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July 4th: ATLAS and CMS collaborations announce 
new boson discovery in the context of Higgs boson 
searches…

since then focus on 
•property measurements of the new boson
•searches for other decays channels
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•Measurements and searches in the context 
of SM Higgs boson search

- golden bosonic decay channels 
γγ and ZZ→ 4l
WW
Zγ
more high mass devoted: ZZ→ llqq, 
ZZ→ llνν, WW→ lνqq 

- fermionic decay channels
ττ, bbar, μμ 

125 GeV

SM branching 
ratios
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•Measurements and searches in the context 
of SM Higgs boson search

- golden bosonic decay channels 
γγ and ZZ→ 4l
WW
Zγ
more high mass devoted: ZZ→ llqq, 
ZZ→ llνν, WW→ lνqq 

- fermionic decay channels
ττ, bbar, μμ 

125 GeV

SM branching 
ratios

SM production modes 

Production modes used both to enhance analysis 
sensitivity and to get information about couplings

Generic BSM: invisible decays
MSSM: A/H → ττ, H±→τν or csbar
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•Low BR (∼0.2%) but very distinctive 
signature
•Main production mode and decay through 
loops: sensitive to new physics
• High mass resolution channel: 
σm ∼ 1.7 GeV 

- stable against time and pileup 
- negligible uncertainty on primary vertex 
identification thanks to calorimeter pointing

•14 categories targeting different production 
modes, VH (lepton, jets and MET) and two 
VBF categories. Different sensitivities and 
resolutions

ATLAS-CONF-2013-012
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•Low BR (∼0.2%) but very distinctive 
signature
•Main production mode and decay through 
loops: sensitive to new physics
• High mass resolution channel: 
σm ∼ 1.7 GeV 

- stable against time and pileup 
- negligible uncertainty on primary vertex 
identification thanks to calorimeter pointing

•14 categories targeting different production 
modes, VH (lepton, jets and MET) and two 
VBF categories. Different sensitivities and 
resolutions

ATLAS-CONF-2013-012

•Main backgrounds: γγ continuum (75%),  γ-jet, jet-jet events (25%)
- tight photon identification and isolation 
- background parametrised by an analytic function in each category, model chosen 
with MC to minimise biases 
- background extrapolated from side-bands in data
- S/B ∼ 3% in mass window
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•Signal extracted by mγγ fit in each 
category
•Observed excess local significance: 7.4σ 
(4.1σ SM expected)
•Signal strenght at best fit mass: 
μ = 1.65 +0.24(stat) +0.25-0.18 (syst)
•Inclusive fiducial cross section: 
σfid x BR = 56.2 ± 12.5 fb 

•Best fit mass:
mH = 126.8 ± 0.2 (stat) ± 0.7 (syst) GeV
•Main mass sytematics: 
- Extrapolation of γ energy scale from Z→ee (0.3%)
- Material modeling (0.3%)
- Presampler energy scale (0.1%)

ATLAS-CONF-2013-012
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•Grouped ggF+ttH and VBF+VH production 
modes (boson and fermion couplings)
•Compatibility with SM at 2σ level 
•VBF production excess: 2σ level
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 PreliminaryATLAS
2011-2012

 = 126.8 GeVHm

 = 7 TeVs, -1Ldt = 4.8 fb

 = 8 TeVs, -1Ldt = 20.7 fb

Best fit
68% CL
95% CL
SM

H

ATLAS-CONF-2013-012
ATLAS-CONF-2013-027

•Grouped ggF+ttH and VBF+VH production 
modes (boson and fermion couplings)
•Compatibility with SM at 2σ level 
•VBF production excess: 2σ level

• From dN/d|cosθ*|, θ* angle of the photons in 
resonance rest frame

- 0+ → flat before cuts
- 2+ → 1+6cos2θ* + cos4θ* (graviton like model with 
minimal couplings, gg production)

•Inclusive analysis with different pT cuts
•Signal region: ±1.5σ around peak
•Background from sidebands
•Five benchmarks of 2+ production (qqbar fraction)
•Analyses based on mγγ and dN/d|cosθ*|  
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•Golden channel: small BR but very clear signature 
(two pairs l+l-) and very good mass resolution 
•Maximise acceptance with high μ/e reconstruction 
and id efficiency down to 6/7 GeV
•FSR recovery (∼ 4% of events)
•Mass resolution: 1.3%/1.9% for 4μ/4e @125 GeV

