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Prompt ρ ∝ r−1.5 density cusps are the densest and most abundant dark matter systems. If the dark matter
is a weakly interacting massive particle (WIMP), recent studies have shown that prompt cusps dominate the
aggregate dark matter annihilation rate. This article explores whether individual prompt cusps could be
detected as gamma-ray sources. At the Fermi Telescope’s point-source sensitivity, WIMPs with the
canonical annihilation cross section could form detectable prompt cusps if the particle mass is of order
10 GeV. These objects could be 10–100 pc away and weigh under a solar mass; they would subtend around
0.1 degrees on the sky. For GeV-scale dark matter particles with below-canonical cross sections, searches
for individual prompt cusps can be more sensitive than searches for the annihilation signals from galactic
dark matter halos.
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I. INTRODUCTION

The earliest stages of structure formation in the Universe
yield abundant ρ ∝ r−1.5 density cusps of darkmatter [1–16].
These prompt cusps form at the moment of collapse of
smooth peaks in the initial density field, and their abundance
and properties are closely related to those of the
peaks [10,14,16]. Prompt cusps are expected to largely
survive up to the present day [14,17]. They are the densest
dark matter structures.
Weakly interacting massive particles (WIMPs) are among

the most prominent candidates for dark matter [18,19].
WIMPs are thermally produced in the early Universe, and
this process requires (under standard cosmological assump-
tions) that these particles have an annihilation cross section of
about hσvi ≃ 2 × 10−26 cm3 s−1 to yield the measured
abundance of dark matter [20]. But if the dark matter can
annihilate, then the great abundance and internal density of
prompt cuspsmake them dominate the annihilation rate [17].
Annihilation within unresolved prompt cusps should pro-
duce a significant fraction of the isotropic gamma-ray
background within a certain energy range [17,21], and
nondetection of such a contribution implies constraints on
WIMP dark matter that can be stronger than those obtained
by searching for annihilation signals associated with galactic
dark matter halos [22].
Given their dominant contribution to the total annihila-

tion rate, it is natural to ask whether prompt cusps could be
resolved as individual sources of annihilation radiation.
Prospects for individual detection of the smallest dark

matter objects through their annihilation radiation were
previously explored by Refs. [1,23–27], and Refs. [28–34]
have searched for annihilation radiation from more massive
dark matter systems that are still too small to host galaxies.
However, the recently developed prompt-cusp paradigm
has greatly clarified the abundance, properties, and
survival of the smallest dark matter systems. In this article,
we use recent characterizations of the prompt-cusp pop-
ulation [10,14,17] and the degree to which they are
disrupted in our own vicinity within the Galaxy [21,35]
to explore detection prospects for individual prompt cusps.
We considerWIMPmodels with a range of massesm and

kinetic decoupling temperatures Td. Generally, lowerm and
Td yield fewer andmore massive prompt cusps, so detection
prospects for individual cusps in these models are better.
However, at the Fermi Telescope’s point-source sensitivity
of ∼10−12 erg cm−2 s−1 [36] and assuming a canonical
thermal-relic cross section, only dark matter models with
masses smaller than Oð10Þ GeV (depending on Td) yield
detectable prompt cusps. Such masses are likely already
excluded by other observations (e.g. [22,37,38]). Point-
source sensitivity would need to be better by at least an order
of magnitude in order to possibly detect prompt cusps in
still-viable WIMP models under standard cosmological
assumptions. However, for GeV-scale models with below-
canonical cross sections, searches for individual prompt
cusps can be competitive with other strategies.
This article is organized as follows. Section II describes

how we characterize the local population of prompt cusps.
Section III arrives at the main results: the expected flux of
the brightest prompt cusp, for a range of WIMP scenarios,
and limits on the annihilation cross section that arise*mdelos@carnegiescience.edu
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therefrom. Section IV explores properties of the brightest
prompt cusps, including their angular sizes. Finally, we
conclude in Sec. V.

II. CHARACTERIZING THE PROMPT-CUSP
POPULATION

Prompt cusps arise from the collapse of peaks in the
initial density field, and we follow the procedure of
Ref. [17] to determine the distribution of cusps from the
distribution of peaks.

