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Projects underway for Les Houches

 Higgs Effective Lagrangian

 Double Higgs production

 Exotic Higgs Decays

 Theoretical and systematic uncertainties on the Higgs 
couplings

 HDECAY extensions
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Higgs Effective Lagrangian 
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L = LSM +
�

i

c̄iOi ≡ LSM +∆LSILH +∆Lgauge +∆LCP +∆LF1 +∆LF2 +∆L4f

see review arXiv:1303.3876 
and references therein

http://arXiv.org/abs/arXiv:1303.3876
http://arXiv.org/abs/arXiv:1303.3876
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see review arXiv:1303.3876 
and references therein

http://arXiv.org/abs/arXiv:1303.3876
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see review arXiv:1303.3876 
and references therein

universal shift Higgs trilinear

htt coupling

contact ggh / gghh

Operators relevant for 
Double Higgs production 

(gg→hh, WW→hh)

http://arXiv.org/abs/arXiv:1303.3876
http://arXiv.org/abs/arXiv:1303.3876
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EW operators relevant for 
EWPT, TGC, Vh, h→VV

http://arXiv.org/abs/arXiv:1303.3876
http://arXiv.org/abs/arXiv:1303.3876
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and references therein
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TASKS FOR LES HOUCHES: 

1. Map operators to experimental observables

complete the translation of operators to unitary gauge  ─

[ Contino, Boudjema, Falkowski, Moortgat, .... ] 
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TASKS FOR LES HOUCHES: 

1. Map operators to experimental observables

complete the translation of operators to unitary gauge  ─

Ex: h→gg rate  -- from eHDECAY,  arXiv:1303.3876

[ Contino, Boudjema, Falkowski, Moortgat, .... ] 

http://arXiv.org/abs/arXiv:1303.3876
http://arXiv.org/abs/arXiv:1303.3876
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TASKS FOR LES HOUCHES: 

1. Map operators to experimental observables

complete the translation of operators to unitary gauge  ─

is the current presentation of experimental results sufficient ?
(ex: kappa’s in Higgs searches vs Effective Lagrangian coefficients)

─

Ex: h→gg rate  -- from eHDECAY,  arXiv:1303.3876

[ Contino, Boudjema, Falkowski, Moortgat, .... ] 

http://arXiv.org/abs/arXiv:1303.3876
http://arXiv.org/abs/arXiv:1303.3876
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TASKS FOR LES HOUCHES: 

2. Derive constraints on EW operators from LEP1&2  (incl. TGC) and LHC

[ Belyaev, Falkowski, Fichet, Mohan, Rohini, Rosenfeld, Sanz, Son ] 

decays h→WW*, h→ZZ*─

single-Higgs production via VBF─

Higgs associated production hV─

Triple Gauge Couplings (TGC)─



Anomalous HVV 
w/ Kirtimaan, Maggie, Minho and Rohini

process by process
limits on CP-violating

Within Eff theory: 
correlations & predictions



H-> ZZ*

break degeneracies

0708.0458

Angular distributions

needs update
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VBF
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Associated production
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Technicalities

FR implementation coming from Maltoni et al.
Contains just HVV anomalous couplings in mass basis

Need to 
add translation to interaction basis

and all the terms
HH, LF1, LF2 and Wmunu^2

CalcHEP: Sasha and Rogerio, full Lagrangian in 
1303.3876 

Translation between different basis, checks



TGCs 
w/ Adam, Kirtimaan, Minho & Sylvain

5  operators (including CP-odd ones) contribute to TGCs.

We will revisit LEP analysis to get correlations among the anomalous couplings. 

Higgs couplings 
vs TGC 

couplings in the 
Eff thy 

framework



Constraints from ttbar differential cross sections (               ,                  )dσ/dpT dσ/dmtt

3

to the top CEDM (c.f. [25]). At present however, the
most sensitive observable available at the Tevatron and
the LHC are still the total production cross-sections and
their differential spectrum as a function of the invariant
mass of the top pair (mtt̄).

