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Course outline

Theory reminder 

Higgs boson production and decay modes 

Higgs boson discovery by ATLAS and CMS 

Higgs boson mass measurement by ATLAS and CMS 

Overview of ATLAS and CMS analyses about Higgs 

Signal/background discrimination techniques 
boosted regimes 

tagging, large-radius jets substructure, re-clustering   
multivariate analysis and deep neural network  

Signal extraction techniques 
likelihood and test statistic 
CLs method 

ttH analysis: an example

29.01.2020



Higgs boson: mass measurement



Silvia Biondi - Corso di Dottorato - AA 2019/2020 4

Higgs boson mass measurement: strategy

Combined Measurement of the Higgs Boson Mass in pp Collisions at √s=7 and 8 TeV with the ATLAS and CMS 
Experiments

Why it’s important: 
With mH known, all properties of the SM Higgs boson, such as its production cross section and partial decay widths, can be 
predicted; 
Increasingly precise measurements have established that all observed properties of the new particle, including its spin, parity, 
and coupling strengths to SM particles are consistent within the uncertainties with those expected for the SM Higgs boson. 

Strategy: 
CMS uses the same analysis procedure for the 
measurement of the Higgs boson mass and couplings  
ATLAS implements separate analyses for the couplings and 
for the mass: 

classifies events in a manner that reduces the expected 
systematic uncertainties in mH.

H → ZZ* → 4lH → γγ

narrow resonant signal peak with several hundred events per 
experiment above a large continuum background; 
different categories depending on the signal purity and mass 
resolution to improve sensitivity.

Strategy: 
CMS uses a three-dimensional fit, utilising the four-lepton mass 
distribution, a kinematic discriminant, and the estimated 
event-by-event uncertainty in the four-lepton mass; 
ATLAS employs a two-dimensional (2D) fit to the distribution of 
the four-lepton mass and a kinematic discriminant 
introduced to reject the main background.

only a few tens of signal events per experiment, but very little 
background; 
events are analysed separately depending on the flavour of the 
lepton pairs.

29.01.2020

https://arxiv.org/abs/1503.07589
https://arxiv.org/abs/1503.07589
https://arxiv.org/abs/1407.0558
https://arxiv.org/abs/1408.7084
https://arxiv.org/abs/1406.3827
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NB!! 
only minor differences in the parameterisations used for the present combination compared to those used for the combination 
of the two channels by the individual experiments; 
almost no effect on the results.

diphoton invariant mass 

signal PDFs: derived from MC samples; 
background PDFs: obtained directly from the fit to the data.

Λ(α) =
L(α, ̂ ̂θ(α))

L(α̂, ̂θ)
Maximisation of the profile-likelihood ratios:

 = parameters of interest 
 = nuisance parameters NPs (those corresponding to systematic 

uncertainties, the fitted parameters of the background models, and any 
unconstrained signal model parameters not relevant to the particular 
hypothesis under test) 

,  = unconditional maximum likelihood estimates of the best-fit values for 
the parameters  

 = conditional maximum likelihood estimate for given parameter values α.

α
θ

α̂ ̂θ

̂ ̂θ

H → ZZ* → 4lH → γγ

constructed using signal and background probability density functions (PDFs) that depend on the discriminating variables: 

four-lepton invariant mass 

signal PDFs: derived from MC samples; 
background PDFs: combination of MC and data control regions.

Important to perform a mass measurement that is as independent as possible of SM assumptions  
three signal-strength scale factors: reducing the dependence of the results on assumptions about the Higgs boson couplings 
and about the variation of the σxBR with the mass; 

                μγγ
ggF+tt̄H

μγγ
VBF+VH μ4l

Higgs boson mass measurement: statistical analysis

29.01.2020
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Profile-likelihood fits to the data are performed as a function of mH and the signal-strengths (  ,  , ); 

statistical uncertainty determined by fixing all nuisance parameters to their best-fit values, except for the three signal-strength 
scale factors and the H → γγ background function parameters, which are profiled; 

systematic uncertainty determined by subtracting in quadrature the statistical uncertainty from the total uncertainty.

