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OUTLINE OF THE TALK

After Run1 discovery of the Higgs boson, the increased number of Higgs

decays allows improved precision in the couplings and cross section

measurements to test the compatibility of the SM predictions and search

for possible deviations .

Thistalk will cover the following topics :

ÅBrief description of the Higgs boson physics at the LHC

ÅCross sections and coupling measurements :

1. Ὄᴼὤὤᶻᴼτὰdecay channel

2. Ὄᴼ‎‎decay channel

3. Combination of Ὄᴼὤὤᶻᴼτὰand Ὄᴼɾ‎decay channels

4. Mass measurements

ÅConclusions
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Gluon gluon fusion 

production ( ggF)

Associated

production with

top quarks ( ttH)

Associated

production with a

vector boson ( VH)

Vector boson fusion 

production ( VBF)

ί ggF VBF WH ZH ttH

13 TeV 48.52 3.78 1.37 0.88 0.506

14 TeV 53.99 4.27 1.51 0.98 0.613

Higgs boson production XS ( pb ) at the LHC 

m(H) = 125.09 GeV
(https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG )

SM HIGGS PRODUCTION

https://twiki.cern.ch/twiki/bin
/view/LHCPhysics/LHCHXSW



The most important bosonic decay

modes at the LHC are the following :

Ὄᴼὤὤᶻ

Easy identification in 4l channel, good 

mass resolution, but relatively low BR

Ὄᴼὡὡᶻ

Higher BR, easy identification, but mass 

resolution is mediocre due to neutrinos

Ὄᴼ‎‎
Simple identification, good mass 

resolution, but BR is also low
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SM HIGGS DECAY

https://twiki.cern.ch/twiki/bin
/view/LHCPhysics/LHCHXSW

Decay Mode ὦὦ ὡὡᶻ ὫὫ †† ὧӶὧ ὤὤᶻ ‎‎ ὤ‎ ‘‘

BR, % 58.09 21.52 8.18 6.26 2.88 2.64 0.23 0.15 0.022

SM Higgs boson branching ratios calculated for m(H) = 125.09 GeV

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

Possible to measure cross sections for specific production modes in specific

bins (Simplified Template Cross Section) Ƃ maximize the sensitivity of the

measurements and minimize their theory dependence .



MEASUREMENTS IN Ὄᴼὤὤᶻᴼτὰ
DECAY CHANNEL
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For 36.1 Ὢὦ , ί ρσTeV and ρρυά ρσπGeV

23.08.2017N. Belyaev, 6th International Conference on New Frontiers in Physics

6

EVENT SELECTION
Listof event selection requirements which define the fiducial
phase space of the cross-section measurement :

Final-state particles are defined as
particles with a life time ὧ† ρπmm .

Å The selected events are divided into
bins of the variables of interest .

Å The bin boundaries are chosen such
that each bin has an expected signal
significance greater than 2„Ȣ

Å Variables of interest : ὴ , ὴ , ὴ , –,

ά ,ɝ– ,–ᶻ ,ɝὙὮȟὤὤand others .

ATLAS-CONF-2017-032



ÅThe fiducial cross sections (FXS) provide a largely model -

independent way to test for deviations in kinematic distributions .

ÅThe fiducial cross section „ȟ for a given final state and bin Ὥof

the differential distribution is defined as:

ÅThe simplified template cross sections (STXS) are defined to

maximize the sensitivity of the measurements while at the same

time to minimize their theory dependence . The measurements

performing in mutually exclusive regions of phase space called

òbinsófor simplicity, are specific to the different production
modes .
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XSMEASUREMENTS



Å Several differential fiducial cross sections are measured in
different categories (see backup) for observables sensitive to

the Higgs-boson production and decay, including kinematic
distributions of the jets produced in association with the Higgs
boson .

Å The extracted cross-section distributions are used to constrain
anomalous Higgs-boson interactions with Standard Model
particles using the pseudo -observable framework .

