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The Standard Model

• Electroweak symmetry breaking: weak interaction has 
finite range

Force carriers

Strong

Electromagnetic

Weak

Fermi, 1934

Interaction strength
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Standard Model needs to be extended.

• Therefore, this picture is not valid at  

• Something new must happen before TeV scale. 

• Simplest new physics:  

• The Higgs boson, a spin-0 neutral particle. 

• Higgs field can give mass to both electrons and gauge 
bosons (W, Z).

W+

W!
W!

W+E

E

Consider: 

Growing stronger at higher energy.  
Perturbative unitarity breaks down.
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The news

- mh > 130 GeV is excluded. 

- A hint of light Higgs signal around 124-126 GeV. 

Dec 13: Update to Higgs Searches

• CMS: all channels shown updated to high L

• ATLAS: broader range of L

ATLAS-CONF-2011-163 CMS PAS HIG-11-032
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Tevatron

15

Upper Limits on BEH Boson Production

! 95% C.L. upper limits on SM Higgs boson production at the Tevatron

! Expected exclusion:   100 < M
H
 < 120 GeV       141 < M

H
 < 184 GeV

! Observed exclusion:  100 < M
H
 < 106 GeV        147 < M

H
 < 179 GeV
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h→γγ higher than SM prediction?
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Figure 14: Values of µ̂ = !/!SM for the combination (solid vertical line) and contributing
channels (points) for four hypothesized Higgs boson masses as indicated on the plot legends.
The blue hatched band corresponds to the ±1! errors on the overall µ̂ value. The red horizontal
bars indicate the ±1! errors on the µ̂ values for individual channels.
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Figure 8: The best-fit signal strength µ = !/!SM as a function of the Higgs boson mass hypothesis for

the H ! ## (a), the H ! ZZ(") ! !+!#!+!# (b) and H ! WW (") ! !+%!#% (c) individual channels.

The µ value indicates by what factor the SM Higgs boson cross-section would have to be scaled to best

match the observed data. The light-blue band shows the approximate ±1! range.
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Implications for (even more) new physics. 
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Implications for (even more) new physics. 
- Taking the signal as evidence for SM-like higgs. 

Implications for new physics scenarios.

Uncomfortable now: models without Higgs, or with 
Higgs > 130 GeV.
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- More dramatic approaches.
This is not a Higgs. Radion?

This is not a signal. Hiding a heavy Higgs.   
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Implications for (even more) new physics. 
- Taking the signal as evidence for SM-like higgs. 

Implications for new physics scenarios.

Uncomfortable now: models without Higgs, or with 
Higgs > 130 GeV.

- More dramatic approaches.
This is not a Higgs. Radion?

This is not a signal. Hiding a heavy Higgs.   

Expected!

Winning lottery
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Why new  physics

- Naturalness puzzle. 
Why the electroweak scale, or higgs mass, so 
much less than other possible fundamental scales, 
for example, MPl = 1019 GeV.

Is such a large scale separation generic in 
quantum theory? Due to quantum fluctuations,

Large fine-tuning. Something needs to control the 
quantum fluctuations. 
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Why new physics?

- Naturalness, new physics must couple to the 
Higgs. 

Higgs mass is the one to protect. 
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Why new physics

- Electroweak baryongenesis. 
Strong first order EW phase transition. 

Large CP violation. 

Cohen, Morrissey, Pierce, 1203.2924
Curtin, Jaiswal, Meade, 1203.2932
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Why new physics?

- Electroweak precision. 
125 GeV is fine, but somewhat more uncomfortable 
than 115 or 90. NP to fix it?

- Dark matter. 
Perhaps Higgs has something to do with its mass. 

Higgs-DM coupling, σSI ∼ 10-44cm-2, being probed at 
direct detection. Good lamppost!

Lopez-Honorez,  Schwetz, Zupan, 1203.2064
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How might NP show up?

- Being directly produced and detected at the LHC. 
SUSY: superpartners.

Composite Higgs (extra dim): resonances. 

- Modification of Higgs production and decay. 

h

a

a

b, τ, g...

h s
to new states mixing

in the loop

γ, g

γ, g

Loop of NP

SM

In addition to measuring Higgs properties, 
We can also look for the new states.
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Longer term
- Era of precision Higgs physics. 

Independent of whether other NP are found.

Measuring a, b, c, d reveal nature of Higgs and 
information of NP.  

For example, in composite Higgs models, deviation 
on the order of 
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1
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Example, Higgs triple coupling.

- Very hard, according to this study 10 years ago.

- But, perhaps we can do better?

Baur, Plehn, Rainwater, 2002
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Supersymmetry.
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SUSY.
- ∼ 60 papers so far. 

- 80% on SUSY. Natural. Prefer light Higgs.
A bit heavy for MSSM. But certainly possible.  

Is heavy scalar reasonable?

Very strong limits on gauge mediation. 

Giudice, Strumia, 2011

Draper, Meade, Reece, Shih, 1112.3068
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where At is the trilinear Higgs-stop coupling and µ is the Higgsino mass parameter.
The above expression is only valid for relatively small values of the splitting of the stop

masses. For larger splittings between the two stop soft masses, similar expressions may be
found, for instance, in Refs. [8]–[14]. Eq. (1) has a maximum at large values of tan! and
At ! 2.4MSUSY in the D̄R scheme, and as claimed in the introduction, gives mh # 130 GeV
for a top quark mass of about 173 GeV and MSUSY of the order of 1 TeV. The Higgs mass
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which depend on the product of the gluino mass and At, and which induce a small asymmetry
in the Higgs mass expression with respect to the sign of At, leading to slightly larger values
for positive AtM3 [12].
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and "hb is a one-loop correction whose dominant contribution depends on the sign of µM3 [25,
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Figure 1: Contour plots of the Higgs mass in the mQ3 !!mu3 plane, for di!erent values of At and
tan!. The stau soft masses have been fixed at m2
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e3 = (350 GeV)2, while µ = 1030
GeV and A! = 500 GeV, leading to a lightest stau mass of about 135 GeV for tan! = 60.
The lightest stop masses are overlaid in dashed black lines.
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Searching for heavy squarks

- At the LHC, the best direct search channel is 

- Reach up to msquark ≈ 4 TeV @ LHC 14 (2 TeV @ 
LHC 7).

g̃

q̃

hard jet

q q̄

LSP

Gluino jet,
with substructure!

Fan, Krohn, Thalapillil, LTW, 1102.0302
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A promising, and complicated, scenario.

