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Chiral Lagrangian for a light Higgs

A few (reasonable)
 assumptions:
 spin-0 & CP-even

 custodial symmetry

 no Higgs FCNC

γγ WW & ZZ

EWPD

Flavor

Contino, Grojean, Moretti, Piccinini, Rattazzi  ’10 Azatov, Contino, Galloway ’12

a = b = c = d3 = d4 = 1
c2 = cWW = cZZ = cZ� = c�� = . . . = 0

SM

http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1202.3415
http://arXiv.org/abs/1202.3415
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EW data constraints on ‘a’
EW fit with SM degrees of freedom + Higgs-like scalar

EW data require 
less than 15-20% 
deviations in the 
couplings of the 
Higgs to gauge 

bosons

additional UV 
contributions to S 
and T can modify 

the preferred 
values of couplings

note:

ΔT=-0.1

ΔT=-0.1

ΔT=0.1

ΔT=0.1

 

 EW data don’t
constraint 

the other Higgs 
couplings
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SILH Effective Lagrangian

4

custodial breaking

Genuine strong operators (sensitive to the scale f)
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loop-suppressed strong dynamicsminimal coupling: 

Goldstone sym.

Form factor operators (sensitive to the scale mρ)
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Giudice, Grojean, Pomarol, Rattazzi ‘07

At the moment, we don’t need to know what the Higgs is made of
chiral Lagrangian for the composite Higgs

➾
➾
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http://arXiv.org/abs/hep-ph/0703164
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Figure 7: Leading order and main NLO contributions to h ⌅ ZZ.
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Figure 8: Feynman diagrams contributing to e+e� ⌅ htt̄.

3.1 h ⌅ ZZ decay width

The first channel we investigate is the width of h ⌅ ZZ ⌅ 4l. Here the interference occurs be-
tween tree level and higher orders, the former being sensitive to the sign flip a+ acb ⌅ �(a+ acb).
On the contrary we assume, in order to maximize the separation, that most of the radiative
corrections arise from loops not directly involving the hZZ vertex (see the diagrams in Fig. 7).
In this approximation the two cases a + acb � 0 have di⇤erent relative sign between LO and
NLO. Thus we can write the width in the two cases as (the superscript corresponds to the sign
of a + acb) �

±
ZZ ⇤ �0

ZZ(1 ± �), with � ⇤ 1% for SM couplings [38]. Assuming departures from
the leading approximation a + acb = ±1 to have negligible e⇤ects, we quantify the relative
separation with

⇥ =

����
�+
Z � ��

Z

�+
Z + ��

Z

���� = � ⇤ 1% . (3.2)

It is clear that a very high precision is required to resolve the two cases. In fact, even considering
perfect knowledge of the coupling constants, the experimental uncertainties should be at least
of the same size or smaller of ⇥. We conclude that the measurement under study is not realistic.

3.2 htt̄ associated production

We now focus on a case where the interference arises between di⇤erent LO contributions.
In Higgs boson associated production with tops (heavy fermions in general) the process is
essentially e+e� ⌅ Z ⌅ tt̄ with a scalar emitted either by the Z or by one of the tops (as
shown in Fig. 8). We can write the total cross section for the two cases a+ acb = ±1 as follows

⇥± = (⇥t + ⇥Z ± ⇥int) , (3.3)
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f = 500 GeV
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SM is recovered 
as a limit when

the compositeness scale 
is well above weak scale

Explicit (and calculable) models built in AdS5 spacetimes

a =
p

1� ⇠ c =
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1� ⇠

a =
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1� ⇠ c =
1� 2⇠p
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Agashe, Contino, Pomarol ’04 Contino, Da Rold, Pomarol ’06
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but they are not on agenda of the current LHC run

