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More than a decade and counting for H(125)

| CMS Higgs overview | Sandra Consuegra Rodríguez (DESY) |
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> transition from 
discovery to precision 
measurement era

has allowed 

• to determine its mass

• measure its production cross-section in 
various modes

• observe numerous (all currently accessible) 
of its fermionic and bosonic decay channels

• establish its spin–parity quantum numbers 

Article

Extended Data Fig. 7 | Time evolution of the signal-strength measurements 
and their precision. Comparison of the signal-strength parameter µ fit results 
in different datasets; in each panel, from left to right: at the time of the Higgs 
boson discovery, using the full data from LHC Run 1, in the dataset analyzed for 
this paper, and the expected 1 s.d. uncertainty for HL-LHC for = 3000 fb−1L .  
The H → µµ measurements were not available for the earlier datasets due to the 
lack of sensitivity.
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Higgs boson portray:
data corresponding to 
production of several-
times larger number of 
H i g g s b o s o n s s i n c e 
discovery

Time evolution of signal-strength 
measurements and their precision
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Overview
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> Review of new Standard Model (SM) Higgs boson measurements [*]:


Start with first evidence of Higgs boson decay to Z boson and photon


One discovery channel: comprehensive characterisation and going differential


A few words on di-Higgs searches and Higgs self-coupling


A sample of new Beyond Standard Model (BSM) searches for:

      

•       Exotic decays of H(125)


•       Additional Higgs bosons


•       Lepton-flavor violating decays


[*] during the year 2023
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Evidence for Higgs boson decay

| CMS Higgs overview | Sandra Consuegra Rodríguez (DESY) |

to Z boson and photon, H → Zγ
,  or Z → l+l− l = e μ

1

1 Introduction
Since the discovery of the Higgs boson [1–3] at the LHC, an extensive program of measure-
ments [4] has been undertaken to determine its properties and couplings to different types of
particles and to assess whether these properties are consistent with those predicted by the stan-
dard model (SM). With the successful running of the LHC, large data samples of proton-proton
(pp) collisions at

p
s = 13 TeV have been accumulated, increasing the sensitivity to Higgs boson

decays with small branching fractions. Such decays also provide probes for possible contribu-
tions arising from physics beyond the SM (BSM) and include the process H ! Zg [5–15].

Figure 1 shows Feynman diagrams for the key SM contributions to the H ! Zg decay process.
Experimentally, the final state resulting from Z ! `+`� (` = e or µ) is the most accessible, since
the leptons are highly distinctive, well-measured, and provide a means to trigger the recording
of the events. In the SM, the expected branching fraction for H ! Zg is B(H ! Zg) = (1.57±
0.09)⇥ 10�3, assuming a Higgs boson mass of mH = 125.38 ± 0.14 GeV, taken from the most
recent CMS Higgs boson mass measurement [16]. While this branching fraction is comparable
to B(H ! gg) = (2.27 ± 0.04)⇥ 10�3 [17, 18], the Z ! `+`� branching fraction reduces the
relative predicted signal yield. The ratio B(H ! Zg)/B(H ! gg) = 0.69 ± 0.04 is potentially
sensitive to BSM physics, such as supersymmetry and extended Higgs sectors [19–24]. The
effects from these models can shift the H ! Zg and H ! gg branching fractions by different
amounts, making the ratio a sensitive observable. The impact on the ratio can be O(10%),
depending on the model. The H ! Zg branching fraction is sensitive to a potential anomalous
trilinear Higgs self-coupling [10], and a precise measurement of the branching fraction could
help to test the SM prediction for this fundamental quantity.

The ATLAS and CMS Collaborations have performed searches for the decay H ! Zg !