• Better consistency with constraints: 

• flavor, CP, Higgs mass

• A generic feature of large classes of models. 

• Scalar heavier than inos.

• 3rd generation scalar somewhat lighter. (mixing, RGE)

t̃, b̃
ũ, d̃, ...

g̃

Ñ

Heavy squark, and  

Many recent models:  Acharya, et al. 07; Everett, et. al. 08;
Langacker et. al. 07; Heckman et al. 08; Sundrum 09; Barbieri et. al., 10..... 

Light gaugino
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A promising, and complicated, scenario.

• Multiple b, multiple lepton final state. 

• Good early discovery potential. 

• Challenging to interpret: top reconstruction difficult.

t̃, b̃
ũ, d̃, ...

g̃

Ñ

The Dominant channel

Acharya, Grajek, Kane, Kuflik, Suruliz, LTW 0901.3367
Kane, Kuflik, Lu, LTW, 1101.1963

g̃

t, b

t̄, b̄

Ñ

t̃!, b̃!
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Example: 4 top final state
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Extensions of MSSM

- MSSM
Higgs quartic from SM D-term

mh = 125 GeV needs MSUSY ≫ Mtop 

- Extensions → new quartic coupling?

Wednesday, March 28, 2012



Extended Higgs sector with SUSY?

- NMSSM. L=LMSSM-matter + λSHuHd

-  Very large λ? 
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m
h
!GeV

"

MSSM Higgs Mass

Xt " 0

Xt " Xtmax
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Figure 1: The Higgs mass in the MSSM as a function of the lightest top squark mass, mt̃1 , with
red/blue solid lines computed using Suspect/FeynHiggs. The two upper lines are for maximal
top squark mixing assuming degenerate stop soft masses and yield a 126 GeV Higgs mass for
mt̃1 in the range of 500–800 GeV, while the two lower lines are for zero top squark mixing and
do not yield a 126 GeV Higgs mass for mt̃1 below 3 TeV. Here we have taken tan! = 20. The
shaded regions highlight the di!erence between the Suspect and FeynHiggs results, and may be
taken as an estimate of the uncertainties in the two-loop calculation.

the Higgs doublets, "SHuHd, that is perturbative to unified scales, thereby constraining " ! 0.7

(everywhere in this paper " refers to the weak scale value of the coupling). The maximum mass

of the lightest Higgs boson is

m2
h = M2

Z cos2 2! + "2v2 sin2 2! + #2t , (2)

where here and throughout the paper we use v = 174 GeV. For "v > MZ , the tree-level

contributions to mh are maximized for tan! = 1, as shown by the solid lines in Figure 2,

rather than by large values of tan! as in the MSSM. However, even for " taking its maximal

value of 0.7, these tree-level contributions cannot raise the Higgs mass above 122 GeV, and

#t " 32 GeV is required. Adding the top loop contributions allows the Higgs mass to reach

126 GeV, as shown by the shaded bands of Figure 2, at least for low values of tan! in the region

of 1 – 2. In this case, unlike the MSSM, maximal stop mixing is not required to get the Higgs

heavy enough. In section 3 we demonstrate that, for a 126 GeV Higgs mass, the fine-tuning of

the NMSSM is significantly improved relative to the MSSM, but is still of concern.

2
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m
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"
NMSSM Higgs Mass

" # 0.6, 0.7
mti
$ # 1200, 500 GeV

Figure 2: The Higgs mass in the NMSSM as a function of tan!. The solid lines show the tree-
level result of equation 2 while the shaded bands bounded by dashed lines result from adding the
"2v2 sin2 2! contribution of equation 2 to the two-loop Suspect/FeynHiggs MSSM result, with
degenerate stop soft masses. The top contribution #t is su!cient to raise the Higgs mass to 126
GeV for " = 0.7 for a top squark mass of 500 GeV; but as " is decreased to 0.6 a larger value
of the top squark mass is needed.

In the “"-SUSY” theory [15], " is increased so that the interaction becomes non-perturbative

below unified scales; but " should not exceed about 2, otherwise the non-perturbative physics

occurs below 10 TeV and is likely to destroy the successful understanding of precision electroweak

data in the perturbative theory. The non-perturbativity of " notwithstanding, gauge coupling

unification can be preserved in certain UV completions of "-SUSY, such as the Fat Higgs [16].

The "-SUSY theory is highly motivated by an improvement in fine-tuning over the MSSM by

roughly a factor of 2"2/g2 ! 4"2, where g is the SU(2) gauge coupling. Equivalently, for the

MSSM and "-SUSY to have comparable levels of fine-tuning, the superpartner spectrum can be

heavier in "-SUSY by about a factor 2". The origin of this improvement, a large value of " in

the potential, is correlated with the mass of the Higgs, which is naively raised from gv/
"
2 to

"v. However, this now appears to be excluded by current limits [20], with " > 1 giving a Higgs

boson much heavier than 126 GeV (for other theories that raise the Higgs mass above that of

the MSSM see [17, 18, 19]).

Most studies of "-SUSY [15, 21] have decoupled the CP even singlet scalar s by making its soft

mass parameter, m2
s, large. This was often done purely for simplicity to avoid the complications

3

Hall, Pinner, Ruderman, 1112.2703
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Extended gauge symmetry

- New D-term. 

- Simplest possibility, a new U(1)’. 
SSB near weak scale.

Higgs charged under this U(1)’. 

- A new U(1)’ also implies additional states.
New Higgs field for the U(1)’.

New exotics from anomaly cancellation. 

Batra, Delgado, Kaplan, Tait,  hep-ph/0309149
Maloney, Pierce, Wacker, hep-ph/0409127
Zhang, An, Ji, Mohapatra, 0804.0268
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Modifying Higgs 
phenomenology
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Is the Higgs SM like?

- Crucial couplings to measure (constrain).
Enters both production and decay, sensitivity early 
on.
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Enters both production and decay, sensitivity early 
on.
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Is the Higgs SM like?

- Crucial couplings to measure (constrain).
Enters both production and decay, sensitivity early 
on.
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Considering two possibilities

- A. We take the hint of a light Higgs (in the range 
of 124-126 GeV) seriously, and study the 
implication for new physics. 

- B. There is a hidden heavy Higgs (mh > 140 GeV)
New physics plays the role of change production 
and decay of Higgs. 