μγγ
ggF+tt̄H

μγγ
VBF+VH μ4l

Higgs boson mass measurement: results

mH = 125.09 ± 0.24 GeV = 125.09 ± 0.21 (stat) ± 0.11 (sys) GeV 

combined overall signal strength: µ = 1.24+0.18−0.16

The combined measurement 
of the Higgs boson mass 

improves upon the results from 
the individual experiments

29.01.2020
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Higgs boson mass measurement: results

Results interpretation 
Compatibility of the signal strengths from ATLAS and CMS is evaluated through:  

                  

each ratio individually taken to be the parameter of interest, with all other NPs 
profiled, including the remaining two ratios for the first two tests.

λexpt = μATLAS/μCMS λexpt
F = μγγ ATLAS

ggF+tt̄H
/μγγ CMS

ggF+tt̄H
λexpt

4l = μ4l ATLAS/μ4l CMS

λexpt = 1 . 21+0.30
−0.24

λexpt
F = 1 . 3+0.8

−0.5

λexpt
4l = 1 . 3+0.5

−0.4

all consistent with 
unity within 1 σ

Correlation between the signal strength and the measured mass is 
explored with 2D likelihood scans as functions of µ and mH. 

The three signal strengths are assumed to be the same: 

                        

the ratios of the  are constrained to the SM predictions. 

Assuming that the negative log-likelihood ratio  is 
distributed as a  variable with two degrees of freedom, the 68% 
confidence level (CL) confidence regions are shown.

μγγ
ggF+tt̄H

= μγγ
VBF+VH = μ4l = μ

σprod × BR

−2 ln Λ(μ, mH)
χ2

29.01.2020



Silvia Biondi - Corso di Dottorato - AA 2019/2020 8

How to treat them: 
impact of groups of NPs is evaluated starting 
from the contribution of each individual NP to 
the total uncertainty: 

defined as the mass shift δmH observed 
when re-evaluating the profile-likelihood 
ratio after fixing the NP in question to its 
best-fit value increased or decreased by 1 
standard deviation (σ) in its distribution; 

impact of a group of NPs is estimated by 
summing in quadrature the contributions from 
the individual parameters.

Higgs boson mass measurement: systematic uncertainties
Treatment and understanding of systematic uncertainties is an important aspect of the individual measurements and their 
combination: 

~ 300 NPs: ~100 fitted parameters describing the shapes and normalisations of the background models in the H → γγ channel; 
remaining ~ almost 200 NPs, most correspond to experimental or theoretical systematic uncertainties.

The largest systematic effects are related to the 
determination of the energy scale of the photons, 

followed by those associated with the determination of 
the electron and muon momentum scales. 

29.01.2020
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Higgs boson story at the LHC

γγ, ZZ, WW

10 fb-1 25 fb-1 36 fb-1 80 fb-1 140 fb-1

pp     H

Run 1 Run 2

ggF, VBF ttH VH
ττ bb

Properties: 
mass 
spin and parity 
couplings 
width 
lifetime

Measurements: 
inclusive cross-section 
differential cross-section 
Simplified Template X-Section

Production modes
Decay modes

Rare productions 
and decays?

Run 3

Precision measurements of the properties of the Higgs 
boson are an important test of the SM 

Yukawa coupling strengths are free parameters in the 
SM and do not explain the observed pattern of fermion 
masses; 
not understood why the Higgs boson mass is near the 
electroweak scale, since it is not protected in the SM 
from large quantum corrections; 
development of many beyond the SM (BSM) theories 
that can alter the properties of the Higgs boson.

29.01.2020

HL-LHC
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Higgs boson mass measurement: new results
ATLAS CMSPLB 784 (2018) 345 JHEP 11 (2017) 04725 fb-1+36 fb-1 35.9 fb-1

Strategy H → ZZ → 4l: 
similar to H→4l analysis:  

110 < m4l < 135 GeV; 
4 categories: 4e, 2e2µ, 
2µ2e and 4µ

H → ZZ* → 4l H → γγ H → ZZ* → 4l

Strategy H → γγ: 
more complex wrt H→γγ analysis:  

105 < mγγ < 160 GeV; 
31 categories split in terms of 
jets, production modes, etc

maximisation of the 
profile-likelihood ratio; 
Likelihood based on 
Higgs mass; 
combination with Run 1 
data (7-8 TeV, 25 fb-1)

mH = 124.97 ± 0.19 (stat) 
± 0.13 (sys) GeV 

mH = 125.26 ± 0.20 (stat) 
± 0.08 (sys) GeV 

Strategy: 
more complex wrt previous H→4l analysis:  

118 < m4l < 130 GeV; 
event categorisation to enhance the signal purity based on 
production modes; 
3 categories: 4e, 2e2µ and 4µ

maximisation of the 
profile-likelihood ratio; 
Likelihood based on 
Higgs and Z mass, 
leptons pT and invariant 
mass.

