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Abstract We report on the possible interpretation of the
two proposed dark matter mass values mχ = 11.6 GeV and
mχ = 25.3 GeV from CRESST-II within the framework of
the Higgs portal minimal dark matter model. We find that
the higher mass value yields a suitable fit with a dark matterHiggs coupling η/2 = 0.157 and a recoil cross section which
is compatible with contemporary estimates of the effective
Higgs–nucleon coupling. On the other hand, the lower mass
solution would require a large strangeness component in the
nucleon to explain the corresponding nucleon recoil cross
section reported by CRESST-II.

It is well known that DAMA and DAMA/LIBRA have reported for several years that they observe local dark matter
through annual modulation of their detector signals [1, 2],
whereas other direct search experiments have not found observable signal levels and reported exclusion limits instead.
However, the announcements of the CoGeNT collaboration
and of the CRESST-II collaboration that they may also have
seen direct dark matter signals starts to tilt the balance, and
it is intriguing that they all seem to indicate light dark matter
in the mass range below 30 GeV [3, 4].
The CRESST-II collaboration reports that a maximum
likelihood fit to its signal yields a dark matter mass of either
mχ = 11.6 GeV or mχ = 25.3 GeV with a corresponding recoil cross section of 3.7 × 10−5 pbarn or 1.6 × 10−6 pbarn,
respectively. We were intrigued by the question whether any
of these mass values and corresponding recoil cross sections
can be accommodated in the framework of a minimal dark
matter model with Lagrange density [5–9],
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(1)

The scalar S is a real electroweak singlet and H is the
Standard Model Higgs doublet. The electroweak singlet can
therefore interact with Standard Model particles through
Higgs exchange, hence the name Higgs portal for this type
of models.
We would like to point out that the higher mass value
mχ = 25.3 GeV from CRESST-II is compatible with a minimal dark matter interpretation in the sense that the recoil
cross section is compatible with standard effective Higgs–
nucleon couplings. On the other hand, the lower mass fit to
the CRESST-II data could not be accommodated with (1)
because even the highest contemporary estimates on the effective Higgs–nucleon coupling would imply too small a recoil cross section to explain the CRESST-II signal.
The parameter space of the models (1) is constrained
both by perturbative stability [10–12] and by the theory of thermal dark matter creation (see e.g. [13–15] for
the general theory of thermal creation of dark matter and
[6, 11, 16–19] for applications to minimal dark matter models), and if these constraints are combined with the nucleon recoil cross section limits from the null results of
other direct dark matter search experiments like CDMS,
EDELWEISS, PICASSO and XENON 100 [20–22], minimal dark matter with masses below 60 GeV appears to
be ruled out [23]. However, the high statistical significance reported by CRESST-II and the fact that it is by
now the third experiment reporting a possible signal below 60 GeV encouraged us to explore the consequences
of assuming mS = mχ in (1). For the Higgs mass we
used the range mh = 124–126 GeV from [24, 25]. The
variation of the Higgs mass over this small range did not
change any numerical results up to two significant figures and most results not even to three significant figures. Therefore we report numerical results for mh =
125 GeV.
We found that (1) provided a satisfactory fit for the mass
value mS = 25.3 GeV if η = 0.314, in the sense that it
could account for the observed dark matter density DM =
1170 eV/cm3 , and that the resulting nucleon recoil cross
section
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is compatible with the recoil cross section σSN = 1.6 ×
10−6 pbarn reported in [4].
The nucleon mass in (2) is chosen as mN = 931.24 MeV,
which is the average nucleon mass in long lived or stable tungsten isotopes. The required effective Higgs–nucleon
coupling in (2) is then
gvh = 318 MeV.

(3)

This coupling depends critically on the strangeness content
yN =

2N|ss|N 
N |uu + dd|N 

of the nucleon. In their famous paper on the calculation of
the effective Higgs–nucleon coupling, Shifman, Vainshtein
and Zakharov had found gvh = 210 MeV under the assumption of negligible strangeness yN  1 in the nucleon [26].
In this case the complete effective Higgs–nucleon coupling
arises from coupling of the Higgs to the three heavy quark
species charm, bottom and top,

mh N |hh|N = 210 MeV,
gvh |yN 1 =
h=c,b,t

where the heavy condensates arise from virtual fluctuations
of the gluon sea in the nucleon.
The assumption yN  1 had been challenged by Cheng
[27], who had argued for a large scalar strange form factor
corresponding to yN  0.47. Such a large strangeness contribution would increase the effective Higgs–nucleon coupling to gvh = 530 MeV because the relatively strong coupling ms N |ss|N /vh of the Higgs to the strange quark
overcompensates for the reduction of the heavy quark condensates which in turn arises from a reduction of the gluon
content. There is wide consensus now that Cheng’s original estimate of the strangeness content was too high and
yN is likely between the extreme cases assumed in [26] and
[27] and certainly smaller than 0.2, see [28–31]. The value
gvh = 318 MeV (3) corresponds to yN = 0.16.
On the other hand, the light mass solution mS =11.6 GeV
for the CRESST-II signal would require a Higgs-singlet coupling parameter η = 0.398 to yield the correct dark matter density. Decreasing mS and increasing η would seem to
lower the required effective Higgs–nucleon coupling. However, this is overcompensated by the much larger recoil cross
section σSN = 3.7 × 10−5 pbarn which is required in the low
mass fit to the CRESST-II signal, and the net effect would
be a considerably larger effective Higgs–nucleon coupling
gvh = 577 MeV, which even exceeds Cheng’s original estimate and requires a yN parameter that cannot be considered
realistic.

In the terminology of [10] for mass parameters and
coupling constants in a minimal real Z2 symmetric singlet model, mS = 25.3 GeV and η = 0.314 corresponds to
parameters a2 = η/2 = 0.157 and b2 = m2S − (η/2)vh2 =
−8.86×103 GeV2 which seem to be compatible with perturbativity and vacuum stability at least up to the TeV scale if
the singlet self-coupling is sufficiently large λS  0.3. However, minimal models will generically not be viable for extremely high energies. Extensions of minimal dark matter
models (in a sense “modified minimal dark matter models”
or “next to minimal dark matter models”) have been proposed e.g. in [32–34], and supersymmetry is certainly also
still an option.
In conclusion, the higher mass value 25.3 GeV and
the corresponding recoil cross section proposed by the
CRESST-II collaboration can be accommodated in a minimal Higgs portal type dark matter model, but the alternatively proposed low mass value 11.6 GeV certainly cannot
be explained within such a model.
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