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Introduction
• 4 juillet 2012: ATLAS et CMS annoncent un signal 

compatible avec un boson de Higgs de masse 
~125GeV

• Mars 2013 :  plus de  7 sigmas dans canal ZZ
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Le LHC a trouvé Higgs
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Conséquences pour la physique des 
particules?

• Le  modèle standard et le Higgs
– Rappel
– au LHC

• Nouvelle physique 
– Quelles pistes?
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• D’ou vient la masse des 
particules élémentaires?

• Pourquoi ces masses
• Masse des neutrinos
• Unification des forces (y 

compris la gravité)
• Pourquoi 3 générations?
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• Comprendre les lois fondamentales de la nature : 
constituents élémentaires et forces fondamentales
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Univers
• Contenu masse et énergie de l’Univers 

– matière noire (cosmologie -WMAP et 
Planck- courbes rotation des galaxies, 
amas de galaxies ...)

• Asymétrie matière - anti-matière 
6
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Modèle standard
• En 1967 : Glashow-Weinberg-Salam propose le modèle 

standard: théorie de jauge SU(3)XSU(2)XU(1)
–   unification force electromagnetique et faible 

• Utilise le mécanisme de Higgs (1964 - Brout, Englert, Higgs...)

–  Doublet scalaire 

– brisure spontanée de symétrie

– masse des bosons vecteurs (W,Z)
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1.1.3 The Higgs mechanism in the SM

In the slightly more complicated non–abelian case of the SM, we need to generate masses for

the three gauge bosons W± and Z but the photon should remain massless and QED must

stay an exact symmetry. Therefore, we need at least 3 degrees of freedom for the scalar

fields. The simplest choice is a complex SU(2) doublet of scalar fields φ

Φ =

(
φ+

φ0

)
, Yφ = +1 (1.25)

To the SM Lagrangian discussed in the previous subsection

LSM = −1

4
F a

µνF
µν
a − 1

4
BµνB

µν + L iDµγ
µ L + eR iDµγµ eR · · · (1.26)

we need to add the invariant terms of the scalar field part

LS = (DµΦ)†(DµΦ) − µ2Φ†Φ − λ(Φ†Φ)2 (1.27)

For µ2 < 0, the neutral component of the doublet field Φ will develop a vacuum expectation

value [the vev should not be in the charged direction to preserve U(1)QED]

〈Φ 〉0 ≡ 〈 0 |Φ | 0 〉 =

(
0
v√
2

)
with v =

(
−µ2

λ

)1/2

(1.28)

We can then make the same exercise as previously:

– write the field Φ in terms of four fields θ1,2,3(x) and H(x) at first order:

Φ(x) =

(
θ2 + iθ1

1√
2
(v + H) − iθ3

)
= eiθa(x)τa(x)/v

(
0

1√
2
(v + H(x) )

)
(1.29)

– make a gauge transformation on this field to move to the unitary gauge:

Φ(x) → e−iθa(x)τa(x) Φ(x) =
1√
2

(
0

v + H(x)

)
(1.30)

– then fully develop the term |DµΦ)|2 of the Lagrangian LS:

|DµΦ)|2 =
∣∣∣
(
∂µ − ig2

τa

2
W a

µ − ig1
1

2
Bµ

)
Φ

∣∣∣
2

=
1

2

∣∣∣∣

(
∂µ − i

2(g2W 3
µ + g1Bµ) − ig2

2 (W 1
µ − iW 2

µ)
− ig2

2 (W 1
µ + iW 2

µ) ∂µ + i
2(g2W 3

µ − g1Bµ)

) (
0

v + H

)∣∣∣∣
2

=
1

2
(∂µH)2 +

1

8
g2

2(v + H)2|W 1
µ + iW 2

µ |2 +
1

8
(v + H)2|g2W

3
µ − g1Bµ|2

– define the new fields W±
µ and Zµ [Aµ is the field orthogonal of Zµ]:

