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Topics
• Interpretation of data (WP1)

– Extraction of model independent results from 
data in different channels 

• ATLAS : γγ,ττ, bb, ZZ, WW;  CMS : γγ (Run 1 and 2)
– Extending mass range for Higgs searches
– Double Higgs production 

• ATLAS, CMS :  hh, h’h->bbγγ

– Higgs spin and CP properties
• ATLAS - LAL, Djouadi, Boudjema

– Constraints on Higgs couplings from global fits
• ATLAS - LAL, Belanger, Djouadi, Ellwanger, Kraml
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– Interpretation of Higgs data
•Interpretation within effective Lagrangian
•Interpretation within specific models

– LPT, LPSC, LAPTh
•Interpretation of h->γγ in low mass range 

within NMSSM, 2HDM ....  -  CMS+ TH
•Bounding Higgs width through gg-> γγ, gg->h-

>γγ interference - CMS

– Future directions
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Higgs Interpretation
• Effective Lagrangian : systematic expansion of 

all interactions of H with SM
• with dim6 operators plus some assumptions:  -> 

simplified Higgs Lagrangian

–  Global fits
• Falkowski, Djouadi, Ellwanger, Belanger, Kraml 
• Public tool for fit to data (Kraml et al) 6

Simpler effective theory with 7 free parameters 

<ALL> these parameters are meaningfully constrained by current Higgs data

Limit of SM+SILH with constraints 

Standard Model limit: cV=cf=1, cgg=cγγ=cZγ=0

Simplified Effective Higgs Lagrangian !
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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.

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

show the distribution for CD here but just remark that |CD| � 1 ± 0.2 with a sign ambiguity

following from the weak dependence of the gg and γγ loops on the bottom-quark coupling.)

For CV , we find a best-fit value slightly above 1, at CV = 1.07, but with the SM-like value of

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

considered here, and typically leads to various consistency problems as discussed, e.g., in [70].
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• Higgs interpretation within extension of SM
– MSSM, NMSSM, BMSSM, composite, UED, 

extended scalar (THDM, IDM, Z3M)  often 
motivated or has consequences on DM properties

– Belanger, Boudjema, Djouadi, Ellwanger, Falkowski, 
Herrmann, Kraml

• Higgs could be the only link to the dark sector (Higgs 
portal) or role in DM detection/annihilation
– Belanger, Djouadi, Mambrini 7

Djouadi, Mambrini
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• Precision calculations (WP2)
– Precision calculations of non-standard Higgs 

scenarios M2.2.2
•Precise predictions for the Higgs mass, production 

and decay in MSSM and NMSSM (Slavich)
• MSSM convenor of LHC Higgs cross section WG (Slavich)
•Higgs sector in non-minimal SUSY extensions,e.g.

– Split SUSY : improvements in mass spectrum calculation & 
public code (Djouadi, Slavich)

– Dirac gauginos : Higgs sector at 2-loop (Slavich)

– NLO calculations of multiple vector boson 
production (Boudjema, Guillet, Pilon)

– Higgs  background processes  : direct photon
•CMS 
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• Improved analysis tools (WP3)- (M3.1.1, M3.1.2) 

– Exploration of better solutions to problems of 
•tagging heavy particles decaying in narrow 

collimated jets and 
•reducing pileup contamination

– Integration into fast and reliable analysis 
tools within FastJet framework (Cacciari)

– Improvement  for H->bb (ATLAS)
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Other activities

• Workshop Les Houches ‘Physics at TeV 
colliders’
– Bringing together experimentalists and theorists  

working on physics at TeV colliders (LHC) 
– odd years

• Workshop series on ‘Implications of the 125 
GeV Higgs boson’
– S. Kraml, Grenoble - LPSC

• Link with other nodes 
– ALU-FR, IFJ-PAN 
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