* generated from the likelihood 
distribution Λ with NPs fixed at the best 

fit value obtained on data and the 
POI fixed to SM hypothesis 

* generated from the likelihood 
distribution Λ with NPs fixed at the best 

fit value obtained on data and the 
POI fixed to SM hypothesis 

29.01.2020

https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://link.springer.com/article/10.1007/JHEP11(2017)047


Strategy 
each analysis performed independently with many event categories: 

more than 60 categories per experiment; 
likelihood function defined as the product of the likelihoods of each input analysis; 
simultaneous fit to data, with xsec of each processes as POI; 
measurement of the signal strength of the Higgs production process.
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ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

up to 79.8 fb-1 35.9 fb-1

Higgs boson cross-section measurement: inclusive
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

μ =
σobserved

σSM

μ = 1 . 11+0.09
−0.08

μ = 1 . 17 ± 0 . 10

Systematic uncertainties treatment 
systematic uncertainties affecting 
multiple analyses are modelled with 
common NPs; 
experimental uncertainties treated as 
uncorrelated; 
theory uncertainties in the signal (QCD 
corrections and PFD choice) affect the 
exp. signal yields of each production 
and decay process 

modelled by a common set of NPs; 
background modelling uncertainties 
treated as uncorrelated.

29.01.2020

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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Higgs boson cross-section measurement: inclusive
ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

up to 79.8 fb-1 35.9 fb-1

H → γγ, ZZ*, WW*, ττ, bb̄, μμ

Products of cross sections and BRs 
A description of both the production and 
decay mechanisms of the Higgs boson is 
obtained by considering the products 

 of the cross section in 
production process i and branching 
fraction to final state f. 

                   

Not all the processes are considered 
(VH→ττ for both, VBF→bb for CMS), due to 
low sensitivity; 

CMS restricts to non-negative values some 
signal strengths  

background contamination is 
sufficiently low so that a negative 
signal strength can result in an overall 
negative event yield.

σprod × BR

μif =
σi

σSM
i

×
BRf

BRSM
f

29.01.2020

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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Higgs boson couplings: combined measurement
ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

up to 79.8 fb-1 35.9 fb-1

H → γγ, ZZ*, WW*, ττ, bb̄, μμ

- framework model to study Higgs couplings 
assumed that there are no BSM contributions to the total Higgs boson width; 
coupling modifiers are introduced in order to test for deviations in the couplings of the Higgs boson to other particles; 
for a given production process or decay mode j, a coupling modifier 𝜅𝑗 is defined such that    or    
Individual coupling modifiers, corresponding to tree-level Higgs boson couplings to the different particles, are introduced.

κ

κ2
j = σj /σSM

j κ2
j = Γj /ΓSM

j

Results in terms of reduced 
coupling-strength scale factors 

  

for weak bosons with a mass mV 

  

for fermions with a mass mF.

yV = κV
mV

v

yF = κF
mF

v

*  v = 246 GeV

29.01.2020

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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Higgs boson couplings: combined measurement
CMS EPJC 79 (2019) 421

Probing the universal coupling-strength scale factors 
   and    

presence of any BSM particles is not expected to significantly change the corresponding kinematic properties of the 
processes 

no invisible or undetected Higgs boson decays, i.e. Binv = Bundet = 0 ; 
only the relative sign between κV and κF is physical.

κV = κW = κZ κF = κt = κb = κτ = κμ

ATLASPRD 101 (2020) 012002

35.9 fb-1

H → γγ, ZZ*, WW*, ττ, bb̄, μμ

Results of the combined fit 
in the (κV, κF) plane as well 
as those of the individual 

decay modes in this 
benchmark model. 