!! ZZ WW "" bb

ATLAS ( mh = 126 GeV) 2.0± 0.9 1.2 ± 1.2 1.2± 0.9 – –

CMS ( mh = 124 GeV) 1.7± 0.8 0.5 ± 1.1 0.7± 0.6 1.0 ± 1.1 0.5± 1.5

Table 1: ATLAS (mh = 126 GeV) and CMS(mh = 124) best-fit values of #/#SM for the channels
used in the fit. Note that ATLAS does not provide values for the "" and bb channel.

regions, we follow a procedure similar to the one outlined in Ref. [45, 46]. Namely, we

compute the observed 95% C.L. limit on the signal strength parameter in each channel,

µNP
i !

#obs
i

#NP
i

=
#obs
i

#SM
i

#SM
i

#NP
i

= µSM
i

#SM
i

#NP
i

. (2.2)

Here µSM
i is the factor by which the SM cross section in the channel i (defined as #SM

i !

#SM
i (pp " h) # Br(h " i)) must be scaled to be excluded at the 95% C.L. bound. The

values of µSM
i are determined by each collaboration and are extracted from Refs. [7, 8].

Given these values, Eq. (2.2) tells us the factor by which theNP cross section in the channel

i must be scaled to be excluded at 95% C.L. .

In order to find the parameter space allowed by the constraints from all channels,

we must combine channels. We use the simple prescription of Ref. [45, 46] in which µNP
i

parameters for all channels are combined in inverse quadrature to obtain the combined

parameter µNP
comb. Then, to be consistent with current constraints at the 95% C.L. requires

µcomb > 1, and this defines the allowed region in our NP parameter space.

3. E!ective operator analysis

In this section we derive model-independent constraints on Higgs boson interactions with

NP beyond the SM using the up-to-date LHC Higgs boson searches. Here we work in the

regime in which we can integrate out new exotic particles and represent their e!ects with

contact interactions. We will focus specifically on possible modifications to the processes

gg " h and h " !!. Since these processes are loop induced in the SM, they are particularly

susceptible to NP e!ects [47].

We parameterize the new e!ective operators as

L $ cG
$s

4%v2
H†HGa

µ!G
aµ! + c"

$

4%v2
H†HFµ!F

µ! . (3.1)

Obviously, it is not always a good approximation to treat these couplings as contact inter-

actions, particularly when the masses of the new exotic particles are comparable to that

of the Higgs. In such a situation, the e!ects of the NP are more model dependent, but

we note that there are Higgs boson observables that can signal in a model independent

fashion the presence of light degrees of freedom [48]. Complementary to our e!ective op-

erator study here, we will consider in Section 4 examples of NP states interacting through

the Higgs portal. We do expect that, for large regions of parameter space in generic NP

– 5 –
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Effective operator approach.

- NP couples to Higgs can carry SM gauge quantum 
number.

Integrating them out generates effective 
couplings

!! ZZ WW "" bb

ATLAS ( mh = 126 GeV) 2.0± 0.9 1.2 ± 1.2 1.2± 0.9 – –

CMS ( mh = 124 GeV) 1.7± 0.8 0.5 ± 1.1 0.7± 0.6 1.0 ± 1.1 0.5± 1.5

Table 1: ATLAS (mh = 126 GeV) and CMS(mh = 124) best-fit values of #/#SM for the channels
used in the fit. Note that ATLAS does not provide values for the "" and bb channel.

regions, we follow a procedure similar to the one outlined in Ref. [45, 46]. Namely, we
compute the observed 95% C.L. limit on the signal strength parameter in each channel,

µNP
i !

#obs
i

#NP
i

=
#obs
i

#SM
i

#SM
i

#NP
i

= µSM
i

#SM
i

#NP
i

. (2.2)

Here µSM
i is the factor by which the SM cross section in the channel i (defined as #SM

i !
#SM
i (pp " h) # Br(h " i)) must be scaled to be excluded at the 95% C.L. bound. The

values of µSM
i are determined by each collaboration and are extracted from Refs. [7, 8].

Given these values, Eq. (2.2) tells us the factor by which theNP cross section in the channel
i must be scaled to be excluded at 95% C.L. .

In order to find the parameter space allowed by the constraints from all channels,
we must combine channels. We use the simple prescription of Ref. [45, 46] in which µNP

i
parameters for all channels are combined in inverse quadrature to obtain the combined
parameter µNP

comb. Then, to be consistent with current constraints at the 95% C.L. requires
µcomb > 1, and this defines the allowed region in our NP parameter space.

3. E!ective operator analysis

In this section we derive model-independent constraints on Higgs boson interactions with
NP beyond the SM using the up-to-date LHC Higgs boson searches. Here we work in the
regime in which we can integrate out new exotic particles and represent their e!ects with
contact interactions. We will focus specifically on possible modifications to the processes
gg " h and h " !!. Since these processes are loop induced in the SM, they are particularly
susceptible to NP e!ects [47].

We parameterize the new e!ective operators as

L $ cG
$s

4%v2
H†HGa

µ!G
aµ! + c"

$

4%v2
H†HFµ!F

µ! . (3.1)

Obviously, it is not always a good approximation to treat these couplings as contact inter-
actions, particularly when the masses of the new exotic particles are comparable to that
of the Higgs. In such a situation, the e!ects of the NP are more model dependent, but
we note that there are Higgs boson observables that can signal in a model independent
fashion the presence of light degrees of freedom [48]. Complementary to our e!ective op-
erator study here, we will consider in Section 4 examples of NP states interacting through
the Higgs portal. We do expect that, for large regions of parameter space in generic NP
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Fit in the light Higgs signal scenario

- ATLAS “prefers” more NP (higher di-photon rate)

- CMS more consistent with SM.

Figure 1: Constraints on the coe!cients of the e"ective operators cG and c! . In the left panel we
show constraints from the ATLAS data for a 126 GeV Higgs boson. In the right panel we show
constraints from the CMS data for a 124 GeV Higgs boson. In each panel, we show the confidence
levels of 1! (orange), 2! (yellow), 3! (solid boundary). We also show contours of constant rate
normalized to the SM value for the gluon fusion cross section (blue) and the cross section in the ""
channel (red). Solid lines show twice the SM rate, while dashed lines show one half the SM rate.

rate observed in the ZZ and WW channels. We show contours of the enhancement (or

suppression) of the gluon fusion rate in blue. We observe that in general, NP contributions

to gluon fusion are quite constrained, with !1 ! cG ! 0.2 (for a 1! fit), while c! is far less

constrained.