W± =
1√
2
(W 1

µ ∓ iW 2
µ) , Zµ =

g2W 3
µ − g1Bµ√
g2

2 + g2
1

, Aµ =
g2W 3

µ + g1Bµ√
g2

2 + g2
1

(1.31)
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Higgs du Modèle Standard
• Masse bosons jauge et 

fermions
• Masse Higgs  mh2=2λv2

• Couplages 
proportionnels à la 
masse

• Couplages quartiques et 
auto-couplages du Higgs
–  pas encore testé
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We will see in the course of this review that it will be appropriate to use the Fermi coupling

constant Gµ to describe the couplings of the Higgs bosons. A general form of the Higgs

couplings to fermions, massive gauge bosons as well as the Higgs self–coupling, which will

be useful when discussing extensions of the SM, is given in Fig. 1.2.

•H

f

f̄

gHff = mf/v = (
√

2Gµ)1/2 mf × (i)

•H

Vµ

Vν

gHV V = 2M2
V /v = 2(

√
2Gµ)1/2 M2

V × (−igµν)

•H

H

Vµ

Vν

gHHV V = 2M2
V /v2 = 2

√
2Gµ M2

V × (−igµν)

•H
H

H

gHHH = 3M2
H/v = 3(

√
2Gµ)1/2 M2

H × (+i)

•H

H

H

H

gHHHH = 3M2
H/v2 = 3

√
2Gµ M2

H × (+i)

Figure 1.2: The Higgs boson couplings to fermions and gauge bosons and the Higgs self–

couplings in the SM. The normalization factors of the Feynman rules are also displayed.

The propagator of the Higgs boson is simply given, in momentum space, by

∆HH(q) =
i

q2 − M2
H + iε

(1.53)

Note that in renormalizable Rξ gauges, the propagators of the neutral G0 ≡ w0 and charged

G± ≡ w± Goldstone bosons are given by

∆w0w0(q2) =
i

q2 − ξM2
Z + iε

, ∆w±w±(q2) =
i

q2 − ξM2
W + iε

(1.54)
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– and pick up the terms which are bilinear in the fields W±, Z, A:

M2
W W+

µ W−µ +
1

2
M2

ZZµZ
µ +

1

2
M2

AAµAµ (1.32)

The W and Z bosons have acquired masses, while the photon is still massless

MW =
1

2
vg2 , MZ =

1

2
v
√

g2
2 + g2

1 , MA = 0 (1.33)

Thus, we have achieved (half of) our goal: by spontaneously breaking the symmetry SU(2)L×
U(1)Y → U(1)QED, three Goldstone bosons have been absorbed by the W± and Z boson to

form their longitudinal components and to get their masses. Since the U(1)QED symmetry

is still unbroken, the photon which is its generator, remains massless as it should be.

Up to now, we have discussed only the generation of gauge boson masses; but what about

the fermion masses? In fact, we can also generate the fermion masses using the same scalar

field Φ, with hypercharge Y =1, and the isodoublet Φ̃ = iτ2Φ∗, with hypercharge Y =–1. For

any fermion generation, we introduce the SU(2)× U(1) invariant Yukawa Lagrangian

LF = −λe L̄ Φ eR − λd Q̄ Φ dR − λu Q̄ Φ̃ uR + h. c. (1.34)

and repeat the same exercise as previously. One obtains, e.g. in the case of the electron

LF = − 1√
2
λe (ν̄e, ēL)

(
0

v + H

)
eR + · · · = − 1√

2
(v + H) ēLeR + · · · (1.35)

The constant term in front of f̄LfR (and h.c.) is identified with the fermion mass

me =
λe v√

2
, mu =

λu v√
2

, md =
λd v√

2
(1.36)

Thus, with the same isodoublet Φ of scalar fields, we have generated the masses of both

the weak vector bosons W±, Z and the fermions, while preserving the SU(2)×U(1) gauge

symmetry, which is now spontaneously broken or hidden.