3.4 Double Higgs production via gluon fusion

Within the SM, double Higgs production via gluon fusion received interest mainly because it is
sensitive to the trilinear Higgs self-coupling [42], see the first diagram in Fig. 2. In composite Higgs

g
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h

h

h

h

h
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mi

mj

h

h
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h

h

mi mj
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h

h
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Figure 2: Generic diagrams contributing to double Higgs production via gluon fusion in composite Higgs
models with nf novel fermionic resonances of mass mi (i = 1, ..., nf ). The index j ⇧= i is introduced to
indicate that the fermions in the loops can be di�erent.

models, the process gg ⇤ hh is a�ected essentially in two ways. First, the nonlinearity of the
strong sector gives rise to a ff̄hh coupling (which vanishes in the SM) and thus to a genuinely
new contribution to the amplitude, see the second diagram in Fig. 2. Second, one should take into
account the e�ects of top partners, which include also new box diagrams involving o�-diagonal
Yukawa couplings (shown in the second line of Fig. 2). A first study of gg ⇤ hh in composite
Higgs models, neglecting top partners, was performed in Ref. [3], where it was found that a very
strong enhancement of the cross section is possible due to the new tt̄hh coupling. For example,
in MCHM5 with ⇤ = 0.25, which corresponds to f ⌅ 500GeV, the cross section was found to be
about 3.6 times larger than in the SM. Recently, Ref. [4] performed a model-independent study
of the process, making reference to the e�ective Lagrangian in Eq. (6) and thus again neglecting
the e�ects of top partners, and found a large sensitivity of the cross section to the c2 coe⇤cient
parameterizing the tt̄hh coupling.

In this paper we include for the first time the e�ects of top partners in double Higgs production
via gluon fusion. This is especially interesting in the light of the results of Refs. [49], where a light
composite Higgs was shown to be tightly correlated with the presence of light top partners, as such
light resonances can in principle a�ect the gg ⇤ hh cross section in a sizable way. Our analysis
will confirm that this is indeed the case.

We start by discussing the cross section in the LET approximation, which greatly simplifies
the computation. In this limit, the amplitude is simply the sum of two e�ective diagrams, one
with the e�ective hgg coupling followed by a trilinear Higgs coupling and the other involving the
e�ective hhgg coupling. Adopting the SILH formalism, and recalling the expressions of the relevant
Feynman rules, which we already derived and report here for convenience
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(where p1,2 denote the momenta of the incoming gluons), we can write the amplitude as

Alet (gg ⇤ hh) =
�s

3⌅v2
⇥ab(p⇤1p

µ
2 � p1 · p2gµ⇤)C(ŝ) , (32)
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Figure 7: Leading order and main NLO contributions to h ⌅ ZZ.
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Figure 8: Feynman diagrams contributing to e+e� ⌅ htt̄.

3.1 h ⌅ ZZ decay width

The first channel we investigate is the width of h ⌅ ZZ ⌅ 4l. Here the interference occurs be-
tween tree level and higher orders, the former being sensitive to the sign flip a+ acb ⌅ �(a+ acb).
On the contrary we assume, in order to maximize the separation, that most of the radiative
corrections arise from loops not directly involving the hZZ vertex (see the diagrams in Fig. 7).
In this approximation the two cases a + acb � 0 have di⇤erent relative sign between LO and
NLO. Thus we can write the width in the two cases as (the superscript corresponds to the sign
of a + acb) �

±
ZZ ⇤ �0

ZZ(1 ± �), with � ⇤ 1% for SM couplings [38]. Assuming departures from
the leading approximation a + acb = ±1 to have negligible e⇤ects, we quantify the relative
separation with

⇥ =

����
�+
Z � ��

Z

�+
Z + ��

Z

���� = � ⇤ 1% . (3.2)

It is clear that a very high precision is required to resolve the two cases. In fact, even considering
perfect knowledge of the coupling constants, the experimental uncertainties should be at least
of the same size or smaller of ⇥. We conclude that the measurement under study is not realistic.