ATLAS-CONF-2013-013
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•Golden channel: small BR but very clear signature 
(two pairs l+l-) and very good mass resolution 
•Maximise acceptance with high μ/e reconstruction 
and id efficiency down to 6/7 GeV
•FSR recovery (∼ 4% of events)
•Mass resolution: 1.3%/1.9% for 4μ/4e @125 GeV

•Background
- irreducible ZZ continuum (MC), including Z→4l
- Z+jets, Z+bb, ttbar 
‣isolation and impact parameter cuts
‣ background measurement in data control 
regions

•Mass resolution improved by Z mass constraint
•3 Categories reflecting different production modes

ATLAS-CONF-2013-013
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•6.6 σ local significance excess
•mH = 124.3+0.6 -0.5 (stat)+0.5 -0.3(syst) GeV
•μ = 1.7+0.5 -0.4

ATLAS-CONF-2013-013
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ATLAS-CONF-2013-013
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 PreliminaryATLAS
 4l(*) ZZH

-1Ldt =4.6 fb=7 TeV: s
-1Ldt =20.7 fb=8 TeV: s

•Categorisation dedicated to coupling studies
- VBF: 2 high pT jets Δηjj > 3 mjj > 350 GeV
- VH:  additional lepton, non VBF
- ggF: failing other categories

•m4l > 160 GeV: 6 VBF events observed, expected 3.8±1.3
•120 GeV < m4l < 130 GeV: 1 event observed, expected from SM 
Higgs 0.71±0.10
•Signal strenght per production mechanism: <2σ agreement with 
SM
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 PreliminaryATLAS
 4l(*) ZZH

-1Ldt =4.6 fb=7 TeV: s
-1Ldt =20.7 fb=8 TeV: s

•Categorisation dedicated to coupling studies
- VBF: 2 high pT jets Δηjj > 3 mjj > 350 GeV
- VH:  additional lepton, non VBF
- ggF: failing other categories

•m4l > 160 GeV: 6 VBF events observed, expected 3.8±1.3
•120 GeV < m4l < 130 GeV: 1 event observed, expected from SM 
Higgs 0.71±0.10
•Signal strenght per production mechanism: <2σ agreement with 
SM

•Discriminants built from spin sensitive observables: Z1,Z2 
masses, 1 production and  4 decay angles
•Tested on 43 events in signal region
•tested JP 0+, 0-, 1+, 1-, 2+, 2-

•0- and 1+ excluded at > 97.8% CLs

•0+ favoured
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ATLAS-CONF-2013-030
ATLAS-CONF-2013-031

•Large BR (∼ 20%) despite being below real WW decay 
around 125 GeV
•Full mass reconstruction not possible
•Clear dilepton signature
•VBF dedicated channels
•Main backgrounds: irreducible continuum WW , ttbar, 
W→lν 
•Backgrounds estimated from control regions

•Observed local significance excess at m = 125 GeV of 
3.8σ (expected 3.7σ)
•μ = 1.0 ± 0.3
• Measured cross section @8TeV
σxBR = 6.0 ± 1.5 pb 
SM expected = 4.8 ± 0.7 pb 

•Spin tested exploiting angular distributions, main 
variables mll and Δϕll 
0+ and 2+ hypotheses tested, 0+ favoured against 2+ > 
90% CLs
Sensitive in the fqqbar region where γγ looses 
discrimination power
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•Low BR, decay through loops → sensitivity to new physics
•Analysis with Z→ll (e/μ)
•Main backgrounds irreducible Z+γ and Z+jets 
•Discriminating variable: Δm = mllγ - mll

•Background estimated from sidebands fit and cross checked with data-driven methods
•No excess observed, limits set at 18.2 x σSM at 125 GeV (expected 13.5 x σSM)

ATLAS-CONF-2013-009
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 H+2-jet VBFhade + had!•Second in branching ratio for decays to fermions but 
highest sensitivity due to experimental signature
•Accessible thanks to VBF production mode
•Hadronic tau decays reconstructed from calorimeter jets 
and identified with BDT discriminator based on tracking and 
calorimeter information
•10 categories based on tau decay type (ll, lhad, hadhad) 
and jet/event topology (targeting different production 
modes)

•Irreducible Z→ττ background from hybrid data-MC 
technique (Z→μμ data events with muons replaced by 
simulated taus)
•Z+jets, W+jets, top from MC, normalised/checked in data 
control regions, diboson from MC
•Multijet fully data driven
•Mass reconstruction exploiting knowledge of tau decay 
kinematics (MMC)
•No significant excess above SM is observed, limit at 125 
GeV: 1.9 x σSM  (expected 1.2 x σSM)