At the Tevatron the recent combination of the CDF
analyses yields [26],
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exp
= (7.50± 0.48) pb (10)

for an assumed top mass of mt = 172.5 GeV. We have
combined the estimated statistical and systematic errors
in quadrature. This is consistent with the most recent
theoretical SM prediction for this observable [27],
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−0.42) pb (11)

based on approximate NNLO QCD calculation using the
same top mass and the MSTW2008 PDFs [28]. As
pointed out in [29], the most significant information in
the high mtt̄ region at the Tevatron is the one derived
from the next-to-highest measured bin [30],

σ(700 GeV < mtt̄ < 800 GeV)
exp

= (80± 37) fb, (12)

to be compared with the SM theory prediction of [31],

σ(700 GeV < mtt̄ < 800 GeV)SM = (80± 8) fb. (13)

At the LHC at 7 TeV, presently the most precise mea-
surement [32] for the total production cross-section yields
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exp
= (180± 18) pb, (14)

in agreement with the SM prediction of [33],
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SM
= (165+11

−16
) pb. (15)

Recently the ATLAS collaboration published a study [34]
of the mtt̄ spectrum using 200 pb−1 collected lumi-
nosity. In the high mtt̄ > 1 TeV region they report
N1TeV

exp
= 77 ± 9 events. The results were not unfolded.

Among the systematic uncertainties, the b-tagging effi-
ciency (11%) dominates the total inclusive cross-section
measurement and stays almost constant with mtt̄. The
other important source of error is the jet energy scale
uncertainty. It is subleading in the total inclusive mea-
surement (9%), with a mild mtt̄ dependence. Since the
ATLAS result is not unfolded, one needs to take into ac-
count the invariant mass resolution, and the reconstruc-
tion efficiency and acceptance, (A · �). We model the
former by smearing our partonic mtt̄ distributions with
a Gaussian kernel. We estimate a O(0.25 · mtt̄) width
for this smearing by comparing to the reconstructed in-
variant mass resolutions of a sample of narrow Z � models
in the same ATLAS study. Finally, to estimate A · � we
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FIG. 2: Combined LHC and Tevatron 95% C.L. constraints

on the top CMDM (µ̃t) and the CEDM (d̃t) (shaded in yel-

low). Individual constraints come from the total cross-section

andmtt̄ spectrum measurements at the Tevatron (dashed blue

and doted red), as well as the LHC (shaded blue and red). The

combination of only Tevatron constraints is drawn in black.

Finally the CEDM indirect constraint is presented in green.

compare the smeared SM mtt̄ distribution, computed us-
ing known approximate NNLO QCD results [31], with
the reconstructed SM background distribution presented
in the ATLAS Note. Using Br(tt̄ → 4j+ �) = 0.3 (where
� = e, µ) we extract a constant A · � � 0.3 for the mtt̄

bins between 1 TeV < mtt̄ < 1.6 TeV, which can be now
used to compare the signal with the data.
We find for the measured tt̄ cross-sections including

statistical and our estimates for the systematic uncer-
tainties

σ(1 TeV < mtt̄ < 1.2 TeV) = (2.9± 0.6) pb , (16a)

σ(1.2 TeV < mtt̄ < 1.4 TeV) = (1.0± 0.3) pb , (16b)

σ(1.4 TeV < mtt̄ < 1.6 TeV) = (0.45± 0.19) pb ,(16c)

which corresponds to

σ(mtt̄ > 1 TeV) = (4.5± 0.79) pb . (17)

These results may be directly compared to partonic mtt̄

distributions smeared with 0.25 ·mtt̄-wide Gaussians.
We evaluate the effect of the top CMDM and CEDM

on the relevant Tevatron and LHC observables at LO
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TASKS FOR LES HOUCHES: 

3. Probing top dipole operators

─

update to 8 TeV and extrapolate to 14 TeV from arXiv:1107.3143

[ Belyaev, Boos, Rosenfeld, Weiler, Spira, ... ] 



Constraints from ttbar differential cross sections (               ,                  )dσ/dpT dσ/dmtt

3

to the top CEDM (c.f. [25]). At present however, the
most sensitive observable available at the Tevatron and
the LHC are still the total production cross-sections and
their differential spectrum as a function of the invariant
mass of the top pair (mtt̄).

At the Tevatron the recent combination of the CDF
analyses yields [26],

σTevatron

exp
= (7.50± 0.48) pb (10)

for an assumed top mass of mt = 172.5 GeV. We have
combined the estimated statistical and systematic errors
in quadrature. This is consistent with the most recent
theoretical SM prediction for this observable [27],

σTevatron

SM
= (6.75+0.08

−0.42) pb (11)

based on approximate NNLO QCD calculation using the
same top mass and the MSTW2008 PDFs [28]. As
pointed out in [29], the most significant information in
the high mtt̄ region at the Tevatron is the one derived
from the next-to-highest measured bin [30],

