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• Invisible Higgs decay constrain DM models 
with MDM<mh/2

• Strong link with direct detection 
• Model independent: Scalar/fermion/vector
• Models : MSSM/NMSSM
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Constraints on Br(Hinv)
• From general fits (GB, Dumont, Elwanger, Gunion, Kraml,1302.5694)

• From direct searches (see Kirtimaan’s)
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Direct detection

• Higgs exchange often dominates

For Dirac fermions Z exchange contributes to SI and SD

• Both Invisible branching of Higgs and spin-
independent cross -section depend on hχχ coupling 
squared
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Invisible  Higgs and direct detection

• For light DM particle, relation between invisible width and 
direct detection 

• Majorana fermion
• Real scalar

5

10 20 30 40 50 60
10

−46

10
−45

10
−44

10
−43

10
−42

XENON100

0.8

0.6

0.4

0.2

mχ (GeV)

σ
S
I
(c
m

2
)

10 20 30 40 50 60
10

−46

10
−45

10
−44

10
−43

10
−42

0.8

0.6

0.4

0.2

mφ (GeV)

σ
S
I
(c
m

2
)

Figure 8: σSI as a function of the mass of the DM particle, for B(H → invisible) =
0.2, 0.4, 0.6, 0.8 (from bottom to top) for the case of a Majorana χ (left panel) or a real scalar
φ (right panel) when CU = CD = CV = 1 and ∆Cg = ∆Cγ = 0, i.e. a SM Higgs plus invisible
decays. The red dashed curves show the XENON100 exclusion limit.

exchange diagram, can then be directly related to the invisible width of the Higgs:
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with η = 4/(m5
H
β3) for a Majorana fermion and η = 2/(m3

H
m

2
φβ) for a real scalar; µr is the

reduced mass and f
N

q
(fN

g
) are the quark (gluon) coefficients in the nucleon. We take the values

f
p

s
= 0.0447, f p

u
= 0.0135, and f

p

d
= 0.0203 from an average of recent lattice results [23, 24].

The gluon and heavy quark (Q = c, b, t) coefficients are related to those of light quarks, and
f
p
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p

Q
= 2/27(1 −

�
q=u,d,s
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) at leading order. Since the contribution of heavy quarks to

the scattering amplitude originates from their contribution to the Hgg coupling, we write the
effect of ∆Cg, the last term in eq. (4), in terms of an additional top quark contributing to the

Hgg coupling; numerically �Cg = Cg = 1.052 with only the SM top-quark contribution taken
into account for computing Cg.

For the numerical evaluation of σSI, we use micrOMEGAs [24, 25] in which the relation
between the heavy quark coefficients and the light ones are modified by QCD corrections. This
amounts to taking
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The results for σSI versus the DM mass and for different B(H → invisible) are displayed in
Fig. 8 for a Majorana fermion (left panel)2 and a real scalar (right panel) assuming CU = CD =
CV = 1. As can be seen, for a Majorana fermion the current XENON100 limits [26] exclude,

2For a Dirac fermion, the cross sections are a factor 1/2 smaller.
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Figure 8: σSI as a function of the mass of the DM particle, for B(H → invisible) =
0.2, 0.4, 0.6, 0.8 (from bottom to top) for the case of a Majorana χ (left panel) or a real scalar
φ (right panel) when CU = CD = CV = 1 and ∆Cg = ∆Cγ = 0, i.e. a SM Higgs plus invisible
decays. The red dashed curves show the XENON100 exclusion limit.
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• Fermions : for light DM - Higgs invisible much stronger 
constraint than DD

• Scalar - DD strong constraint on  Brinv except for very small 
masses 
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φ (right panel) when CU = CD = CV = 1 and ∆Cg = ∆Cγ = 0, i.e. a SM Higgs plus invisible
decays. The red dashed curves show the XENON100 exclusion limit.
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they have the explicit values b3 = −7 and bγ = 11/3: we call ‘pure dilaton’ this special model,

which gives a significant enhancement of h ↔ gg.

Models where a dilaton arises usually often contain also new light particles, such that b3
and bγ can differ from their SM values. Thereby we perform a generic fit where b3 and bγ are

free parameters in addition to Λ. Then, our universal fit is adapted to the case of the generic

dilaton by setting

r ≡ rW = rZ = rt = rb = rτ =
V

Λ
, rg ≈ r(1− 1.45b3), rγ ≈ r(1 + 0.15bγ) (24)

where V = 246GeV.

