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Introduction: !

•  Overview of H rare decays searches performed by CMS!

 The talk deals with Higgs boson decays having a very low σxBR predicted by the SM:!
•  H ! μμ !

 This talks also addresses decays of the Higgs boson strongly suppressed by the SM: !
•  LFV H ! τμ !
•  H!Invisible  !
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Event reconstruction – overview: !

Particle Flow (PF)
•  Combining all the information from the different CMS sub-systems to identify 
all the stable particles in the event: e±, μ±, γ, h±, h0 !

Most of the analyses presented 
rely on the use of the PF

Inputs to build!

 Jets, ET
miss,τh , 

Lepton/photon Isolation 
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H!μμ !

Motivation: 
•  After the Higgs boson discovery, we need to measure the !
  Higgs boson properties: among them its couplings to 
  fermions!!
•  Check non-universality of Higgs boson couplings to fermions!

"  Confront H!μμ and H!ττ decay rates (already observed by CMS)!
•  H!μμ:!

"  Only LHC-accessible test of Higgs couplings to 2nd generation 
fermions!
"  Very clean final state, but very small expected rate and non-
negligible background!

Analysis strategy: 
•  Search for a resonance peak in the di-μ invariant mass spectrum on top of a falling 
DY dominated (+tt, ZZ, WW) background!
•  Analysis sensitivity increased by an extensive categorization:!

"  The categorization is based on Jet-multiplicity, pT
μμ, mjj!

http://arxiv.org/pdf/1410.6679v1.pdf(BR ~ 2.19 #10-4)!
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H!μμ !
Event selection:

•  Opposite sign, isolated muons with pT > 25 GeV!

2-Jet category Jet-pT
lead > 40 + Jet pT

sublead > 30 + pT
miss < 40

VBF-tight GF-tight Loose

Mjj>650 +|Δηjj|>3.5 pT
μμ > 50 + Mjj>250 No-VBF && no-GF

0/1-Jet category ! (2-Jet category)

Tight Loose -

pT
μμ > 10  pT

μμ < 10  -

The above categories are further subdivided to further improve 
the sensitivity exploiting the expected mμμ resolution!
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H!μμ !

6 3 Event Selection
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Figure 2: The spectra of M(jj) (a), |Dh(jj)| (b), pT(µµ) (c) and M(µµ) (d) for 2-Jet events atp
s = 8 TeV. Black bands are MC statistical uncertainty; red bands are JES and JER uncertainty

added in quadrature with the MC statistical uncertainty. The Higgs signal expectation, scaled
up by the factor indicated in each figure, is overlaid. The total number of SM background
events is rescaled to the number of events observed in data, using the relative background
contributions as obtained from simulation.

expected limit of 5%. Due to the limited statistics the 2-Jet events are not split into resolution
subcategories.

In Fig. 5 and 6 the dimuon transverse momentum and the dimuon invariant mass spectrum
for 0,1-Jet events are presented for

p
s = 7 TeV and 8 TeV, respectively.

In Analysis B the events are classified according to the number of jets with pT > 20(25) for

Sig. and Bkg. estimation:

•  Bkg shape & normalization ! from data!
•  Selection ε + Sig. estimation ! from MC!

DY: Z!μμ is !
The main background!
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Figure 1: The dimuon invariant mass at 8 TeV and the background model are shown for the
0,1-jet Tight category when both muons are reconstructed in the barrel (left) and the 2-jet VBF
Tight category (right). A best fit of the background model (see text) is shown by a solid line,
while its fit uncertainty is represented by a lighter band. The dotted line illustrates the expected
SM Higgs boson signal enhanced by a factor of 20, for mH = 125 GeV. The lower histograms
show the residual for each bin (Data-Fit) normalized by the Poisson statistical uncertainty of
the background model (sFit). Also given are the sum of squares of the normalized residuals (c2)
divided by the number of degrees of freedom (NDF) and the corresponding p-value assuming
the sum follows the c2 distribution.

7!

H!μμ !

Results: 
•  Fit to mμμ with parametrized Sig+Bkg shape!
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H!μμ !