σ(700 GeV < mtt̄ < 800 GeV)
exp

= (80± 37) fb, (12)

to be compared with the SM theory prediction of [31],

σ(700 GeV < mtt̄ < 800 GeV)SM = (80± 8) fb. (13)

At the LHC at 7 TeV, presently the most precise mea-
surement [32] for the total production cross-section yields

σLHC

exp
= (180± 18) pb, (14)

in agreement with the SM prediction of [33],

σLHC

SM
= (165+11

−16
) pb. (15)

Recently the ATLAS collaboration published a study [34]
of the mtt̄ spectrum using 200 pb−1 collected lumi-
nosity. In the high mtt̄ > 1 TeV region they report
N1TeV

exp
= 77 ± 9 events. The results were not unfolded.

Among the systematic uncertainties, the b-tagging effi-
ciency (11%) dominates the total inclusive cross-section
measurement and stays almost constant with mtt̄. The
other important source of error is the jet energy scale
uncertainty. It is subleading in the total inclusive mea-
surement (9%), with a mild mtt̄ dependence. Since the
ATLAS result is not unfolded, one needs to take into ac-
count the invariant mass resolution, and the reconstruc-
tion efficiency and acceptance, (A · �). We model the
former by smearing our partonic mtt̄ distributions with
a Gaussian kernel. We estimate a O(0.25 · mtt̄) width
for this smearing by comparing to the reconstructed in-
variant mass resolutions of a sample of narrow Z � models
in the same ATLAS study. Finally, to estimate A · � we
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FIG. 2: Combined LHC and Tevatron 95% C.L. constraints

on the top CMDM (µ̃t) and the CEDM (d̃t) (shaded in yel-

low). Individual constraints come from the total cross-section

andmtt̄ spectrum measurements at the Tevatron (dashed blue

and doted red), as well as the LHC (shaded blue and red). The

combination of only Tevatron constraints is drawn in black.

Finally the CEDM indirect constraint is presented in green.

compare the smeared SM mtt̄ distribution, computed us-
ing known approximate NNLO QCD results [31], with
the reconstructed SM background distribution presented
in the ATLAS Note. Using Br(tt̄ → 4j+ �) = 0.3 (where
� = e, µ) we extract a constant A · � � 0.3 for the mtt̄

bins between 1 TeV < mtt̄ < 1.6 TeV, which can be now
used to compare the signal with the data.
We find for the measured tt̄ cross-sections including

statistical and our estimates for the systematic uncer-
tainties

σ(1 TeV < mtt̄ < 1.2 TeV) = (2.9± 0.6) pb , (16a)

σ(1.2 TeV < mtt̄ < 1.4 TeV) = (1.0± 0.3) pb , (16b)

σ(1.4 TeV < mtt̄ < 1.6 TeV) = (0.45± 0.19) pb ,(16c)

which corresponds to

σ(mtt̄ > 1 TeV) = (4.5± 0.79) pb . (17)

These results may be directly compared to partonic mtt̄

distributions smeared with 0.25 ·mtt̄-wide Gaussians.
We evaluate the effect of the top CMDM and CEDM

on the relevant Tevatron and LHC observables at LO
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TASKS FOR LES HOUCHES: 

3. Probing top dipole operators

─

study new processes ttW, Zh, tth, tWb─

update to 8 TeV and extrapolate to 14 TeV

W/Z
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from arXiv:1107.3143

[ Belyaev, Boos, Rosenfeld, Weiler, Spira, ... ] 
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Figure 8: Left: ratio of the transverse momentum distribution for the lightest scalar h in the MSSM over the

distribution for a SM Higgs boson with the same mass. Right: ratio of the corresponding shapes.

in the Higgs-quark couplings), we plot in figure 7 the ratio of the full MSSM cross section for h

production over the approximated MSSM cross section computed with only quarks running in the

loops. As in figure 6, the plot on the left is obtained with µ > 0, while the plot on the right is obtained

with µ < 0. We observe that, in most of the considered region of the MSSM parameter space, the

squark contributions reduce the total cross section. We identify three regions: i) for sufficiently large

tan β and sufficiently small mA the squark contribution is modest, ranging between −10% and +5%;

this region roughly coincides with the one in which the total MSSM cross section is dominated by the

tan β-enhanced bottom quark contribution, and is larger than the SM cross section; ii) a transition

region, where the corrections rapidly become as large as −30%; this region coincides with the one in

which the SM and MSSM cross sections are similar to each other; iii) for sufficiently large mA the

squark correction is almost constant, ranging between −40% and −30%; this region coincides with

the one in which the MSSM cross section is smaller than the corresponding SM cross section.