Before turning to the Higgs field itself, let us first briefly discuss for completeness the

interactions of fermions with the gauge bosons [which will be needed later].

The equations for the field rotation which lead to the physical gauge bosons, define the

Weinberg electroweak mixing angle sin θW

sin θW =
g2√

g2
1 + g2

2

=
e

g2
(1.37)

which can be written in terms of the W and Z boson masses as

sin2 θW ≡ 1 − cos2 θW = 1 − M2
W

M2
Z

(1.38)
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Couplages à une boucle

• hgg : contribution dominante top quark 
• hγγ: contribution dominante: W, boucle de top signe opposé 
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Figure 3: Branching ratios of the SM Higgs boson (left) and total decay width (right) for Higgs-boson
masses accessible at LEP and before, calculated with Hdecay.
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widths illustrating the parametric and theoretical uncertainties, and total decay width (right, taken
from Ref. [25]) in the Higgs-boson mass range accessible by the LHC.
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heavy quark.
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2.3.1 Decays into two photons

The partial width at leading order

The decay of the SM Higgs boson two into photons is mediated by W boson and heavy

charged fermion loops. The partial decay width can be cast into the form [80,133,134]

Γ (H → γγ) =
Gµ α2 M3

H

128
√

2 π3

∣∣∣∣∣
∑

f

NcQ
2
fA

H
1/2(τf ) + AH

1 (τW )

∣∣∣∣∣

2

(2.45)

with the form factors for spin–1
2 and spin–1 particles

AH
1/2(τ) = 2[τ + (τ − 1)f(τ)] τ−2

AH
1 (τ) = −[2τ 2 + 3τ + 3(2τ − 1)f(τ)] τ−2 (2.46)

and the function f(τ) defined as

f(τ) =






arcsin2
√

τ τ ≤ 1

−1

4

[
log

1 +
√

1 − τ−1

1 −
√

1 − τ−1
− iπ

]2

τ > 1
(2.47)

The parameters τi = M2
H/4M2

i with i = f, W are defined by the corresponding masses of

the heavy loop particles. The electromagnetic constant in the coupling should be taken at

the scale q2 = 0 since the final state photons are real.

Since the Hff̄ coupling is proportional to mf , the contribution of light fermions is

negligible so that in the SM with three families, only the top quark and the W boson

effectively contribute to the γγ width. If the Higgs boson mass is smaller than the WW

and f f̄ pair thresholds, the amplitudes are real and above the thresholds they are complex;

Fig. 2.15. Below thresholds, the W amplitude is always dominant, falling from AH
1 = −7 for

very small Higgs masses to AH
1 = −5 − 3π2/4 at the WW threshold; for large Higgs masses

the W amplitude approaches AH
1 → −2. Fermion contributions increase from AH

1/2 = 4/3

for small τf values to AH
1/2 ∼ 2 at the 2mf threshold; far above the fermion threshold, the

amplitude vanishes linearly in τf modulo logarithmic coefficients,

M2
H & 4m2

f : AH
1/2(τf) → −[log(4τf) − iπ]2/(2τf)

M2
H ' 4m2

f : AH
1/2(τf) → 4/3 (2.48)

In Fig. 2.16, we display the partial decay width Γ(H → γγ). The width varies rapidly

from a few KeV for MH ∼ 100 GeV to ∼ 100 KeV for MH ∼ 300 GeV as a consequence

of the growth ∝ M3
H . The contribution of the W boson loop interferes destructively with

the quark loop and for Higgs masses of about 650 GeV, the two contributions nearly cancel

each other. The contribution of the b–loop is negligible, while the t quark contribution with

mt → ∞ is a good approximation for Higgs masses below the 2mt threshold.
75
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ATLAS - CMS
• Plusieurs mode de production et désintégration - résultats 

pour signal relatif au MS dans chaque canal (µ)  
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for a consistent parametrization of both production and decay modes in terms of Higgs boson couplings.
Since several Higgs boson production modes are available at the LHC, results shown in two di-

