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Higgs = “raison d’être” of LHC 
 !500 physics papers over the last 5 years have an 

introduction starting like “the (main) goal of the LHC is to 
discover the Higgs boson”

 !9000 papers in Spires contain “Higgs” in their title
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introduction starting like “the (main) goal of the LHC is to 
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last missing piece of the SM?
at the origin of the masses of elementary particles?
unitarization of WW scattering amplitudes
screening of gauge boson self-energies

Reasons of a success

 ... no Nobel prize (so far)

3

“Higgs = emergency tire of the SM”  
Altarelli @ Blois’10

(14x106 ! 1% of Kim)

http://confs.obspm.fr/Blois2010/Altarelli2.pdf
http://confs.obspm.fr/Blois2010/Altarelli2.pdf


Christophe Grojean Alternative Higgs under LHC scrutiny Seoul, 24th Feb. 2o12

The UV behavior of the weak Goldstone
symmetry breaking: new phase with more degrees of freedom

UV behavior of these Goldstone’s? !!

massive W±, Z: 3 physical polarizations=eaten Goldstone bosons SU(2)LxSU(2)R

SU(2)V

4
Lee, Quigg & Thacker  ’77

http://inspirebeta.net/record/119348?ln=en
http://inspirebeta.net/record/119348?ln=en
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contact interaction growing with energy
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the behavior of this amplitude is not consistent above 4πv (!1÷3TeV) 

Lee, Quigg & Thacker  ’77
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What is the SM Higgs?
A single scalar degree of freedom neutral under SU(2)LxSU(2)R/SU(2)V 

‘a’, ‘b’ and ‘c’ are arbitrary free couplings

growth cancelled for 
a = 1

restoration of 
perturbative unitarity

5

LEWSB =
v2

4
Tr

�
DµΣ

†DµΣ
��

1 + 2a
h

v
+ b

h2

v2

�
− λψ̄LΣψR

�
1 + c

h

v

�

A =
1

v2

�
s− a2s2

s−m2
h

�

h
W+ W+

W- W-

Contino, Grojean, Moretti, Piccinini, Rattazzi  ’10Cornwall, Levin, Tiktopoulos  ’73

Goldstone of SU(2)LxSU(2)R/SU(2)V DµΣ ≈ WµΣ = eiσ
aπa/v

http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011
http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268
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6

b a

a

For b = a2: perturbative unitarity in inelastic channels WW → hh

‘a’, ‘b’ and ‘c’ are arbitrary free couplings

For a=1: perturbative unitarity in elastic channels WW → WW

LEWSB =
v2

4
Tr
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�
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�

Contino, Grojean, Moretti, Piccinini, Rattazzi  ’10Cornwall, Levin, Tiktopoulos  ’73

http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268
http://arXiv.org/abs/1002.1011
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For b = a2: perturbative unitarity in inelastic channels WW → hh

‘a’, ‘b’ and ‘c’ are arbitrary free couplings
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For ac=1: perturbative unitarity in inelastic WW → ψ ψ 

Contino, Grojean, Moretti, Piccinini, Rattazzi  ’10Cornwall, Levin, Tiktopoulos  ’73

http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268
http://arXiv.org/abs/1002.1011
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For b = a2: perturbative unitarity in inelastic channels WW → hh

‘a’, ‘b’ and ‘c’ are arbitrary free couplings

For a=1: perturbative unitarity in elastic channels WW → WW
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v2

4
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For ac=1: perturbative unitarity in inelastic WW → ψ ψ 

‘a=1’, ‘b=1’ & ‘c=1’ define the SM Higgs

Higgs properties depend on a single unknown parameter (mH)

can be rewritten as 

h and πa (ie WL andZL) combine to form a linear representation of SU(2)LxU(1)Y

LEWSB DµH
†
DµH

H =
1√
2
e
iσaπa/v

�
0

v + h

�
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What is a composite Higgs?
A σ  particle that combines with WL and ZL to form a SU(2) doublet