Results: 
•  Simultaneous fit in all the categories and extraction of 
upper limit on σxBR(H!μμ )!

10 6 H ! µ+µ� results

Exclusion limits in terms of s(8 TeV)B using only 8 TeV data are shown in Fig. 3 (left). The
relative contributions of GF, VBF, and VH are assumed to be as predicted in the SM, and the-
oretical uncertainties on the cross sections and branching fractions are omitted. At 125 GeV,
the observed 95% CL upper limit on s(7 TeV)B using only 7 TeV data is 0.084 pb, while the
background-only expected limit is 0.062+0.026

�0.018 pb. Using only 8 TeV data, the observed limit on
s(8 TeV)B is 0.033 pb, while the background-only expected limit is 0.034+0.014

�0.010 pb. To combine
7 and 8 TeV data, the SM ratio of production cross sections is assumed and the result is quoted
at a reference energy of 8 TeV. This leads to an observed limit of 0.035 pb on s(8 TeV)B and a
background-only expected limit of 0.031+0.013

�0.010 pb. Assuming the SM production cross section,
this corresponds to an upper limit on B(H ! µ+µ�) of 0.0016.

Figure 2: Mass scan for the background-only expected and observed combined exclusion limits.
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Figure 3: Exclusion limits on sB are shown for H ! µ+µ� (left), and for H ! e+e� (right),
both for 8 TeV. Theoretical uncertainties on the cross sections and branching fraction are omit-
ted, and the relative contributions of GF, VBF, and VH are as predicted in the SM.

Exclusion limits on individual production modes may also be useful to constrain BSM models
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H!μμ !

No Signal!Upper Limit on σxBR(H!μμ) @95% CL:
Exp. @mH=125 GeV: 6.5+2.8

-1.9 x σSM 
Obs. @mH=125 GeV: 7.4 x σSM
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Figure 1: The dimuon invariant mass at 8 TeV and the background model are shown for the
0,1-jet Tight category when both muons are reconstructed in the barrel (left) and the 2-jet VBF
Tight category (right). A best fit of the background model (see text) is shown by a solid line,
while its fit uncertainty is represented by a lighter band. The dotted line illustrates the expected
SM Higgs boson signal enhanced by a factor of 20, for mH = 125 GeV. The lower histograms
show the residual for each bin (Data-Fit) normalized by the Poisson statistical uncertainty of
the background model (sFit). Also given are the sum of squares of the normalized residuals (c2)
divided by the number of degrees of freedom (NDF) and the corresponding p-value assuming
the sum follows the c2 distribution.
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�0.010 pb. Assuming the SM production cross section,
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Figure 3: Exclusion limits on sB are shown for H ! µ+µ� (left), and for H ! e+e� (right),
both for 8 TeV. Theoretical uncertainties on the cross sections and branching fraction are omit-
ted, and the relative contributions of GF, VBF, and VH are as predicted in the SM.

Exclusion limits on individual production modes may also be useful to constrain BSM models
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H!τμ (LFV) !

Motivation: 

Current constraints
•  Indirect searches so far: LFV mediated by a virtual Higgs  !
•  μ ! e strongly constrained by  μ ! eγ searches: BR(H->μe) < O(10-8)!
•  τ ! μ, τ ! e less stringent        BR(H->μe) < O(10%)    !

CMS PAS HIG-14-005 

Observation of Higgs Boson ! Possibility of direct search LFV H!μτ!!

CMS presents the first direct search for LFV H!μτ

•  In the SM LFV decays are forbidden. Nevertheless they are admitted if SM is 
considered an effective theory!

•  LFV decays of the Higgs boson can also “naturally” !
occur in BSM , e.g.:!

"  Models that predict more than 1 Higgs boson!
"  Composite Higgs models  !
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H!τμ (LFV) !

2 4 Event Reconstruction
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Figure 1: Comparison between simulated SM H ! tt and LFV H ! µt decays at the genera-
tor level. Left) pT in the µthad channel. Right) Angle between the vector sum of the neutrinos
in the event and the electron in the µte channel.

the data in the signal region was not observed until the selection criteria had been fixed and
the background estimate finalized.

