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FIG. 1: The range of excluded masses as a function of the
dark matter density at the location of the neutron star.

where T , M and R are respectively the temperature,
mass and radius of the star, and ns is the WIMP density
at the surface. Calculating ns from the Boltzmann distri-
bution and plugging the parameters for a typical neutron
star, we found that the evaporation can be safely ignored
for masses larger than ∼ 2 keV.
In summary, accumulation and subsequent gravita-

tional collapse of WIMPs captured inside a neutron star
occurs for WIMPs heavier than ∼ 2 keV and satisfying
conditions (3) and (5). In the case of no self-interaction
the collapse to a black hole inside the neutron star hap-
pens for WIMP masses 2 keV ! m ! 16 GeV.
Several old neutron stars in globular clusters have been

observed. A characteristic example is the pulsar B1620-
26 found in the outskirts of the core of M4. Another ex-
ample is X7 from 47 Tuc [35]. Both globular clusters are
older than several billion years. This excludes the non-
interacting bosonic dark matter candidates with masses
from ∼ 2 keV to 16 GeV.
Almost the same range of WIMP masses is excluded

by the observations of neutron stars close to the Earth
where the age has been established (much more accu-
rately) to be again several billion years. Typical exam-
ples are the J0437-4715 [36], and J0108-1431 [37]. They
are at distances of 140 and 130 pc with an expected local
dark matter density similar to the one around the Earth.
The dependence of the excluded mass range on the dark
matter density at the star location is shown in Fig.1.
In the case of a repulsive interaction, the exclusion

region that follows from eqs. (3) and (5) is shown in
Fig. 2. Depending on the interaction cross section, the
constraints extend to much higher masses and are com-
plementary to those derived from the observation of the
Bullet Cluster.
3. Composite Dark Matter. The discussion above

refers specifically to fundamental bosonic dark matter. If
instead the latter is composite of fermions, the situation
might change. There are two possibilities. Let’s assume
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FIG. 2: Constraints on weakly interacting bosonic dark mat-
ter from observations of neutron stars in globular clusters.
Excluded region (pink) is shown for two background dark
matter densities as indicated on the plot. The cyan region
shows constraints from the observation of the Bullet Cluster.

that there are enough particles to collapse gravitation-
ally according to Eq. (1). As WIMPs start occupying
smaller and smaller volume towards the Schwarzschild
radius, they might reach the density at which the mean
distance between WIMPs is comparable to the scale of
compositeness. At this point the Fermi pressure comes
into play and might stop further collapse. If on the other
hand, the lump of WIMPs reaches its Schwarzschild ra-
dius before the distance between particles becomes com-
parable to the scale of compositeness, the black hole is
formed and compositeness plays no further role.
To estimate the minimum compositeness scale Λcrit,

we express the mean distance d between WIMPs in
the nearly-collapsing (i.e. having size comparable to its
Schwarzschild radius) lump of dark matter in terms of
its mass M . Ignoring the numerical coefficients, we have
d = GM2/3m1/3. Taking the mass to be equal to the
critical one, eq. (1), we get

Λcrit = m1/3M2/3
Pl

(

1 +
λm2

pl

32πm2

)−1/3

, (11)

In the non-interacting case this gives Λcrit = 2 ×
1012 GeV(m/GeV)1/3, which is well below the GUT mass
scale of order ∼ 1016 GeV for all masses of interest (cf.
Fig. 1). Thus, our constraints are also valid for composite
WIMPs provided the compositeness scale is higher than
∼ 1012 GeV.
4. Discussion and conclusions. Two remarks are in

order. In the above analysis we have assumed that the
black hole that is formed inside a neutron star and is
not destroyed by the Hawking radiation eventually con-
sumes the whole star. However plausible, this assump-
tion requires some justification. In eq. (4) we have taken