7

SU(2)LxU(1)Y linearly realized   ⇔   Standard Model   ⇔   a=b=c=1
renormalizable level =

 uniqueness

deviations of Higgs couplings originate from higher dimensional operators

�
∂µ|H|2

�2 |H|2ψ̄Hψ |H|2BµνB
µν |H|2GµνG

µν

SU(2)LxU(1)Y linearly realized  &  a, b, c ! 1   ⇔   Composite Higgs

non-renormalizable level

irrelevant 
for composite Higgs models

relevant for 
composite Higgs models

} }
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Higgs as a PGB: a natural extension of SM

Higgs=Pseudo-Goldstone boson (PGB) 

One solution to the hierarchy pb: 
Higgs transforms non-linearly under some global symmetry

8

SO(4)
SO(3)

W±L & ZL

SM
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One solution to the hierarchy pb: 
Higgs transforms non-linearly under some global symmetry

Examples:SO(5)/SO(4): 4 PGBs=W±L, ZL, h
Minimal Composite Higgs Model

Agashe, Contino, Pomarol  ’04

8

G
H

W±L & ZL & h

BSMSO(4)
SO(3)

W±L & ZL

SM

http://arXiv.org/abs/hep-ph/0412089
http://arXiv.org/abs/hep-ph/0412089
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Higgs as a PGB: a natural extension of SM

Higgs=Pseudo-Goldstone boson (PGB) 

One solution to the hierarchy pb: 
Higgs transforms non-linearly under some global symmetry

Examples:SO(5)/SO(4): 4 PGBs=W±L, ZL, h
Minimal Composite Higgs Model

Agashe, Contino, Pomarol  ’04SO(6)/SO(5): 5 PGBs=H, a
Next MCHM

Gripaios, Pomarol, Riva, Serra  ’09
SU(4)/Sp(4, ): 5 PGBs=H, s

8

SO(6)/SO(4)xSO(2): 8 PGBs=H1+H2
Minimal Composite 

Two Higgs Doublets
Mrazek, Pomarol, Rattazzi, Serra,  Wulzer  ’11

G
H

W±L & ZL & h

BSMSO(4)
SO(3)

W±L & ZL

SM

http://arxiv.org/abs/0902.1483
http://arxiv.org/abs/0902.1483
http://arXiv.org/abs/arXiv:1105.5403
http://arXiv.org/abs/arXiv:1105.5403
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Higgs as a PGB: a natural extension of SM

Higgs=Pseudo-Goldstone boson (PGB) 

One solution to the hierarchy pb: 
Higgs transforms non-linearly under some global symmetry

G
H

W±L & ZL & h

BSM

9

How can we tell the difference with the SM Higgs?

SO(4)
SO(3)

W±L & ZL

SM
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SILH Effective Lagrangian

extra derivative: extra Higgs leg:  

(strongly-interacting light Higgs)

custodial breaking

loop-suppressed strong dynamicsminimal coupling: 

Goldstone sym.

Genuine strong operators (sensitive to the scale f)

Form factor operators (sensitive to the scale m!)

10

cH
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Giudice, Grojean, Pomarol, Rattazzi ‘07

http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164
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Minimal Composite Higgs Examples
The SILH Lagrangian is an expansion for small v/f

5D MCHM give a completion for large v/f

Fermions embedded in spinorial of SO(5) Fermions embedded in 5+10 of SO(5)

!