`+`�g [25–28] at
p

s = 7, 8, and 13 TeV in the e+e�g and µ+µ�g final states. The most strin-
gent bound has been set by the ATLAS Collaboration using a data sample at

p
s = 13 TeV

with an integrated luminosity of 139 fb�1 [28]. The observed (expected) upper limit at 95%
confidence level (CL) on s(pp ! H)B(H ! Zg) relative to the SM is 3.6 (2.6), assuming
mH = 125.09 GeV. The region with lower dilepton invariant mass (m`+`� ) has also been
explored. The ATLAS experiment has reported evidence for the decay H ! `+`�g with
m`+`� < 30 GeV using both dilepton channels [29]. The CMS Collaboration has also searched
for the H ! `+`�g process with m`+`� < 50 GeV in the dimuon channel at

p
s = 8 TeV [30]

and 13 TeV [27].

This paper describes a search for the decay H ! Zg, where Z ! `+`�. The data sample
corresponds to an integrated luminosity of 138 fb�1 of pp collisions at

p
s = 13 TeV accumu-

q

q

q

� �

�

Figure 1: Feynman diagrams for H ! Zg decay.
> SM Branching ratio:


  X  for 125.38 GeV


   


•  -> sensitive observable to BSM physics


> Main backgrounds: SM , Z + jets


> Final discriminant:  invariant mass ( ), 


simultaneous maximum likelihood fit to  covering all analysis categories

ℬ(H → Zγ) = (1.57 ± 0.09) 10−3

ℬ(H → Zγ) / ℬ(H → γγ)

Zγ

l+l−γ ml+l−γ

ml+l−γ

sensitive to potential anomalous trilinear Higgs self-coupling

Feynm
an diagram

s for H
 →

 Zγ decay

4



Evidence for Higgs boson decay
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H → Zγ
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p-value greater than 55%. The p-value for the compatibility with the SM hypothesis (µ = 1) is about 6%,
and the observed local significance with respect to the SM is 1.9�. Assuming SM production cross-sections,
the measured branching fraction of the H!Z� decay is (3.4± 1.1)⇥ 10�3. The results hold for both Higgs
boson mass assumptions.

Figure 1: The Z� invariant mass distribution of events from all ATLAS and CMS analysis categories. The data
events (dots with error bars) in each category are weighted by ln(1 + S/B), where S and B are the observed signal
and background yields in that category, in the 120-130 GeV interval, derived from the fit to data. The fitted
signal-plus-background (background) pdfs in each category are also weighted in the same way and summed, and
represented by a red solid (blue dashed) line. In the lower panel, the same data and the two models are compared
after subtraction of the estimated background.

In summary, a combination of the ATLAS and CMS searches of the Higgs boson decay to a Z boson and a
photon, where the Z boson decays to electron or muon pairs, is presented. The analysis uses the CERN
LHC proton–proton collision data recorded by the ATLAS and CMS experiments between 2015 and 2018,
corresponding to integrated luminosities of 139 fb�1 (ATLAS) and 138 fb�1 (CMS) at a center-of-mass
energy of 13 TeV. Evidence for the H!Z� decay is established, with a significance of 3.4 standard
deviations. The observed signal yield is 2.2 ± 0.7 times the Standard Model (SM) prediction. The H!Z�
branching fraction is measured to be (3.4 ± 1.1) ⇥ 10�3, in agreement within 1.9 standard deviations with
the SM prediction.
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Figure 2: Weighted /W invariant mass (</W) distribution of events satisfying the � ! /W selection in data. The
black points represent data. The error bars represent only the statistical uncertainty of the data. Events are weighted
by ln(1 + (68/⌫68), where (68 and ⌫68 are the expected signal and background events in a </W window containing
68% of the expected signal. The solid blue curve shows the combined fitted signal-plus-background model when
fitting all analysis categories simultaneously, the dashed line shows the model of the background component.
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> First time CMS and ATLAS results combined to get an evidence!
C
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Figure 2: Negative profile log-likelihood scan of the signal strength µ from the analysis of ATLAS data (blue line),
CMS data (red line), or the combined result (black line). The results are nearly identical for the two di�erent Higgs
boson mass hypotheses described in the text.
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Observed evidence 
for a signal with 
3.4σ significance 
(expected 1.6σ)
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Discovery channels
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, inclusive cross-section measurementsH → Z → 4l
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• , fully reconstructible final state 