mensional plots require either some µi to be fixed or several µi to be related. No direct tt̄H production
has been observed yet, hence a common signal strength scale factor µggF+tt̄H has been assigned to both
gluon fusion production (ggF) and the very small tt̄H production mode, as they both scale dominantly
with the ttH coupling in the SM. Similarly, a common signal strength scale factor µVBF+VH has been
assigned to the VBF and VH production modes, as they scale with the WH/ZH gauge coupling in the
SM. The resulting contours for the H→ γγ, H→WW (∗)→ "ν"ν, H→ZZ(∗)→ 4" and H → ττ channels
for mH=125.5 GeV are shown in Fig. 2.
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Figure 2: Likelihood contours for the H→ γγ, H→ZZ(∗)→ 4", H→WW (∗)→ "ν"ν and H → ττ channels
in the (µggF+tt̄H , µVBF+VH) plane for a Higgs boson mass hypothesis of mH = 125.5 GeV. Both µggF+tt̄H
and µVBF+VH are modified by the branching ratio factors B/BSM, which are different for the different
final states. The quantity µggF+tt̄H (µVBF+VH) is a common scale factor for the gluon fusion and tt̄H (VBF
and VH) production cross sections. The best fit to the data (×) and 68% (full) and 95% (dashed) CL
contours are also indicated, as well as the SM expectation (+).

The factors µi are not constrained to be positive in order to account for a deficit of events from the
corresponding production process. As described in Ref. [12], while the signal strengths may be negative,
the total probability density function must remain positive everywhere, and hence the total number of
expected signal+background events has to be positive everywhere. This restriction is responsible for
the sharp cutoff in the H→ZZ(∗)→ 4" contour. It should be noted that each contour refers to a different
branching fraction B/BSM, hence a direct combination of the contours from different final states is not
possible.

It is nevertheless possible to use the ratio of production modes channel by channel to eliminate the
dependence on the branching fractions and illustrate the relative discriminating power between ggF+ tt̄H
and VBF + VH, and test the compatibility of the measurements among channels. The relevant channels
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Couplages du Higgs

• Couplages compatibles avec MS  (mais aussi avec plusieurs extensions 
du MS) 

• Couplage proportionnel à la masse générique si relié au mécanisme pour 
induire les masses 11

68%-95%-99%CL

GB et al, arXiv:1306.2941
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• Une valeur en accord avec les 
mesures de précision - Mw, sinθW...

• Stabilité du potentiel de Higgs 
jusqu’à grande échelle?
–  λ -> 0  à Mplanck

– Sensible à masse top 

– métastable

12

Degrassi et al, 
1205.6497

Higgs à 125 GeV

The vertical bands are due to the measurements and their errors, while the colored bands

are for the theoretical prediction with the uncertainties due to the SM input parameters,

namely, ∆hadα(MZ) = 0.02761 ± 0.00036, αs(MZ) = 0.118 ± 0.002 and mt = 178.0 ± 4.3

GeV. The total width of the band is the linear sum of all these effects. As can be seen, the

values of sin2 θlept
eff and MW agree with the SM prediction only if the Higgs particle is rather

light, a value of about MH ∼ 100 GeV being preferred by the experimental data.

Taking into account all the precision electroweak data of Table 1.3 in a combined fit, one

can determine the constraint summarized in Fig. 1.6 which shows the ∆χ2 of the fit to all

measurements as a function of MH , with the uncertainties on ∆had, α(MZ), αs(MZ), mt as

well as on MZ included [36]. One then obtains the value of the SM Higgs boson mass

MH = 114+69
−45 GeV (1.122)

leading to a 95% Confidence Level (CL) upper limit in the SM

MH < 260 GeV (1.123)
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Figure 1.6: The ∆χ2 of the fit to electroweak precision data as a function of MH . The solid
line is when all data are included and the blue band is the estimated theoretical error from
unknown higher order corrections. The effect of including the low Q2 data and the use of a
different value for ∆αhad are also shown; from Ref. [36].
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PhysTeV Workshop,
Les Houches, Juin 2013
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Au-delà du  modèle standard 
• Plusieurs questions sans réponse

– Unification, masses, neutrinos, 3 générations....
– Matière noire
– hiérarchie

• Quelle nouvelle physique?
– Supersymétrie 
– Dimensions supplémentaires
– Composite
– ....
– (pas technicouleur, Higgsless...)