! !

universal shift of the couplings
no modifications of BRs

BRs now depends on v/f

MCHM4 MCHM5

11

m2
W =

1

4
g2f2 sin2 v/f ghWW =

�
1− ξ gSMhWW

mf = M sin v/f mf = M sin 2v/f

ghff =
�

1− ξ gSMhff ghff =
1− 2ξ√
1− ξ

gSMhff

�
ξ = v2/f2

�

!
a =

�
1− ξ

b = 1− 2ξ

c =
1− 2ξ√
1− ξ

c =
�

1− ξ

! !
{
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mh = 120 GeV

The parameter ‘a’ controls the size of the 
one-loop IR contribution to the 
LEP precision observables 

Barbieri, Bellazzini, Rychkov, Varagnolo ’07

Deformation of the SM Higgs: EW constraints

a a

a = 1 (SM)

a = 0 (TC)

�1,3 = c1,3 log(m
2
Z/µ

2)− c1,3 a
2 log(m2

h/µ
2)− c1,3

�
1− a2

�
log(m2

ρ/µ
2) + finite terms

c1 = +
3

16π2

α(mZ)

cos2 θW

c3 = − 1

12π

α(mZ)

4 sin2 θW

∆�1,3 = −c1,3
�
1− a2

�
log(m2

ρ/m
2
h)

12

http://arxiv.org/abs/arXiv:0706.0432
http://arxiv.org/abs/arXiv:0706.0432


Christophe Grojean Alternative Higgs under LHC scrutiny Seoul, 24th Feb. 2o1213

EW data constraints on ‘a’



Christophe Grojean Alternative Higgs under LHC scrutiny Seoul, 24th Feb. 2o1213

EW data constraints on ‘a’



Christophe Grojean Alternative Higgs under LHC scrutiny Seoul, 24th Feb. 2o12

Flavor Constraints

Composite Higgs set-up: c is flavor universal
(except may be for the top)

mass terms

Higgs fermion interactions

mass and interaction matrices are not diagonalizable simultaneously
if cij are arbitrary

! FCNC

Minimal flavor violation built in!
14

�
1 +

cij |H|2

f2

�
yij f̄LiHfRj =

�
1 +

cijv
2

2f2

�
yijv√

2
f̄LifRj

�
1 +

3cijv2

2f2

�
yijv√

2
hf̄LifRj
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Deformation of the SM Higgs: current constraints

SM ‘a=1’, ‘b=1’ & ‘c=1’
Current EW data constrain only ‘a’
Direct searches constrain also ‘c’

Espinosa, Grojean, Muehlleitner  ’10

1-
a2

1-
a2

fermiophobic Higgs

SM limit

MCHM4 MCHM5 c=(2a2-1)/ac=a
gaugephobic Higgs

LEWSB =
v2

4
Tr

�
DµΣ

†DµΣ
��

1 + 2a
h

v
+ b

h2

v2

�
− λψ̄LΣψR

�
1 + c

h

v

�

http://arXiv.org/abs/1003.3251
http://arXiv.org/abs/1003.3251
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Higgs bounds: news from last December

ATLAS-CONF-2011-163
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Figure 4: The combined upper limit on the Standard Model Higgs boson production cross-section divided

by the Standard Model expectation as a function of mH is indicated by the solid curve. This is a 95% C.L.

limit using the CLs method in the full mass range of this analysis (a) and in the low mass range (b). The

dotted curve shows the median expected limit in the absence of a signal and the green and yellow bands

indicate the corresponding 68% and 95% expected regions.
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Figure 8: The combined 95% C.L. upper limits on the signal strength modifier µ = σ/σSM as

a function of the SM Higgs boson mass in the range 110–160 GeV/c2
. The observed limits are

shown by the solid symbols and the black line. The dashed line indicates the median expected

limit on µ for the background-only hypothesis, while the green (yellow) bands indicate the

ranges that are expected to contain 68% (95%) of all observed limit excursions from the median.
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Figure 9: The observed 95% C.L. upper limits on the signal strength modifier µ = σ/σSM as

a function of the SM Higgs boson mass in the range 110–160 GeV/c2
as obtained with three

methods: CLs as presented in the note (black solid points and black solid line), CLs using an

asymptotic approximation (red curve), and Bayesian (blue open circles and blue dashed line).

