.2 σ) of  for  < 30 GeV  was reported

• High-mass  at 2.2 σ

• LFV search for  (l=e or µ) using 36.1 fb-1 was also presented

• Tighter constraints to  compared to indirect searches

• Searches for the rare/LFV  decays are also performed with no significant 

deviations from the SM found

H → llγ mll

H → Zγ

H → lτ

Ylτ

H → ee/eμ

Summary
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Search for  in ATLASH → llγ
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• Probability density function consisting of a Gaussian core and a power-law tail(s)

Crystal Ball function
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Search for  in ATLASH → Zγ
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• SM  decay through loop diagrams

•

• ,  signature is more difficult to produce 
than , but it almost no QCD background

• Sensitive to BSM contributions: 

• Composite-Higgs: arXiv:1308.2676

• Singlet scalars: arXiv:1105.4587

H → Zγ

Br(H → Zγ) = (1.54 ± 0.09) × 10−3

H → Zγ Z → l+l−

H → γγ

Search for  in ATLASH → Zγ
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https://arxiv.org/abs/1308.2676
https://arxiv.org/abs/1105.4587
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG?redirectedfrom=LHCPhysics.LHCHXSWG#Production_cross_sections_and_de
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•  advantages 

• Efficiently triggered

• Good invariant mass resolution 

• Relatively small background

• Six categories orthogonal to each other based 
on lepton flavor and event kinematics (using ) 

• A BDT is trained to separate the VBF signal 
from other production modes and backgrounds

H → Z( → ll)γ (l = e or μ)

pTt

Search for  in ATLAS: analysisH → Zγ

19

Ph
ys

. L
et

t. 
B 

80
9 

(2
02

0)
 1

35
75

4

 pTt = | ⃗p llγ
T × ̂t |

̂t = ( ⃗p ll
T − ⃗p γ

T)/ | ⃗p ll
T − ⃗p γ

T |

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
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• Fit to the invariant mass  in [105, 160] GeV

• The signal mass distribution is modeled by a 
double-sided Crystal Ball function

• The background is modeled using a template 
that is constructed from the simulated 𝑍𝛾 and 

electroweak 𝑍𝛾𝑗𝑗 events, and a 𝑍+jets 
contribution derived from data

• Each category uses a different functional 
form: Bernstein polynomials, exponential 
polynomial functions, a sum of power 
functions

mZγ

Search for  in ATLAS: fit modelH → Zγ
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•

• Far below the sensitivity of the LHC

• The LFV  decay is heavily constrained by indirect search ( )

• BUT indirect constraints assume SM values for the  and 

• The  search allows to constrain  directly

• The signal is separated from the background by identifying a peak in the distribution of 

• Backgrounds:

• For , the main contributions come from DYee,  and Diboson

• For , the main contribution comes from 

Br(H → ee) = GFmHm2
e /(4 2πΓH) ≈ 5 × 10−9

H → eμ μ → eγ

Yee Yμμ

H → eμ Yeμ

mll

H → ee tt̄

H → eμ Z/γ * → τlτl

Search for  in ATLASH → ee/eμ

21
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• Fit to the invariant mass  in [110, 160] GeV

• The dataset is split in 7(8) categories for the ee (eµ) channel

• Signal modeled by the sum of a Crystal Ball and a Gaussian distribution

• Background modeled by a Bernstein polynomial of degree two with category-dependent parameters

mll

Search for  in ATLAS: fit modelH → ee/eμ

22

Ph
ys

. L
et

t. 
B 

80
1 

(2
02

0)
 1

35
14

8

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58/


LLWI2022 -  February 24 2022G. Pezzullo  (Yale University)

• No evidence of the  decay is observed

• Best-fit: Br( ) = (0.0±1.7(stat)±0.6(syst))x10-4

• No excess observed for , 95% CL limit is 
Br( )<  (  expected)

H → ee

H → ee

H → eμ
H → eμ 6.1 × 10−5 5.8 × 10−5

Search for  in ATLAS: resultsH → ee/eμ
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• 2 magnet systems (central 2T solenoid and large toroids in muon spectrometer)

• Electron scale uncertainty ~0.7% in central region

• Muon momentum scale uncert 0.05%

• τ energy scale uncertainty 2% (3%) 
 for 1- (3-) prong τ-lepton

ATLAS experiment

24
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• CMS measurement with 36 fb-1: 

• 3.9 ⨉ SM (2.0 ⨉ SM expected) for combined low + high mass

CMS:  and H → Zγ H → llγ
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-007/index.html
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• CMS results: Phys. Rev. D 104 (2021) 032013

 @ CMS (Full Run 2)H → lτ
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