ATLAS-CONF-2012-160
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ATLAS-CONF-2012-161

•H→bbar highest SM branching ratio, but experimentally difficult → need to exploit production 
modes
•Associated production: three channels 0, 1, 2 leptons targeting Z→νν, W→lν, Z→ll
•13 categories targeting different Higgs boost regime
•b-jets tagged combining information from different algorithms based on track impact parameter 
significance and or secondary decay vertex reconstruction
•Main backgrounds: top, W+jet and Z+jet
•Backgrounds taken from MC and normalised in control region (except multijets, fully data-driven 
and diboson, fully MC-driven)
•No excess observed, limit at 125 GeV on σSMxBR 1.8 ( 1.9 expected)
•Cross checked method with 4σ observation of WZ, ZZ with Z→bbar
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•Events with ≥ 6 jets, of which ≥3 b-tagged
•Kinematic likelihood filter used to assign objects in the detector to the objects above
•discriminating variable: mbbar 

•Main background from ttbar
•Systematics due to b and c tagging efficiencies/mistag rate constrained in fit to data
•No excess observed, limit  σSMxBR 13.1 ( 10.5 expected)

ATLAS-CONF-2012-135
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•Clean final state signature
•Testing couplings to second generation
•Branching ratio 28x10-5 - 6x10-5

•Dominant irreducible Drell-Yan background
•2 analysis categories depending on muon 
centrality
•Binned likelihood fit

- background BW + exponential 
- signal CrystalBall + gaussian

ATLAS-CONF-2013-010
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 H 
l 4 (*) ZZH •From high mass resolution γγ and 4l channels

•4l
- dominated by 4 muons
- muon momentum scale uncertainty 0.2%

•γγ 
- per category systematics + global uncertainty
- global mass systematic 0.55%

•Results from profile-likelihood method
•mH = 125.5 ± 0.2 (stat) +0.5-0.6 (syst) GeV

(was 125.2 ± 0.3 (stat) ± 0.6 (sys) GeV for Cern council in December)

•Mass difference between γγ and 4l
         ΔmH = 2.3 +0.6-0.7 (stat) ± 0.6 (syst) GeV
         2.4σ away from 0 (p = 1.5%, using 
rectangular pdfs p = 8%)
(was 3.0 ± 0.8(stat) +0.7-0.6 (sys)  GeV for Cern council in December)

ATLAS-CONF-2013-014



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 Combination: signal strenght

19

 [GeV]Hm
122 123 124 125 126 127 128 129

)
!

Si
gn

al
 s

tre
ng

th
 (

0

0.5

1

1.5

2

2.5

3

3.5

4
 PreliminaryATLAS

-1Ldt = 4.6-4.8 fb = 7 TeV: s
-1Ldt = 20.7 fb = 8 TeV: s

Combined
 H 

l 4 (*) ZZH 

Best fit
68% CL
95% CL

•Parameter of interest: μ (global)
•μ = 1.30 ± 0.13 (stat) ± 0.14 (sys)

•Consistency with SM
- global μ: 9% (40% with rectangular PDFs 
for QCDscale and PDFs)

- 5 single channel μi: 8%
•Consistency with μ = 1.43

-  5 single channel μi: 13%

ATLAS-CONF-2013-014
ATLAS-CONF-2013-034
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ATLAS-CONF-2013-034

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
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ATLAS-CONF-2013-034

•Analysis of signal strenght depending on production 
modes

- grouped VBF + VH and ggF + ttH 
- μVBF+VH/μggF+ttbarH = 1.2+0.7-0.5 :3σ evidence for VBF 
production

Production modes

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
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ATLAS-CONF-2013-034

•Analysis of signal strenght depending on production 
modes

- grouped VBF + VH and ggF + ttH 
- μVBF+VH/μggF+ttbarH = 1.2+0.7-0.5 :3σ evidence for VBF 
production

Production modes

Fermion-boson couplings

•Analysis of fermion and vector boson couplings
- kv = kw = kZ, kf = kt = kb = kτ
- assume only SM particles involved
- compatibility with SM =8%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
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•Analysis of signal strenght depending on production 
modes

- grouped VBF + VH and ggF + ttH 
- μVBF+VH/μggF+ttbarH = 1.2+0.7-0.5 :3σ evidence for VBF 
production