Both κV and κF are 
measured to be 

compatible with the SM 
expectation.

up to 79.8 fb-1

29.01.2020

https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
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ATLAS CMSATLAS-CONF-2019-032 PLB 792 (2019) 369139 fb-1 35.9 fb-1

Differential Higgs boson production cross sections are sensitive probes for physics beyond the SM! 
it may manifest itself through deviations from the distributions predicted by the SM; 
xsec measured as a function of interesting observables, different bins defined; 
fiducial phase spaces defined at particle level that resemble the detector acceptance and analysis selections; 
the measured cross sections are model independent and are compared with predictions of various QCD calculations

Experimental and 
theoretical 
uncertainties affecting 
both channels are 
correlated (common 
NPs); 
uncertainties in 
acceptance and 
correction factors (due 
to parton shower 
variations) are 
correlated; 
all the other are 
uncorrelated.

H→bb included only in the 
combination of the Higgs 
pT spectra; 

experimental syst 
uncertainties from the input 
analyses are incorporated 
in the combination as NPs 
in the extended likelihood 
fit and are profiled; 
theory uncertainties subject 
to bin-to-bin correlations.

Higgs boson cross-section measurement: differential

H → γγ, ZZ* H → γγ, ZZ*, bb̄

Higgs pT, jet multiplicity, 
Higgs rapidity, jet pT

Higgs pT, Higgs 
rapidity (H→γγ only)

29.01.2020

http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via=ihub
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ATLAS CMSATLAS-CONF-2019-032 PLB 792 (2019) 369139 fb-1 35.9 fb-1

Higgs boson cross-section measurement: differential

H → γγ, ZZ* H → γγ, ZZ*, bb̄

σTOT = 55 . 4 ± 3 . 1 (stat) +3.0
−2.8 (syst) pb σTOT = 61 . 1 ± 6 . 0 (stat) ± 3 . 7 (syst) pb

Total cross-section measurement 
H→γγ and H→ZZ only for both the experiments; 
both the results are in good agreement with SM prediction ( ).σSM

TOT = 55 . 6 ± 2 . 5 pb

combination 
improves the precision 
by 27% wrt the H→γγ 
channel individually

combination 
improves the 
precision by 
~20% wrt the 
H→γγ channel 
individually

σH→γγ = 56 . 7+6.4
−6.2 pb

σH→ZZ = 54 . 4+5.6
−5.4 pb

σH→γγ = 64 . 0 ± 9 . 6 pb

σH→ZZ = 58 . 2 ± 9 . 8 pb

29.01.2020

http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via=ihub
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ATLAS CMSPLB 786 (2018) 223-244 JHEP 11 (2017) 04736 fb-1 24.8 fb-1+80.2 fb-1

Combination of on-shell and off-shell analyses: 
non negligible interference effects between the production processes; 
measurement of the relative off-shell and on-shell event yields provides direct information about ΓH

H → ZZ* → 4l / 2l2ν H → ZZ → 4l

Higgs boson width measurement: constraints

H → ZZ → 4l / 2l2ν H → ZZ* → 4l

μoff−shell

μon−shell
∼

ΓH

ΓSM
H

μoff−shell =
σgg→H*→ZZ

off−shell

σgg→H*→ZZ
off−shell, SM

= k2
g, off−shell ⋅ k2

Z, off−shell

μon−shell =
σgg→H→ZZ*

on−shell

σgg→H→ZZ*
on−shell, SM

=
k2

g, on−shell ⋅ k2
Z, on−shell

ΓH /ΓSM
H

kg and kZ are the off(on)-shell coupling relative to the SM 
predictions associated to gg → H* production and H* → ZZ decay 
they are assumed to be the same in the off- and on-shell process

29.01.2020

https://reader.elsevier.com/reader/sd/pii/S0370269318307494?token=DA9F0E5326252694021399BBFA04BCA2EB13CC6D3058CA9D3501FF86FE4E65E9D0E30084423E1DFCAC35A6B3084AD2CB
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS CMSPLB 786 (2018) 223-244 JHEP 11 (2017) 04736 fb-1 24.8 fb-1+80.2 fb-1