• large signal-to-background ratio


• pillar for characterisation of H(125) since its discovery 


-> several properties measured in this decay channel

(l = e, μ)
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Discovery channels
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, going differentialH → Z → 4l
> Comprehensive characterisation of four leptons final state via
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Differential cross-section measurements

> All results consistent with SM predictions for  decay channel in considered fiducial phase 
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H → Z → 4l
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y =
1
2

ln
E + pz

E − pz

reduction of ~40% for leading systematic uncertainty 
in lepton reconstruction and selection efficiencies

−5.4 (−7.6) <  < 14.9 (17.7)κλ −1.1 (−1.3) <  < 1.1 (1.2)κb −1.1 (−1.3) <  < 1.1 (1.2)κcκλ =
λHHH

λHHH,SM
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Search for HH production
> Direct access to trilinear self-coupling and quartic VVHH coupling


mass term

, trilinear self-couplingλ3

, quartic self-couplingλ4

V = μ2H2 +
μ2

v
H3 +

μ2

4v2
H4 =

m2
H

2
H2 +

m2
H

2v
H3 +

m2
H

8v2
H4

> Probe shape of Higgs field potential

1.1. Overview of production modes 7

gg → HH (NNLOFTapprox)

VBF (N3LO)

WHH (NNLO)

ZHH (NNLO)
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Figure 1.2: Total production cross sections for Higgs pairs within the SM via gluon fusion,
vector-boson fusion, double Higgs-strahlung and double Higgs bremsstrahlung off top quarks.
PDF4LHC15 parton densities have been used with the scale choices according to Table 1.1. The size
of the bands shows the total uncertainties originating from the scale dependence and the PDF+Æs
uncertainties.

Figure 1.3: Higgs pair invariant mass distribution at leading order for the different contributions to
the gluon fusion production mechanism and their interference.

Production cross-section

ggF: dominant, larger initial state radiation from gluons 

VBF: two forward jets with high mass and large rapidity gap

σ = σ(κλ, κt) = 31.05 fb (SM, 13 TeV) 

σ = σ(κλ, κv, κ2v) = 1.73 fb (SM, 13 TeV)Rev.Phys. 5 (2020) 100045

N
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N
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CERN-PH-TH-2015-098
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Chapter 5

Overview of HH searches at the LHC

Editors: J. Alison, B. Di Micco, A. Ferrari, C. Vernieri

The ATLAS and CMS collaborations have exploited a rich variety of signatures to search for H H
pair production, exploiting the several Higgs boson decay modes shown in Fig. 5.1.

Figure 5.1: Branching fractions of the decay of an H H pair to a selected group of final states. The de-
cay modes are shown on each axis by increasing probability. The numerical values are only shown if
larger than 0.1%. The branching fractions of the Higgs boson are evaluated for mH = 125.0 GeV [13].

The feasibility of many of them has been considered in several phenomenological studies. The
interested reader can consult Refs. [26, 168, 169, 269, 270, 448–460] and references therein. Sec. 5.1-
5.5 present an overview of the results of the searches for both non-resonant and resonant H H pro-
duction through gluon-gluon fusion from the ATLAS [368] and CMS [369] experiments, based on the
data recorded in 2015 and 2016, corresponding to an integrated luminosity of up to about 36 fb°1.

Table 5.1 lists the relevant searches performed by ATLAS and CMS experiments and the corre-
sponding main features. The H H ! bb̄bb̄ final state exploits the leading BR for a SM Higgs boson

117

Search for HH production
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HH → bbWW

R
ev.P

hys. 5 (2020) 100045

Decay branching fractions

numerical values only 
shown if larger than 0.1%

> Decay modes:

SL:  WlepWhadDL:   WlepWlep ( 38%) ∼( 6%)∼

new in CMS

> second largest HH channel


> Production modes: ggF and VBF

Non-resonant search


Looking for:


• anomalous (modified 
w.r. t . SM values) 
coup l ings o f the 
Higgs boson


• additional couplings 
in Effective Field 
Theory

Resonant search


Looking for:


• new particles that 
decay to a Higgs 
pair


• p r o d u c t i o n o f 
particles X of spin 
0 and mass mX

Coupling scan

CMS-PAS-HIG-21-005

CMS-PAS-HIG-21-005

9

https://doi.org/10.1016/j.revip.2020.100045
https://cds.cern.ch/record/2853597
https://cds.cern.ch/record/2853597


3− 2− 1− 0 1 2 3
2c

10

210

310

410

510

 H
H

) (
fb

)
→

(p
p 

σ
95

%
 C

L 
up

pe
r l

im
it 

on
 

Excluded Excluded

Observed          Median expected
Theory prediction 68% expected    
SM prediction 95% expected    

CMS Preliminary

 = 12Vκ = Vκ = tκ = λκ

 (13 TeV)-1138 fb

Search for HH production
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HH → bbWW

Observed: 14 x SM 


Expected: 18 x SM

ggF + VBF production
• Feynman diagrams for non-resonant production 

via gluon fusion with anomalous Higgs couplings
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associated production with vector boson, ZHH/WHH → bbbb
> Focus on HH → 4b final states (largest HH channel) with both leptonic and hadronic decays of 
V boson


> Construct HH from 4 jets with highest b-tag scores


> V = W/Z channels  (resolved and boosted categories)
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• MET: Z → νν• 2L: Z → ll • FH: W/Z → qq• 1L:  W → lν
HH production at the LHC:

VHH:
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> Unique feature to 
decompose  
and  couplings 
separately

κWW
κZZ

CMS-PAS-HIG-22-006 CMS-PAS-HIG-22-006
11

first analysis to include fully hadronic 
channel in non-resonant VHH  bbbb→
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Search for exotic decay of Higgs boson
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into Z boson and light pseudoscalar, H → Za
> Higgs boson decaying to axion-like particle (ALP) and Z boson

• ALP decaying to pair of photons

• Z boson decaying leptonically to electrons or muons


> 1 <  < 30 GeV leading to two pairs of well-isolated leptons and photons

> BDTs using event kinematics, mass hypothesis, and photon quantities for background rejection

ma

•  observed (expected) limits ranging from 17.8 (17.9) 
fb for  = 1 GeV to 4.7 (6.9) fb for  = 30 GeVma ma

• ALP assumed to decay promptly with  
= 100%

ℬ(a → γγ)

first search of this 
type at the LHC

effective coupling parameter of Higgs boson, Z boson, 
and ALP,  new physics scaleΛ

C
M

S
-PA

S
-H

IG
-22-003

C
M

S
-PA

S
-H

IG
-22-003

12

https://cds.cern.ch/record/2853524/
https://cds.cern.ch/record/2853524/


Search for exotic decay of Higgs boson
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into pair of light pseudoscalars, H → aa
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Combined

> exclusion limits for  at 
95% confidence level (CL) obtained by 
combining  and  final states 

ℬ(a1a1 → llbb)

μμbb ττbb

μμbb ττbb

• DY and . Modelled with a 
set of analytical functions, 
using the discrete profiling 
method 

t t̄

• u n b i n n e d m a x i m u m -
l i k e l i h o o d f i t t o  
invariant mass distribution

mμμ

• Three different  final 
states: eµ, e , and , 
with at least one b-tagged 
jet

ττ
τh μτh

Event selection:

 region probed:ma1

Background:

Final discriminant:

• at least 2 b jets and 2 opposite 

sign muons

• 15 GeV <  < 62.5 GeVma1

channel channel

• 12 GeV <  < 60 GeVma1

• b i n n e d m a x i m u m 
l i k e l i h o o d f i t t o  
distribution

mττ

•  and  productiont t̄ Z → ττ

> one pseudoscalar decays to two b quarks, the other to two  leptons or muonsτ
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couplings of a assumed directly 
proportional to lepton masses 

Γ(a → μ μ)
Γ(a → τ τ)