Production modes

• Custodial symmetry:
- ungroup kW and kZ,  λWZ = kW/kZ = 1 within 95% CL

Fermion-boson couplings

•Analysis of fermion and vector boson couplings
- kv = kw = kZ, kf = kt = kb = kτ
- assume only SM particles involved
- compatibility with SM =8%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
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ATLAS-CONF-2013-034

•Analysis of signal strenght depending on production 
modes

- grouped VBF + VH and ggF + ttH 
- μVBF+VH/μggF+ttbarH = 1.2+0.7-0.5 :3σ evidence for VBF 
production

Production modes

• Contributions from BSM particles: assume SM ki =1, kg = 1.08 ± 0.14, kγ = 1.23+0.16-0.13

• Custodial symmetry:
- ungroup kW and kZ,  λWZ = kW/kZ = 1 within 95% CL

Fermion-boson couplings Non-SM particles

•Analysis of fermion and vector boson couplings
- kv = kw = kZ, kf = kt = kb = kτ
- assume only SM particles involved
- compatibility with SM =8%

Custodial symmetry

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-127/
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•For a SM Higgs BR to invisible particles is not measurable
•Could have contributions eg from dark matter particles
•Signature: Z→ee and Z→μμ with large Etmiss (> 90 GeV)
•Main backgrounds from diboson production 
•Cut optimization against ZH-like events
•Two interpretations: limit for a SM Higgs invisible branching ratio
•Limit on σ(ZH) x BR(invisible) for further Higgs-like states

ATLAS-CONF-2013-011
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•MSSM Higgs branching ratios similar in structure to SM, but suppressed or 
enhanced according to tanβ 
•At high tanβ τ and μ decays of A/H highly favoured
•Decay channels considered: μμ, eμ, ehad, μhad, hadhad
•Exploiting two main MSSM production modes: ggF and b-associated production 
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ATLAS-CONF-2012-094

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/


Higgs searches at Atlas, LISHEP2013S.M.Consonni

 MSSM charged Higgs searches

23

f

f
g

g

g +
H+

W-

t

t

b

b

ATLAS-CONF-2012-011
ATLAS-CONF-2011-094

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
t 

B

-210

-110

1
Observed CLs
Expected
 1!
 2!

ATLAS

Data 2011
 = 7 TeVs

-1Ldt = 4.6 fb

combined

 [GeV]+Hm
90 100 110 120 130 140 150 160

ta
n 

0

10

20

30

40

50

60

Median expected exclusion

Observed exclusion 95% CL
 theoryObserved +1

 theoryObserved -1

-1Ldt = 4.6 fbData 2011
=7 TeVs  max

hm
ATLAS

•Charged Higgs fundamental in SUSY Higgs sector, since at least 
two Higgs doublets are needed
•Main production mode through top decays 
•3 final states considered, leptonic or hadronic τ decay, Etmiss, 
b jets, and leptonically or hadronically decaying W boson
• Backgrounds: ttbar, single top multijet and diboson
•Mixed MC/data driven background estimation

•csbar decay search with 35 pb-1 performed as well

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/
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•4th July: announcement of the discovery of a Higgs-like boson, measurements 
and searched for other production modes ongoing
•Observation well established in γγ, 4l and WW channels with 7.4σ, 6.6σ and 
3.8σ respectively
•Combined mass measurements from γγ and 4l: 

mH = 125.5 ± 0.2 (stat) +0.5-0.6 (syst) GeV
•Fermionic decays are being searched for… limits at 1.9xσSM and 1.8xσSM for ττ 
and bbar respectively, still not full LHC dataset
•Combination for signal strenght (γγ, 4l, WW, ττ, bbar)
      μ = 1.43 ± 0.16 (stat) ± 0.14 (sys)
•Results for couplings and spin compatible with the SM
•No evidence for invisible Higgs decays
•No evidence for BSM Higgs states (stay tuned for full-statistics result)

•Right title? probably the answer is no!  
The characteristics of the observed boson are up to now compatible with those of a 
SM Higgs boson
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 Atlas detector

29

Physics objects in the detector

Tracking

Electromagnetic and
hadronic calorimeters

Muon system
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 Etmiss
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ATLAS Preliminary

: Data 2012 Pile-up suppression STVF+JVF T Efit 0.45 
: MC12 Pile-up suppression STVF+JVFT Efit 0.44 
: Data 2012 defaultT Efit 0.73 
: MC12 default T Efit 0.75 