We now discuss the distribution of the transverse momentum phT of a light scalar h, considering two

distinct scenarios. First, we take a point in the MSSM parameter space (mA = 200 GeV, tan β = 10

and µ > 0) in which the coupling of h to the bottom quark is not particularly enhanced with respect

to the SM value, so that the bottom contribution to the cross section is not particularly relevant.

Because a light Higgs boson cannot resolve the top and squark vertices, unless we consider very large

transverse momentum, we expect the form of the phT distribution to be very similar to the one for

a SM Higgs boson of equal mass, the two distributions just differing by a scaling factor related to

the total cross section. This is illustrated in the left plot of figure 8, where we show the ratio of the

transverse momentum distribution for h over the transverse momentum distribution for a SM Higgs

boson of equal mass. In the right plot of figure 8 we show the ratio of the corresponding shapes,

i.e. the distributions normalized to the corresponding cross sections. This ratio, as expected, is close

to one in most of the phT range.
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TASKS FOR LES HOUCHES: 

4. Implementation of Effective Lagrangian in Powheg for single-Higgs production

include GGh operator in Powheg─

study sensitivity on loop versus contact interactions using Higgs pT distribution─

Q: can we probe the SM top loop ?

Aim:  sensitivity in (cg, ct) plane from pT distribution  

First snapshot can be obtained from heavy-squark limit 

from arXiv:1111.2854

[ Bondu, Contino, Massironi, Moortgat, Slavich, Vicini ... ] 

vs
h h



Double Higgs production
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TASKS FOR LES HOUCHES: 

1. Study feasibility of double Higgs production via VBF at the LHC

make table with figures of merit for signal and most relevant backgrounds in the following 
channels: hh→bbbb, bbWW, bbττ

─

which kind of future collider (ILC, CLIC, 100 TeV pp, …) would be sensitive?─

[ Bondu, Brooijmans, Contino, Dolan, Englert, Jiang, Massironi, Moortgat, Spannowsky, Son, ... ] 



DiHiggs1

Linear Collider Study

New Physics Effects in DiHiggs-Strahlung

Loop Corrections

e+
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Z

Z

h

h

Z

Z

h

h
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e+

e−

Z

Z

h

h

1
Dolan,Englert,Muhlleitner,Spannowsky,???23

TASKS FOR LES HOUCHES: 

2. Double Higgs-strahlung at the LC
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3.



Exotic Higgs Decays



Exotic Higgs Task Force
Roberto, Filip, Jack, Sabine, Grégory, Beranger, 
Kirtimaan, Jiang, Aoife, Andreas, Lorenzo, Nazila, 

Alex, ... , et moi

In the 1st approximation, 
Higgs is very standard
but a closer look may reveal 

something interesting



Indirect constraints (via visible decays) allow for up 
to ~25% branching fraction into exotic states (if the 
Higgs production rate is as in the SM), or even up to 
~50% with some conspiracy (if the Higgs production rate 
is enhanced). That means the LHC cross section for 
exotic Higgs decays could easily be order picobarn 

The SM Higgs width is just 4 MeV, so even weakly 
coupled new physics can lead to  a significant 
branching fraction for exotic decays. E.g.,  a new 
scalar X coupled as c|H|^2 |X|^2 corresponds to  BR
(h!X*X)=10% BR for c~0.01.

Thanks to the large Higgs cross section even tiny  
exotic branching fractions may possibly be probed, O
(10^-4) now, and less in the future. [ Note that the 
Higgs was first discovered in the diphoton (BR~10^-3) 
and 4-lepton (BR~10^-4) channels ] 

Exotic Higgs Decays - Why?



Classify exotic Higgs decays. One possible convenient 
classification is according to a number of on-shell visible 
SM particles in the final state. 

Check existing constraints on the couplings mediating the 
exotic decays, so as to see whether they leave room a non-
negligible branching fraction. In many cases this step 
involves just compiling the available information from the 
literature, but in a few cases there’s some work to do. 

Prompt experimental searches for the decays that are 
currently not being searched for at the LHC

Exotic Higgs Decays - What?
One goal of this project is to compile a handbook of exotic 

Higgs decays for a reference for experimental collaborations.