3 Datasets
The LFV decay H ! µt has been implemented in the recent version of PYTHIA [13]. The
main Higgs production processes of gluon-gluon fusion and vector-boson fusion are taken into
account and the full GEANT detector simulation is used. The dominant backgrounds, which
arise from vector boson production, are simulated with either MADGRAPH [14] or PYTHIA.

The search is performed on the 2012,
p

s = 8 TeV dataset, comprising 19.7 fb�1 of data. The
H ! µthad channel selection begins by requiring an isolated single muon trigger with a pµ

T
threshold of 24 GeV in the pseudo-rapidity range |h| < 2.1, while the H ! µte channel re-
quires a muon-electron trigger with pT thresholds of 17 GeV (|h| < 2.5) and 8 GeV (|h| < 2.4),
respectively. Loose electron and muon identification criteria and isolation are applied at the
trigger level.

4 Event Reconstruction
A particle flow algorithm [15–17] combines the information from all CMS sub-detectors to iden-
tify and reconstruct the individual particles emerging from all vertices: charged hadrons, neu-
tral hadrons, photons, muons, and electrons. These particles are then used to reconstruct the
Emiss

T , jets, hadronic t decays, and to quantify the isolation of leptons and photons.

The large number of proton interactions occurring per LHC bunch crossing (pileup), with an
average of 9 in 2011 and 19 in 2012, makes the identification of the vertex corresponding to the
hard-scattering process nontrivial. This affects most of the physics objects: jets, lepton isolation,
etc. The tracking system is able to separate collision vertices as close as 0.5 mm along the beam
direction [18]. For each vertex, the sum of the p2

T of all tracks associated with the vertex is

Analysis strategy: 
•  Search performed in 2 channels: μτe and μτhad!
•  Final state signature similar to the SM H!ττ. But there are some kinematical 
differences!

SM H!ττ!
LFV H!τμ!

In LFV H!τμ!
 neutrinos are 

collinear with the τ!
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H!τμ (LFV) !

2 4 Event Reconstruction
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Figure 1: Comparison between simulated SM H ! tt and LFV H ! µt decays at the genera-
tor level. Left) pT in the µthad channel. Right) Angle between the vector sum of the neutrinos
in the event and the electron in the µte channel.

the data in the signal region was not observed until the selection criteria had been fixed and
the background estimate finalized.

3 Datasets
The LFV decay H ! µt has been implemented in the recent version of PYTHIA [13]. The
main Higgs production processes of gluon-gluon fusion and vector-boson fusion are taken into
account and the full GEANT detector simulation is used. The dominant backgrounds, which
arise from vector boson production, are simulated with either MADGRAPH [14] or PYTHIA.

The search is performed on the 2012,
p

s = 8 TeV dataset, comprising 19.7 fb�1 of data. The
H ! µthad channel selection begins by requiring an isolated single muon trigger with a pµ

T
threshold of 24 GeV in the pseudo-rapidity range |h| < 2.1, while the H ! µte channel re-
quires a muon-electron trigger with pT thresholds of 17 GeV (|h| < 2.5) and 8 GeV (|h| < 2.4),
respectively. Loose electron and muon identification criteria and isolation are applied at the
trigger level.

4 Event Reconstruction
A particle flow algorithm [15–17] combines the information from all CMS sub-detectors to iden-
tify and reconstruct the individual particles emerging from all vertices: charged hadrons, neu-
tral hadrons, photons, muons, and electrons. These particles are then used to reconstruct the
Emiss

T , jets, hadronic t decays, and to quantify the isolation of leptons and photons.

The large number of proton interactions occurring per LHC bunch crossing (pileup), with an
average of 9 in 2011 and 19 in 2012, makes the identification of the vertex corresponding to the
hard-scattering process nontrivial. This affects most of the physics objects: jets, lepton isolation,
etc. The tracking system is able to separate collision vertices as close as 0.5 mm along the beam
direction [18]. For each vertex, the sum of the p2

T of all tracks associated with the vertex is

Analysis strategy: 
•  Search performed in 2 channels: μτe and μτhad!
•  Final state signature similar to the SM H!ττ. But there are some kinematical 
differences!

