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Introduction
Since the July 2012 Higgs discovery, the LHC 
dataset has more than doubled


We are now in the precision measurement era!


More precise mass measurement, reduced 
experimental uncertainties


Event categorization: increase production 
mode sensitivity and test couplings


First differential cross-section measurement 
(ɣɣ channel)


Will look at latest measurements with 25 fb-1 of 
data at √s = 7 & 8 TeV 


H→ɣɣ, H→ZZ*→4l, and H→WW*→ℓνℓν
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Higgs production and decay modes 

ggF (87.2%): signature from Higgs decay only


VBF (7.1%): dijet signature


VH (5.1%): look for vector boson decay in final state


ttH (0.6%): very rare, but can test top coupling


!

H→WW*→ℓνℓν: high statistics, poor mass 
resolution 


H→ZZ*→4ℓ: golden channel; good mass resolution, 
but low statistics


H→ɣɣ: distinct, clean signature, but low BR, high 
background


!
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H→ɣɣ: event selection

Clean, distinct signature:


Two high-pT, isolated photons in range                         
100 GeV < Mɣɣ < 160 GeV


Photon identification based on EM 
calorimeter shower shapes: 85-95% 
efficiency


Backgrounds modelled using fits to the data:


Diphoton continuum (~75%)


ɣ + jet, dijet, Drell-Yan (~25%)

4

VBF H → ɣɣ candidate
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H→ɣɣ: event categorization
Events subdivided into 14 categories


Based on production mode, mass resolution, 
signal / background


Improved sensitivity to various production modes
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H→ɣɣ: mass & signal strength
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!

Signal modelled using a Crystal Ball 
function + Gaussian


Observed excess with largest local 
significance: 7.4σ @ mH = 126.5 GeV


Best fit mass:                                       
mH = 126.8 ± 0.2 (stat.) ± 0.7 (syst.) GeV


Signal strength (at mH = 125.5 GeV):
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H→ɣɣ: differential cross-section
Measurements are binned in eight observables sensitive to Higgs kinematics, production modes, 
QCD corrections, etc.


Signal yield extracted with unbinned likelihood fit to Mɣɣ distribution


Unfold to particle level using correction factors: ci = ni, particle level / ni, reco


No significant deviation from SM expectation
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H→ZZ(*)→4ℓ: event selection

Two same-flavour, opposite-sign pairs (4e, 4μ, 
2e2μ, 2μ2e)


Improvements in 2012 analysis:


Likelihood-based electron ID: 2x reduction in 
background


FSR photon recovery & Z mass constraint: 
improved mass resolution


Data-driven reducible Z+jets background 
estimation (different methods for subleading ee, μμ 
channels)


Event categorization:


VBF: two widely separated, high-pT jets


VH: additional lepton with pT > 8 GeV


ggF: everything else

8

H→ZZ(*)→4e candidate event
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H→ZZ(*)→4ℓ: mass, μ, and categories
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Observed excess with local 
significance: 6.6σ at mH = 124.3 GeV


Best fit mass: 


Signal strength (at mH = 125.5 GeV):


Categories:


1 VBF-like candidate in mass 
window 125 ± 5 GeV (0.4 expected)
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H→ZZ(*)→4ℓ: spin / parity
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H→WW(*)→ℓνℓν: event selection

Two isolated, high-pT leptons with opposite 
charge


Large missing ET


Events categorized in jet multiplicity & 
flavour (eνμν, eνeν/μνμν)


Njets ≤ 1: ggF-dominated production, 
WW-dominated background


Njets ≥ 2: VBF-dominated production,tt-̅
dominated background


Poor mass resolution due to missing ET


Transverse mass: 

11

VBF H→WW*→eνμν candidate event
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H→WW(*)→ℓνℓν: transverse mass

Excess of events observed in data 


Maximum local significance: 4.1σ at 
mH = 140 GeV


Signal strength at mH = 125.5 GeV:

12

 [GeV]Hm
110 120 130 140 150 160 170 180 190 200

0
Lo

ca
l p

-610

-510

-410

-310

-210

-110

1

10

210

310

Obs. 
 = 125.5 GeV

H
Exp.  m

m1 ±
m2 ±

-1Ldt = 20.7 fb0 = 8 TeV   s

-1Ldt = 4.6 fb0 = 7 TeV   sATLAS

m0
m1
m2

m3

m4

ililAWW*AH

Ev
en

ts
 / 

10
 G

eV

100

200

300

400

500

600

700

800  Data 2011+2012
 Total sig.+bkg.

 SM Higgs boson
 = 125 GeVH     m

 WW

t t
 Other VV
 Single Top
 W+jets

*a Z/

ATLAS
-1 Ldt = 4.6 fb0 = 7 TeV  s

-1 Ldt = 20.7 fb0 = 8 TeV  s

 + 0/1 jetsililAWW*AH

 [GeV]Tm
60 80 100 120 140 160 180 200 220 240 260

D
at

a 
- B

kg
.

-20
0

20
40
60
80

100
 Bkg. subtracted data

 = 125 GeV
H

 SM Higgs boson m

 [GeV]Tm
50 100 150 200 250 300

Ev
en

ts
 / 

20
 G

eV

0

2

4

6

8

10

12
 Data 2011+2012
 Total sig.+bkg.

 = 125 GeVH VBF m
 = 125 GeV

H
 ggF m

t t
 WW

*a Z/

 Other VV
 Single Top

 W+jets

ATLAS
-1 Ldt = 4.6 fb0 = 7 TeV  s

-1 Ldt = 20.7 fb0 = 8 TeV  s
 2 j* + iµieAWW*AH

0/1 jet category 2+ jets category



K. Whalen

Combined results: mass & signal strength

Combined mass using H→ɣɣ and 
H→ZZ(*)→4ℓ channels:


!

See J. Saxon’s talk for more combined 
measurements
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Summary

With 25 fb-1 of data collected in 2011-2012, ATLAS can claim discovery of the 
Higgs boson in two individual dibosonic decay channels 


A wide variety of property measurements have been performed in the H→ɣɣ,  
H→ZZ(*)→4ℓ, and H→WW(*)→ℓνℓν channels


Mass, signal strength, differential cross-sections, spin / parity


No significant deviation from Standard Model predictions
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ATLAS results:
Discovery paper:


Observation of a new particle in the search for the Standard Model Higgs boson with the ATLAS detector at the LHC (Phys. Lett. B 716 
(2012), 1-29)


Updated diboson decay channel results:


 Measurements of Higgs boson production and couplings in diboson final states with the ATLAS detector at the LHC (Phys. Lett. B 726 
(2013), 88-119)


Couplings:


 Updated coupling measurements of the Higgs boson with the ATLAS detector using up to 25 fb
-1

 of proton-proton collision data (ATLAS-
CONF-2014-009)


H→ɣɣ: 


Measurements of the properties of the Higgs-like boson in the two photon decay channel with the ATLAS detector using 25 fb
-1

 of proton-
proton collision data (ATLAS-CONF-2013-012)


Differential cross sections of the Higgs boson measured in the diphoton decay channel using 8 TeV pp collisions (ATLAS-CONF-2013-072)


H→ZZ*→4ℓ:


Measurements of the properties of the Higgs-like boson in the four lepton decay channel with the ATLAS detector using 25 fb
-1

 of proton-
proton collision data (ATLAS-CONF-2013-013)


H→WW*→ℓνℓν:


Measurements of the properties of the Higgs-like boson in the WW*→ℓνℓν decay channel with the ATLAS detector using 25 fb
-1

 of proton-
proton collision data (ATLAS-CONF-2013-030)


All ATLAS public results:


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Systematic uncertainties: diboson channels
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H→ɣɣ 
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Systematic uncertainties
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H→ɣɣ 
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H→ZZ(*)→4ℓ
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Systematic uncertainties
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H→ZZ(*)→4ℓ
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H→WW(*)→ℓνℓν
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Systematic uncertainties