Scenario B (Hidden heavy Higgs):

We next consider the hypothesis that the Higgs boson is heavy but hidden from the

LHC searches thus far due to a NP suppression of its rate in the most sensitive channels2.

We focus on the region mh > 140 GeV, in which case the main relevant channels areWW

and ZZ. For such heavy Higgs bosons, only the rate in the gluon fusion channel can be

modified by the operators in Eq. (3.1), and therefore the LHC Higgs searches can probe

the coe!cient cG.

In Fig. 2 we present regions in the mh ! cG plane for which the Higgs boson would

not have yet been detected. To obtain these allowed regions, we follow the analysis steps

described in Section 2. We see that consistency with the null searches requires a sizable NP

contribution to the gluon fusion channel, with preferred values of the operator coe!cient

!0.8 ! cG ! !0.2 for mh ! 400 GeV, while a slightly larger range of cG values are allowed

for mh > 400 GeV due to the weaker constraints on the SM Higgs production cross section.

Such negative values of cG lead to the destructive interference with the dominant SM top

2Of course a heavy Higgs boson leads to a conflict with precision electroweak data, but there are a

number of way in which NP may help to relax such a tension [49].
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Heavy Higgs.

- Main relevant channels are WW and ZZ, strong 
constraints for mh < 200.

- Only the gg fusion production channel can be 
modified by 

!! ZZ WW "" bb

ATLAS ( mh = 126 GeV) 2.0± 0.9 1.2 ± 1.2 1.2± 0.9 – –

CMS ( mh = 124 GeV) 1.7± 0.8 0.5 ± 1.1 0.7± 0.6 1.0 ± 1.1 0.5± 1.5

Table 1: ATLAS (mh = 126 GeV) and CMS(mh = 124) best-fit values of #/#SM for the channels
used in the fit. Note that ATLAS does not provide values for the "" and bb channel.

regions, we follow a procedure similar to the one outlined in Ref. [45, 46]. Namely, we

compute the observed 95% C.L. limit on the signal strength parameter in each channel,

µNP
i !

#obs
i

#NP
i

=
#obs
i

#SM
i

#SM
i

#NP
i

= µSM
i

#SM
i

#NP
i

. (2.2)

Here µSM
i is the factor by which the SM cross section in the channel i (defined as #SM

i !

#SM
i (pp " h) # Br(h " i)) must be scaled to be excluded at the 95% C.L. bound. The

values of µSM
i are determined by each collaboration and are extracted from Refs. [7, 8].

Given these values, Eq. (2.2) tells us the factor by which theNP cross section in the channel

i must be scaled to be excluded at 95% C.L. .

In order to find the parameter space allowed by the constraints from all channels,

we must combine channels. We use the simple prescription of Ref. [45, 46] in which µNP
i

parameters for all channels are combined in inverse quadrature to obtain the combined

parameter µNP
comb. Then, to be consistent with current constraints at the 95% C.L. requires

µcomb > 1, and this defines the allowed region in our NP parameter space.

3. E!ective operator analysis

In this section we derive model-independent constraints on Higgs boson interactions with

NP beyond the SM using the up-to-date LHC Higgs boson searches. Here we work in the

regime in which we can integrate out new exotic particles and represent their e!ects with

contact interactions. We will focus specifically on possible modifications to the processes

gg " h and h " !!. Since these processes are loop induced in the SM, they are particularly

susceptible to NP e!ects [47].

We parameterize the new e!ective operators as

L $ cG
$s

4%v2
H†HGa

µ!G
aµ! + c"

$

4%v2
H†HFµ!F

µ! . (3.1)

Obviously, it is not always a good approximation to treat these couplings as contact inter-

actions, particularly when the masses of the new exotic particles are comparable to that

of the Higgs. In such a situation, the e!ects of the NP are more model dependent, but

we note that there are Higgs boson observables that can signal in a model independent

fashion the presence of light degrees of freedom [48]. Complementary to our e!ective op-

erator study here, we will consider in Section 4 examples of NP states interacting through

the Higgs portal. We do expect that, for large regions of parameter space in generic NP
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Figure 3: The observed 95% C.L. upper limits on the signal strength modifier µ = !/!SM as
a function of the SM Higgs boson mass in the range 110–600 GeV/c2 for the five Higgs boson
decay modes and their combination. The limits shown on this plot are calculated using the
asymptotic formula for the CLs method [24].

to 2.1! and in the H ! WW (") ! !+"!#" channel to 1.4! . For each of these three channels, the ex-

pected local significance is approximately 1.4 ! for a 126 GeV Higgs boson. It should be noted that the

H ! WW (") ! !+"!#" analysis uses an integrated luminosity of 2.1 fb#1, corresponding to less than

half of the accumulated data. The two main components of this excess appear in the two channels with

high reconstructed invariant mass resolution, the H ! ## and H ! ZZ(") ! !+!#!+!# channels. The

local significance of the excess when combining these two channels alone is 3.4 ! .

The excess of events at around 126 GeV is visible in all three channels in the invariant mass (in

the H ! ## and H ! ZZ(") ! !+!#!+!# cases) and transverse mass (in the H ! WW (") ! !+"!#"
case) distributions as seen in Fig. 1. The best fit values of the signal strength parameter for the combi-

nation and for these three channels are illustrated in Fig. 7 and Fig. 8 as a function of the Higgs boson

mass hypothesis. The requirement that the probability density function used to model the signal-plus-

background reconstructed mass distributions in each channel should never be negative, imposes a lower

limit on negative values of the best fit values of the signal strength. This can be observed in Fig. 7 and

Fig. 8(b), where in the low mass region the lower bound on the best fit value of the strength parameter is

constrained by the H ! ZZ(") ! !+!#!+!# channel. The excess observed is not incompatible with the

production of a Standard Model Higgs boson with a mass of around 126 GeV. These best fit values do

not account for energy scale systematic uncertainties. The expected and observed p0 as a function of the

Higgs boson mass hypothesis, in the low mass region, for individual channels and the combination are

illustrated in Fig. 9.

