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Goals:

• Interpretation of the signal at 126 GeV and phenomenology of additional 
states of extended Higgs sectors

•  Explore possible interplay of Higgs and new physics (NP) states: 

• H(126) --> NP, H(126) --> invisible (-> dark matter), H(126) --> hi + hi

• NP --> H(126) + X, H(126) + NP production

• Hi --> NP, Hi --> H(126) + H(126), ...

• NP --> hi + X

• Incorporate experimental information on the total width into the analysis of 
the coupling structure of H(126): goes beyond ϰ scale factor formalism
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Example: current bounds on H(126) → NP from ATLAS + CMS

There is significant room for decay modes of the signal at 126 GeV 
into new physics final states
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Figure 16: One-dimensional �2 profiles of BR(H ! NP) in all benchmark scenarios with the assump-
tion V  1 (V = W,Z). The three scenario types are defined in the text.

limit is nearly identical to what is obtained with fixed SM Higgs couplings. The weakest limits are
obtained for Type 3. But even in the latter, least restricted case a BR(H ! NP)  40% at the
95% C.L. is found.

4 Future precision of Higgs coupling determinations

4.1 Prospective Higgs coupling determination at the LHC

The LHC experiments ATLAS and CMS have provided estimates of the future precision for the Higgs
signal rate measurements in most of the relevant channels for integrated luminosities of 300 fb�1 and
3000 fb�1 at

p
s = 14 TeV [90]. The first numbers (from 2012) have recently been updated [91–93].

In this section we use these updated projections to determine the accuracy of future Higgs coupling
determination at the LHC. Similar studies based on the updated projections were recently performed
in Refs. [94, 95], using a slightly di↵erent methodology and parametrization of the Higgs couplings.
For earlier studies see also Refs. [10, 12, 30,96].

Concerning the projected sensitivities for rate measurements from ATLAS, a detailed compilation
has been provided in Refs. [91, 92] which in most cases contains information on the signal composition
(e�ciencies), and the projections are given with and without theoretical uncertainties. ATLAS has also
provided projections for sub-channels including tags for the di↵erent production modes. Unfortunately,
a projection for the important channel H ! bb̄ is not yet available. This channel plays an important
role in any global fit, since the partial decay width for H ! bb̄ dominates the total width in the SM.
Moreover, the ATLAS H ! ⌧+⌧� projection is based on an older analysis, and one could expect a
potential improvement from an updated study.

CMS has provided estimates for the capabilities to measure the Higgs signal rates only for inclu-
sive channels [93]. Unfortunately, detailed information about the signal composition is missing. We
are therefore forced here to assume typical values for the signal e�ciencies guided by present LHC
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(b) No assumptions. The blue and red contours indicate
current and prospective limits, respectively, on the total
width from o↵-shell Higgs production at the LHC [15,18].

Figure 2: Two-dimensional ��2 profiles for the fit parameters in the (,BR(H ! NP)) fit.

For a given upper limit of the total width scale factor, 2H,limit, we can thus infer the indirect bounds

  p
H,limit, BR(H ! NP) = 1 � �1

H,limit. (9)

For a current (prospective) upper limit of 2H,limit = 40 (10) at the (high-luminosity) LHC, this would
translate into   2.51 (1.78) and BR(H ! NP)  84% (68%). However, even when taking these
constraints into account there remains a quite large parameter space with possibly sizable BR(H !
NP). Hence, the LHC will not be capable to determine absolute values of the Higgs couplings in
a model-independent way. This is reserved for future e+e� experiments like the ILC, which will be
discussed in Sect. 4.2.

Returning to the current fit results displayed in Fig. 2, we can also infer from this fit a lower limit
on the total signal strength into known final states (normalized to the SM):

2 · [1 � BR(H ! NP)] � 0.81 (at 95% C.L.). (10)

Note, that this limit is irrespective of the final state(s) of the additional Higgs decay mode(s).