The green (yellow) bands are the same as in Fig. 8.
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Away from the SM point, this set-up introduced min-
imal deviations in the physics of the Higgs boson: all the
Higgs couplings have the same Lorentz structure as in the
SM and they are only rescaled by appropriate factors of a, b
and c (note that c is flavor-universal and the only source of
flavor violation are the usual SM Yukawa couplings; this
minimal flavor violation structure actually emerges natu-
rally in the dynamical models that will be considered later):

ghVV = a gS M
hVV , ghhVV = b gS M

hhVV and gh f f̄ � = c gS M
h f f̄ � . (6)

In addition, there are also new couplings, for instance b3
between three Higgses and two gauge bosons or c2 be-
tween two Higgses and two fermions, that will contribute
to multi-Higgs production [1–4].

Since the NLO QCD corrections do not affect the Higgs
couplings, at the LHC the relevant Higgs production cross-
sections simply rescale as [5]:
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The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.

Similarly, the decay widths also have a simple rescal-
ing:

Γ(H → f f̄ ) = c2 ΓS M(H → f f̄ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)

Γ(H → γγ) = (cIγ+aJγ)2

(Iγ+Jγ)2 Γ
S M(H → γγ) , (11)

where

Iγ = 4
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The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetry G of the strong sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stones in addition to the WL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other

Table 1. Values of the couplings of the effective Lagrangian (4) in
the strongly interacting light Higgs set-up (SILH) and in explicit
SO(5)/SO(4) composite Higgs models built in warped 5D space-
time (in MHCM4, the SM fermions are embedded into spinoral
representations of SO(5) while in MHCM5 they are in fundamen-
tal representations). ξ = (v/ f )2 measures the amount of com-
positeness of the Higgs boson. For the SM with an elementary
Higgs, which corresponds to the limit ξ → 0, the couplings are
a = b = c = d3 = d4 = 1 and c2 = b3 = 0.

Parameters SILH MCHM4 MCHM5

a 1 − cHξ/2
�

1 − ξ
�

1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ

b3 − 4
3 ξ − 4

3 ξ
�

1 − ξ − 4
3 ξ
�

1 − ξ

c 1 − (cH/2 + cy)ξ
�

1 − ξ 1−2ξ√
1−ξ

c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ

d3 1 + (c6 − 3cH/2)ξ
�

1 − ξ 1−2ξ√
1−ξ

d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/3
1−ξ

Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance. a denotes a
CP-odd scalar while h and H are CP-even scalars

Model Symmetry Pattern Goldstones

SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h

MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a

possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [2]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:

LSILH =
cH
2 f 2

�
∂µ
�
H†H
��2
+ cT

2 f 2

�
H†
←→
D µH

�2

− c6λ
f 2

�
H†H
�3
+
� cyy f

f 2 H†H f̄LH fR + h.c.
� (13)

Whenever this chiral Lagrangian emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
Refs. [7]) to include some heavy vector resonances of the
strong sector in addition to the Goldstone bosons.

c2 c2a2
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dynamical scale of the strong interactions, i.e. the Gold-
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each search channel is rescaled individually 

all the channels are then added in quadrature
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1-
a2

1-
a2

SM limits

MCHM4 MCHM5 c=(2a2-1)/ac=a

Espinosa, Grojean, Muehlleitner ’11

the SM exclusion bounds are easily rescaled in the (mH,a) plane

LHC tsunami!
the LHC can do much more than simply excluding the SM Higgs
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Deformation of the SM Higgs: current constraints

http://arXiv.org/abs/1202.
http://arXiv.org/abs/1202.
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ATLAS-CONF-2011-163
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Figure 4: The combined upper limit on the Standard Model Higgs boson production cross-section divided

by the Standard Model expectation as a function of mH is indicated by the solid curve. This is a 95% C.L.