The observed combined significance of the excess taking into account the simplified model of energy

scale systematic uncertainties for photons described in Section 3 and neglecting the impact of energy

scale systematic uncertainties on electrons and muons on the reconstructed invariant mass shapes, is

$ 0.01! higher than the combined significance without any energy scale systematic uncertainties taken

into account on the invariant mass shapes.
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Figure 3: The expected (dashed) and observed (solid) cross-section limits for the individual search chan-

nels, normalized to the Standard Model Higgs boson production cross-section, as functions of the Higgs

boson mass. These results use the profile likelihood technique with 95% C.L. limits using the CLS pre-

scription.
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Hiding Heavy Higgs

Figure 2: Values of the coe!cient cG as a function of Higgs mass for which the Higgs boson
production cross section is su!ciently suppressed for it to be hidden from current LHC searches
(Red). We also show the contours of constant cross section in the gluon fusion channel relative to
its SM value: twice (solid), one half (dashed), and one tenth (dotted) the SM values.

quark loop contribution in the gluon gluon Higgs production cross section (see Eq. (3.2)).

We also overlay contours of constant cross section in the gluon fusion channel relative

to its value in the SM. We observe that a sizable suppression !gg!h ! 0.1!SM
gg!h is required

for mh ! 400 GeV, while a smaller suppression is needed at larger Higgs masses, again due

to the weaker limits. We conclude that it is possible to rescue a heavy Higgs boson from

strong constraints imposed by LHC searches through NP a"ecting its production.

4. Higgs portal to exotic scalars

We now consider concrete UV completions of the higher dimensional operators we discussed

in the previous section. In particular, we will investigate a very general scenario in which

new exotic scalar fields in a variety of SU(3)C ! SU(2)L ! U(1)Y representations interact

through the Higgs portal. As explained in Sec. 2.1, our goal is twofold. We first show which

ranges of masses and couplings of the additional scalars best fit a Higgs boson with a mass in

the range (124"126) GeV, as recently hinted by the ATLAS and CMS collaborations [7, 8].

Secondly, we analyze to what extent a relatively heavy Higgs (mh # 140 GeV) is still

compatible with the current LHC constraints thanks to the suppression of its gluon-gluon

fusion production cross section due to the presence of the additional scalars. Once the

preferred parameter space is found, in Section 5 we will confront it with the parameter

space still allowed by the LHC direct searches of these colored scalars. We note that the

suppression of the gluon-gluon fusion cross section can occur in a various beyond the SM

– 8 –
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Connecting to NP models:  h→γγ
- SM Γ(h→γγ) dominated by W± and top, all with 

large couplings to the Higgs boson.

- Significant modification of BR(h→γγ) would 
require

Charged NP with similar mass ∼ 100 GeV, with 
large coupling to h, and satisfying all the 
constraints (EWPT).

 Or, changing the total width of h. 
New states with mass ∼ mh .

- Either way is not very easy. 
Unlikely but exciting?
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Boosting the di-photon mode in 
MSSM?

- light stau!
Need ∼ 120 GeV stau to have 2 × Γ(h → γγ)SM 
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Figure 4: Contour plots of the ratio of the !(gg ! h)" BR(h ! "") to its SM value, in the
me3–mL3 plane, for µ = 1030 GeV, as well as in the µ –mL3 plane, for me3 = mL3 ,
and tan# = 10 (above) and tan# = 60 (below). The red dashed lines are the contours
at equal lightest stau masses. The yellow shaded area is the area satisfying the LEP
bound on the lightest stau mass. Enhanced branching ratios are obtained for values of
µ for which the stau mixing becomes relevant and the lightest stau mass is close to its
experimental limit, of about 100 GeV.
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The Higgs portal

- HH✝ is a unique gauge and Lorentz invariant op. A 
straightforward possibility of coupling to NP

- O NP can be made of NP states carry 
SU(3)xSU(2)LxU(1)Y quantum numbers.

- Simple, no splitting in new SU(2)L  multiplet.

- Many examples, including Higgs-partner coupling 
in natural theories. 

of the Higgs boson to NP states beyond the SM (BSM). For example, the existence of

new light states with mass m < mh/2 that couple to the Higgs field opens up new decay

channels for the Higgs boson, which is especially relevant for a light Higgs boson, mh ! 130

GeV [32, 33, 34, 35, 36, 37, 38] (see Ref. [39] for a review), in which case new search

strategies may be needed by the collaborations in order to detect the Higgs boson [40].

Another possibility is that the Higgs is part of an extended scalar sector, and its coupling

is modified due to its mixing with the new scalar particles [41, 42, 43, 44]. In this case, the

lightest physical mass eigenstate will have a non standard coupling to SM particles, thus

modifying its production rate.

In this paper, we focus instead on a scenario in which the Higgs boson is SM-like,

having neither additional decay modes to new light states nor mixing with an extended

scalar sector. Rather, interactions between the Higgs and new exotic particles lead to

modifications of loop-level Higgs production and decay processes, such as gg " h and

h " !!. In general there are many possible forms of such interactions, which depend in

detail on the specific quantum numbers of the new exotic states. However, there exists a

class of interactions which are su!ciently generic and of a universal form so as to deserve

special attention: the so-called Higgs portal interactions. The combination H†H, being a

gauge and Lorentz singlet, can be trivially combined with an operator ONP, itself a gauge

and Lorentz invariant operator built out of exotic new fields. The Higgs portal interactions

are thus of the generic form

L # "H†HONP. (1.1)

Furthermore, since H†H is a dimension two operator, the Higgs portal interaction is typ-

ically of a low dimension, and may even be renormalizable if the new exotic scalar fields

are present. If the new exotic states are charged under color and/or electromagnetism,

integrating them out generates the operators hGa
µ!G

aµ! , and hFµ!Fµ! . As we will demon-

strate in detail in this paper, up-to-date LHC results based on the combined 10 fb!1 dataset

already put interesting constraints on the sizes of such operators.

It is also interesting to consider explicit examples of the NP content. If the NP states

are heavy compared to the Higgs boson, their interactions can be treated as contact in-

teractions. Additionally, if they are not too heavy, as is often the case for regions with

significant modifications to Higgs phenomenology, they can be produced and searched for at

the LHC. Combining information from direct searches for exotic states with Higgs searches

provides complementary probes of the NP.

