
WP : physics@colliders

 Goal 2014-2016: 
Preparing for Run2 @13TeV  and physics analyses  

Also : detectors, preparing upgrades or post-LHC
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The  Higgs
• Is the 125 GeV Higgs  the SM Higgs?

– measurement of standard decay channels (LAPP - 2photon)
• Precise measurement of Higgs mass in two-photon 

– LAPP , Enigmass PhD - to start in 2014 +Enigmass Postdoc?

– Global fits (LPSC, LAPTh)
• soon public code (B. Dumont, J. Bernon)

– Interpretation in the framework of NP models
• LAPTh/LPSC + Enigmass PhD J. Bernon

– Composite Higgs ?
• C. Delaunay (LAPTh)

– Exotic decay channels (e.g. H->cc and new physics)
• C. Delaunay

– CP properties (pure scalar or not) :  Wh, ttH/A
• C. Delaunay, K. Mohan, R. Godbole + LAPTh
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Figure 3: ∆χ2
distributions in 1D and 2D for the fit of ∆Cg and ∆Cγ for CU = CD = CV = 1.

In the 1D plots, the solid (dashed) lines are for the case that invisible/unseen decays are absent

(allowed). In the 2D plot, the red, orange and yellow areas are the 68%, 95% and 99.7% CL

regions, respectively, assuming invisible decays are absent. The white star marks the best-fit

point. The black and grey lines show the 68% and 95% CL contours when allowing for invisible

decays.

would be detected as missing transverse energy at the LHC. A direct search for invisible decays

of the Higgs boson have been performed by ATLAS in the ZH → �+�− +E
miss
T channel [5] and

is implemented in the analysis. Thus, the total width is fully calculable from the set of Ci and

B(H → invisible) in all the cases we consider. (We will come back to this at the end of this

section.)

We begin by taking SM values for the tree-level couplings to fermions and vector bosons,

i.e. CU = CD = CV = 1, but allow for New Physics contributions to the couplings to gg and

γγ. The fit results with and without allowing for invisible/unseen Higgs decays are shown in

Fig. 3. We observe that the SM point of ∆Cg = ∆Cγ = 0 is well within the 68% contour

with the best fit points favoring a slightly positive (negative) value for ∆Cγ (∆Cg). Allowing

for invisible/unseen decays expands the 68%, 95% and 99.7% CL regions by only a modest

amount. This is in contrast to the situation at the end of 2012 [45,48], where some New Physics

contribution to both ∆Cg and ∆Cγ was preferred, and allowing for invisible decays had a large

effect; with the higher statistics and with the reduced γγ signal strength from CMS [11],

∆Cg and ∆Cγ are now much more constrained. The best fit is obtained for ∆Cg = −0.06,

∆Cγ = 0.13, Binv ≡ B(H → invisible) = 0 and has χ2
min = 17.71 for 21 d.o.f. (degrees of

freedom)
3
, as compared to χ2

= 18.95 with 23 d.o.f. for the SM, so allowing for additional loop

contributions does not improve the fit.

Next, we allow CU , CD and CV to vary but assume that there is no New Physics in the gg

and γγ loops, i.e. we take ∆Cg = ∆Cγ = 0. Results for this case are shown in Fig. 4. We

observe that, contrary to the situation at the end of 2012 [45], the latest data prefer a positive

value of CU close to 1. This is good news, as a negative sign of CU—in the convention where

mt is positive—is quite problematic in the context of most theoretical models.
4

(We do not

3
There are in total 23 measurements entering our fit, and we adopt the simple definition of the number of

d.o.f. as number of measurements minus number of parameters.
4
If the top quark and Higgs bosons are considered as fundamental fields, it would require that the top quark

mass is induced dominantly by the vev of at least one additional Higgs boson which is not the Higgs boson
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• Other channels
– Cross section measurement  SM diphoton+jets, and 

2photons+bb ( QCD background for future measurement of 
Higgs self-coupling)

• Enigmass PhD:  Suzanna Barnovska
• interest for NP

• Searches for other scalars
– Charged Higgs (2 thesis  ‘co-tutelle’ Stockholm - LPSC)
– Signatures at LHC - ‘Inert doublet’ (LPSC) + extensions 

(LAPTh)  
• Long term : Higgs self-couplings

3
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Beyond Standard model
• No  sign of NP @LHC7/8TeV
• Hierarchy problem and dark matter -->  BSM
• Supersymmetry, Xtra-Dimensions, extended scalar sector, 

composites  -> Global view of new physics models
• ATLAS and CMS searches in a variety of channels - coherent 

interpretation difficult/time consuming - simplified model spectra
• New automatized tool, SModelS allow to apply SMS results in 

variety of models 
– LPSC/Vienna+ Enigmass visitor (U.Laa)   

• Development of tool based on MadAnalysis5 : reinterpretation 
of SUSY limits in theoretically well-motivated  models
– LPSC/LAPTh +DMAstroLHC+ Postdoc Enigmass?
– PhD  LPSC/LAPTh - to start in fall 2014

4
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• LHC limits on composite partners of light quarks
– C. Delaunay (LAPTh)

• Automatisation of NLO-QCD corrections in BSM (eg SUSY and 
vector-like quarks) + prospective for 100 TeV collider
– Enigmass PhD, J. Proudhom (LPSC)

• Monophotons - interpretation SUSY, XtraDim + link DM
– PhD thesis with M.-H. Genest (LPSC)

• Diphotons at large mass (RS or ADD)
– PostDoc ANR - LPSC (F. Malek, J. Stark +Postdoc Enigmass?)

• Model Independent Search for NP in di-electron channel (e.g. Z’)
– LPSC (Ledroit, Stark), LAPP (T. Berger)+Postdoc Enigmass?

5
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Top
• Heaviest particle of SM - order one coupling to Higgs -link to 

mass generation mechanism
• Large group at LPSC 

– Single top : measurement of cross section in s-channel (A. 
Lucotte, A.Lleres + PhD)

– measurement of Wt cross-section (C. Gabaldon)
• New physics searches in same sign top events

– Thesis proposal  (A. Lleres + C. Smith)
• MT2-based strategy to measure top polarization and tt spin 

correlations + NP search 
– LAPTh-D. Guadagnoli +Postdoc Enigmass?

• Using top polarisation to increase reach in new particle searches 
and extract properties of SUSY particles
– R. Godbole, LAPTh, LPSC-Th 6
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W’s
• Strong connection with EWSB, dynamics of weak vector 

bosons probes mass generation  
• EWSB and NP

– Measurement of WZ/WW final states
– Probing EWSB through multi-boson processes
– Searches for NP
– Studies of spin correlations in multi-boson (E. Sauvan +Postdoc 

Enigmass ?)
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Higgs, W
Top, Exotics

LAPP LPSC

LAPTh LPSC-Th
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