•  Categories: 0-Jet / 1-Jet / 2-Jets  !

SM H!ττ!
LFV H!τμ!

In LFV H!τμ!
 muon comes 

promptly from the H!
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H!τμ (LFV) !
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- Simulated tau !Zμμ!
- Normalization from MC!
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-  From MC!

tt!
- From MC!
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- Jets ! lepton in QCD/Wj!
- Estimated from data !
-  WW, ZZ removed by MC!
-  e.g. mis-id muon!

Single top!
- From MC!

VV!
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Estimator of the reconstructed Higgs boson mass using !
the observed decay products!
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Figure 5: Left) Upper limits by category for the LFV H ! µt decays. Right) Best fit branching
fractions by category.

9 Extracting limits on lepton flavor violating couplings
The constraint on B(H ! µt) can be interpreted in terms of LFV Higgs Yukawa couplings.
The LFV decays H ! eµ, et, µt arise at tree level from the assumed flavor violating Yukawa
interactions where the relevant terms are explicitly

LV ⌘ �Yeµ ēLµRh � Yµeµ̄LeRh � Yet ēLtRh � Ytet̄LeRh � Yµtµ̄LtRh � Ytµt̄LµRh

The branching fraction in terms of the Yukawa couplings are given by

B(H ! lalb) =
G(H ! lalb)

G(H ! lalb) + GSM
(1)

where la, lb = e, µ, t and la 6= lb. The decay width, in turn, is

G(H ! lalb) =
mh

8p
(|Ylb la |2 + |Yla lb |2) (2)

and SM Higgs width is GSM = 4.1 MeV for a 125 GeV Higgs boson. It was assumed that at
most one of non-standard decay mode of the Higgs is significant compared to the SM decay
width.

The constraints on the Yukawa couplings derived from the limit B(H ! µt) < 1.57% are shown
in Figure 6. This is compared to the constraints from previous indirect measurements. It can be
seen that the direct search improves the constraint by roughly an order of magnitude.

10 Conclusions
The first direct search for lepton flavor violating decays of a Higgs boson to a muon-tau pair,
based on the full 8 TeV dataset collected by CMS in 2012 is presented. The sensitivity of the

14!

H!τμ (LFV) !
Mcoll independent systematics:

•  Electron and tau ε/ID/iso~2%-9%"
•  ZZ+Jets and WW bkg:10%-30%!

Mcoll dependent systematics:

•  Tau Energy Scale ~3%!
•  Jet Energy Scale ~3%-7%!

Exp Up.Lim
B(H!τμ)<(0.75±0.38)%

Obs. Up.Lim
B(H!τμ)<1.57%

If the excess is interpreted 
as a signal Best Fit:

BR(H!τμ)<(0.89-0.37
+0.40)%

Combining all the channels

Slight excess

The results 
could be 

interpreted as 
limits on the 

Yukawa 
coupling
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H!Invisible !

All measurements of the H(125) indicate the !
compatibility with the SM Higgs boson!

Uncertainties on σxBR are large           H!inv is not excluded!
Non-SM H!inv. decays:

•  H!neutralinos in SUSY models!
•  H!graviscalars (extra-dim.)!
• H interaction with Dark Matter !

(D.M. portal theory: the Higgs boson as mediator between SM particles and DM )!

Indirect search constraints Direct search constraints
•  Inferred by visible decay modes 
adding a Γinv term in the combined fit.!
• CMS result: upper limit on !

H(inv.) BR = 0.89 @95% CL !

•  H boson recoiling against a visible system!

doi:10.1140/epjc/s10052-014-2980-6. 
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•  First search for H(inv.) in the VBF production mode!!
•  Relatively large σSM but 2Jets + ET

miss suffers from large background !
•  Major Backgrounds:!

- Z(νν)+Jets!
- W(eν)+Jets + W(τν)+Jets!
- QCD multijet + tt!