In this paper we will focus on the Higgs portal couplings to additional scalars S of the

form

L #$ "(H†H)(S†S), (1.2)

and study a large set of possible SU(3)C % SU(2)L % U(1)Y representations of S. In

principle, additional fermions F and vector bosons V coupling via the Higgs portal can

also change the phenomenology of the Higgs boson. However, in order to modify the Higgs

phenomenology in a noticeable way with exotic particle loops, the portal couplings cannot

be too small in comparison with the SM gauge and top Yukawa couplings. For fermions and

vector bosons, the most generic Higgs portal couplings, (H†H)(F̄ F ) and H†HV µ!Vµ! , are

– 2 –
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Higgs portal

- O NP can be made of scalars, fermions, vectors 

Ferimion, vector

Scalar

Need low cut-off
 to have large effect

Mixing between SM 
and new gauge boson

Renormalizable,  perhaps the simplest, and least constrained,  possibility.
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Higgs portal

- O NP can be made of scalars, fermions, vectors 

Ferimion, vector

Scalar

Need low cut-off
 to have large effect

Mixing between SM 
and new gauge boson

Renormalizable,  perhaps the simplest, and least constrained,  possibility.

will focus on this here
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Higgs portal to exotic scalars

- We consider Higgs portal coupling

- Free parameters
Coupling constant λ
Mass of the exotic scalar ms (ms2 = m02 + λv2)

SU(3)cxSU(2)LxU(1)Y representations.
We considered SU(3) octet, sextet, triplet, singlet

SU(2) triplet, doublet, singlet

 Choices of Hypercharge.

scenarios, such as SUSY [50, 51, 52] and composite Higgs models [53, 54]. Recent studies

considering the possibility of suppressing the gluon fusion cross section with colored scalars

include [55, 56].

The Lagrangian of the scalar multiplet contains a kinetic term with the appropriate

covariant derivative, as well as a scalar potential containing a bare mass term and possible

cubic and quartic couplings. In particular, for all models a Higgs portal coupling is present:

L !" !|S|2H†H , (4.1)

in which we have omitted the SU(3)C and SU(2)L indices and color contractions are

implicit. After electroweak symmetry breaking, the physical squared mass m2
S of the

scalar field is the sum of the bare mass and a contribution from the Higgs portal coupling in

Eq. (4.1) 3. All modifications to Higgs physics are thus described by only three parameters:

mh,mS ,!.

There are of course various conditions that the couplings in the scalar potential must

satisfy, such as that SU(3)C is not broken and that there are no runaway directions at

large field values. These conditions are quite model dependent, since the terms allowed in

the potential depend on the specific representations. However, some general comments are

in order. First, the quartic terms involving only the scalar field, such as !S(|S|2)2, must

have positive couplings !S > 0 so that the potential is bounded from below. Furthermore,

since we will be considering both positive and negative values of the Higgs portal coupling

!, a runaway direction may develop along a direction of nonzero H and S field values,

unless ! is greater than some minimum (negative) value. Finally in order to avoid the

presence of color or charge breaking vacuua, we require m2
S > 0. These conditions can

always be satisfied for the parameter regions we consider. One may additionally desire

to have a viable theory up to some scale much larger than the TeV scale, in which case

a renormalization group analysis of the potential is required; this is however beyond the

scope of our paper.

As to the specific SU(3)C # SU(2)L # U(1)Y representations we consider, our aim

with this study is to obtain a general overview of the possible modifications of the Higgs

phenomenology and the allowed scalar parameter space, as well as the complementary sig-

nals of scalar pair production at colliders. There are, however, some basic restrictions on

the possible representations. For example, heavy colored and/or charged particles with

TeV-scale masses that are cosmologically stable are strongly disfavored by heavy element

searches [57]. Furthermore, even if the such colored or charged states are only collider sta-

ble, stringent lower bounds on their masses exist from LHC searches for stable charged/and

or hadronizing particles [58]. Colored/charged states that can promptly decay will be much

less constrained by direct collider searches. For this reason we choose to study representa-

tions in which renormalizable interactions mediating the decay of the new colored/charged

states are allowed by the SM gauge symmetries. This restricts the SU(3)C#SU(2)L#U(1)Y
quantum numbers of the colored/charged scalars. However, we note that this is not a nec-

essary condition: it is possible that nonrenormalizable operators mediate prompt decays of
3The multiplets charged under SU(2)L will in general obtain a mass splitting due to radiative e!ects on

the order of hundreds of MeV. Such a small mass splitting will not a!ect our results.
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Model Couplings Signatures

(1,1, 1) LL (!!!+)(!!!+), !!!++ !ET

(1,1, 2) eReR (!!!+)(!!!+)

(1,2, 12)

ūRQ (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb̄)(t̄b), (tt̄)(tt̄)

Q̄dR (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb̄)(t̄b), (bb̄)(bb̄)

L̄eR (!!!+)(!!!+), !!!++ !ET

(1,3, 1) LL (!!!+)(!!!+), !!!++ !ET

(3,1,"1
3 )

QQ, uRdR (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb)(t̄ b̄)

Q̄L̄ (!!j)(!+j), (!!t)(!+t̄), 2j+ !ET , bb̄+ !ET

ūRēR (!!j)(!+j), (!!t)(!+ t̄)

(3,1, 23) dRdR (jj)(jj), (bj)(b̄j)

(3,1,"4
3 )

uRuR (jj)(jj), (tj)(t̄j)

d̄RēR (!!j)(!+j), (!!b)(!+b̄)

(6,1, 13)
Q̄Q̄ (jj)(jj), (tj)(t̄j), (bj)(b̄j)

ūRd̄R (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb)(t̄ b̄)

(6,1,"2
3 ) d̄Rd̄R (jj)(jj), (bj)(b̄j), (bb)(b̄b̄)

(6,1, 43) ūRūR (jj)(jj), (tj)(t̄j), (tt)(t̄t̄)

(8,1, 0) loop decay (jj)(jj)

(3,2, 16) d̄RL (!!j)(!+j), (!! b̄)(!+b), 2j+ !ET , bb̄+ !ET

(3,2, 76)
ūRL (!!j)(!+j), (!! t̄)(!+t), 2j+ !ET , tt̄+ !ET

Q̄eR (!!j)(!+j), (!! t̄)(!+t), (!!b̄)(!+b)

(8,2, 12)
ūRQ (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb̄)(t̄b), (tt̄)(tt̄)

Q̄dR (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tb̄)(t̄b), (bb̄)(bb̄)

(3,3,"1
3 )

QQ (jj)(jj), (tj)(t̄j), (bj)(b̄j)

Q̄L̄ (!!j)(!+j), (!!t)(!+t̄), (!!b)(!+b̄), jj+ !ET , tt̄+ !ET , bb̄+ !ET

(6,3, 13) Q̄Q̄ (jj)(jj), (tj)(t̄j), (bj)(b̄j), (tt)(t̄t̄), (bb)(b̄b̄), (tb)(t̄b̄)

(8,3, 0) loop decay (W+j)(W!j), ("j)("j), (Zj)(Zj), ("j)(Zj)

Table 2: SU(3)C # SU(2)L # U(1)Y scalar multiplets. These scalars have renormalizable interac-
tions mediating their decay and do not contribute to electroweak symmetry breaking. The scalar
quantum numbers, couplings to SM matter, and the possible signatures of scalar pair production
at colliders are displayed.
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- Choice of Y to allow 
simple renormalizable 
couplings to SM 
fields. 