H → ZZ* → 4l / 2l2ν H → ZZ → 4l

Run 1 + Run 2 combination

Higgs boson width measurement: constraints

H → ZZ → 4l / 2l2ν

Strategy 
follows closely the general H→4l selection and 
reconstruction  

on-shell: m4l [105,140] GeV 
off-shell: m4l > 220 GeV 
3 categories: 4e, 2e2µ and 4µ

ΓH < 14 . 4
(exp . 15 . 2) MeV

H → ZZ* → 4l

Strategy of 4l 
follows closely the H→4l 
analysis  

on-shell: m4l [118,129] GeV 
off-shell: m4l [220,2000] GeV 
3 categories: 4e, 2e2µ  
and 4µ

Strategy of 2l2ν 
follows closely the search for 
ZZ→2l2ν 

off-shell: m4l [250,2000] GeV 
mTZZ to discriminate S from B 
and to enhance sensitivity

ΓH < 3 . 2
(exp . 4 . 1) MeV

ratio  in plotΓH /ΓSM
H

* generated from the likelihood 
distribution Λ with NPs fixed at the best 

fit value obtained on data and the 
POI fixed to SM hypothesis 

* generated from the likelihood 
distribution Λ with NPs fixed at the best 

fit value obtained on data and the 
POI fixed to SM hypothesis 

29.01.2020

https://reader.elsevier.com/reader/sd/pii/S0370269318307494?token=DA9F0E5326252694021399BBFA04BCA2EB13CC6D3058CA9D3501FF86FE4E65E9D0E30084423E1DFCAC35A6B3084AD2CB
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS CMSATLAS-CONF-2019-028 139 fb-1 35.9 fb-1

Study of particular importance, because it extends the investigation to its couplings to fermions of the second generation 
expected BR to Higgs to muons is 2.17×10−4; 

 is several orders of magnitude smaller than the O(GeV) experimental di-muon mass resolution; 
signal would appear as a narrow resonance over a smoothly falling mass spectrum from the SM background processes, primarily 
Drell-Yan (DY), > 90%, and leptonic tt decays.

ΓH

Search for H → µµ decay mode

Strategy: 
events containing 
two opposite-
charge muon 
candidates; 
12 categories 
divided by jet 
multiplicity and BDTs 
score indicating 
probability of a 
specific Higgs 
production mode; 
110 < mµµ <160 GeV.

Strategy: 
events containing 
two opposite-
charge muon 
candidates; 
15 categories 
divided by 
expected dimuon 
mass resolution and 
BDTs score trained 
with uncorrelated 
variables with mµµ; 
110 < mµµ <150 GeV.

29.01.2020

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.021801
http://cdsweb.cern.ch/record/2682155/files/ATLAS-CONF-2019-028.pdf
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ATLAS CMSATLAS-CONF-2019-028 139 fb-1 35.9 fb-1

Search for H → µµ decay mode

obs 0.8σ (exp 1.5σ)

BR < 3.8 ⋅ 10−4

uncertainty 
dominated by the 

statistical error

obs 0.9σ (exp 1.0σ)

μ = 1.0 ± 1.0 (stat)
+0.1
−0.1 (syst)

BR < 6.4 ⋅ 10−4

μ = 0.5 ± 0.7 (stat)
+0.2
−0.1 (syst)

+ Run 1

uncertainty 
dominated by the 

statistical error

Results: 
improvement of about 50% in expected sensitivity compared 
with the previous ATLAS result; 
half of this improvement comes from the increased integrated 
luminosity and half from refinements in the analysis techniques.

Systematic uncertainties treatment 
S/B ~ 0.2%  in  mµµ = 120-130 GeV   →   background determination is of paramount importance; 
analytical function to describe with high accuracy the main background; 
signal and background modelling are included in the uncertainties: accounting for possible mismodeling in the signal/bkg shape or rate; 
experimental systematic uncertainties dominated in each category by jet energy scale and resolution and muon momentum resolution.

Results: 
improvement of about 50% in expected sensitivity compared 
with the previous CMS result; 
combination with Run 1 datasets helps the improvement.

