
Higgs boson decays to two fermions and 

production in association with ὸӶὸ
at the ATLAS experiment

11 February 2019, LLWI 2019

Shigeki Hirose

On behalf of the ATLAS Collaboration



Higgs- Fermion Coupling

ÅHiggs boson was discovered in 2012   
by ATLAS and CMS
ïNext: precise understanding of                    

its properties

ÅYukawa interaction
ïOrigin of the fermion mass in SM

ïBut is it the full picture?

ÅLHC has provided O(107) Higgs bosons

Only Higgs factory currently in operation
ïHiggs coupling to all of the 3rd-gen. 

fermions have been confirmed

ïMeasurements for the 2nd-gen. fermions
are also being pursed
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Recent Measurements at ATLAS

Å4 main production processes at LHC
ïDifferent measurements use different signatures

LHC Run-2
(2015-2018)

Gluon-gluon fusion (ggF)
ÅLarge x-sec

Vector-boson fusion (VBF)
ÅTwo high-ὴ jets to 

opposite –

Vector-boson association (VH)
ÅClean signature thanks to 

an additional ὡ or ὤ

ὸӶὸὌproduction
ÅDirect coupling to ὸ-quarks

Results use 36.1-79.8 fb-1 recorded in 2015-17 ( ί= 13 TeV)

Ὄᴼ††ȟ‘‘

Ὄᴼὦὦȟὧὧ

VBF is also 
being tried
Phys. Rev. D 98 
(2018) 052003
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Ὄᴼ††: Analysis Strategy

ÅCleaner signature compared to other fermionic final states
ïStill reconstruction of two †Ωǎ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎ

ÅThree different di-†final states

ÅMissing mass calculator to obtain

Di-†mass
ïRecover missing kinematics

ïMethod provides best ά resolution

ĄDiscriminating variables in the fit

Channel BR Main BG
†O Ὤ’ȟ†O Ὤ’ 4ͯ2% ὤᴼ††, fake †
†O Ὤ’ȟ†O ὰ’’ͯ 45% ὤᴼ††, fake †
†O ὰ’’, †O ὰ’’ͯ12% ὤᴼ††, ὤᴼὰὰ

Different analysis 
optimisation is needed

arXiv: 1811.08856; 36.1 fb-1

Nucl. Instrum. Meth. A 654 (2011) 481

Main irreducible 
background
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Ὄᴼ††: Results

Signal: 4.4̀  ƻōǎΦ 
όпΦмˋ ŜȄǇΦύ

arXiv: 1811.08856; 36.1 fb-1

Åὤᴼ††+ jet to be precisely understood
ïKinematics affects ά shape

ï It is checked with ὤᴼὰὰ+ jet samples

ĄMCdistributions agree with data within generator uncertainty (Sherpa) 

ÅRun-1 + 2: 6.4̀  ƻōǎŜǊǾŜŘ όрΦпˋ ŜȄǇŜŎǘŜŘύ
ïATLAS standalone observation of Ὄᴼ††

ïSTXS isalsomeasured

Signal: 4.4̀  ƻōǎΦ
(4.1̀  ŜȄǇΦ)

5/ 12



Ὄᴼὦὦ(VH Production)

ÅHuge background from ὴὴO ὦὦ(„ = O(107) times „ᴼ !)
ïUse the VH process

ĄSmall x-sec but much cleaner thanks to ὠdecaying leptonically

ÅEvent categorisation based on Nleptons

ÅMultivariate analysis based on BDT
ï Inputs from kinematics: ά , ὴ of ὠ, ...

ïMain backgrounds are normalised by

control region measurements

in combined fit

Phys. Lett. B 786 (2018) 59; 79.8 fb-1
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Ὄᴼὦὦ: Results

Signal

Phys. Lett. B 786 (2018) 59; 79.8 fb-1

ÅObserved significance of 4.9̀ ƛƴ ±I όпΦоˋ ŜȄǇŜŎǘŜŘύ

ÅCombined with Run-1 result and all the processes,

First observation of Ὄᴼὦὦwith 5.4̀  ŀŎƘƛŜǾŜŘ όрΦрˋ ŜȄǇΦύ

ÅSTXS results on VH(ὦὦ) ATLAS-CONF-2018-053

„Ⱦ„

7/ 12