A. Dark matter power spectrum

The peak distribution is set by the linear dark matter
power spectrum, which we evaluate at redshift z ¼ 31
using the CLASS code [39] and extrapolate below the code’s
resolution limit using the analytic small-scale growth
function in Ref. [40]. We adopt cosmological parameters
as measured by the Planck mission [41]. This power
spectrum is shown as the black curve in Fig. 1 and
describes dark matter of arbitrarily low temperature. The
kink around k ∼ 102.5 Mpc−1 arises because baryons clus-
ter with the dark matter at larger scales (smaller k) but resist
clustering on smaller scales (larger k) [42]. Dark matter
density contrasts δ≡ ðρ − ρ̄Þ=ρ̄ grow as δ ∝ a in the former
case and δ ∝ ag with g ≃ 0.901 in the latter case [40], where
a is the scale factor.
WIMPs are produced from the hot primordial plasma

and retain some thermal motion as a result, which smooths
out density variations on a characteristic free-streaming
scale. We assume that the dark matter kinetically decouples
from the plasma at some temperature Td, which could be
lower (but not higher) than the temperature Tf ≃m=20 at

which the dark matter chemically decouples and its
abundance freezes out. Here m is the mass of the dark
matter particle. We assume that free streaming multiplies
the power spectrum by expð−k2=k2fsÞ, consistently with a
Maxwellian velocity distribution, with a free-streaming
wave number kfs evaluated as described in Ref. [42].
The colored curves in Fig. 1 represent the linear dark
matter power spectra at z ¼ 31 for WIMPs of mass m ¼
100 GeV with a range of decoupling temperatures Td.
Since the dark matter is maintained at the temperature of
the plasma until temperature Td, higher Td leads to colder
dark matter and a shorter free-streaming scale.
Since prompt cusps form from smooth peaks in the

density field, they arise at the smoothing scale, i.e., the
scale at which free streaming starts to significantly suppress
the power spectrum. As a guide to the typical masses of
these objects, the upper axis in Fig. 1 shows the mass scale
M≡ ð4π=3Þρ̄0k−3 associated with each wave number k,
where ρ̄0 is the comoving dark matter density. For the range
of WIMP scenarios shown, the free-streaming mass scale
ranges from about 10−8M⊙ to about 103M⊙.

B. Density peaks and prompt cusps

Prompt cusps are tightly related to the density peaks that
form them. A peak that collapses at the scale factor ac
yields a prompt cusp with density profile ρ ¼ Ar−1.5, where

A ≃ 24ρ̄0a−1.5c q1.5 ð1Þ

[10,14]. Here q≡ jδ=∇2δj1=2 is the characteristic comoving
size of the peak, defined in terms of its height δ≡ ðρ − ρ̄Þ=ρ̄
and comoving curvature ∇2δ. This profile extends out to at
least the radius

rcusp ≃ 0.11acq ð2Þ

[14]. There is also an inner radius

rcore ≃ 0.1G−2=3f−4=9max A−2=9; ð3Þ

below which the ρ ∝ r−3=2 cusp must give way to a finite-
density core [14]; it is related to the maximum phase-space
density fmax ¼ ð2πÞ−3=2ðm=TdÞ3=2ρ̄0a−3d set in the early
Universe, where ad is the scale factor of kinetic decoupling
(when the temperature is Td).
Given the power spectrum, Ref. [43] derived the number

density of peaks in the density field and their distribution in
height δ and curvature∇2δ, whence the characteristic size q
follows directly. The collapse time ac of a peak of height δ is
given by ½DðacÞ=DðaÞ�δ ¼ δcðe; pÞ, where D is the linear
growth function, δc is the linear threshold for ellipsoidal
collapse, and a ¼ 1=32 is the scale factor at which the power
spectrum was evaluated. We evaluate δcðe; pÞ using the
approximation in Ref. [44]; the distribution of the ellipticity