•  VBF topology help to reduce the background:!
The event selections ask for 2 forward jets with high mjj !
and high rapidity gap + large ET

miss   !

q̄

q

Z∗

H

Z

b

b̄

χ

χ

16!

H!Invisible !
CMS direct search 
VBF production mode

VH production
•  Lower σSM respect VBF but Z boson + ET

miss provides a clearer topology!
•  Z(ll)H(inv): hight pT isolated leptons from Z, high ET

miss!

- Major bkg: Z(ll)Z(inv) and W(νl)Z(inv)!
•  Z(bb)H(inv): jet pair consistent with Z!bb, large ET

miss!

- Major bkg: Z(bb)Z(inv), W(νb)Z(inv), Z+bb, tt !

X!

X!
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17!

H!Invisible !
Results: 

No evidence for a signal in any of the 3 decay channel!
•  Assuming σSM Exp.(Obs.) Lim. on σH X BR(H!inv) = 0.58 (0.44)@95% CL!
•  Better constraint than the one given by indirect searches!
•  Interpretation of the result in terms of dark-matter portal theory:!
"  If mχ<MH/2 it is possible to relate the Γinv to σ(DM-nucleon) scattering!
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First CMS search in this low-energy regime

18!

H!Invisible !
Search for new physics with low-ET γ + ET

miss final state 

The monophoton final state can constrain extensions of the SM!

•  In some SUSY scenarios, the H125 boson can decay into a gravitino(G) and a neutralino(X1
0)!

•  In these models G is the lightest supersymmettric particles while the X1
0 is the next-to-lightest: !

 so X1
0!G + γ !

~! ~!
~! ~!

~!~!

•  This decay mode produces a single isolated photon + ET
miss from the undetected G!

•  If mX1
0<mH/2 the decay h!X1

0X1
0!γγ would dominate        interesting region !

mH/2 < mX1
0< mH             and since mH =125 the ET(γ) and ET

miss are relatively low    !

~!

DM-particle!

Required ET(γ)>45 and ET
miss>40  !

NEW!! (Jan 2015) HIG-14-024-pas!

~ !
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H!Invisible ! NEW!! (Jan 2015)
Major background:
•  Irreducible from SM Zγ!ννγ   !

Results:
•  Search for new physics in the γ+ET

miss final state has been performed with an 
integrated luminosity of 7.3 fb-1@8TeV!
•  No evidence for new physics       upper limits have been placed as function of ET

miss!

•  Data examined using optimized selections for h!X1
0G!GGγ       !

model independent !
search!

~!
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Conclusion: !

•  Different searches for Higgs boson rare decays have been 
performed in CMS using the whole LHC Run-1 dataset (5fb-1@7TeV 
+ 19fb-1@8TeV) :!

•  H!μμ: NO EXCESS FOUND ! UPPER LIMIT ON BR~0.0016

will reach 3σ(5σ) sensitivity with 450(1200) fb-1!

•  H!μτ (LFV): SLIGHT EXCESS of 2.5σ ! local p-value 0.007 @ mH = 126 GeV

The constraints on BR(H!μτ) could be interpreted as 
constraints on the Yukawa couplings!

•  H!invisible: NO EXCESS FOUND ! LIMIT ON BR ~0.44 @ 95% CL
"  search for new physics in low-ET(γ) + ET

miss : first limits for h!X1G!GGg in pp-coll.
The constraints on BR(H!inv) have been interpreted as 
constraints on the σ(Dark-Matter->nucleon) scattering
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BACK-UP!

BACK-UP!
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BACK-UP!
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Event reconstruction – overview: !
Ingredients of the reconstruction common to the 
following analyses:
•  Vertex:  

! Ordered by!

•  Jets: 
! PFJets reconstructed using collinear/infrared safe   
algorithm anti-kt R=0.5!
! correction for the Pile-Up (PU), |η| and pT dependences!

•  Hadronic Taus:
! Hadron Plus Strip algorithm (PF based)!

•  ET
miss:
! Evaluated from the list of reconstructed PF candidates!
! Corrected propagating the JES corrections!