3.2 htt̄ associated production

We now focus on a case where the interference arises between di⇤erent LO contributions.
In Higgs boson associated production with tops (heavy fermions in general) the process is
essentially e+e� ⌅ Z ⌅ tt̄ with a scalar emitted either by the Z or by one of the tops (as
shown in Fig. 8). We can write the total cross section for the two cases a+ acb = ±1 as follows

⇥± = (⇥t + ⇥Z ± ⇥int) , (3.3)
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EPJ Web of Conferences

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 a�ect the Higgs
couplings, at the LHC the relevant Higgs production cross-
sections simply rescale as [5]:

g

g
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q
W,Z H
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W,Z

H

t/b

t/b

H
g

q
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�NLO
�S M

NLO
= c2 a2 a2 c2 (7)

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:

�(H ⌥ f f̄ ) = c2 �S M(H ⌥ f f̄ ) , (8)
�(H ⌥ VV) = a2 �S M(H ⌥ VV) , (9)
�(H ⌥ gg) = c2 �S M(H ⌥ gg) , (10)

�(H ⌥ ⇥⇥) = (cI⇥+aJ⇥)2

(I⇥+J⇥)2 �
S M(H ⌥ ⇥⇥) , (11)

where
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� i⌃
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for x < 1

(12)

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 e�ective 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). ⇧ = (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 ⇧ ⌥ 0, the couplings are
a = b = c = d3 = d4 = 1 and c2 = b3 = 0.

Parameters SILH MCHM4 MCHM5

a 1 � cH⇧/2
�

1 � ⇧
�

1 � ⇧
b 1 � 2cH⇧ 1 � 2⇧ 1 � 2⇧

b3 � 4
3 ⇧ � 4

3 ⇧
�

1 � ⇧ � 4
3 ⇧
�

1 � ⇧

c 1 � (cH/2 + cy)⇧
�

1 � ⇧ 1�2⇧⌦
1�⇧

c2 �(cH + 3cy)⇧/2 �⇧/2 �2⇧

d3 1 + (c6 � 3cH/2)⇧
�

1 � ⇧ 1�2⇧⌦
1�⇧

d4 1 + (6c6 � 25cH/3)⇧ 1 � 7⇧/3 1�28⇧(1�⇧)/3
1�⇧

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 e�ective 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, m⌥, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The e�ective chiral La-
grangian includes only four operators that are genuinely
sensitive to the strong interactions and a�ect 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†
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D µH
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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-
e⇥cient 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
a2
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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 a�ect the Higgs
couplings, at the LHC the relevant Higgs production cross-
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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:
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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 e�ective 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). ⇧ = (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 ⇧ ⌥ 0, the couplings are
a = b = c = d3 = d4 = 1 and c2 = b3 = 0.

Parameters SILH MCHM4 MCHM5

a 1 � cH⇧/2
�

1 � ⇧
�

1 � ⇧
b 1 � 2cH⇧ 1 � 2⇧ 1 � 2⇧

b3 � 4
3 ⇧ � 4

3 ⇧
�

1 � ⇧ � 4
3 ⇧
�

1 � ⇧

c 1 � (cH/2 + cy)⇧
�

1 � ⇧ 1�2⇧⌦
1�⇧

c2 �(cH + 3cy)⇧/2 �⇧/2 �2⇧

d3 1 + (c6 � 3cH/2)⇧
�

1 � ⇧ 1�2⇧⌦
1�⇧

d4 1 + (6c6 � 25cH/3)⇧ 1 � 7⇧/3 1�28⇧(1�⇧)/3
1�⇧

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 e�ective 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, m⌥, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The e�ective chiral La-
grangian includes only four operators that are genuinely
sensitive to the strong interactions and a�ect 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

� c6⇤
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-
e⇥cient 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.

 Higgs couplings modified w.r.t. SM but same kinematics

 Background processes unaffected➾ ➾➾

simple rescaling of SM searches

 (particular to single Higgs process - with more than one Higgs, sensitive to derivative couplings)

The QCD NLO  rescale 
trivially in the flavor 

universal limit. 
Not the EW NLO

Figure 2: Isocontours in the (a, acb) plane of |⇥⇤UV
1 /⇤exp1 |�1 (solid, black) and of |⇥⇤TL

1 /⇤exp1 |�1

(red, dashed), roughly representing the amount of tuning needed to satisfy EWPT.