In our previous analyses [8, 9], the dilaton gave fits of comparable quality to the SM Higgs,

despite the significantly different predictions of the dilaton: enhanced γγ rates and reduced

vector boson fusion rates. The first feature is no longer favoured by data, and the second

feature is now disfavoured: so we find that present data prefer the Higgs to the ‘pure dilaton’

at about 5σ level. We then consider the generic dilaton, showing in fig. 8b that the allowed part

of its parameters space is the one where it mimics the Higgs, possibly up to a sign difference

in rg and/or rγ. The dilaton becomes identical to the SM Higgs in the limit b3 = bγ = 0

and Λ = V . This situation is not easily realisable in models, given that adding extra charged

particles increases bγ rather than reducing it.

16

Brinv=0.19-0.28
Giardino et al, arXiv 1303.3570

See also Djouadi et al, 1205.3169
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• Non-standard Higgs couplings
– potential cancellation (CU<0, CD>0) - at first sight relax 

direct detection bound
– however need to generate fermion mass - other Higgs 

should couple to fermion - give contribution to direct 
detection

• Direct detection can involve other particles
– coloured particles (e.g. squarks in SUSY) contribution 

suppressed by mass scale
– other Higgses
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decays. The red dashed curves show the XENON100 exclusion limit.
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Specific models
• Take into account various constraints, in particular relic 

density
– light DM need efficient annihilation mechanism
– through Z, Higgs, new particles
– Example: Scalar dark matter
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grey line is the projected sensitivity of the XENON1T experiment [11]. Shading
shows the fraction of semi-annihilation α. The parameter region encircled by
green line is valid up to the GUT scale.

made stable by a Z2 symmetry is one of the best studied models. The Z2 model
is very predictive, since the same singlet-Higgs coupling λSH determines both
the annihilation cross section and the spin-independent direct detection cross
section σSI. Already the recent XENON100 results come close to discovering or
excluding the Z2 model, and the model will be completely tested at the early
XENON1T.

An equally valid choice of the stabilising symmetry is Z3. This change adds
to the scalar potential the cubic µ3 term that produces a substantial change in
the behaviour of the model. The µ3S3 term gives rise to the semi-annihilation
process SS → S∗h that can dominate in determination of the relic density if
MS > Mh. Thus, the λSH coupling can be smaller and the direct detection cross
section can be lower than in the Z2 model. This will save scalar singlet dark
matter even if early results from XENON1T will rule out the Z2 case.

Näıvely it appears that λSH could approach zero and µ3 become very large
while keeping the product µ3λSH constant. The only process contributing to
the relic density would be semi-annihilation; the annihilation and the direct
detection cross section would be virtually nil. However, there is an upper bound
(11) on µ3 that is proportional toMS and

√
λS . If the cubic term is too large, the

Z3-symmetric SM vacuum is not the global minimum of the scalar potential. In
principle, the SM vacuum could be metastable if the time of tunnelling is longer
than the lifetime of the universe. Nevertheless allowing for metastability does
not have a large impact on the parameter space. The effect is relatively small
for small MS where semi-annihilation dominates the relic density. Therefore the

12

SM+scalar singlet, Z3
Brinv<0.4
GB et al, 1211.1014

See also Djouadi et al , 
1112.3299
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What about MSSM?
• Higgs coupling to neutralinos

• Significant coupling for mixed bino/Higgsino LSP - µ small
• Light LSP must have sufficient annihilation for Ωh2 ~0.1

– through Higgs exchange  --- mixed bino-higgsino
– Z exchange  -- higgsino component (O132-O142)
– into fermions through stau exchange - bino

10

of [19]. One would also think that one should make tanβ large, however this parameter

also controls the masses of the neutralinos and for the configuration of interest, those

leading to the largest drops in the two-photon signal, one needs to keep tanβ as low as

possible to have the lightest neutralino as light as possible.

In principle we would have liked to decouple all other sparticles, specifically sfermions

as stated in the introduction. However sleptons (in particular selectrons and sneutrinos)

masses determine also the cross sections and the decay signature of the charginos and the

neutralinos. Therefore, allowing for smaller sfermions masses does not so much directly

affect the two-photon width but can relax quite a bit some of the limits on the chargino-

neutralino sector which in turn affect the Higgs search. We thus allow for this kind of

indirect dependence on the sfermion mass.