!! Z
 = 8 TeVs

-1Ldt=1.7 fb

Npv
0 2 4 6 8 10 12 14 16 18

) [
G

eV
]

m
is

s
x,

y
(E

 

6
8

10
12
14
16
18
20
22
24
26

MC12 default
MC12 Pile-up suppression STVF
Data 2012 default
Data 2012 Pile-up suppression STVF

!! Z 
 = 8 TeVs

-1Ldt=1.7 fb

>20 GeV
T

0 jets p

ATLAS Preliminary

STVF = pT
track,PV! pT

track!( )unmatched  
objects

JVF = pT
track,PV! pT

track!( )tracks matched 
to a jet
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 Taus
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 B-tagging
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ATLAS-CONF-2012-040
ATLAS-CONF-2012-043
ATLAS-CONF-2012-097
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 H→γγ 
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unconverted

converted

ATLAS-CONF-2012-123

Efficiency stability with pileup
π0

γ 
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 H→γγ 
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unconverted

converted

Background decomposition

ATLAS-CONF-2012-168
ATLAS-CONF-2012-123

Efficiency stability with pileup

Mass resolution
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 H→ γγ categories
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di-photon selection

One-lepton

 ll)H)H, Z( lW(

 significancemiss
TE

)H )H, Z( lW(

Low-mass two-jet

 jj)H jj)H, Z(W(

High-mass two-jet

VBF

tight

loose

-conversion-
Tt

9 p

ggF
ggF enriched

VBF enriched

VH enriched

ATLAS Preliminary
 H 

Signal strength
-2 0 2 4 6 8 10

ATLAS Preliminary

 = 8 TeVsData 2012,  
-1Ldt = 20.7 fb

 H 

 = 126.8 GeVHm

2012 data
combined

One-lepton

 significancemiss
TE

Low-mass
two-jet

Tight high-mass
two-jet

Loose high-mass
two-jet

Conv. transition

Conv. rest
Tt

high p

Conv. rest
Tt

low p

Conv. central
Tt

high p

Conv. central
Tt

low p

Unconv. rest
Tt

high p

Unconv. rest
Tt

low p

Unconv. central
Tt

high p

Unconv. central
Tt

low p

ATLAS-CONF-2013-012
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 H→γγ 
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ATLAS-CONF-2013-012
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 H→γγ uncertainties
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ATLAS-CONF-2013-012
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 VBF H→γγ event display
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 Spin-2 model

39

General interaction of spin-2 particle with gauge bosons pair has 10 
independent tensor couplings

• Excluding generic spin-2 model is impossible at this stage 
•Start with model with minimal couplings (g1=g5=1) 
•Two production modes allowed: gg and qqbar 
•Study 5 different gg fractions from 0% to 100%
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 H→ZZ→ 4l FSR correction
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ATLAS-CONF-2013-013
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 H→ZZ→ 4l categories
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ATLAS-CONF-2013-013
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 H→ZZ→ 4l background ATLAS-CONF-2013-013

ll+μμ background 
estimation 
ttbar and Z+jets CR, 
isolation requirement on 
subleading dilepton 
removed, fail impact 
parameter requirement

ll+ee background 
estimation
various methods based 
on relaxed selection 
criteria, inverted 
isolation and impact 
parameter selections, 
same sign subleading 
di-electrons
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 H→ZZ→ 4l background ATLAS-CONF-2013-013
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 H→ZZ→ 4l results
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ATLAS-CONF-2013-013
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 H→ZZ→ 4l results
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ATLAS-CONF-2013-013
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 H→ZZ→ 4l results
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ATLAS-CONF-2013-013
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 H→ZZ→4l spin 

47

•Beam axis in the lab frame 
•Z1 and Z2 in the X rest frame
•leptons in their corresponding parent rest frames

ATLAS-CONF-2013-013
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 H→ZZ→4l spin 
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ATLAS-CONF-2013-013
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 H→ZZ→4l spin 
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ATLAS-CONF-2013-013
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 H→ZZ→4l spin 

50

ATLAS-CONF-2013-013
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 H→ZZ→4l event display
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ATLAS-CONF-2013-013
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 H→WW
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ATLAS-CONF-2013-030

mT =
�

(Ell
T + Emiss

T )2 − |pllT + Emiss
T |2

same sign validation region
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 H→WW
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ATLAS-CONF-2012-158 H→WW ATLAS-CONF-2012-158 H→WW ATLAS-CONF-2012-158