• All the other channels are assumed to come from inclusive production. In this case for
LHC

rLHC
incl (a, acb, c) =

c2⇧gg + rV BF (a, acb) ⇧V BF + rV h(a, acb) ⇧V h

⇧gg + ⇧V BF + ⇧V h
⇤ c2 (2.19)

where ⇧V h/⇧gg ⌅ 0.058, and the last approximate equality holds because the main pro-
duction mechanism is gluon fusion. We have checked that considering inclusive WW and
ZZ production as coming only from gluon fusion and VBF, as done in Ref. [3], does
not significantly a⇤ect our results. An equation completely analogous to (2.19) holds for
inclusive production at Tevatron.

• The partial width for h ⇧ ��, which arises both from W and from heavy fermion (top,
bottom and tau) loops, gets rescaled as

r��(a) =
�(h ⇧ ��)

�(h ⇧ ��)SM
⌃ (1.26 a� 0.26 c)2 (2.20)

for mh = 125GeV .

After computing production cross sections and BRs we construct a ⌃2 function

⌃2(a, acb, c) =
�

i

(µ̂i � µi(a, acb, c))2

⇥µ2
i

, (2.21)

where µ̂i is the experimental central value, and ⇥µi is the total error. The latter is obtained
by summing in quadrature the experimental error (symmetrized by means of an average in

6

for mh=125GeV
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 Higgs couplings modified w.r.t. SM but same kinematics
 (particular to single Higgs process - with more than one Higgs, sensitive to derivative couplings)

distributions are unaffected
the efficiencies are the same as in the SM

(as long as interferences w/ bckgd are negligible)

✏ji =
�cut(j ! h)⇥ Br(h ! i)|a,c
�no cut(j ! h)⇥ Br(h ! i)|a,c

=
�cut(j ! h)⇥ Br(h ! i)|SM
�no cut(j ! h)⇥Br(h ! i)|SM

simple rescaling of the channel compositionTable 6: Number of expected signal events per category at mH = 126.5 GeV, at
√

s = 7 TeV (top) and√
s = 8 TeV (bottom) and breakdown by production process.

√
s Category Events gg→ H [%] VBF [%] WH [%] ZH [%] ttH [%]

7 TeV Inclusive 79.3 87.8 7.3 2.9 1.6 0.4

Unconverted central, low pTt 10.4 92.9 4.0 1.8 1.0 0.2

Unconverted central, high pTt 1.5 66.5 15.7 9.9 5.7 2.4

Unconverted rest, low pTt 21.6 92.8 3.9 2 1.1 0.2

Unconverted rest, high pTt 2.7 65.4 16.1 10.8 6.1 1.8

Converted central, low pTt 6.7 92.8 4.0 1.9 1.0 0.2

Converted central, high pTt 1.0 66.6 15.3 10 5.7 2.5

Converted rest, low pTt 21.0 92.8 3.8 2.0 1.1 0.2

Converted rest, high pTt 2.7 65.3 16.0 11.0 5.9 1.8

Converted transition 9.5 89.4 5.2 3.3 1.7 0.3

2-jets 2.2 22.5 76.7 0.4 0.2 0.1

8 TeV Inclusive 111.6 88.5 7.4 2.7 1.6 0.5

Unconverted central, low pTt 14.4 92.9 4.2 1.7 1.0 0.2

Unconverted central, high pTt 2.5 72.5 14.1 6.9 4.2 2.3

Unconverted rest, low pTt 31.4 92.5 4.1 2.0 1.1 0.2

Unconverted rest, high pTt 5.3 72.1 13.8 7.8 4.6 1.7

Converted central, low pTt 9.1 92.8 4.3 1.7 1.0 0.3

Converted central, high pTt 1.6 72.7 13.7 7.1 4.1 2.3

Converted rest, low pTt 27.3 92.5 4.2 2.0 1.1 0.2

Converted rest, high pTt 4.6 70.8 14.4 8.3 4.7 1.7

Converted transition 13.0 88.8 6.0 3.1 1.8 0.4

2-jets 2.9 30.4 68.4 0.4 0.2 0.2

• Isolation cut efficiency. The comparison of the isolation cut efficiency on Z → e+e− between