3.2 Couplings to gauge bosons and fermions

The next benchmark model contains one universal scale factor for all Higgs couplings to fermions, F ,
and one for the SU(2) gauge bosons, V (V = W,Z). This coupling pattern occurs, for example, in
minimal composite Higgs models [69], where the Higgs couplings to fermions and vector bosons can
be suppressed with di↵erent factors. The loop-induced coupling scale factors are scaled as expected
from the SM structure, Eqs. (4) and (5). Note that g scales trivially like F in this case, whereas �
depends on the relative sign of V and F due to the W boson-top quark interference term, giving a
negative contribution for equal signs of the fundamental scale factors. Due to this sign dependence
we allow for negative values of F in the fit, while we restrict V � 0. The assumption of universality
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No assumptions on undetectable / 
invisible decays, common scale factor ϰ

⇒
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Method

• Theoretical predictions for the relevant quantities

• Work out phenomenology of possible new signatures

• Suggest analysis strategies to enhance experimental sensitivity

• Close collaboration with A. Raspereza (CMS)

• Milestones: M1.1.3, M1.3.1, M1.4.1, M2.2.2, M2.2.3, M2.2.4
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Backup
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Present status

• The properties of the signal are so far compatible with the predictions for the 
Higgs boson of the SM, but many other interpretations are possible, 
corresponding to very different underlying physics:

• Lightest or next-to-lightest state of an extended Higgs sector

• Pseudo-Goldstone boson, composite Higgs, ...

• Mixed state: Higgs-radion mixing, ...

• Dilaton, ...

⇒ Need to discriminate between the different possible options in order to 
identify the nature of electroweak symmetry breaking!
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Higgs physics: shedding light on dark matter?
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Higgs physics: shedding light on dark matter?

• If dark matter consists of one or more particles with a mass 
below about 63 GeV, then the decay of the signal at 126 GeV 
into a pair of dark matter particles is kinematically open

• Non-zero branching ratio into invisible particles could manifest 
itself via:

• Direct search for H → invisible

• Suppression of all other branching ratios
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Higgs physics: shedding light on dark matter?

• If dark matter consists of one or more particles with a mass 
below about 63 GeV, then the decay of the signal at 126 GeV 
into a pair of dark matter particles is kinematically open

• Non-zero branching ratio into invisible particles could manifest 
itself via:

• Direct search for H → invisible

• Suppression of all other branching ratios

7

⇒ Higgs physics could provide a ``window’’ to dark matter
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Search for non-standard heavy Higgses
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SUSY Higgs: non-standard heavy Higgses

"Typical" features of extended Higgs sectors:

A light Higgs with SM-like properties, couples with about
SM-strength to gauge bosons

Heavy Higgs states that decouple from the gauge bosons

For “non-standard” Higgs states:

⇒ Cannot use weak-boson fusion channels for production

⇒ Possible production channels: gg → H, bb̄H, . . .

Cannot use LHC “gold plated” decay mode H → ZZ → 4µ

⇒ Search for heavy Higgs bosons H,A,H± is very different
from the SM case

Beyond the Standard Model (Higgs), Georg Weiglein, IMFP13, Santander, 05 / 2013 – p. 42
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What if the signal at 126 GeV corresponds to a state of 
an extended Higgs sector which is not the lightest one?
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Option 4: The second-lightest Higgs of an

extended Higgs sector

Extended Higgs sector where the second-lightest Higgs at
∼ 126 GeV has SM-like couplings to gauge bosons

⇒ Lightest neutral Higgs with heavily suppressed couplings to
gauge bosons, may have mass below the LEP limit of
MHSM

> 114.4 GeV (in agreement with LEP bounds)

Possible realisations: 2HDM, MSSM, NMSSM, . . .

Example: “Low MH benchmark scenario” of the MSSM

⇒ Observation of a SM-like signal at ∼ 126 GeV provides a
strong motivation to look for non SM-like Higgses
elsewhere

⇒ The best way of experimentally proving that the observed
state is not the SM Higgs would be to find in addition
(at least one) non-SM like Higgs!

Beyond the Standard Model (Higgs), Georg Weiglein, IMFP13, Santander, 05 / 2013 – p. 74
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Would such a light Higgs be detectable at the LHC?
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Would such a light Higgs be detectable at the LHC

?

Not in decays of the state at ∼ 126 GeV if mass of lightest
Higgs >∼ 63 GeV

This possibility has not been explored at the LHC so far;
first LHC searches for light Higgses in this mass range are
in progress

In case of SUSY, such a light Higgs could be produced in
a SUSY cascade, e.g. χ̃0

2 → χ̃0
1h; could be similar for other

types of BSM physics

– p. 22