limit using the CLs method in the full mass range of this analysis (a) and in the low mass range (b). The

dotted curve shows the median expected limit in the absence of a signal and the green and yellow bands

indicate the corresponding 68% and 95% expected regions.
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Figure 8: The combined 95% C.L. upper limits on the signal strength modifier µ = σ/σSM as

a function of the SM Higgs boson mass in the range 110–160 GeV/c2
. The observed limits are

shown by the solid symbols and the black line. The dashed line indicates the median expected

limit on µ for the background-only hypothesis, while the green (yellow) bands indicate the

ranges that are expected to contain 68% (95%) of all observed limit excursions from the median.
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Figure 9: The observed 95% C.L. upper limits on the signal strength modifier µ = σ/σSM as
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a 120-130 GeV higgs is very interesting (from the exp. point of view)

 since many competing decay channels
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News from two weeks ago13
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Figure 4: The best fit signal strength, in terms of the standard model Higgs boson cross section,

for the combined fit to the five classes (vertical line) and for the individual contributing classes

(points) for the hypothesis of a SM Higgs boson mass of 124 GeV. The band corresponds to

±1 σ uncertainties on the overall value. The horizontal bars indicate ±1 σ uncertainties on the

values for individual classes.
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5

Channel [Exp] mh[GeV] (Local Significance) µ = σ/σSM (µL) Scaling to SM

pp→ γ γ [ATLAS] 126.5± 0.7 (2.8 σ) [22] 2+0.9
−0.7 [23] (2.6) ∼ c2 Brγ γ [a, c]

pp→ Z Z� → �+ �− �+ �− [ATLAS] 126± ∼ 2% (2.1 σ) [22] 1.2+1.2
−0.8 [23] (4.9) ∼ c2 BrZZ [a, c]

pp→W W � → �+ ν �− ν̄ [ATLAS] 126± ∼ 20% (1.4 σ) [22] 1.2+0.8
−0.8 [23] (3.4) ∼ c2 BrWW [a, c]

pp→ γ γ jj [CMS] 124± 3% [10, 11] 3.7+2.5
−1.8 [11] ∼ a2 Brγγ [a, c]

pp→ γ γ[CMS,b, Rmin
9 > 0.94] 124± 3% [10, 11] 1.5+1.1

−1.0 [11] ∼ c2 Brγ γ [a, c]

pp→ γ γ[CMS,b, Rmin
9 < 0.94] 124± 3% [10, 11] 2.1+1.5

−1.4 [11] ∼ c2 Brγ γ [a, c]

pp→ γ γ[CMS, e, Rmin
9 > 0.94] 124± 3% [10, 11] 0.0+2.9 [11] ∼ c2 Brγ γ [a, c]

pp→ γ γ[CMS, e, Rmin
9 < 0.94] 124± 3% [10, 11] 4.1+4.6

−4.1 [11] ∼ c2 Brγ γ [a, c]

pp→ Z Z� → �+ �− �+ �− [CMS] 126± 2% (1.5 σ) [11, 24] 0.5+1.0
−0.7 [10] (2.7) ∼ c2 BrZZ [a, c]

pp→W W � → �+ ν �− ν̄ [CMS] 126± 20% [10, 25] 0.7+0.4
−0.6 [10] (1.8) ∼ c2 BrWW [a, c]

pp→ b b̄ [CMS] 124± 10% [10] 1.2+1.4
−1.7 [10] (4.1) ∼ c2 Brbb̄[a, c]

pp→ τ τ̄ [CMS] 124± 20%[10] 0.8+1.2
−1.7 [10] (3.3) ∼ c2 Brττ̄ [a, c]

TABLE I: Summary table of reported signatures with events related to the Higgs mass scale of interest (mh � 124

GeV) where excess events have been reported.

a parameter R9 - and their location in the detector, being endcap - e or barrel - b. The data we fit to also

have associated exclusion curves. We take these exclusions into account by another procedure described in

the text. Note that the τ+τ− searches at ATLAS are included in the exclusion analysis but not fit to in the

signal strength best fit as the corresponding experimental error is not available.