29.01.2020

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.021801
http://cdsweb.cern.ch/record/2682155/files/ATLAS-CONF-2019-028.pdf
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ATLAS only ATL-PHYS-PUB-2019-009

Properties of the Higgs scalar potential (i.e. Higgs self-coupling), still largely unconstrained 
Higgs trilinear self-coupling contributions λHHH  need to be taken into account for the 
calculation of the next-to-leading (NLO) EW corrections; 
an indirect constraint on λHHH by comparing precise measurements of single Higgs 
production yields and the SM predictions corrected for the λHHH-dependent NLO EW effects.

Strategy: 
overall 61 event categories among the analyses; 
differential xsec measurements in VBF and VH 
processes, just one bin in ttH; 
varied Higgs trilinear coupling, changes in  
affect not only the inclusive rates of Higgs boson 
production and decay processes, but also their 
kinematics; 
accounting for effect due to the variation of the 
trilinear coupling λHHH: both production cross 
section and BRs.

κλ

Higgs self-coupling constraints
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

up to 79.8 fb-1

μi(κλ, κi) =
σBSM

σSM

μf(κλ, κf) =
BRBSM

f

BRSM
f

29.01.2020

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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ATLAS only ATL-PHYS-PUB-2019-009

Strategy: 
likelihood fit is performed to constrain the value of the Higgs boson self-coupling ; 
leaving untouched all other Higgs boson couplings ( ); 

global fit to    in the range ; 

only two coupling modifiers  and  are considered.

κλ
κV = κF = 1

κλ = λHHH/λSM
HHH −20 < κλ < 20

κF κV

excluded values at 95% CL

κλ = 4.0+4.3
−4.1

Higgs self-coupling constraints
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

up to 79.8 fb-1

−3.2 < κλ < 11.9

Results: 
differential information currently provided by the STXS 
regions in the VBF, WH and ZH production modes does 
not help to improve the sensitivity to  significantly; 

a dedicated optimisation of the kinematic binning, 
including the most sensitive ggF and ttH production 
modes, still needs to be fully theoretically and 
experimentally explored and might improve the 
sensitivity in the future.

κλ

* generated from the likelihood 
distribution Λ with NPs fixed at the best 

fit value obtained on data and the 
POI fixed to SM hypothesis 

29.01.2020

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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ATLAS only ATL-PHYS-PUB-2019-009Higgs self-coupling constraints
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

up to 79.8 fb-1
Two additional fit configurations are considered in this note, in which a simultaneous fit is performed to κλ 
and κF, or to κλ and κV 

remaining coupling modifier that is not included in the fit, κV in the first case and κF in the second case, is kept 
fixed to the SM prediction; 

target BSM scenarios where new physics could affect only the Yukawa type terms (κV = 1) of the SM or only 
the couplings to vector bosons (κF = 1), in addition to the Higgs boson self-coupling (κλ).

Results: 
As expected, including additional degrees of 
freedom to the fit reduces the constraining 
power of the measurement; 
sensitivity to κλ is not much degraded when 
determining κF at the same time, while it is 
degraded by 50% (on the expected lower 
95% C.L. exclusion limit) when determining 
simultaneously κV and κλ.

constraints become significantly 
weaker in new physics scenarios where 
simultaneous modifications to the single 

Higgs boson couplings are allowed

29.01.2020

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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LHC / HL-LHC plan
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Higgs boson mass measurement: new results
ATLAS CMSPLB 784 (2018) 345 JHEP 11 (2017) 04736 fb-1 35.9 fb-1

H → ZZ* → 4l H → γγ H → ZZ* → 4l

mH = 124.79 ± 0.37 GeV mH = 124.93 ± 0.40 GeV 

mH = 124.86 ± 0.27 (± 0.18) GeV

*no Run 1 combination for this result, the full combination is shown in the main body

Strategy: 
more complex wrt previous H→4l analysis:  

7 categories based on jet multiplicity, leptons, kinematics 
discriminants (sensitive to differente production modes and jets 
production), etc 
definitions of the categories were chosen to achieve high signal 
purity whilst maintaining high efficiency for each of the main 
Higgs boson production mechanisms. 

https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://link.springer.com/article/10.1007/JHEP11(2017)047
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Higgs boson mass measurement: new results
ATLAS CMSPLB 784 (2018) 345 JHEP 11 (2017) 04736 fb-1 35.9 fb-1