Often, especially in the case of neutralinos, LEP analyses set absolute bounds on

masses. Ideally, since one is using bounds that are essentially set from the couplings of

neutralinos to gauge bosons, to translate to couplings of these neutralinos and charginos

to the Higgs, one needs to have access to the full parameter space µ, tanβ, M1, M2. Thus

absolute bounds are only indicative and it is much more informative to reinterpret the

data. In the case of limits set solely from the chargino data, the re-interpretation is

quite straightforward since no assumption on the parameters in Eq. 2.1 is made and the

limits ensue from e+e− → χ̃+
1 χ̃−

1 . Limits on the neutralinos are a bit more involved. To

make some of these points clearer and to help understand some of our results it is worth

reviewing the couplings to neutralinos.

2.2 Couplings of Neutralinos to the Higgs and Z

The width of the lightest Higgs to the lightest neutralinos writes[16]

Γ(h → χ̃0
1χ̃

0
1) =

GFMW mh

2
√

2π
(1 − 4m2

χ̃0
1
/m2

h)
3/2 |Chχ̃0

1
χ̃0

1
|2 (2.4)

where[23]

Chχ̃0
1
χ̃0

1
= (ON

12 − tan θW ON
11)(sin α ON

13 + cos α ON
14)

$ (ON
12 − tan θW ON

11)(sin β ON
14 − cos β ON

13) (2.5)

ON
ij are the elements of the orthogonal ( we assume CP conservation) matrix which diag-

onalizes the neutralino mass matrix. α is the angle that enters the diagonalization of the

CP-even neutral Higgses which in the decoupling (large MA and ignoring radiative cor-

rections) is trivially related to the angle β. |ON
1j|2 defines the composition of the lightest

mercredi 20 mars 2013



Results before LHC-Higgs discovery

• Scan in MSSM-11 (Albornoz Vasquez et al, 1112.2200)
• Taking into account mh~125 + Higgs couplings, + Xenon 

limits + relic density, what are predictions for Brinv?
11
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• Large Brinv - associate with light chargino (small µ) 
- see also Dreiner, Kim, Lebedev, 1206.3096

12

Brinv>0.2
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NMSSM
• Additional light Higgses can contribute to annihilation of light 

neutralino, direct detection
• Both ‘invisible and undetected’ decays

• Destroy simple relation Brinv--direct detection 
• Important to search new Higgs decay channels AND Hinv
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FIG. 4: Showing the reduction in diphoton signal strength from H →
γγ competing with new BSM decays. Here only points with a Higgs

mass between 122-128 GeV and with Rggγγ > 0.4 are included.
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FIG. 5: The distribution of the different BSM decay channels for

the same points as in Fig. 4 (where H2 → χ̃0

2
χ̃0

2
is negligible). His-

tograms have unit area.

decay in fermion pairs.

Another distinctive feature of the NMSSM Higgs sector

would be the direct search for H1. We have seen that the

gg → H1 → γγ channel is suppressed. This is also true for

other channels; indeed the couplings of H1 to SM particles is

suppressed by the singlet component. For the bb̄ production

mode, the suppression can be in part compensated by a tanβ
enhancement. However in our scans we found that the H1bb
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FIG. 6: Rggγγ as a function of MH2
in the light neutralino LSP model

when the relic density is compatible with WMAP. Same colour code

as Fig. 2.

coupling could reach at most its SM value. Thus the produc-

tion of H1 in association with b-quarks followed by the decay

of the Higgs into tau pairs does not benefit from an enhance-

ment over the SM expectations.

B. Upper and lower limit on the neutralino relic density

If we now select only the points which predict a relic den-

sity at the WMAP observed value (more precisely we impose

Ωmax

WMAP
h

2 > Ωh
2 > 0.999 Ωmin

WMAP
h

2
where Ωmax,min

WMAP
is ±1σ

from the central measured value of WMAP), we find strong

constraints on the parameter space as light Higgses in the s-

channel or in the final states may reduce the relic density too

much. However, the results for the Higgs sector which are

compatible with the latest LHC data are similar to the ones

that were discussed in the previous subsection. For complete-

ness we show the expectations for Rggγγ for these points in

Fig. 6.

V. SIGNAL STRENGTH IN SCENARIOS WITH HEAVY
NEUTRALINOS

We repeated the analysis for the MCMC scan in which there

is no mχ0

1

< 15 GeV requirement. We first consider the impact

of Higgs searches at LHC. The effect of also imposing the

relic density condition and SUSY searches will be discussed

in section V B.

NMSSM with 14 
parameters
with light neutralino
and DM constraints
arXiv:1203.3446

122<mh<128
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Summary

• Constraints on invisible Higgs - limits on light DM 

• Correlation invisible Higgs direct detection

• Remains to be seen : what is still allowed in 
specific models such as MSSM, NMSSM ...
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