The excesses of events with approximately the same mass scale in various channels are suggestive of a

resonance, that could be interpreted as evidence of a light Higgs boson. We will assume that these excesses

of events correspond to the same underlying physics and fit the data to discern the degree up to which the

excesses are consistent with a SM Higgs boson interpretation.3 Our procedure to perform a global fit to the

current data is as follows.

First we fit to reported values of σ/σSM including the deviations in the SM predictions by allowing

the parameters a and c to deviate from their SM values of 1. We include in the fits the effects of modified

production cross sections and branching ratios due to the rescaling of the SM couplings by the parameters

a and c. In order to carry out these fits we are required to make a set of assumptions, which are summarized

and discussed in the Appendix. We will illustrate the sensitivity of the fit to the various assumptions by

varying them in the results presented in Section III A.

For example, consider the case of the event yield used to construct σ/σSM for pp → γ γ, which in this

3 The local significance quoted in Table I should be taken as a reminder to the reader of the very marginal situation of the statistical
significance of these signals at present.

All channels together

7

For each search channel, ATLAS and CMS provide [10, 11, 22, 25] an exclusion upper limit µi
L on

each ‘signal strength’ so that µi > µi
L is excluded at 95% C.L. This value is reported in Table I. The final

exclusion limit µL from combining all channels is also provided as a function of the Higgs mass, with a

SM Higgs boson mass being excluded whenever µL < 1. We obtain such combined limits by a simple χ2

procedure, solving for µL the equation

�

i

(µL − µ̂)2

(µi
L − µ̂)2

−
�

i

µ̂2

(µi
L − µ̂)2

= 1 , (8)

where µ̂ is the average of the individual µ̂i
, the measured signal strengths for each channel (which make µi

L

larger when they are nonzero). When there are no excesses (or for the purpose of calculating expected limits)

one simply sets µ̂i = 0, in which case our simple recipe combines in quadrature the limits from different

channels. Again we neglect correlations in the measured limits on the signal strengths. In applying this

procedure to our case, note that we have mapped the reported CLs exclusion curve as

µi
SM → µi(a, c) (9)

through rescaling the production cross sections and the decay widths. The exclusion regions are based on

all released Higgs search analysis channels from the experiments given in December 2011 and updated in

February 2012, and are comprised of the signals listed in Table I (plus the ATLAS h → τ+τ− analysis).

The results of the fit are dependent on the SM values used for the masses of the known particles, gauge

coupling constants in the SM, etc. We summarize the SM inputs, which we have used, in Appendix A.

A. Results

Using the above described procedure we perform a global fit to the currently available data, with results

shown in Fig 1. The global fit results are combined with the exclusion contours in Fig 2. The current data

is consistent with a SM Higgs boson interpretation which lies on the 82% CL contour. The global quality

of the fit is good with χ2/d.o.f ≈ 1. There are two best fit regions. This can be understood as follows.

For each signal strength to which we fit, there is a mapping from the SM point in (a, c) space, given by

(1, 1), to a nearly degenerate point with differing values of a, c. Hence, each set (a, c) to which we fit the

signal strength, corresponds to a different set of points with a (nearly) degenerate χ2
for each of the various

channels. It is of interest to determine a means by which this degeneracy in the fit can be resolved. We

discuss such an approach in Section V.