14
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Hiérarchie
• Pourquoi échelle electrofaible (100 GeV) << échelle Planck 

(1019 GeV)
• Pourquoi masse du Higgs ~100GeV

• Corrections à masse du Higgs

– Corrections quadratiques dependent de Λ: réglage fin 
nécessaire pour assurer annullation des divergences 
quadratiques, masse renormalisée ~100GeV  

15

f

f̄
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Figure 1.18: Feynman diagrams for the one–loop corrections to the SM Higgs boson mass.

Cutting off the loop integral momenta at a scale Λ, and keeping only the dominant

contribution in this scale, one obtains

M2
H = (M0

H)2 +
3Λ2

8π2v2

[
M2

H + 2M2
W + M2

Z − 4m2
t

]
(1.165)

where M0
H is the bare mass contained in the unrenormalized Lagrangian, and where we

retained only the contribution of the top heavy quark for the fermion loops. This is a

completely new situation in the SM: we have a quadratic divergence rather than the usual

logarithmic ones. If the cut–off Λ is very large, for instance of the order of the Grand

Unification scale ∼ 1016 GeV, one needs a very fine arrangement of 16 digits between the

bare Higgs mass and the radiative corrections to have a physical Higgs boson mass in the

range of the electroweak symmetry breaking scale, MH ∼ 100 GeV to 1 TeV, as is required

for the consistency of the SM. This is the naturalness of fine–tunning problem10.

However, following Veltman [105], one can note that by choosing the Higgs mass to be

M2
H = 4m2

t − 2M2
W − M2

Z ∼ 320 GeV (1.166)

the quadratic divergences can be canceled and this would be even a prediction for the Higgs

boson mass. But the condition above was given only at the one–loop level and at higher

orders, the general form of the correction to the Higgs boson mass reads [106, 107]

Λ2
∞∑

n=0

cn(λi) logn(Λ/Q) (1.167)

where (16π2)c0 = (3/2v2)(M2
H + 2M2

W + M2
Z − 4m2

t )
2 and the remaining coefficients cn

can be calculated recursively from the requirement that M2
H should do not depend on the

renormalization scale Q. For instance, for the two–loop coefficient, one finds [106]

(16π2)2c1 = λ(114λ − 54g2
2 − 18g2

1 + 72λt)
2 + λ2

t (27g2
2 + 17g2

1 + 96g2
3 − 90λ2

t )

−15

2
g4

2 +
25

2
g4

1 +
9

2
g2

1g
2
2 (1.168)

10Note, however that the SM is a renormalizable theory and this cancellation can occur in a mathematically
consistent way by choosing a similarly divergent counterterm. Nevertheless, one would like to give a physical
meaning to this scale Λ and view it as the scale up to which the SM is valid.
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Solutions

• MS remplacé par autre théorie effective ~1TeV
– masse Higgs protégée par une symétrie (par exemple 

supersymétrie)
– Higgs ‘composite’

• ou MS remplacé  par autre théorie effective à des échelles 
intermédiaires (‘little Higgs’)

• Echelle Planck/échelle cordes est seulement quelques TeV 
(dimension supplémentaires)

16
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Supersymétrie

• Unification matière (fermions) et interactions (bosons 
médiateurs)
– symétrie reliant fermion - boson

• Vers unification 4 forces 
• Unification des couplages

• Prédiction : particules supersymétriques partenaires fermions 
et bosons - spin  1/2 : recherches au LHC  - voir C. Collard

17
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Supersymétrie
• Particules SUSY stabilisent la masse du Higgs 

– Si supersymétrie exacte : chaque scalaire annule  
exactement la contribution d’un fermion standard.