€ 

pT
2

tracks
∑

€ 

ET
miss

= − pT
PF −cand
∑
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HPS algorithm for tau ID!



du titre! 26!

H!τμ (LFV) !
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Figure 6: Constraints on the flavor violating Yukawa couplings, |Yµt|, |Ytµ|. The expected (red
solid line) and observed (black solid line) limits are derived from the limit on B(H ! µt) from
the present analysis. The diagonal Yukawa couplings are approximated by their SM values.
The black dashed lines are contours of B(H ! µt) for reference. The shaded regions are
derived constraints from null searches for t ! 3µ (dark green) and t ! µg (lighter green).
The orange diagonal line is the theoretical naturalness limit YijYji  mimj/v2. The yellow line
is the limit from a reinterpretation, by a theoretical group [8], of an ATLAS H ! tt search.

Results:
Constraint on BR(H!μτ)!

interpreted!
Constraint on Yukawa couplings!

•  At tree-level the LFV decays are: !

€ 

LV = −Yeµe LµR h −Yµeµ LeR h −Yeτe LτR h −Yτeτ LeR h −Yµτµ LτR h −Yτµτ LµR h
•  The BF in term of Yukawa couplings is:!

  

€ 

BR H →ℓαℓβ( ) =
Γ H →ℓαℓβ( )

Γ H →ℓαℓβ( ) +ΓH −SM

   

ℓα ,ℓβ = e,µ,τ  ∧    ℓα ≠ ℓβ

• The Γ(H!lαlβ) makes the link with Yαβ:!

  

€ 

Γ H →ℓαℓβ( ) =
mH

8π
Y
ℓα ℓ β

2
+ Y

ℓ βℓα

2⎛ 
⎝ 
⎜ ⎞ 

⎠ 
⎟ 
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H!inv. !
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H!Invisible !
Results: 

No evidence for a signal in any of the 3 decay channel!
•  Assuming σSM Exp.(Obs.) Lim. on σH X BR(H!inv) = 0.58 (0.44)@95% CL!
•  Better constraint than the one given by indirect searches!
•  Interpretation of the result in terms of dark-matter portal theory:!
"  If mχ<MH/2 it is possible to relate the Γinv to σ(DM-nucleon) scattering!
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H!Zγ!
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A search for a Higgs boson decaying into a Z boson and a photon is described. The analysis is performed
using proton–proton collision datasets recorded by the CMS detector at the LHC. Events were collected
at center-of-mass energies of 7 TeV and 8 TeV, corresponding to integrated luminosities of 5.0 fb−1 and
19.6 fb−1, respectively. The selected events are required to have opposite-sign electron or muon pairs. No
excess above standard model predictions has been found in the 120–160 GeV mass range and the first
limits on the Higgs boson production cross section times the H → Zγ branching fraction at the LHC have
been derived. The observed at 95% confidence level limits are between about 4 and 25 times the standard
model cross section times the branching fraction. For a standard model Higgs boson mass of 125 GeV the
expected limit at the 95% confidence level is 10 and the observed limit is 9.5. Models predicting the
Higgs boson production cross section times the H → Zγ branching fraction to be larger than one order
of magnitude of the standard model prediction are excluded for most of the 125–157 GeV mass range.

© 2013 CERN. Published by Elsevier B.V. All rights reserved.

1. Introduction

The observation of a new resonance decaying to two bosons
and with decay modes and properties consistent with those of the
standard model (SM) Higgs boson has been reported by the AT-
LAS [1,2] and CMS [3,4] Collaborations. Measurements of the basic
properties of this resonance, such as the mass [5] and the cou-
pling strength to vector bosons and fermions [1–4,6], have been
reported. Within the SM, the partial width for the H → Zγ de-
cay channel (ΓZγ ) is rather small, resulting in a branching fraction
between 0.11% and 0.25% in the 120–160 GeV [7,8] mass range.
A measurement of ΓZγ provides important information on the un-
derlying dynamics of the Higgs sector because it is induced by
loops of heavy charged particles, just as for the H → γ γ decay
channel. The contributing diagrams to ΓZγ are shown in Fig. 1.
ΓZγ is sensitive to physics beyond the SM, and could be sub-
stantially modified by new charged particles without affecting the
gluon–gluon fusion Higgs boson production cross section [9], such
as derived from an extended Higgs sector [10], or by the presence
of new scalars [11,12].