Exotic Higgs Decays - Classification

Signature: h ! invisible

Models: h ! νν, Higgs portal dark  matter: h ! DM DM

Searched for at the LHC in monojets, VBF, and Z/W 
associated production (public ATLAS results for the Zh 
channel)

To do: apparently nothing

The first pages of the handbook

0-particle



Exotic Higgs Decays - Classification

Signatures: h ! γ + MET, h ! Z + MET

Models: 
- cascade decays h ! V X ! V DM DM where X is 
dark vector boson coupled to SM  via effective 
operator: c|H|^2/v^2 F_μν X_μν that decays to 
DM.
- cascade decays via NLSP neutralinos in SUSY 
gauge mediation models: h ! N G ! G G γ, see 
1203.4563 
- cascade decay via heavy neutrinos in inverse 
see-saw models:  h ! ν N ! ν ν Z

To do: check constraints on effective operator, 
find the maximum allowed branching fraction, 
check whether some LHC searches (monophotons? 
mono-Z?) could pick up this decay, devise 
experimental strategy for different models 

The first pages of the handbook

1-particle

4

h
ν

N ν("±)

Z(W∓)

Lorenzo Basso () LH2013 Apr. 08, 2013 1 / 1



Exotic Higgs Decays - Classification

Flavor violating decays to quark, e.g. h!u cbar,   
probably hopeless given the constraints from flavor 
violation and difficult final state, see 1209.1397

Lepton flavor violating decays, e.g. h!tau mu,  more 
promising, see 1209.1397

h ! W+lepton+MET, e.g. via heavy neutrinos in inverse 
see-saw models:  h ! ν N ! ν l W

h ! f+fbar+MET, e.g. as cascade decays h ! hD hD ! DM 
DM f fbar in Higgs portal models 

The first pages of the handbook
2-particle

4

h
ν

N ν("±)

Z(W∓)

Lorenzo Basso () LH2013 Apr. 08, 2013 1 / 1

Signatures: 

To do: work out the last 2 cases in more detail (concrete models), 
recast existing constraints and devise experimental strategies 



Exotic Higgs Decays - Classification

Models: may occur in composite Higgs models, or more 
generally in models with vector-like quarks or leptons. 
Branching fraction may be significant if F is not much 
heavier than 100 GeV. 

To do: work out constraint on F from LHC searches and 
from single production at LEP, check if large enough 
branching fraction can be obtained, if yes, work out 
experimental strategies 

The first pages of the handbook

3-particle
# of possibilities grows factorially, pick just 1 for this presentation: 

h!f1 F*!f1 f2 Z/W  



Sign up on the exotic wiki page
http://phystev.in2p3.fr/wiki/2013:groups:higgs:ehd

Project structured such that it can be inflated ad ∞ 

A part of the project is just taxonomy and compiling 
existing literature, but also much original research to do 

http://phystev.in2p3.fr/wiki/2013:groups:higgs:ehd
http://phystev.in2p3.fr/wiki/2013:groups:higgs:ehd


Uncertainties on Higgs couplings
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How to treat the theoretical (QCD) uncertainties in global Higgs fits ?         
                                                                                   

 

- Partly correlated th. errors 
- Bayesian approach 
- Nuisance param. / prior & pdf :  

- Correlated th. errors 
- Frequentist  bias 
- Shifted pdf central value :   

Signal Strength Fit
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- Decorrelated th. errors 
- Bayesian approach 
- Likelihood modified : 

2$

S. Fichet , G. Moreau$
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HDECAY extensions



BMHDECAY (tentative name)

Fortran code for the

• Calculation of the loop-corrected NMSSM Higgs boson masses at 1-loop in a mixed DR-on-shell and in the pure

on-shell scheme. (2-loop later)

• Inclusion of the loop-corrected trilinear NMSSM Higgs self-couplings.

• Calculation of the NMSSM Higgs boson decays including the most important higher order corrections (extension

of the code HDECAY).

• Input/output à la Les Houches Accord

Contributors: J. Baglio, R. Gröber, M. Mühlleitner, Dao Thi Nhung, H. Rzehak, M. Spira, J. Streicher, K. Walz

40



Higgs Dalitz Decays → HDECAY

tree

off-shell

boxes

• important for H → Zγ search

• separation H → Z(∗)γ ↔ H → γ(∗)γ

• M. Mühlleitner, M. Spira, A. Djouadi, J. Kalinowski
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Conclusions

 A lot of projects started, many interesting 
results expected !  
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 THANKS TO ALL THE PARTICIPANTS OF THE 
HIGGS WORKING GROUP  and ...
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 THANKS TO ALL THE PARTICIPANTS OF THE 
HIGGS WORKING GROUP  and ...

... work hard for the proceedings !


