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Studies of rare Higgs decay H → Zγ in CMS at  = 13TeVs

• The study of rare Higgs boson decay channel H→Zγ→llγ is 
performed and analysis workflow is introduced. 

• The observed significance of CMS Run-2 results is 2.7σ and 
the observed limit is 4.1. 

• The first evidence of this channel with 3.4σ by the 
combination of CMS and ATLAS results.

Conclusions

Evidence for H → Zγ decay has been found after the 
combined results of ATLAS and CMS experiment, with an 
observed significance of 3.4σ. The observed signal yield is 2.2 

 0.7 times the SM prediction. ±

ATLAS & CMS combination

Intro

CMS Run-2 results
Dijet 1 is the most sensitive category among 8 categories. 

The observed(expected) limit on the signal strength relative 
to the SM prediction is 4.1 (1.8). 

After all analysis methods are applied, the expected and 
observed significance is 1.2σ and 2.7σ, respectively.

The rare decay channel H→Zγ→llγ has the clean final state 
that the Higgs boson can be reconstructed with high mass 
resolution. The loop diagrams make it sensitive to BSM.  

Introduction

angle and kinematics  
of final state particles,  
γ IDMVA, σγ/Εγ, pTH/mH

To improve the sensitivity, the events are separated into 
inclusive categories by tagging the additional particles from 
di#erent Higgs production processes. 

Categorization

VH !H

ggF

VBF

Lepton tag

Untagged events

Dijet tag

Select additional e(μ) 
with pT > 7(5) GeV.

Select additional dijet. 
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Figure 2. The DVBF (left) and Dkin (right) distributions for signal, simulated background, and
data. The DVBF distribution includes only dijet-tagged events, and the Dkin distribution includes
only untagged events. The sum of contributions from all signal production mechanisms is shown
by the blue line, while the contribution from only the VBF mechanism is shown by the red line.
Both contributions are scaled by a factor of 10. The uncertainty band incorporates all statistical
and systematic uncertainties in the expected background. The dashed lines indicate the boundaries
for the dijet and untagged categories. The gray shaded region in the Dkin distribution is excluded
from the analysis.

(v) the polar and azimuthal decay angles of the leptons in the Z boson center-of-mass
frame [93, 94]; (vi) the photon MVA discriminant score; and (vii) the photon energy
resolution. The distribution of Dkin is shown in figure 2 (right) for both simulated
samples and data.

The subdivision of dijet and untagged events into categories is based on the VBF BDT
and kinematic BDT discriminants. Category boundaries are defined as mutually exclusive
regions of DVBF and Dkin. The locations of the boundaries defining the categories are
optimized by iterating over all possible combinations of boundaries using ∑n

i=1 Si
2/Bi

as a figure-of-merit. The variables Si and Bi represent the number of expected signal
and background events with 120 < m

ℓ
+

ℓ
−
γ
< 130GeV in the ith category, and n is the

total number of categories. We consider categories with boundaries corresponding to signal
efficiencies between 0–100% in 10% increments. The optimization procedure results in three
dijet categories for the VBF BDT and four untagged categories for the kinematic BDT.
The lowest Dkin boundary corresponds to the 10% point in integrated signal efficiency,
and events below the 10% point are excluded from the analysis, as they make a negligible
contribution to the total signal sensitivity.

The full categorization and optimization procedure results in the following eight mu-
tually exclusive categories: one lepton-tagged category, three dijet categories, and four
untagged categories. The category definitions are summarized in table 1.

Table 2 lists the event categories used in the analysis, along with the expected event
yields for an mH = 125.38GeV signal arising from ggH, VBF, VH, and ttH production,
as well as the resonant background contribution from FSR from H → µ+µ−, which is
3–8% of the H → Zγ yield, depending on category. Event yields from other Higgs boson
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Figure 2. The DVBF (left) and Dkin (right) distributions for signal, simulated background, and
data. The DVBF distribution includes only dijet-tagged events, and the Dkin distribution includes
only untagged events. The sum of contributions from all signal production mechanisms is shown
by the blue line, while the contribution from only the VBF mechanism is shown by the red line.
Both contributions are scaled by a factor of 10. The uncertainty band incorporates all statistical
and systematic uncertainties in the expected background. The dashed lines indicate the boundaries
for the dijet and untagged categories. The gray shaded region in the Dkin distribution is excluded
from the analysis.

(v) the polar and azimuthal decay angles of the leptons in the Z boson center-of-mass
frame [93, 94]; (vi) the photon MVA discriminant score; and (vii) the photon energy
resolution. The distribution of Dkin is shown in figure 2 (right) for both simulated
samples and data.

The subdivision of dijet and untagged events into categories is based on the VBF BDT
and kinematic BDT discriminants. Category boundaries are defined as mutually exclusive
regions of DVBF and Dkin. The locations of the boundaries defining the categories are
optimized by iterating over all possible combinations of boundaries using ∑n

i=1 Si
2/Bi

as a figure-of-merit. The variables Si and Bi represent the number of expected signal
and background events with 120 < m

ℓ
+

ℓ
−
γ
< 130GeV in the ith category, and n is the

total number of categories. We consider categories with boundaries corresponding to signal
efficiencies between 0–100% in 10% increments. The optimization procedure results in three
dijet categories for the VBF BDT and four untagged categories for the kinematic BDT.
The lowest Dkin boundary corresponds to the 10% point in integrated signal efficiency,
and events below the 10% point are excluded from the analysis, as they make a negligible
contribution to the total signal sensitivity.

The full categorization and optimization procedure results in the following eight mu-
tually exclusive categories: one lepton-tagged category, three dijet categories, and four
untagged categories. The category definitions are summarized in table 1.

Table 2 lists the event categories used in the analysis, along with the expected event
yields for an mH = 125.38GeV signal arising from ggH, VBF, VH, and ttH production,
as well as the resonant background contribution from FSR from H → µ+µ−, which is
3–8% of the H → Zγ yield, depending on category. Event yields from other Higgs boson
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4 subcategories by 
kinematic MVA

dijet variable, kinMVA

Signal & Background modeling

∫
170

105
N(mllγ − t; μ, σ) f(t; ⃗α ) Θ(s, t) dt
Gaussian Step func.Falling spectrum

The fi!ing on refit Mllγ in 105-170GeV is performed. 

• Signal model : 
Fit the signal MC sample with Crystal 
Ball function+Gaussian. 

• Background model : 
Fit the data with turn-on considered.

Event selection

3-body selection
Photon ET/Mllγ > 15/110  
ΔR(l,γ) > 0.4 
Mll+Mllγ > 185 GeV → reject Z+jets background

Analysis method

Final state radiation (FSR) recovery 
  → add FSR γ energy to reconstructed muon 
Kinematic refit 
  → refit the Mll distribution by true Z shape

Dielectron/Dimuon → reduce the event rateHigh level trigger

Photon selection ET > 15 GeV

Lepton selection
Leading e(μ) PT > 25(20) GeV 
Trailing e(μ) PT > 15(10) GeV 
Mll > 50 GeV → exclude H→γ*γ channel

The total integrated luminosity of Run-2 data is 138 fb-1. 

The dominant backgrounds are SM Z+jets and Zγ process.


