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Standard Model Lagrangian
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+ Q̄ii/DQi + ūi/Dui + d̄ii/Ddi + L̄ii/DLi + ℓ̄ii/Dℓi

+
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YijuQ̄iujH̃+ YijdQ̄idjH+ Yijl L̄iℓjH+ c.c.

)
− λ(H†H)2 + λv2H†H− (∂µH)†∂µH

− 2
M2

W
v

W+µW−
µH− M2

Z
v
ZµZµH+ . . .

h → WW∗
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ttH h → bb̄
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Higgs at the LHC
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WW: broad sensitivity, different backgrounds

bb̄, ττ : fermion couplings, challenging
backgrounds

ZZ: very clean, low statistics

γγ: simple final state, low BR

21.5%

57.7%

6.3%

2.6%

0.2%
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Overview of measurements

Higgs Com-
bination

H → ZZ∗

4e

2e2µ

2µ2e

4µ

2-jet VBF

ℓ-tagH → γγ

Unconv
central,
low pTt

High
Mass
two-jet

One-
lepton

Emiss
T sig.

Conv.
trans.

...

H → WW∗

0-jet

1-jet

2-jet VBF

H → ττ τlepτlep

τlepτhad

τhadτhad

VH → Vbb

Z → νν

W → ℓν

Z → ℓℓ

Map of categories
in the SM Higgs
combination. Not
included are the
recent results for
H → µµ and ttH.

References ATLAS
results can be
found in the back
up material
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Higgs signal spectra
The γγ, ZZ,WW and ττ channels all
exhibit a prominent excess
corresponding tomH ≈ 125.5GeV
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Higgs signal spectra
The γγ, ZZ,WW and ττ channels all
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Higgs signal spectra
The γγ, ZZ,WW and ττ channels all
exhibit a prominent excess
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Higgs property measurements

The following properties can be
measured:

□ Mass (not discussed here)

□ Spin and CP
□ Couplings (see later)

q
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ATLAS
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Standard Model Higgs has Spin CP JP = 0+

Alternative models can be tested JP = 0−, 1+, 1− and 2+

Use angular and kinematical distributions in γγ, ZZ andWW
channels to test models

6 / 24Higgs @ ATLAS ▲

Pe
te
rK

lu
it



Spin and CP measurements
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The spin-2 graviton-inspired model exclusion limits vary as a
function of the qq to gg fraction

Results are consistent with the JP = 0+ hypothesis

Alternative models are excluded at 97.8% CL
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Inclusive signal strength
Measure the ratio between
observed rate and SM Higgs
expectation for σ × BR:

µ =
σ · BR

(σ · BR)SM
Consistent with the SM
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Higgs production modes
2D scan of µggF+ttH and µVBF+VH
modified by BR/BRSM

Interesting observable is the ratio
µVBF+VH

µggF+ttH
that is independent

of the BR and thus channels can
be combined
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Evidence for VBF production
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Test sensitivity to VBF production by profiling µVH:
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4.1σ evidence for VBF production
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Framework to probe couplings
Coupling strengths g of the Higgs to other SM particles scale
with the particle mass

Fermions: gF =
√
2mF/v, Gauge bosons: gV = 2m2

V/v

Measure strength in units of SM expectation, κi = gi/gi,SM, in a
leading-order tree-level motivated framework

Example: gg → H → γγ

σ(gg → H) ∝ κ2
g ≃ 1.058κ2

t + 0.007κ2
b − 0.065κtκb

W±

W�

W+

�

�

H

W

�

�

H t

t̄

t

�

�

H

Γ(H → γγ) ∝ κ2
γ

≃ |1.26κW − 0.27κt|2

Total decay width scales with κ2
H =

∑
jj

κ2
j Γ

SM
jj

ΓSM
H

σ · BR(gg → H → γγ) = σSM(gg → H) · BRSM(H → γγ) ·
κ2
g · κ2

γ

κ2
H

Assumptions: only one CP-even scalar
Higgs (mH = 125.5GeV), narrow-width
approx.: σ · BR(ii → H → ff) = σii · Γff/ΓH

arXiv:1307.1427
[hep-ex]
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Simplified benchmark models
Study simple parametric extensions of the SM, without proper
physics motivation
Reduce degrees of freedom in the different scenarios to increase
statistical precision and sensitivity