H → ZZ* → 4l H → γγ H → ZZ* → 4l

mH = 124.79 ± 0.37 GeV mH = 124.93 ± 0.40 GeV 

mH = 124.86 ± 0.27 (± 0.18) GeV

*no Run 1 combination for this result, the full combination is shown in the main body

Main systematic uncertainties: 
lepton energy scale  
4l mass resolution (20%) 
lepton identification and reconstruction efficiency (from 
2.5 to 9%) 
integrated luminosity (2.5%)

https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

Higgs boson cross-section measurement: inclusive

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

Higgs boson cross-section measurement: inclusive

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

Higgs boson cross-section measurement: inclusive

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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Higgs boson couplings: combined measurement
ATLAS CMSPRD 101 (2020) 012002 EPJC 79 (2019) 421

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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Higgs boson couplings: combined measurement
CMS EPJC 79 (2019) 421

  is affected both by modifications of the  
and contributions from two additional classes of 
Higgs boson decays 

invisible decays, which are identified through an 
ETmiss signatures; 
undetected decays, to which none of the 
analyses included in this combination are 
sensitive; 
BR for decays into invisible final states is ∼ 0.1%, 
from the H→ZZ*→4ν process 

BSM contributions to these BRs are denoted 
by Binv and Bundet.

ΓH, TOT κj

ATLASPRD 101 (2020) 012002 EPJC 79 (2019) 421

up to 79.8 fb-1 35.9 fb-1

H → γγ, ZZ*, WW*, ττ, bb̄, μμ

https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1140/epjc/s10052-019-6909-y
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ATLAS CMSATLAS-CONF-2019-032 PLB 792 (2019) 369139 fb-1 35.9 fb-1

Higgs boson cross-section measurement: differential

H → γγ, ZZ* H → γγ, ZZ*, bb̄

http://cdsweb.cern.ch/record/2682844/files/ATLAS-CONF-2019-032.pdf
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via=ihub
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CMS PLB 792 (2019) 36935.9 fb-1

Higgs boson cross-section measurement: differential

https://www.sciencedirect.com/science/article/pii/S037026931930228X?via=ihub
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ATLAS CMSPLB 786 (2018) 223-244 JHEP 11 (2017) 04736 fb-1 24.8 fb-1+80.2 fb-1

H → ZZ* → 4l / 2l2ν H → ZZ → 4l

Higgs boson width measurement: constraints

H → ZZ → 4l / 2l2ν H → ZZ* → 4l

Rgg = k2
g,off−shell /k

2
g,on−shell

mZZ
T = [ m2

Z + (pll
T )2 + m2

Z + (Emiss
T )2]

2

− | ⃗p ll
T + ⃗E miss

T |2

https://reader.elsevier.com/reader/sd/pii/S0370269318307494?token=DA9F0E5326252694021399BBFA04BCA2EB13CC6D3058CA9D3501FF86FE4E65E9D0E30084423E1DFCAC35A6B3084AD2CB
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS CMSPLB 786 (2018) 223-244 JHEP 11 (2017) 04736 fb-1 24.8 fb-1+80.2 fb-1

H → ZZ* → 4l / 2l2ν H → ZZ → 4l

Higgs boson width measurement: constraints

H → ZZ → 4l / 2l2ν H → ZZ* → 4l

https://reader.elsevier.com/reader/sd/pii/S0370269318307494?token=DA9F0E5326252694021399BBFA04BCA2EB13CC6D3058CA9D3501FF86FE4E65E9D0E30084423E1DFCAC35A6B3084AD2CB
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS CMSPLB 784 (2018) 345 JHEP 11 (2017) 047139 fb-1 35.9 fb-1

Search for H → µµ decay mode

https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://link.springer.com/article/10.1007/JHEP11(2017)047
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ATLAS only ATL-PHYS-PUB-2019-009Higgs self-coupling constraints
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

up to 79.8 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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ATLAS only ATL-PHYS-PUB-2019-009Higgs self-coupling constraints
H → γγ, ZZ*, WW*, ττ, bb̄, μμ

up to 79.8 fb-1

accounting for effect due to the variation of the trilinear coupling λHHH: 
both production cross section and BRs.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/