data and MC, where a relative shift between the mean of the isolation distribution between data

and simulation of about 80 MeV is observed, gives an uncertainty of 0.4% (0.5%) per event for√
s = 7(8) TeV.

• Event pileup effect. The impact of event pileup on the expected yield is studied by comparing a

sample with a mean number of proton-proton interactions of less than 10 (18) with a sample with

a mean number of interactions of more than 10 (18) for the
√

s = 7(8) TeV analysis, and is found

to be 4%.

• Photon energy scale. Evaluated as described in Sec. 6.3.2 for the mass shift, the uncertainty in the

photon energy scale leads to a 0.3% uncertainty on the H → γγ yield.

• Higgs boson production cross section. The theoretical uncertainties of the Higgs boson production

cross section for the different production processes are taken from [47, 67] (see Table 7). The

QCD perturbative uncertainties for the gluon fusion process are considered separately for the 2-

jets category and the remaining categories (see jet binning below). The uncertainties related to

the parton distribution functions are estimated following the prescription in [70] and by using the

PDF sets of CTEQ [71], MSTW [72] and NNPDF [73]. They are assumed to be 100% correlated

among processes with identical initial states.
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Model independent χ2 fit to LHC excess @ “125”
Espinosa, Grojean, Muhlleitner, Trott ’12 
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FIG. 7: Update to the global fit. To the left we have only updated the WW ATLAS signal in Table I to the value in

Table II. On the right we have also added the ATLAS ⇤⇤ and Tevatron data on pp̄ ⇥ b b̄ and pp̄ ⇥ W+ W� as shown

in Table II.

Channel [Exp] mh[GeV] µ (µL)

pp ⇥ W W ⇥ ⇥ ⌥+ ⇥ ⌥� ⇥̄ [ATLAS] 126 0.2+0.6
�0.7 (1.3)

pp ⇥ b b̄ [ATLAS] 124 �0.8+1.7
�1.7 (3.5)

pp ⇥ ⇤ ⇤̄ [ATLAS] 124 �0.1+1.7
�1.7 (3.4)

pp̄ ⇥ b b̄ [CDF&D0/] 125 2.0+0.8
�0.7 (3.2)

pp̄ ⇥ W+ W� [CDF&D0/] 125 0.03+1.22
�0.03 (2.4)

TABLE II: Summary table of reported signatures with events related to the Higgs mass scale of interest (mh ⇤

124 GeV) where excess events have been reported. Moriond 2012 update with new numbers to supplement (or

replace) entries in Table I.

Appendix B: Moriond 2012 Update

In this section we present updated results including the data presented at Moriond 2012 [40]. The

most significant change in the data that was used in Table I is an update to the ATLAS measurement of

pp ⇥ W W � ⇥ ⌥+ ⇥ ⌥� ⇥̄. In addition, ATLAS reported best fit signal strengths in the pp ⇥ b b̄ and

pp ⇥ ⇤ ⇤̄ channels while CDF and D0/ reported a broad excess in pp̄ ⇥ b b̄ events. Further, CMS has now

also supplied best fit signal strengths as a function of mh, allowing various Higgs mass hypotheses to be

fit to. In this Appendix we include these experimental results in our fit and supply supplementary plots for

various Higgs masses (refining also our determination of the 95% C.L. exclusion limits).
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Projection onto stop mass plane
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Stop mass constraints from global fit
Espinosa, Grojean, Sanz, Trott ’12 
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