N.B. Other approaches are BSM-specificmodels and effective field theory

Probed couplings Parameters of interest
Functional assumptions

Example: gg → H → γγ
κV κF κg κγ κH

Couplings to fer-
mions and bosons

κV,κF 3 3 3 3 3 κ2F · κ2γ(κF,κV)/κ2H(κF,κV)
λFV,κVV 3 3 3 3 − κ2VV · λ2

FV · κ2γ(λFV,λFV,λFV,1)

Custodial symmetry λWZ,λFZ,κZZ − 3 3 3 − κ2ZZ · λ2
FZ · κ2γ(λFZ,λFZ,λFY,λWZ)

Up/down fermions λdu,λVu,κuu 3 κu,κd 3 3 − κ2uu · κ2g(λdu,1) · κ2γ(λdu,1,λdu,λVu)

Leptons/quarks λℓq,λVq,κqq 3 κℓ,κq 3 3 − κ2qq · κ2γ(1,1λℓq,λVq)

Vertex loops κg , κγ = 1 = 1 − − 3 κ2g · κ2γ /κ2H(κg,κγ)

+ H→i./u. decays κg , κγ , BRi.,u. = 1 = 1 − − − κ2g · κ2γ /κ2H(κg,κγ) · (1− BRi.,u.)

Genericmodels w/
& w/o ass. on ver-
tex loops & ΓH

κW , κZ , κt , κb , κτ − − 3 3 3
κ2g(κb ,κt)·κ2γ (κb ,κt ,κτ ,κW)

κ2H(κb ,κt ,κτ ,κW ,κZ)

λWZ, λtg, λbZ, λτZ,
λgZ, λγZ, κgZ

− − − − − κ2gZ · λ2γZ

Nomenclature: λij = κi/κj and κii = κiκi/κH

Results for the Generic models can be found in the backup slides
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Gauge bosons vs fermions (I)
Test fundamental difference
between couplings to fermions κf
and vector-bosons κV

κF = κt = κb = κτ and
κV = κW = κZ
no new Physics in loops or
decay

κF = 1.15± 0.08 κV = 0.99+0.17
−0.15 Vκ

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

Fκ

-2

-1

0

1

2

3

4

 bb→H  bb→H 

ττ →H ττ →H 

 4l→H  4l→H 

νlν l→H νlν l→H 

γγ →H γγ →H 

 bb→H ττ →H 
 4l→H νlν l→H 

γγ →H Combined
SM Best Fit-1Ldt = 20.3 fb∫ = 8 TeV s

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s

ATLAS Preliminary

Vκ
0.8 0.9 1 1.1 1.2 1.3 1.4

)
Vκ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]Fκ,Vκ[

Observed

SM expected

Fκ
-1 -0.5 0 0.5 1 1.5

)
Fκ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]Fκ,Vκ[

Observed

SM expected
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Gauge bosons vs fermions (II)

Loop diagrams with interference (e.g. in γγ) have
sensitivity to relative sign of κ

Fermiophobic Higgs (κF = 0) excluded by more than 5σ

In fits of λFV no assumption is needed for the total width

λFV = 0.86+0.14
−0.12

FVλ

-1.5 -1 -0.5 0 0.5 1 1.5

)
F

V
λ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]VVκ,FVλ[

Observed

SM expected
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Custodial symmetry

Standard Model predicts the same coupling strength of the Higgs
toW and Z bosons from Custodial symmetry

At the LHC one can probe the ratio of the couplings λWZ = κW/κZ
directly in the Higgs sector

λWZ = 0.94+0.14
−0.29

WZλ

0.6 0.8 1 1.2 1.4 1.6

)
W

Z
λ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]ZZκ,FZλ,WZλ[

Observed

SM expected
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Up- and down-type fermions
Many extensions of the SM predict λdu = κd/κu ̸= 1

