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Habemus novum Boson

An amazing discovery indeed on its own. 

It is also the beginning of a new era for HEP

We need to understand to the best of the capabilities 

of the LHC what boson it is we discovered and 

whether we see more than one 



Habemus novum Boson
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Pick a language



http://www.wits.ac.za/newsroom/ne
wsitems/201207/16724/news_item_
16724.html

http://www.wits.ac.za/newsroom/newsitems/201207/16724/news_item_16724.html


“The Department of Science and Technology selected 
CERN as one of its global large-scale infrastructure 
projects; it supports scientists in the South Africa-CERN 
consortium to participate in experiments to investigate 
the existence of the Higgs boson particle and other 
expected discoveries. The Department is proud of these 
scientists who are part of this major scientific 
breakthrough and celebrates this achievement with the 
rest of the world.”

Statement from the DST on July 4th 2012

A strong boost of the SA-CERN program followed in 2013
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Do we live in the P.H.D (Post Higgs Depression) or are 

we ready to start digging further into fundamental 

questions of nature?

What can the LHC data tell 

us about what’s out there 

by means of the Higgs 

boson sector?
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Higgs production at 

Hadron Colliders and 

decays

Gluon-gluon 

fusion

Vector Boson 

Fusion

Associated Production



Higgs Cross-Sections at LHC
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Main Decay Modes

12
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Consistency with SM 0+

hypothesis

The SM predicts that the Higgs boson have the quantum number JCP = 0+
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Spin/CP in H->ZZ->4l

Exploit full 4-

lepton 

kinematics, 

combined into a 

multivariate 

analysis (BDT)

Most sensitive 

channel in 

decay to 0
-

Phys.Lett. B726 (2013) 120-144
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Data show compatibility with 

the SM 0+ hypothesis while 

other alternative hypotheses 

considered are excluded at a 

confidence levels above 95%

Observation 

Phys.Lett. B726 (2013) 120-144
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Exclusion of Spin-2 hypotheses
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Observation of the VBF 

production mechanism 

at the LHC

The observation of the VBF production mechanism with 

the so-called VBF-topology is an important milestone for 

the demonstration of the SM-like nature of the coupling 

of the newly discovered scalar to EW bosons.
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The VBF Signal at the LHC 
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Exploration of Coupling 

Strengths

The ATLAS and CMS experiments perform global fits to their 

available data in order to check compatibility with the 

Standard Model. Higgs boson couplings are assumed to be 

that of the SM and scaling parameters are introduced. 
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In the standard model there is a physical state, a 

Higgs boson with well defined couplings to weak 

bosons, fermions and self interactions

The exploration of the coupling to weak bosons plays 

now a pivotal role in understanding the nature of the 

scalar boson observed experimentally. New physics 

can be hidden in these couplings.
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Overall, good consistency with the SM
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Coupling strength to weak bosons

Overall, good consistency with the SM
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Overall, good consistency with the SM

Coupling strength to weak bosons
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Coupling to particles 

expected to be 

proportional to their 

mass
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Word of caution:

Results related to global fits by the 

experiments assume that the Higgs is 

produced as it is expected by the Standard 

Model. By means of a likelihood formalism 

the phase-spaced is reweighted according 

to the ratio of Signal to Background (S/B)

Therefore results on global fits above are 

to be considered as a consistency check. 

Strictly speaking, this approach is not 

optimized to search for deviations from 

the Standard Model  

What happens if we remove these biases and measure fiducial 

(no assumptions on how the higgs is produced) cross-sections?
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An example of a potential bias introduced by assuming the 

Higgs is produced as in the Standard Model:

When assuming the 

Standard Model the 

signal strength of H->γγ 

is 1.17

when releasing that 

condition we get 1.42

Results are still 

compatible statistically. 

More data will be needed 

to understand if the 

tension increases. 

Fiducial, unbiased cross-sections
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The Anomalies
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When measuring the Higgs boson transverse momentum certain 

discrepancies were found with the Standard Model
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Combination
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Excesses in the search for a double Higgs resonance

An excess of less 

than 2 sigma in 

the region around 

300 GeV

In the SM double 

h production has 

too of a small 

cross-section to 

yield an excess at 

this point
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An excess of above 2 

sigma in the region 

around 300 GeV
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An excess of above 2 sigma in the region 

around 300 GeV (same data as the previous slide) 
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The CMS experiment has an excess shy of 2 sigma at 275 GeV 

in the search for VV, V = Z, W.

Excess
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Recent Progress in QCD 

Higher Order Corrections

How robust is the total gluon-gluon fusion and 

differential transverse momentum distribution?
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arXiv:1503.06056v1, C. Anastasiou et al.

First Complete N3LO calculation for the total gluon-gluon  fusion cross-

section showing small N3LO/NNLO corrections

Perturbative series have converged adding 

strong confidence on the calculation
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arXiv:1504.07922v1, R. Boughezal et al. First complete calculation of 

ggF+1j at NNLO, showing strong reduction of scale variation

Corrections to Higgs pT are 

moderate and up to 25%
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The Phenomenological 

Framework
The minimal extension of the Higgs sector

Can the Higgs pT anomaly be connected with 

the excesses at around 300 GeV? 

If so, how?



Minimal Extension of Higgs sector

Try to approach the problem as generally as possible. 

The 2HDM approach, even if more general than MSSM, 

remains a model

Instead investigating a minimal extension of the Higgs 

sector via the introduction of a real singlet and a SU(2) 

singlet (DM)

Introduce a weakly interactive, stable particle (DM 

candidate). H would play, in a sense,  the role of a 

mediator. The dynamics behind this DM candidate not of 

concern now

Flexible framework that be eventually be mapped to a 

flavor of 2HDM, if necessary

40



The Lagrangian
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Introduce H and X fields with the 

interactions listed below



Parameters and MG5 Feynrules 
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Event Generation

43

Generated complete Gauge invariant set of diagrams. 

Suppressed hXX and hhXX couplings to study diagram below

Effective Hgg 

coupling with 

same structure as 

in the SM
Quartic HhXX coupling. This 

diagram generates 

distortion of h pT spectrum 

with kinematically 

constrained production of 

DM

H
DM 

Candidate

SM Higgs



H p
T

and MET Spectra
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How does this hypothesis fit the data?
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Templates are fit to the Higgs pT data. Best fit is obtained with 

MH=275 GeV with MX=60 GeV. Good fit quality.
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Prospects With Run II
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What to expect from Run II

By the end of 2015 we should get 

sufficient data to gain sensitivity 

comparable  to that we gained up until 

2012. At this point we could confirm the 

excesses and be on the way to a new 

discovery

Before summer (Northern Hemisphere) 

of 2016 will get sufficient data to 

declare discovery, if excesses are 

confirmed.
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Excesses come,

excesses go.

We really hope that this one is 

here to stay.

In any case, the future is bright!

From my summary talk of a workshop in 

Pittsburg, January 15th 2012, few months 

before the Higgs discovery

Same applies now!