– Brisure de supersymétrie : corrections à la masse du Higgs 
~Ms2 - échelle brisure SUSY -  divergences quadratiques 
s’annulent à tous les ordres si  MS< TeV

• Avec R-parité (pour eviter désintégration trop rapide du 
proton) particule susy la plus légère est stable: candidat 
matière noire (WIMP) : neutralino   

18
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Higgs du MSSM
• Modèle supersymétrique standard minimal (MSSM)

– seulement partenaires susy particules standard ET deux 
doublets de Higgs 

• Limite supérieure sur mh

• mh~125 GeV
– Xt grand, mstop>500GeV

• Stop lourd implique réglage fin

19Hall, 1112.2703
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• Brisure de symétrie électrofaible: 

• MZ~100 GeV demande aussi  µ petit
• Supersymétrie ‘naturelle’ 

– Kitano,Namura, hep-ph/0602096

20

– µ petit --> 3 Higgsinos 
légers (et quasi dégénérés)
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SUSY au LHC
• Pas de  particules SUSY au LHC @7 et 8 TeV
• Contraintes plus fortes pour squarks 1ere génération

21
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Higgs - MSSM
• Dans la limite du découplage  (sinα -> -cosβ) : couplages à 

l’arbre du  Higgs léger  ~ couplages du Higgs standard

• Boucles : possibilité de  corrections importantes des particules 
SUSY légères (stop,stau,chargino)

22

The virtuality of the final state gauge boson allows to kinematically open this type of decay

channels in some other cases where they were forbidden at the two–body level

H → AZ∗ → A(H)f f̄ , H → H±W±∗ → H±f f̄ ′ , H± → AW±∗ → Aff̄ ′

A → HZ∗ → Hff̄ , A → H±W±∗ → H±f f̄ ′ , H± → HW±∗ → Hff̄ ′ (2.22)

At low tan β values, the branching ratio for some of these decays, in particular H± → AW ∗,

can be sizable enough to be observable.

Finally, let us note that the direct radiative corrections to the H± → AW decays have

been calculated in Ref. [215]. They are in general small, not exceeding the 10% level, except

when the tree–level partial widths are strongly suppressed; however, the total tree–level plus

one–loop contribution in this case, is extremely small and the channels are not competitive.

The same features should in principle apply in the case of H± → hW and A → hZ decays.

2.1.3 Loop induced Higgs decays

The γγ and γZ couplings of the neutral Higgs bosons in the MSSM are mediated by charged

heavy particle loops built up by W bosons, standard fermions f and charged Higgs bosons

H± in the case of the CP–even Φ = h, H bosons and only standard fermions in the case of

the pseudoscalar Higgs boson; Fig. 2.8. If SUSY particles are light, additional contributions

will be provided by chargino χ±
i and sfermion f̃ loops in the case of the CP–even Higgs

particles and chargino loops in the case of the pseudoscalar Higgs boson.

•
h, H

W

γ(Z)

γ

• f, χ±
i

h, H, A
γ(Z)

γ

•
h, H

f̃ , H±

γ(Z)

γ

Figure 2.8: Decays of the h, H, A bosons into two photons or a photon and a Z boson.

In the case of the gluonic decays, only heavy quark loops contribute, with additional

contributions due to light squarks in the case of the CP–even Higgs bosons h and H ; Fig. 2.9.

• Q
h, H, A

g

g

•
h, H

Q̃

g

g

Figure 2.9: Loop induced decays of the neutral MSSM Higgs bosons into two gluons.