Up-type quark coupling indirectly constrained by top-quark loop
in gg → h production; Down-type fermion coupling directly
constrained through h → bb̄ and h → ττ

λdu = 0.78− 1.15 @ 68% CL

3.6σ evidence of the coupling of the Higgs boson to down-type
fermions

duλ
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

)
duλ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]uuκ,duλ,Vuλ[

Observed

SM expected
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Quark and lepton symmetry

Lepton coupling strength currently only constrained through
h → ττ

λlq = 0.99− 1.50 @ 68% CL

Vanishing coupling to leptons excluded at 4σ level

lqλ
-2 -1 0 1 2

)
lqλ(

Λ
-2

 ln

0

2

4

6

8

10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H

]qqκ,lqλ,Vqλ[

Observed

SM expected
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Loop contributions

SM processes at 1-loop particularly sensitive
to anomalous new physics effects

gg → H production
H → γγ decay

W±

W�

W+

�

�

H

W

�

�

H t

t̄

t

�

�

H

Introduce effective coupling
scale factors κg and κγ for those
loop induced couplings

All other tree-level couplings
have SM strength, κi = 1
Assume no BSM contributions
to the total decay width

κg = 1.08+0.15
−0.13 κγ = 1.19+0.15

−0.12

γκ
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

gκ

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4 SM
Best fit
68% CL
95% CL

ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s

-1Ldt = 20.3 fb∫ = 8 TeV, s

b,bττ,ZZ*,WW*,γγ →Combined H
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Mass scaling of couplings
Introduce a mass scaling parameters ϵ andM:

κf,i = v
mϵ

f,i

M1+ϵ
and κV,j = v

m2ϵ
V,j

M1+2ϵ

with v ≈ 246GeV and fermion (boson) massesmf,i (mV,j)
In the SM ϵ = 0 andM = v
The dependence of the Higgs boson couplings fermions (bosons) is
linear (quadratic) in their masses to better than 10 percent
Inclusive signal strength µh drivesM to be smaller than 246GeV

∈
-0.1 0 0.1 0.2 0.3 0.4

M
 [G

eV
]

180

200

220

240

260

280

300

320

 , M ]∈[ 
Best fit
SM
Obs. 68% CL
Obs. 95% CL
Exp. 68% CL 
Exp. 95% CL 

 PreliminaryATLAS

b, bττ, ZZ*, WW*, γγ →Combined h 

-1 Ldt = 4.6-4.8 fb∫= 7 TeV, s

-1 Ldt = 20.3 fb∫= 8 TeV, s
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Summary
The Spin and Parity of the
observed boson is consistent
with JP = 0+

The boson is produced in
ggF and VBF with cross
sections and branching
ratios that are consistent
with one SM Higgs boson.

The coupling fits are
consistent with one SM
Higgs boson and
symmetries and mass
scaling have been measured.

Expect improved final Run-1
analysis and >2014 higher
statistics Run-2 results

Parameter value
-2 -1 0 1 2

ATLAS Preliminary

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
-1Ldt = 20.3 fb∫ = 8 TeV s

 = 125.5 GeVHm

0.08-
0.08+=1.15Vκ σ1 

σ2 
Fκ, VκModel: 

=10%
SM

p

0.15-
0.17+=0.99Fκ σ1 

σ2 

0.12-
0.14+=0.86FVλ σ1 

σ2 
VVκ, FVλModel: 

=10%
SM

p

0.29-
0.14+=0.94WZλ σ1 

σ2 
ZZκ, FZλ, WZλModel: 

=19%
SM

p

[0.78,1.15]∪[-1.24,-0.81]
∈ duλ                               

σ1 

σ2 
uuκ, Vuλ, duλModel: 

=20%
SM

p

[0.99,1.50]∪[-1.48,-0.99]

∈ lqλ                                
σ1 

σ2 
qqκ, Vqλ, lqλModel: 