This Letter describes the first search for a Higgs boson in
the H → Zγ final-state at the LHC in the 120–160 GeV mass
range, with the Z boson decaying into an electron or a muon
pair. This is a clean final-state topology with an effective mass

✩ © CERN for the benefit of the CMS Collaboration.
⋆ E-mail address: cms-publication-committee-chair@cern.ch.

Fig. 1. Diagrams contributing to ΓZγ .

peak resolution of about 1–3%. To improve the sensitivity of the
search, the selected dilepton-plus-photon events are subdivided
into classes according to their mass resolution and the signal-
to-background ratio, for both the electron and muon channels.
The dominant backgrounds consist of the irreducible contribu-
tion from the SM Zγ production, and the reducible backgrounds
from final-state-radiation in Drell–Yan or Z decays, and Z plus jets,
where a jet is misidentified as a photon. A previous search for
H → Zγ has been performed at the Tevatron for masses above
140 GeV [13].

Results are based on data samples recorded by the CMS experi-
ment corresponding to integrated luminosities of 5.0 fb−1 at 7 TeV
and 19.6 fb−1 at 8 TeV in proton–proton collisions.

0370-2693/ © 2013 CERN. Published by Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physletb.2013.09.057

Theoretical motivation

•  Loop-induced process:!
"  Small BR !
"  Sensitive to new particles 
potentially running in the loops!

•  Could be substantially modified 
by new charged particles without 
affecting the ggH production 
cross section!

•  Z! μμ/ee decays considered !
" Clean final state topology!
" 3-body Minv resol. ~1-3%!
" Low level of background!

•  Categorization according to mass 
resolution and S/B!

Analysis strategy:

doi:10.1016/j.physletb.2013.09.057(BR ~1.54 #10-3) !
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Event pre-selection:

Object Selection:

Principal Bkg:
IRREDUCIBLE: Zγ from SM production !
REDUCIBLE: FSR from Z, Z+Jets where Jet/lepton fake γ!

•  2 opposite sign, same flavour leptons consistent with Z decay + 1γ!

γ: ECAL supercluster + PF isolation ! ε ≈ 90%!
e: ECAL supercluster + track in the tracker ! ε ≈ 60%[pT~10] - 90%[pT~50] !
μ: Global fit to trajectory using tracker + muon system ! ε ≈ 95% !

+ mll > 50 GeV ! reject H!γγ*!llγ + mllγ in [100, 180] GeV/c2 !
+ΔRll , ΔRlγ > 0.4 ! reject ISR + (mll  + mllγ ) > 185 ! reject FSR!

H!Zγ!

Final kinematic selection
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Event Classes:

Enhanced analysis sensitivity!
Categorization made on expected mllγ resolution** and S/B   !

4 mutually exclusive event classes defined in terms of η 
and shower shape of γ (R9)!

Class 1 Class2
l/γ all in the BARREL + high R9

*Signal: 34% - Data: 20%
l/γ all in the BARREL + low R9

*Signal: 31% - Data: 31%
Class 3 Class 4

At least 1 l in the ENDCAP
*Signal: 18% - Data: 20% 

γ in the ENDCAP
*Signal: 17% - Data: 29%

E(supercluster)!
E(3x3)!

R9 = !

Not converted γ: !
R9 > 0.94 !

η!

Φ!

H!Zγ!

*this is when Z!Zμμ!

**Resolution much better in the BARREL 
than in the ENDCAPS !
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Results: 
•  Background model: fit with polynomial function the mllγ distribution in 
[100, 180] GeV!
•  Signal is described using a NLO ME monte carlo generator !

No excess has been found ! σ upper limit 4-25 x σSM @95% CL!

H!Zγ!