- Motived mainly by 
simplicity.

- Does give us 
interesting variations 
on Higgs decay. 
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Modification of rate.

- Negative NP effect in partial width to 2 photons 
(λ>0) corresponds to a positive effect in gluon 
fusion. 

large field values. These conditions are quite model dependent, since the terms allowed in

the potential depend on the specific representations. However, some general comments are

in order. First, the quartic terms involving only the scalar field, such as !S(|S|2)2, must

have positive couplings !S > 0 so that the potential is bounded from below. Furthermore,

since we will be considering both positive and negative values of the Higgs portal coupling

!, a runaway direction may develop along a direction of nonzero H and S field values,

unless ! is greater than some minimum (negative) value. Finally in order to avoid the

presence of color or charge breaking vacuua, we require m2
S > 0. These conditions can

always be satisfied for the parameter regions we consider. One may additionally desire

to have a viable theory up to some scale much larger than the TeV scale, in which case

a renormalization group analysis of the potential is required; this is however beyond the

scope of our paper.

As to the specific SU(3)C ! SU(2)L ! U(1)Y representations we consider, our aim

with this study is to obtain a general overview of the possible modifications of the Higgs

phenomenology and the allowed scalar parameter space, as well as the complementary sig-

nals of scalar pair production at colliders. There are, however, some basic restrictions on

the possible representations. For example, heavy colored and/or charged particles with

TeV-scale masses that are cosmologically stable are strongly disfavored by heavy element

searches [57]. Furthermore, even if the such colored or charged states are only collider sta-

ble, stringent lower bounds on their masses exist from LHC searches for stable charged/and

or hadronizing particles [58]. Colored/charged states that can promptly decay will be much

less constrained by direct collider searches. For this reason we choose to study representa-

tions in which renormalizable interactions mediating the decay of the new colored/charged

states are allowed by the SM gauge symmetries. This restricts the SU(3)C!SU(2)L!U(1)Y
quantum numbers of the colored/charged scalars. However, we note that this is not a nec-

essary condition: it is possible that nonrenormalizable operators mediate prompt decays of

the new scalars. Therefore, our choice is mainly motivated by simplicity. We also restrict

to scalar fields that do not modify electroweak symmetry breaking (i.e. we do not consider

electroweak multiplets that obtain a vacuum expectation value).

Even with this simplifying requirement, we are led to consider a variety of represen-

tations with di!erent quantum numbers. This will allow us to obtain a representative

overview of the possible modifications of the Higgs phenomenology, thanks to the presence

of new colored and EW charged scalars with a mass of a few hundred GeV. The scalar rep-

resentations we consider are presented in Table 1 (see Ref. [59] for a recent comprehensive

study of the scalars with nonzero hypercharge).

The two main e!ects of the colored and electrically charged scalars relevant for the

Higgs phenomenology are the modification of its production cross section through gluon-

gluon fusion and of its branching ratio into two photons. In particular, at LO

"(gg " h)

"(gg " h)SM
# "(h " gg)

"(h " gg)SM
=

!!!!!!
1 +Kc

4!C(r)A0(#S)
v2

m2
S"

f A1/2(#f )

!!!!!!

2

, (4.2)

in which #i = m2
h/4m

2
i , C(r) is the Casimir of the SU(3)C representation and A0 (A1/2)
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a scalar (fermion) loop function, c = 1(1/2) for a complex (real) scalar and K = 1, 2, 3 in

the case of a weak singlet, doublet, triplet.

Similarly the partial width of the Higgs into two photons is modified by

!(h ! !!)

!(h ! !!)SM
=

!!!!!!
1" c

"

i

2" d(r)Q2
Si
A0(#S)

v2

m2
S

A1(#W )"
#

f NfQ2
fA1/2(#f )

!!!!!!

2

, (4.3)

where the sum is performed over the charged components of the SU(2)L multiplet 4, d(r)

is the dimension of the SU(3)C representation, Nf and Qf the number of colors and the

electric charge of the fermion f of the SM and A1 a gauge boson loop function. As well

known, in the SM the main contribution comes from the W boson loop, so the quantity at

the denominator is positive. From Eqs. (4.2), (4.3) it is interesting to note that a negative

NP e"ect in the partial width to two photons (" > 0) corresponds to a positive NP e"ect

in gluon-gluon fusion and vice-versa.

To estimate the quantitative e"ects on Higgs boson searches, we use the ratios in

Eqs. (4.2), (4.3) to scale the SM gluon fusion cross section and the Higgs to diphoton

branching ratio, where the SM values for all cross sections and branchings ratios are taken

from the LHC Higgs cross section working group [60]. These ratios are computed at the

LO. There have been a few works examining the higher order e"ects of new colored scalar

particles on the gluon fusion process [61, 62]. In particular, Ref. [61] computed the NLO

corrections to the gluon fusion Higgs production cross section for a general scalar multiplet,

and studied numerically some specific example models. Using their results for the (8,2, 12)

scalar, one may estimate that the size of NLO corrections could di"er from those in the

SM by at most 10-20%. Corrections of this size are numerically important, but will not

qualitatively alter our results and conclusions.

We now explore the scalar parameter space for the two scenarios described in Section 2.

Namely, we consider first the hypothesis of a light Higgs boson in the mass range 124"126

GeV, followed by the possibility of a hidden heavy Higgs boson with a suppressed gluon

fusion production cross section. To illustrate the main features of the constraints on the

scalar parameter space, we discuss in detail three representative examples in this section:

two colored scalar multiplets, (3,1,"4
3) and (8,2, 12), as well as one color neutral multiplet

(1,1, 2). The results for a large sample of the representations listed in Table 1 are collected

in Appendix A.

