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The Higgs boson has been found
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● previous updates at HCP2012 in Kyoto (in November) and at the open 
session of the CERN Council (in December)

● and now Moriond!

● Tevatron is very competitive for H→bb and results are not yet final
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What we know about it
before Moriond
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What we know about it
before Moriond
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ATLAS

WW 0/1-jet: 

[CMS-PAS-HIG-13-003]

[CMS-PAS-HIG-13-002]

[ATLAS-CONF-2013-012]
[ATLAS-CONF-2013-013]
[ATLAS-CONF-2013-014]

What we know about it
after Moriond EW

CMS
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Tevatron results

Tevatron (HCP2012)

How can we go beyond this 
information to understand 

what is in the data?

How well do we know the 
Higgs couplings?
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Deviations from the SM Higgs

● We first need to specify a Lagrangian. Our choice:

Scaling factors C parametrize deviations from the SM

● We calculate C
g  

(for gluon-gluon fusion) and C
γ
 (for H→γγ) from C

U 
, C

D 
, C

V
 

and we allow for additional particles in the loop: ΔC
g 
and ΔC

γ

→ C
g 
= C

g 
+ ΔC

g 
and C

γ
 =  C

γ
 + ΔC

γ

● Total Higgs width: a priori not accessible at the LHC
→ we can in general only determine ratio of couplings
→ ... or fix an invisible/undetected Higgs width
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Fitting procedure

● simple χ² fit:

● when we use (μ
ggF+ttH

, μ
VBF+VH

) information we take into account correlations

● we take into account the different efficiencies for the various production 
mechanisms

→ discussion on Higgs Fits and Likelihoods tomorrow morning

● μ
k
: rescaling of the SM prediction (given by the LHC Higgs XS WG)

● when showing contours of Δχ2:
we profile the likelihood over the unseen parameters
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A word on H→γγ

● contribution from the W is 5 times larger than from the top quark
and with opposite sign

● small contributions from bottom and lighter quarks

● new particles in the loop could change the Hγγ rate
(e.g. charged Higgses, charginos, staus, ...)
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I) ΔC
g
 , ΔC

γ
  fit

● we assume C
U
= C

D
= C

V
= 1    —    ΔC

g
 and ΔC

γ
 are free to vary

→ new physics as additional particles in the loops

● relevant in the context of Universal Extra Dimensions, VLQ, ...

● SM: 2.2σ away from best fit
due to the excess in H→γγ

● Observed gluon-gluon fusion rate 
well compatible with the SM
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II) C
U
 , C

D
 , C

V
 fit

● we assume ΔC
g
= ΔC

γ
= 0    —    C

U 
, C

D
 and C

V
 are free to vary

→ modified Higgs sector + no new particles in the loops

● can arise with extended Higgs sectors (e.g. 2HDM with heavy H+)

● SM: 1.6σ away from best fit
due to the excess in H→γγ
 

● C
U
< 0 (sign opposite to C

V
) 

 constructive interference with⇒  W
preferred at the level of 1.8σ

●  C
D
 compatible with the SM

 C
D
 (up to a minus sign)
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● C
V
 tend to be larger for C

U
> 0

II) C
U
 , C

D
 , C

V
 fit

● Strong correlation between C
γ
 and C

V

Single top production in association with a Higgs boson could soon 
discriminate C

U
> 0 and C

U
< 0 [Biswas, Gabrielli and Mele '12; Farina et al. '12]

C
U
< 0

C
U
> 0
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● general case: C
U
, C

D
, C

V
, ΔC

g
 and ΔC

γ
 are free to vary

● encompasses a very broad class of models
(incl. Higgs sector made of any number of doublets + singlets)

● C
γ
> 1 is achieved with ΔC

γ
> 0

III) C
U
 , C

D
 , C

V
 , ΔC

g
 , ΔC

γ
 fit

● anticorrelation between C
U
 and ΔC

g
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● C
γ
> 1 is achieved with ΔC

γ
> 0

III) C
U
 , C

D
 , C

V
 , ΔC

g
 , ΔC

γ
 fit

● anticorrelation between C
U
 and ΔC

g

assuming μ(ttH) = 1 ± 0.3

● general case: C
U
, C

D
, C

V
, ΔC

g
 and ΔC

γ
 are free to vary

● encompasses a very broad class of models
(incl. Higgs sector made of any number of doublets + singlets)
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III) C
U
 , C

D
 , C

V
 , ΔC

g
 , ΔC

γ
 fit

● SM: 1.4σ away from best fit
due to the excess in H→γγ

● balance between C
U
 and ΔC

γ

● the determination of C
V
 is robust
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Goodness-of-fit

● significant improvement of χ2/d.o.f. (hence the p-value)
when allowing for an enhanced Hγγ rate

● no amelioration of the fit from 2 to 5 parameters
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...and after Moriond QCD?