=
m2

μ (1 −
2mμ
ma

)2

m 2τ (1 −
2mτ
ma

)2

https://cds.cern.ch/record/2853298


 searches: SummaryH → aa
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Search for decay of Higgs boson

| CMS Higgs overview | Sandra Consuegra Rodríguez (DESY) |

into invisible particles in events with top-antitop quark pair or vector boson

• fully hadronic final states


•  interaction of weakly interacting massive particle with 
atomic nucleus via exchange of a Higgs boson 


from resulting nuclear recoil -> upper bound on 

spin independent DM-nucleon scattering cross-section

1

1 Introduction
The Higgs boson (H) [1–6] of mass 125 GeV was discovered by the ATLAS and CMS Collabo-
rations in 2012 [7–9]. Since then its properties, including its coupling to other standard model
(SM) particles, have been extensively studied using proton-proton (pp) collision data from the
CERN LHC collected at

p
s = 7, 8, and 13 TeV with the ATLAS [10] and CMS [11] detectors.

Properties of the Higgs boson can be exploited to probe for signs of behaviour beyond the SM
(BSM). In the SM, the decay of the Higgs boson to an invisible final state (H ! inv) is only
possible via H ! ZZ⇤ ! 4n, with a branching fraction of 0.1% [12]. Several BSM theories pre-
dict a larger branching fraction to invisible final states, B(H ! inv) [13–16], namely in Ref. [17]
and references therein. For example, in a scenario where the Higgs boson connects the SM and
dark matter (DM) sectors [18–23], B(H ! inv) is enhanced as the Higgs boson can decay to a
pair of DM particles of mass mDM < mH/2.

Direct searches for H ! inv have been performed by the ATLAS [24–28] and CMS [29–34]
Collaborations using data collected during Run 1 (2011–2012) and Run 2 (2015–2018). These
target channels in which the Higgs boson is produced via vector boson fusion (VBF), gluon-
gluon fusion (ggH), and in association with either a vector boson (VH, where V stands for
either a W or Z boson) or with a tt quark pair (ttH). The current most stringent constraint on
B(H ! inv) set by the CMS experiment is via the VBF channel using Run 1 and Run 2 data,
which reports a 95% confidence level (CL) upper limit of 0.18 (0.10 expected) [34].

In this paper, a search for an invisibly decaying Higgs boson, produced in association with
a tt quark pair or a V boson, where the associated particles decay to a fully hadronic final
state, is reported. Representative leading order (LO) Feynman diagrams for ttH and VH are
presented in Fig. 1. The search in the VH channel looks only at topologies in which the presence
of the V boson is inferred from well separated decay products, complementing the previous
VH search with merged decay products arising from boosted V bosons [33]. The search uses
LHC pp collision data collected during the years 2016–2018, corresponding to a total integrated
luminosity of 138 fb�1 at

p
s = 13 TeV. This is the first search for hadronic final states of ttH in

a H ! inv analysis using CMS data, and the first for resolved VH topologies using this data.

g

g

H

t

t̄

t̄

t

q̄

q V

H

V*

Figure 1: Representative LO Feynman diagrams for the SM Higgs boson production channels
ttH and VH.

Missing transverse momentum, ~pmiss
T , is the transverse component of the negative vector sum

of all reconstructed particle momenta in an event, and its magnitude, p
miss
T , is used as the dis-

criminating variable to separate the H ! inv signal from backgrounds. There are two main
sources of background affecting the p

miss
T measurement. The first is events with invisible Z

boson decays and visible jets (Z ! inv). The second, referred to as the lost lepton back-
ground, `lost where ` stands for either an e or µ, includes events from tt + jets and W + jets
production processes where one or more leptons are misreconstructed, excluded by the phase
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Figure 6: Left: Observed and expected limits at 95% CL for the ttH and VH categories using
2016–2018 data. Right: The profile likelihood scan corresponding to observed and expected
(where B(H ! inv) = 0) limits in the fit to the ttH and VH categories.

fit in which systematic uncertainties are correlated across search regions where appropriate.
Unless explicitly specified below, parameters of the individual likelihood functions are treated
as independent.