Scenario A (Hint of a light Higgs):

With the assumption that the Higgs mass is in the 124-126 GeV range, as hinted at by

the recent ATLAS and CMS results, there are only two free parameters: the Higgs portal

coupling " and the scalar mass mS . We first present in Fig. 3 the results for two colored

scalar representations, a triplet (3,1,"4
3) and an octet (8,2, 12). In the left panel we show

the fit of the present ATLAS data with a Higgs mass fixed to mh = 126 GeV; in the right

panel the CMS data with mh = 124 GeV. The 1$ (2$) bound is shown in orange (yellow)

4Note that the formulas we are giving in this section are valid only in the hypothesis that all the

components of the SU(2)L multiplet are approximately degenerate in mass.
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Light Higgs signal

- For ATLAS, this triplet is not a very good fit. 

- λ=0 not a very good fit. Higher di-photon rate.

1σ

2σ

2σ
1σ
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Light Higgs signal

- CMS more consistent with SM.
λ=0 gives a good fit. 

- Triplet fits better. 

1σ

2σ

2σ
1σ
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Light Higgs signal

- For λ=O(1), triplet ∼200 GeV and octet ∼500 
GeV are allowed. 

1σ

2σ

2σ
1σ
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Hiding Heavy Higgs. 

Fixed λ=-1
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Collider searches

- Higgs phenomenology are consistent (possible 
even favor) lighter NP. 

- These states can be searched for at the LHC. 
Complementary to measurement in the Higgs 
sector.

- Production. 
Decent rate for colored NP. 

Figure 5: Regions of scalar parameter space in which the gluon gluon fusion production cross
section is su!ciently suppressed to allow a heavy Higgs boson to be consistent with existing LHC
searches. In the left panel we present the allowed region in the mh !mS plane with ! = !1, while
in the right panel we present the region in the mS ! ! plane for a 300 GeV Higgs boson. We
show the results for two representations: (3,1,! 4

3
) (blue) and (8,2, 1

2
) (green). We also show with

dashed lines the corresponding estimate of the sensitivity of the current LHC dataset to a dedicated
(jj)(jj) search, a generic signature of scalar pair production.

GeV Higgs with ! " 0.2! 0.4.

5. Collider limits on scalars

High energy colliders, in particular the LHC, have excellent potential to probe the new

scalars charged under the SM gauge symmetries. We begin with colored scalars, which can

be copiously produced at the LHC through the pair production process:

pp # SS(!). (5.1)

The potential signatures can be classified according to the decay products of the scalars.

The real colored scalar representations (8,1, 0) and (8,3, 0) [63] do not have renormalizable

couplings to SM fermions, but nonetheless can decay at one-loop to a pair of gauge bosons.

The complex colored scalars with nonzero hypercharge decay via the generic coupling

L $ "S#̄SM
1 #SM

2 + h.c., (5.2)

where #SM
i denotes a SM fermion. Assuming that only one of the renormalizable couplings

listed in Table 2 is dominant, there are 20 distinct final states for the colored scalars we

should consider. Instead of presenting a comprehensive analysis, we focus on several classes

of typical signals.

Both the overall size of the couplings and the relative importance of these channels

are quite model dependent. For example, in models with order one couplings ", large

– 15 –
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Production rates of colored scalars

100 200 300 400 500 600 700 800 900 1000
10!4
10!3
10!2
10!1

1

10

102
103
104

mS !GeV"

"
!pp#

SS
"!pb"

blue: triplet
black: sextet
red: octet

Different SU(2) rep:
multiplicative factor

103 events at 10 fb-1 
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Decay modes

- We mainly focus on decay from couplings 

- We could impose MFV.
(8, 2, 1/2) can have MFV coupling. 

Others must be in a larger multiplet. 

Prefers to decay into 3rd gen. 

- Also, we can choose small η. 
Decay can be democratic. 

Prompt as long asη> 10-7

Figure 5: Regions of scalar parameter space in which the gluon gluon fusion production cross
section is su!ciently suppressed to allow a heavy Higgs boson to be consistent with existing LHC
searches. In the left panel we present the allowed region in the mh !mS plane with ! = !1, while
in the right panel we present the region in the mS ! ! plane for a 300 GeV Higgs boson. We
show the results for two representations: (3,1,! 4

3
) (blue) and (8,2, 1

2
) (green). We also show with

dashed lines the corresponding estimate of the sensitivity of the current LHC dataset to a dedicated
(jj)(jj) search, a generic signature of scalar pair production.

GeV Higgs with ! " 0.2! 0.4.

5. Collider limits on scalars

High energy colliders, in particular the LHC, have excellent potential to probe the new

scalars charged under the SM gauge symmetries. We begin with colored scalars, which can

be copiously produced at the LHC through the pair production process:

pp # SS(!). (5.1)

The potential signatures can be classified according to the decay products of the scalars.

The real colored scalar representations (8,1, 0) and (8,3, 0) [63] do not have renormalizable

couplings to SM fermions, but nonetheless can decay at one-loop to a pair of gauge bosons.

The complex colored scalars with nonzero hypercharge decay via the generic coupling

L $ "S#̄SM
1 #SM

2 + h.c., (5.2)

where #SM
i denotes a SM fermion. Assuming that only one of the renormalizable couplings

listed in Table 2 is dominant, there are 20 distinct final states for the colored scalars we

should consider. Instead of presenting a comprehensive analysis, we focus on several classes

of typical signals.

Both the overall size of the couplings and the relative importance of these channels

are quite model dependent. For example, in models with order one couplings ", large
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LHC constraints. 

- No dedicated search in most cases. 

- We will just estimate based on search for other 
NP with similar final states. 

Rough. Kinematics can be different. 

More complete analysis certainly necessary. 
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LHC constraints, an example

- 4jet final states: S S* → jjjj
Common. Can come from octet, sextet, and triplet.

- ATLAS at 35 pb-1 (arXiv:1110.2693)

Ruled out between 100-185→(8,1,0)>160 GeV 

Naively scale up the luminosity by 100         
→ (8,1,0)> 250 GeV, (8,2,Y) > 300 GeV

Similar reach on sextet

Triplet: bound about 150 GeV with 10 fb-1 

New CMS 2.2 fb-1 : octet:550, triplet:250

- Potential at 14 TeV: ∼ bounds x 2. 
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Interplay with Higgs pheno

x x
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Conclusion

- 2012 is going to be a year of Higgs. 
Confirm a light Higgs signal, or

Rule out SM-like weakly coupled Higgs. 

- Rich implications for new physics. 
Connection with LHC NP searches.

Modifying Higgs phenomenology.

Inspiring new models. 
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