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Excluding Light Asymmetric Bosonic Dark Matter

Chris Kouvaris∗

CP3-Origins, University of Southern Denmark, Campusvej 55, Odense 5230, Denmark

Peter Tinyakov†
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We argue that current neutron star observations exclude asymmetric bosonic non-interacting
dark matter in the range from 2 keV to 16 GeV, including the 5-15 GeV range favored by DAMA
and CoGeNT. If bosonic WIMPs are composite of fermions, the same limits apply provided the
compositeness scale is higher than ∼ 1012 GeV (for WIMP mass ∼ 1 GeV). In case of repulsive
self-interactions, we exclude large range of WIMP masses and interaction cross sections which com-
plements the constraints imposed by observations of the Bullet Cluster.
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1. Introduction. An appealing solution to the dark
matter problem is offered by Weakly Interacting Massive
Particles (WIMPs) emerging in many theories beyond the
Standard Model (SM). However, WIMPs are very diffi-
cult to detect, and therefore little is known about their
properties. Experimentally, the situation is rather un-
clear (see e.g. limits from CDMS [1]), with DAMA [2] and
CoGeNT [3] suggesting the existence of a light WIMP
with a mass around ∼ 10 GeV.
Apart from direct searches, constraints on WIMPs can

be set by observations of compact objects such as white
dwarfs and neutron stars [4–12]. These constraints can
be grouped in two types. The first type targets WIMPs
that can annihilate inside the star producing heat that
can change the thermal evolution of the star [5]. WIMPs
of this type can arise in supersymmetric extensions of the
SM (see [13] and references therein), or in Technicolor
models [14, 15]. Constraints of the second type target
asymmetric dark matter models. In these models the an-
nihilation of dark matter in the present-day Universe is
impossible because only particles, and no anti-particles
(hence the term “asymmetric”) remain [16–31]. An ad-
ditional bonus in these models is that the asymmetry
of WIMPs might be linked through sphalerons with the
baryon asymmetry [24], which can explain the today’s ra-
tio ΩDM/ΩB ∼ 5 provided the WIMP has a mass around
5 GeV. Note that this value is not very far from the one
suggested by the DAMA and CoGeNT experiments. In
view of this coincidence, the models with WIMP masses
in the GeV range have become quite popular.
Since in the asymmetric dark matter models WIMPs

cannot annihilate, if a large number of them is accreted
during the lifetime of a neutron star, they may collapse
forming a small black hole inside the star that eventu-
ally destroy the latter. Therefore the existence of old
neutron stars can impose constraints on the properties
of asymmetric WIMPs. In fact, in the case of fermionic
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asymmetric WIMPs with a spin-dependent cross section,
these constraints are competitive to direct dark matter
search experiments [11].
In this letter we focus on asymmetric bosonic dark

matter and derive constraints on the dark matter param-
eters from the formation of black holes inside neutron
stars. We show that for fundamental asymmetric non-
interacting bosonic WIMPs, current observational data
exclude all the masses from 2 keV to 16 GeV (includ-
ing the range of masses 5 − 15 GeV favored by DAMA
and CoGeNT). If WIMPs are composite particles made
of fundamental fermions, the above constraint does not
apply. However, if the compositeness scale is above
∼ 1012 GeV (like in Grand Unified Theories (GUT)),
candidates like that are again excluded in the same mass
range. In addition, we constrain the case of fundamental
self-interacting bosonic WIMPs. We show that if the in-
teraction is repulsive, a vast area of self-interaction cross
sections complementary to the one excluded by observa-
tions of the Bullet Cluster [32] is excluded.
2. Bosonic Dark Matter. Gravitational collapse of a

self-gravitating lump of particles happens differently in
case of bosons and fermions. In the case of fermions of
mass m, a large number of particles N # (MPl/m)3 is re-
quired to overcome the Fermi pressure, where MPl is the
Planck mass. In the bosonic case this number is para-
metrically smaller, N # (2/π)(MPl/m)2, because in the
absence of self-interactions, only the uncertainty princi-
ple opposes the collapse. If the bosons have a repulsive
interaction it provides an extra pressure, so the required
number of particles is larger in this case (obviously, an
attractive interaction leads to the opposite effect). Tak-
ing a λφ4 model as a generic example, the minimum mass
of a self-gravitating lump which can form a black hole is
[33]
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where we have expressed the result in terms of the self-
interaction cross section σ = λ2/(64πm2). Here and be-
low we use the natural units ! = c = kB = 1.
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