In this subsection, we will discuss only the contributions of the SM and H± particles,

postponing those of the SUSY particles, which are assumed to be heavy, to the next section.
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MSSM

• Fit pMSSM + couplages 
Higgs ATLAS (2012)

• Avec particules SUSY et Higgs2  
de quelques centaines de GeV : 
couplages du Higgs à peu près 
standard

23

2.1 SUSY corrections to the Higgs rates

In general, deviations of the µ signal strength ratios from their SM values may be due to modi-

fications of either the decay branching fractions or the relevant production cross sections, or to

both. In order to disentangle these effects, it is important to conduct analyses where the same

decay channel is studied in different production processes, such as gluon–gluon fusion gg → h,
associated production with a gauge boson (VH) or forward jets (VBF). The ATLAS collabo-

ration published a first attempt to separate the contribution of the VBF and VH production

from gg → h in the h → γγ channel [1]. The confidence level (C.L.) contours obtained in the

analysis are compared in Figure 2 to the distribution for all the accepted pMSSM points and

to those selected within the 90% C.L. with the Higgs results from the χ2
probability analysis.

Figure 2: µ values in the h → γγ channel for associate VBF and VH production vs. gg → h. The

dots in dark grey show the accepted pMSSM points and those in light green the points which agree

at 90% C.L. with the constraints of Table 1. The contours give the results obtained by the ATLAS

experiment (adapted from Ref. [1]).

The h decay branching fractions may be modified by a change of the h total decay width.

Since the dominant decay mode for a ∼126 GeV lightest h boson is h → bb̄, a change of the

effective hbb̄ coupling by direct vertex corrections, through the ∆b correction that grows as

µ tan β, results in an anti-correlated variation of the branching fractions of all the other modes

compared to that in bb̄. The reduction of the h → bb̄ decay width, away from the decoupling

regime MA � MZ , occurs in a non-trivial way. The radiative corrections to the mixing angle

α in the CP–even Higgs sector strongly affect the hbb̄ coupling, ghbb̄ = − sinαeff/ cos β. While

in the decoupling limit we expect tanαeff → −1/ tan β making ghbb̄ to become SM–like, there

is a combination of parameters which realises the so–called “vanishing coupling” regime [23]

in which αeff → 0. In this case, (tanαeff tan β) becomes very small and when µ is positive,

we obtain an additional reduction of the hbb̄ coupling by a factor ≈ 1 − ∆b/(tanαeff tan β).
This combination of parameters leads to a reduction of the decay rate

1
for h → bb̄ thereby

enhancing all other channels, including h → γγ. This would explain a possible excess in the

γγ channel without any modification of the gg → h production rate or the h → γγ branching

1
Note that in this small αeff scenario, the rate for the h → τ+τ− channel will also be suppressed since

ghττ ∝ − sinαeff/ cosβ. In turn, there is no significant change by ∆τ corrections, that are similar to ∆b for the

electro-weak part but much smaller (they are now included in the program HDECAY 5.0 [20]).

5

Arbey et al, 1212.4004
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Supersymétrie
• Certains modèles SUSY sont fortement contraints par masse 

du Higgs + recherches infructueuses au LHC
– CMSSM -  relation entre masses des scalaires et limites 

LHC sur 1ere génération
• D’autres beaucoup moins (supersymétrie ‘naturelle’) - ou 

scenarios avec squark 3eme génération ou higgsino/jaugino/
sleptons légers

• Extensions du MSSM (NMSSM) nécessitent moins de reglage 
fin

24
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• Randall-Sundrum : une dimension supplémentaire 
compactifiée sur cercle S1/Z2

• métrique

Dimensions supplémentaires

25
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• Décomposition de Kaluza Klein
– mode 0 : particule MS
– mode n>0 : particules Kaluza-Klein

• Conséquences au LHC
– Modification couplages hWW, hZZ,hff
– Modification couplages boucles (nouvelles particules)
– Fermions exotiques (t’)
– Nouvelles particules de KK 
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Conclusion

• La découverte du Higgs : étape importante 
pour validation modèle standard 

• Potentiel de découverte de nouvelle physique 
LHC@13TeV  + recherche de matière noire
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