Note that in Figs. 1, 2 we present results which we label as ‘inclusive’ or ‘gg only’. These fits differ in

how the production cross sections are treated. For ‘gg only’ in the signals with γγ, τ+ τ− final states, we

in the presence of 
excess, the combined 

limit is stronger than the 
combined quadrature

Espinosa, Grojean, Muhlleitner, Trott ’12 

http://arXiv.org/abs/1202.3697
http://arXiv.org/abs/1202.3697


Christophe Grojean Alternative Higgs under LHC scrutiny Seoul, 24th Feb. 2o1224

Model independent fit to LHC data
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Which are the channels driving the fit?
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What to see at LHC @ 8 TeV?
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FIG. 5: Contours of constant signal production in the (a, c) plane. We have also included the exclusion curves which

we have derived from ATLAS and CMS data.

of extracted best fit signal strengths in the (a, c) plane,

µγγ

µZZ
=

(σ ×BR)hγγ [a, c]
(σ ×BR)hZZ [a, c]

(σ ×BR)hZZ
SM

(σ ×BR)hγγ
SM

, (13)

µγγ
V BF

µγγ
=

(σ ×BR)hγγ
V BF [a, c]

(σ ×BR)hγγ [a, c]
(σ ×BR)hγγ

SM

(σ ×BR)hγγ
V BF,SM

. (14)

Here we have included superscripts for the various production channels to make explicit the ratios to be

constructed. For example σhZZ
means the combination of the production channels discussed in Section
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FIG. 6: Contours of constant ratios of signal production in the (a, c) plane overlapped on the best fit region. On

the left, the ratio µγγ/µZZ is superimposed for 8 TeV c.m. energy on the best fit regions, on the right, the ratio

µγγ
V BF /µγγ is superimposed. These observable ratios can resolve the degeneracy of the best fit regions.

III A that are included in ZZ signal events. These ratios are obviously 1 in the SM. It is important to note

that comparing theoretical and experimental determinations of such ratios, which include sets of best fit

signal strengths simultaneously, will allow the degeneracy of the best fit regions to be significantly reduced.

Such combinations can also be experimentally appealing when they allow systematic uncertainties to be

cancelled, such as photon systematic uncertainties in µγγ
V BF /µγγ .

VI. CONCLUSIONS

We have examined the current LHC data in an effective theory to determine to what degree the SM

Higgs hypothesis is emerging from the data. To this end we have performed global fits of best fit signal

strengths and exclusion regions, taking into account current data. The SM Higgs hypothesis turns out to be

consistent with the data at the 82 % CL. In our global fits we find that there are two best fit regions. We have

determined experimentally accessible ratios of best fit signal strengths for a specific Higgs mass value that

will allow the degeneracy in the best fit regions to be significantly reduced with sufficient data collected at

8 TeV c.m. energy.
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FIG. 6: Contours of constant ratios of signal production in the (a, c) plane overlapped on the best fit region. On

the left, the ratio µγγ/µZZ is superimposed for 8 TeV c.m. energy on the best fit regions, on the right, the ratio

µγγ
V BF /µγγ is superimposed. These observable ratios can resolve the degeneracy of the best fit regions.

III A that are included in ZZ signal events. These ratios are obviously 1 in the SM. It is important to note

that comparing theoretical and experimental determinations of such ratios, which include sets of best fit

signal strengths simultaneously, will allow the degeneracy of the best fit regions to be significantly reduced.
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the (a,c)↔(a,-c) symmetry is broken in the γγ channel

http://arXiv.org/abs/1202.3697
http://arXiv.org/abs/1202.3697
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Conclusions
EW interactions need Goldstone bosons to provide mass to W, Z

Strong EWSB w/o an elementary Higgs can be very similar to SM

it might take a long time to decipher the true dynamics of EWSB!

EW interactions also need a UV moderator/new physics 
to unitarize WW scattering amplitude

! !! !! !

We’ll need another Gargamelle experiment
to discover the still missing neutral current of the SM: the Higgs

weak NC ⇔ gauge principle
Higgs NC ⇔ ?
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An Emergency Tire Even Beyond the SM
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“Higgs = emergency tire of the SM”  
Altarelli @ Blois’10

http://confs.obspm.fr/Blois2010/Altarelli2.pdf
http://confs.obspm.fr/Blois2010/Altarelli2.pdf
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