ATLAS

[ATLAS-CONF-2013-030]
[ATLAS-CONF-2013-034]

CMS
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...and H→γγ

[CMS-PAS-HIG-13-004]
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New CMS H→γγ

C
ut

-b
as

ed
C

ut
-b

as
ed

M
VA

M
VA

7+8 TeV: σ/σSM @ 125.0 GeV = 0.78 
+0.28-0.26

7+8 TeV:σ/σSM @ 124.5 GeV = 1.11 
+0.32-0.30

7 TeV: σ/σSM @ 125.0 GeV = 1.69 +0.65-0.59 7 TeV: σ/σSM @ 124.5 GeV = 2.27 +0.80-0.74
8 TeV: σ/σSM @ 125.0 GeV = 0.55 +0.29-0.27 8 TeV: σ/σSM @ 124.5 GeV = 0.93 +0.34-0.32
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MVA cut
based
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New CMS H→γγ

M
VA

M
VA

7+8 TeV: σ/σSM @ 125.0 GeV = 0.78 
+0.28-0.26

7 TeV: σ/σSM @ 125.0 GeV = 1.69 +0.65-0.59
8 TeV: σ/σSM @ 125.0 GeV = 0.55 +0.29-0.27
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I) ΔC
g
 , ΔC

γ
  fit

after Moriond
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II) C
U
 , C

D
 , C

V
 fit

after Moriond
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Goodness-of-fit
after Moriond

● no improvement of χ2/d.o.f. (hence the p-value)
when allowing for additional freedom
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Conclusion

● first step in the study of the implications of the new boson

● pre-Moriond data indicates that better fit to the data are possible 
with enhanced H→γγ

● enhanced H→γγ can be accommodated with:
● C

U
≈ −C

V
 (difficult to achieve in a realistic model)

● ΔC
γ
> 0 (light non-SM electrically charged particles)

● but Higgs seems very SM-like with CMS H→γγ MVA
what about CMS H→γγ cut-based?
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Invisible decays of the Higgs boson
before Moriond EW

SM+invisible

SM+(C
U
>0)+(C

D
>0)+(C

V
<1)+invisible

SM+ΔC
g
+ΔC

γ
+invisible

1σ

2σ

3σ

SM+C
U
+C

D
+C

V
+invisible

it needs to be updated with the Moriond results already shown, but not only...
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Searches for invisible decays of the Higgs boson

[ATLAS-CONF-2013-011]
ATLAS
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Searches for invisible decays of the Higgs boson

[ATLAS-CONF-2013-011]

see also earlier studies based on e.g. monojet searches [Djouadi et al. '12]

ATLAS
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Invisible decays of the Higgs boson
after Moriond EW

1σ

2σ

3σ
SM+invisible

SM+(C
U
>0)+(C

D
>0)+(C

V
<1)+invisible

SM+ΔC
g
+ΔC

γ
+invisible

SM+C
U
+C

D
+C

V
+invisible

if invisible = dark matter:
interplay between direct searches and H → invisible
(see backup)
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Invisible decays of the Higgs boson
and dark matter

Majorana dark matter scalar dark matter
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Pre-Moriond experimental data we use
ATLAS
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Experimental data we use
CMS

Pre-Moriond experimental data we use
CMS
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Pre-Moriond experimental data we use
Tevatron
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II) C
U
 , C

D
 , C

V
 fit

C
U
>0, C

D
>0, C

V
 fit
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Two Higgs Doublet Model

● Model-dependent study: 2HDM type I and II
● 2 parameters (angles): α and β

● in both cases we have:
– 
– 

● both h and H could be the 125.5 GeV observed state
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Two Higgs Doublet Model
results

type I type II
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