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Discovery!

ATLAS coll. ATLAS-CONF-2013-034.

CMS coll.  CMS-PAS-HIG-13-002

 



Data

Giardino et al. 1303.3570

Giardino et al. 1303.3570



Higgs Production

● Access to top, Z and 
W couplings.

● Loops sensitive to 
new particles



Higgs Decays



Data

Giardino et al. 1303.3570



How to make a fit
Is it really the SM higgs? 
Simple recipe:

● Take your favorite set of 
parameters 

● Define rates as function

● Construct

Issues: no correlation, data taking, uncertainties in the production 
efficiencies, "cherry picking"

CMS coll.   CMS-PAS-HIG-13-001



Minimal Lagrangian

Assuming:

● A unique neutral scalar, color-singlet, CP-even, near 
126 GeV 



Taming the fit

O(10) parameters: too many!

To have more handle:

● Fix parameters and 
relations

● Marginalize  

Giardino et al. 1303.3570



Composite Higgs Inspired Fit

Simplest thing to do:

● Bosons VS Fermions

● No new particle in the 
loop



Confused?

-  Collaborations follow 
"LHC HXSWG interim 
recommendation" 
(1209.0040)

- Theorist don't

Giardino et al. 1303.3570

Falkowski,Riva,Urbano. 
1303.1812

Azatov, Galloway 1212.1380v3

Ellis, You   1303.3879

CMS coll. HIG-13-005-pas
ATLAS coll. ATLAS-CONF-2013-034.



Dissecting the fit: vectors

Each channel 
sensitive to a 
combination of 
production and decay



Dissecting the fit: fermions

Each channel 
sensitive to a 
combination of 
production and 
decay



Dissecting the fit: photons



Composite Higgs Inspired Fit

● Best Fit
(0.98, 0.86)

● SM well within 
68% CL



Composite Higgs

~ Model independent

Model dependent

Higgs remnant of strong dynamic with global symmetry 
pattern G/H



Composite Higgs Implications

● n fixes the trajectory 
(n=0,1,2)

● Fine tuning ~v/f



Two Higgs Doblet Models

● Extra doublet describe 
many models (SUSY 
included)

● Details of the potential 
are not important 

● Couplings described by 
2 parameters only



2HDM 

Given the angles remains to assign doublet-fermion 
couplings



2HDM

Giardino et al. 1303.3570



2HDM Type-II  - MSSM

Type-II describes MSSM like Higgs Doublets

Azatov, Galloway 1212.1380v3



MSSM Heavier Scalar

SUSY constraints 
the potential

Fixed Higgs mass: 
prediction for the 
heavier scalar 
mass

Fit gives a lower 
bound on mH

Azatov, Galloway 1212.1380v3

Decoupling limit is favored 



MSSM Heavier Scalar

Fit gives a lower 
bound on mH

Prediction on 
production cross 
section

Interplay between 
direct searches 
and Higgs data fits

LHC14LHC8

Darker red: excluded by pseudoscalar direct 
searches

Barbieri et al. 1304.3670



Loop corrections

Loop corrections 
encode new particles 
information
e.g. superpartners



Loop coefficients fit

● Slope is set by 
representation

● Position on the line 
depends on the model 
(mass of the particle, 
etc.)

Azatov, Galloway 1212.1380v3



Loop in susy - e.g. Stau

Light Stau enter only in correction to diphoton decay
Popular given last year excess

Azatov, Galloway 1212.1380v3



Loop in susy - e.g. Stops

tanβ>>1 limit used to study stops

D'Agnolo, Kuflik, Zanetti 1212.1165



What the mass is telling us

Different ways to get 125 
GeV:
● heavy stops

● large stop mixing

● extended scalar sector 
(NMSSM)

Hall, Pinner, Ruderman 
1112.2703



Stops and Naturalness

If too large      tuned 
parameters to get 
correct EWSB scale

Hall, Pinner, Ruderman 
1112.2703



Stops and Naturalness

Hall, Pinner, Ruderman 
1112.2703

Jad Marrouche @ Moriond 2013



There are more things

Not enough time to talk about:

● Non minimal scalar sector (SUSY or Composite Higgs)

● Non minimal composite partners

● Invisible Width

● Dilaton

● Social Higgs (more than one scalar @125GeV)

● EWPT

● Vacuum stability

● More...



Conclusions

● Light Higgs driving EWSB. Consistent with SM 
prediction. 

● Current Higgs data can be used to extract information 
about EWSB and beyond the SM physics.
Precision era is approaching fast.

● Interplay between direct searches and fits

● Discovery+Naturalness VS Fine Tuning



Backup



Atlas Channels



Heavier Higgs 2

Barbieri et al. 1304.3670



Lagrangian 2HDM MSSM



Invisible Width

Various models predict light 
particles leading to invisible 
decay, e.g.:

● DM models

● Non-minimal 
Supersymmetry

● Composite Models with 
extended scalar sector

● More...

Ellis, You   1303.3879



MSSM Heavier Scalar

Azatov, Galloway 1212.1380v3

Decoupling limit is favored 



Yt<0

Final state



Yt<0

Final state

MF, Grojean, Maltoni, Salvion,Thamm. 1211.3736

Biswas et al. 1304.1822



Data Tables ATLAS



Data Tables CMS



Dilaton



EWPT