Table 8: Data sets and their respective integrated luminosities used for each production mode
across Run 1 and Run 2. For some data-taking periods, no H ! inv search have been per-
formed for the given production mode, and are not included in the combination.

Analysis tag Production mode Integrated luminosity (fb�1)
7 TeV 8 TeV 13 TeV (Run 2)

VBF-tagged VBF — 19.2 [90] 140 [89][34]

VH-tagged

Z(``)H 4.9 [90] 19.7 [90] 140 [89][32]
Z(bb)H — 18.9 [90] —
V(jj)H — 19.7 [91] 140 [89][this paper]
Boosted VH — — 138 [33]

ttH-tagged ttH (hadronic) — — 138 [this paper]
ttH (leptonic) — — 138 [29, 30]

ggH-tagged ggH — 19.7 [91] 140 [89][33]

For the ttH analysis with fully leptonic final states, a reinterpretation of the supersymmetry
searches in the semileptonic and dileptonic tt decay channels in Ref. [29, 30] in the context of
the tt + DM model studied in Ref. [31] has been performed. Another leptonic channel included
in this combination is from the Z(``)H analysis [32] using 2016–2018 data.

Analyses with hadronic final states partially overlap in their phase space selection, and this
must be accounted for in the statistical combination. Those affected by overlap are the VBF
analysis [34], the analysis targetting hadronic ggH and boosted VH final states [33], and the
resolved VH channel described in this paper.

To remove the overlap between the VBF analysis and ggH/boosted VH analysis, events are
considered for rejection in the ggH/boosted VH analysis if they have at least two AK4 jets each

arX
iv:2303.01214 (subm

itted to E
ur. P

hys. J. C
.)

arX
iv:2303.01214 (subm

itted to E
ur. P

hys. J. C
.)
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invisible decays to BSM particles that escape detection in the experimental apparatus
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it is assumed DM particles interact with atomic nuclei. Direct-detection limits are reported by
the CRESST-III [95], DarkSide-50 [96], Panda-X 4T [97], and LUX-ZEPLIN [98] experiments.
For the CRESST-III limits, a range of masses from mDM = 150 MeV and above are reported,
however for this paper only values above mDM = 1 GeV are used. Upper limits on sSI

DM-nucleon
for a range of DM mass points are presented in Fig. 8 at the 90% CL using the full CMS data set.
The uncertainties in sSI

DM-nucleon are obtained from the extrema of a coupling parametrisation
factor as derived from lattice theory [19, 99, 100]. Results of the Higgs portal interpretation and
direct-detection comparison are also provided in HEPData [93].
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LUX-ZEPLIN

 (13 TeV)-1 (8 TeV), 140 fb-1 (7 TeV), 19.7 fb-14.9 fb
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Figure 8: Upper limits on sSI
DM-nucleon as a function of DM candidate mass mDM. Results are

presented for a fermion (red) and scalar (yellow) DM candidate. In addition, a vector DM
candidate is studied using two UV-comp approaches, the first denoted Vector DMUV-comp [20]
(burgundy), and the second a radiative portal version denoted Vector DMradiative

m2
[23] (orange)

with a dark Higgs boson mass of m2 = 65 and 100 GeV. Uncertainties are derived from
Refs. [19, 99, 100]. Results are compared to direct-detection searches from CRESST-III [95] (trun-
cated at mDM > 1 GeV), DarkSide-50 [96], PandaX-4T [97] and LUX-ZEPLIN [98].

The sensitivity of the Run 1 and Run 2 combination depends on the cross sections assumed
for the different Higgs boson production modes: VBF, VH, ggH, and ttH. Cross sections can
be parameterised by the coupling strength of the Higgs boson to V bosons and fermions. The
cross sections can be directly scaled by coupling strength modifiers kV and kF to investigate
BSM scenarios [101]. In this context, the observed 95% CL upper limits on B(H ! inv) are
evaluated as a function of kV and kF and shown in Fig. 9. Best estimates of kV and kF from
CMS [11] are presented with the 68 and 95% CL contours. For the best estimate of kV and kF by
CMS, the 95% CL limit on B(H ! inv) is found to be 0.16, and varies between 0.14 and 0.17
inside the 95% CL contour.