=15%
SM

p

0.13-
0.15+=1.08gκ σ1 

σ2 
γκ, gκModel: 

=9%
SM

p

0.12-
0.15+=1.19γκ σ1 

σ2 

i,u
, Bγκ, gκModel: 

=18%
SM

p

0.30-

0.29+=-0.16i.,u.BR σ1 

σ2 <0.41i.,u.BR
@ 95% CL 

Total uncertainty
σ 1± σ 2±
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Backup slides



Generic models (I)
Previous models minimized number of coupling scale factors to the
ones sensitive to the probed scenario

Only SM particles in loops
and total width fixed to the
SM value

Vertex loop factors and the
total width resolved

Sensitivity to relative sign
between theW- and
top-coupling (h → γγ)

Small sensitivity to relative
sign between the top- and
bottom-coupling (gg → h)

Allowing deviations in vertex
loop couplings and the total
width

Drop assumptions about
which particles contribute
to the loops and the total
width

Effective coupling scale
factors for the gg → h and
h → γγ vertices

No sensitivity to the
relative sign between
coupling scale factors
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Generic models (II)

Parameter value
-2 -1 0 1 2

ATLAS Preliminary

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
-1Ldt = 20.3 fb∫ = 8 TeV s

 = 125.5 GeVHm

0.19-
0.24+=0.95Zκ

σ1 

σ2 

τκ, bκ, tκ, Wκ, ZκModel: 

=13%
SM

p

0.14-
0.30+=0.68Wκ

σ1 

σ2 

[0.61,0.80]∪ tκ
 [-0.80,-0.50]∈ tκ

σ1 

σ2 

 [-0.7,0.7]∈ bκ
σ1 

σ2 

[0.67,1.14]∪ τκ
 [-1.15,-0.67]∈ τκ

σ1 

σ2 

Total uncertainty
σ 1± σ 2±

Parameter value
0 0.5 1 1.5 2

ATLAS Preliminary

-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
-1Ldt = 20.3 fb∫ = 8 TeV s

 = 125.5 GeVHm

0.14-

0.17+|=1.02Zγλ|
σ1 

σ2 
gZκ, tgλ, 

gZ
λ, 

Zτλ, 
bZ

λ, 
WZ

λ, 
ZγλModel: 

=21%
SM

p

0.14-

0.15+|=0.80WZλ|
σ1 

σ2 

0.3-

0.4+|=0.3bZλ|
σ1 

σ2 

0.18-

0.22+|=0.90Zτλ|
σ1 

σ2 

0.16-

0.22+|=0.73gZλ|
σ1 

σ2 

0.0-

2.2+|=0.0tgλ|
σ1 

0.16-

0.17+|=1.18gZκ|
σ1 

σ2 

Total uncertainty
σ 1± σ 2±

23 / 24Higgs @ ATLAS ▲

Pe
te
rK

lu
it



References
The results are based upon:

Phys. Lett. B 716 (2012) 1-29, Observation of a new particle in the
search for the StandardModel Higgs bosonwith the ATLAS detector

Phys. Lett. B 726 (2013), 120-144, Evidence for the spin-0 nature of the
Higgs boson using ATLAS data

ATLAS-CONF-2013-108, Evidence for Higgs Boson Decays to the τ+τ−

Final State with the ATLAS Detector

ATLAS-CONF-2013-079, Search for the bb decay of the StandardModel
Higgs boson in associated (W/Z)H production with the ATLAS detector

ATLAS-CONF-2014-009, Updated couplingmeasurements of the Higgs
bosonwith the ATLAS detector using up to 25 fb−1

ATLAS-CONF-2014-010, Constraints on New Phenomena via Higgs
Boson CouplingMeasurements with the ATLAS Detector

ATL-PHYS-PUB-2013-014, Projections for measurements of Higgs boson
cross sections, branching ratios and coupling parameters...

24 / 24Higgs @ ATLAS ▲

Pe
te
rK

lu
it


	Introduction
	The Standard Model of particle physics

	Higgs decay modes
	Higgs property measurements
	Coupling measurements

	Summary