• W+jets fully estimated from data (anti-
isolated lepton, fake factor from dijet 
sample, checked in SS region)
•top normalisation from data (b-jet veto 
reverted, mll and Δϕll cuts removed)
•WW control region: Δϕll removed and 
large mll 
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 H→WW
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ATLAS-CONF-2012-158 H→WW ATLAS-CONF-2012-158 H→WW ATLAS-CONF-2012-158

Signal region
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 H→WW systematics

55



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 H→WW results
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ATLAS-CONF-2012-158
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 H→Zγ signal
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ATLAS-CONF-2013-009

Crystal-ball + gaussian
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 H→ Zγ background
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•Impact parameter requirements for leptons
•Isolation for leptons and photons 
•mllγ > mZ - 10 GeV (suppress FSR Z→llγ and H→γγ internal conversion)
•ΔRlγ cut to suppress FSR
•Photon η and ET recomputed from primary vertex and impact point in the 
calorimeter
•Lepton 4-momenta recomputed with Z-mass constrained kinematic fit
•Background composition studied by means of 2D sideband method

ATLAS-CONF-2013-009
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 H→ Zγ background
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ATLAS-CONF-2013-009ATLAS-CONF-2013-009

3rd order Chebychev polinomial
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 H→ Zγ systematics
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ATLAS-CONF-2013-009
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 H→ττ→leplep
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 H→ττ→leplep

62



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 H→ττ→lephad
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 H→ττ→lephad

64



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 H→ττ→hadhad
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 H→ττ→hadhad
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 H→ττ systematics
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 H→ττ event display
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muon pT = 63 GeV
τ{had} candidate pT = 96 GeV
ETmiss=119 GeV
mjj=625 GeV
mMMC=129 GeV.
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 VH, H→bb selection
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 VH, H→bb
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 VH, H→bb systematics
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 VH, H→bb: cross check VZ, Z→bb 
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WZ, ZZ production with Z→bbar similar signature, but 5 × cross-section 
Perform a separate fit to find Z→bbar and validate the analysis
Backgrounds except VZ and VH are subtracted

σ/σSM = μ = 1.09 ± 0.20 (stat) ± 0.22 (syst). Significance of 4.0σ
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 VH, H→bb event display
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b-jets pT: 149 GeV and 86 GeV
b-jets invariant mass = 109 GeV. 
muon pT = 96 GeV
Etmiss = 139 GeV
pTW = 209 GeV



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 ttbarH, H→bb 
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 H→μμ 
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 ZH, H→invisible

76



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 ZH, H→invisible
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 Full mass range
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Phys. Lett. B 716 (2012) 1-29

http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://www.sciencedirect.com/science/article/pii/S037026931200857X
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 Full mass range
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Phys. Lett. B 716 (2012) 1-29

http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://www.sciencedirect.com/science/article/pii/S037026931200857X
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 Full mass range
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Phys. Lett. B 716 (2012) 1-29

http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://www.sciencedirect.com/science/article/pii/S037026931200857X
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 Statistical method
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ATLAS-CONF-2013-014

•For every analysis category k the number of signal events is parametrised as

nk
signal =

�
�

i

µiσi,SM ×Ak
if × �kif

�
× µf ×Bf,SM × Lk

•Profile likelihood method

Λ(µ) =
L(µ, ˆ̂θ(µ))

L(µ̂, θ̂)

- μ parameter of interest
- θ nuisance parameters
-                   global likelihood maximum
-                    likelihood maximum for tested μ point
- -2Ln(Λ(μ)) follows a χ2 distribution with ndof (μ1...n)
- Pdfs for nuisance parameters θ: gaussian, LogNormal, Poisson… (explored 
rectangular pdfs for some systematics as well)

L(µ̂, θ̂)
L(µ, ˆ̂θ)
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 Statistical method
•For mH
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ATLAS-CONF-2013-014

•For ΔmH
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 Couplings combination inputs
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 Production modes
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 Branching ratio ratios
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 Couplings SM Γ 
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 Couplings no assumption on Γ 
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 Couplings no assumption Γ and γγ loop
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 Custodial symmetry 

89



Higgs searches at Atlas, LISHEP2013S.M.Consonni

 Custodial symmetry, independent of γγ deviations
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 BSM contribution, SM Γ 
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 BSM contributions, BRinvis,undet
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 Spin 
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 Mass difference, council
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ATLAS-CONF-2012-170