10 Summary
The results of a search for invisible decays of the Higgs boson produced in association with
a top-antitop quark pair (ttH) or a vector boson (VH, where V stands for either a W or Z

• interpreted in context of set of Higgs 
portal models of DM interactions

• comparable sensitivity for ttH and VH

https://doi.org/10.48550/arXiv.2303.01214
https://doi.org/10.48550/arXiv.2303.01214
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Search for additional Higgs bosons
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into pair of photons, H → γγ
> Clean final-state topology 

• Higgs boson mass reconstructed with high precision in search range


> Search follows-up on ~1.3  (global) excess at  ≈ 95 GeV in 2012+2016 data 


> Dedicated BDTs for photon identification, primary vertex selection, and signal events selection
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Lepton flavor violation decay (LFV)
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> Transition among leptons of different flavour that does not conserve lepton family number 


•  or 


• 


•

μ → 3e μ → eγ

τ → 3μ

Z /H → eμ

LFV observation -> evidence of BSM Physics

Muon decay in SM:

Feynm
an diagram

Muon LFV decay:
e+

e−

A

17

e.g. ALPs

https://www.researchgate.net/figure/a-Feynman-diagram-for-the-decay-of-a-positive-muon-b-Helicity-diagram-of-positive_fig3_348869221
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search for Higgs boson decaying to electron and muon
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• LFV decay -> arises at tree level from 


• interpreted as constraint on BSM Yukawa couplings 

Yeμ

Yeμ
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H(125) → eμ

arX
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S+B fit at  = 146 GeVmX

• Background: Bernstein polynomials


• Signal:  sum of Gaussian distributions for each 
production mode, category, and Higgs boson 
mass

H(X ) → eμ
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Lepton flavor violation decay
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search for Higgs boson decaying to electron and muon

110 115 120 125 130 135 140 145 150 155 160

 [GeV]Xm

0

1

2

3

4

5

6

7

8) [
fb

]
µ

 e
→

 X
 

→
(p

p 
σ

95
%

 C
L 

lim
it 

on
 

 (13 TeV)-1138 fbCMSPreliminary

95% CL limits

observed

σ 1±expected 

σ 2±expected 

• ~146 GeV observed (expected) excess of events


• 2.8 (3.8)  global (local) significanceσ
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• Lepton flavor-violating Yukawa couplings

|Y2
lτ | + |Y2

τl | = 8π
ΓSM

H

mH
⋅

ℬ(H → lτ)
1 − ℬ(H → lτ)

SM total width of Higgs boson
19

H(X ) → eμ
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Summary

An order of magnitude larger number of Higgs bosons, expected to be examined over next 15 
years


• precise measurements of Higgs boson properties and its self-coupling


• search for BSM physics


• selected precision SM measurements


Translation of these physics goals into experimental design goals ongoing with detector upgrade 
program

The path ahead

| CMS Higgs overview | Sandra Consuegra Rodríguez (DESY) |

• Rare Higgs decay observed in first CMS and ATLAS combination for an evidence


• Progress in Higgs self-coupling measurement ahead from earlier expectations 


• Many results on BSM searches (innovative approaches to target challenging signatures)


• Differential measurements as function of BSM sensible kinematic observables
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Discovery channels
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, setting constraintsH → Z → 4l
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Search for exotic decay of Higgs boson
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into pair of light pseudoscalars, H → aa
Model dependent interpretations (2HDM+S Models):

• three CP-even ( ), two CP-odd ( ), and two charged Higgs states ( , )

                                                                 


h1,2,3 a1,2 H+ H−

• 1.7 X  in Type-III 2HDM+S models with 

tanβ = 2,  = 30 GeV

10−3

ma1

• above 10% in Type-II 2HDM+S models and tanβ > 1


• up to about 50% in Type-IV with tanβ ≈ 2

ττbbμμbb
 Branching fraction:
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