Å Good agreement is found between data and the Standard
Model predictions!
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FIDUCIAL CROSS SECTIONS

ATLAS-CONF-2017-032



Å Interpretation was done in terms
of Higgs Characterisation
model, based on the following
Lagrangian , without any
discriminants :
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COUPLINGS MEASUREMENTS

Ὧ = coupling with fermions

Ὧ = coupling with vector bosons

Observed Inclusive cross section :

„ɇὄὙὌᴼὤὤᶻ ρȢχσȢ
Ȣ ὴὦ

Expected Inclusive cross section :

„ ɇὄὙ Ὄᴼὤὤᶻ ρȢστ πȢπφὴὦ

in rapidity range ȿώȿ ςȢυȢ

Å Additional BDTdiscriminants are used to further improve the sensitivity in reconstructed categories
with sufficiently large number of events .

Å Based on event yields observed in each reconstructed event category, constraints are placed on
possible BSMinteractions of the Higgs boson .

ATLAS-CONF-2017-043



MEASUREMENTS IN Ὄᴼ‎‎
DECAY CHANNEL
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Å Particle level fiducial definitions :
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FIDUCIAL CROSS SECTIONS

Å – ςȢσχ (excluding the region
ρȢσχ – ρȢυς)

Å Two photons with max Ὁ

Å Requirements on shower shapes and
isolation in calorimeter and tracker

Photons are pre -selected by :

Å ρπυά ρφπGeV

Å πȢσυπȢςυ for

leading (subleading )
photon

ATLAS-CONF-2017-045
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DIFFERENTIAL CROSS SECTIONS
The differential cross sections
were produced as functions of
the following variables :

Å ὖ

Å ὖ

Å ȿώ ȿ

Å ȿɝώ ȿ- spin/CP -sensitive

Å ȿÃÏÓ—ᶻȿ- spin/CP -sensitive

ATLAS-CONF-2017-045
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COUPLING ANALYSIS

ATLAS-CONF-2017-045

Å 31 categories was defined, targeting

different production modes based on their

different topologies .

Å Signal strengths was measured for the

different production processes and globally

for Run2, compared to the global signal

strength measured at 7 and 8 TeV
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COUPLINGS STRENGTH FITS
ÅAssuming zero width for the Higgs boson, the

cross section „ὭO Ὄᴼ‎‎ can be
parameterized as

ÅA set of coupling -strength modifiers, ᴆ‖, is
introduced to parameterize possible
deviations from the SM predictions :

ÅDue to the limited sensitivity of this analysis,
universal coupling -strength modifiers ‖for all
fermions and ‖ for all vector bosons are
defined as:

Å No significant deviations from the Standard

Model expectations are observed!

ATLAS-CONF-2017-045



COMBINE MEASUREMENTS                   
ὌᴼὤὤᶻᴼτὰAND Ὄᴼ‎‎
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MEASURED CROSS SECTIONS
Å Results are obtained for the individual

production processes of gluon fusion,
vector -boson fusion, WH, ZH, and ttH, and
for kinematic subdivisions of these
processes .

Å The total cross section for ὴὴO Ὄ ὢ
process is consistent with the Standard
Model prediction .

Å All the data collected with ί= 7, 8 and 13
TeV were considered .

ATLAS-CONF-2017-047
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COUPLING CONSTRAINS
Å A set of four ratios is constructed to probe the loop

vertices (‖ȟ‖), total width (‖ ), and the fermion
and vector couplings (‖ and ‖ respectively) .

‖
‖‖

‖

‗
‖

‖

‗
‖

‖

‗
‖

‖

Best-fit values

and

uncertainties

ATLAS-CONF-2017-047



MASS MEASUREMENTS
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Å Summary of the Higgs boson mass measurements from

the individual and combined analyses :

ATLAS-CONF-2017-046

Å Main sources of systematic uncertainties:



CONCLUSIONS
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Overview of the ATLAS analyses on the Higgs boson decaying into bosons

were presented, namely :

ÅὌᴼὤὤᶻᴼτὰ,Ὄᴼɾ‎analyses and their combination .

ÅUpdated results for single channels with more statistic ( full 2016 = 36.1 fb -1).

ÅCombination for differential cross section and couplings (SM and BSM).

ÅMass measurements inὌᴼὤὤᶻᴼτὰand Ὄᴼɾ‎decay channels .

As a result, no significant deviations from the Standard Model predictions

were observed! Also the obtained results are in a good agreement with the

Run1 mass measurements .
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BACKUP
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