FIG. 1. Dimensionless power spectrum PðkÞ≡ ½k3=ð2π2Þ�PðkÞ
of dark matter density variations, evaluated at linear order at
z ¼ 31. The black curve represents arbitrarily cold dark matter,
while the colored curves represent WIMPs with mass m ¼
100 GeV that kinetically decouple at a range of temperatures Td.
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e and prolatenessp of the tidal field is also given inRef. [44].
For the growth function, we approximate DðaÞ ¼ ag with
g ≃ 0.901, which is valid for dark matter at wave numbers
k≳ 103 Mpc−1 (see Sec. II A). Since our analysis includes
slightly larger scales aswell (see Fig. 1), this growth function
is not completely accurate. However, since the z ¼ 31
evaluation time of the linear matter power spectrum is
already close to the collapse times of the peaks whose
prompt cusps dominate the annihilation signal [17], any
error resulting from using a slightly incorrect growth
function to evaluate collapse times is expected to be
minimal.
For each dark matter model, this calculation yields the

cosmologically averaged abundance and distribution of
prompt cusps. We scale the abundance by the approximate
factor 1=2 to account for loss of prompt cusps during the
hierarchical growth of structure in the Universe [17]. For
the distribution, we Monte Carlo sample about 106 prompt
cusps for each scenario, each of which has a density
coefficient A ¼ ρr1.5, outer radius rcusp, and core radius
rcore. Assuming the dark matter self-annihilates with a
velocity-independent cross section hσvi,1 the annihilation
rate inside a prompt cusp is

Γ ¼ hσvi
2m2

Z
ρ2dV; ð4Þ

where we integrate the squared density ρ2 over the volume
of the cusp. For consistency with later analyses, we assume
prompt cusps have the density profile in Ref. [21], which
describes a ρ ¼ Ar−1.5 cusp modified in phase space to not
exceed the maximum phase-space density fmax. For this
density profile,

Z
ρ2dV ≃ 4πA2½0.531þ logðrcusp=rcoreÞ�: ð5Þ

The dotted curves in Fig. 2 show, for 100-GeV WIMPs
with several values of Td, the distribution of prompt cusps
in terms of their annihilation luminosity

L ¼ EannΓ; ð6Þ

where Eann is the energy released in gamma rays per
annihilation. We assume for simplicity that Eann ¼ m=2,
i.e., that a quarter of the annihilation energy is released as
gamma radiation. This is typical for heavy quark or boson
channels, such as bb̄ orWþW−; it is a moderate overestimate
for τþτ−. We also assume that hσvi ¼ 2.2 × 10−26 cm3 s−1,
as required for the darkmatter to reach the knownabundance.

C. Local prompt cusps

Observationally detectable prompt cusps would be quite
close to the Sun (we will quantify precisely how close in
Sec. IV). The local dark matter density is about 2.7 × 105

times higher than the cosmological average [45], so the
local number density of prompt cusps is also higher by
the same factor. This scaling sets the normalization of the
differential number density dn=d log10 L of prompt cusps
that is shown as the dotted curves in Fig. 2. The general
trend of this figure is that smaller Td (later decoupling)

FIG. 2. Local number density of prompt cusps per decade in
gamma-ray luminosity L for 100-GeVWIMPs with the canonical
annihilation cross section. Different panels consider different
decoupling temperatures Td. The dotted curves assume that
prompt cusps survive fully intact, while the solid curves account
for disruption of prompt cusps by tidal forces and encounters with
stars. The dashed curves account for tidal forces but not stellar
encounters. As Sec. II C discusses, the stellar encounter modeling
used to make the solid curves becomes inaccurate for high
prompt-cusp masses (corresponding to low Td), and stellar
encounters actually become a negligible consideration in this
regime.

1Prompt cusps have the lowest internal velocity dispersion of
all collapsed dark matter systems (potentially of order m=s), so
they are not a significant source of annihilation radiation in
models where σv scales as a positive power of v at lowest order.
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leads to more massive prompt cusps (compare Fig. 1),
which are more luminous (higher L) but correspondingly
less abundant (lower n).
Prompt cusps within the Galaxy are also altered by tidal

stripping and encounters with stars. We use the CUSP-
ENCOUNTERS code [21] to model these effects. This code
adopts an observationally motivated description of the
Galactic dark matter halo and star distribution, integrates
randomly sampled prompt-cusp orbits within the Galactic
potential, and models the impact of tidal forces [35] and
encounters with stars [21] along that orbit. We restrict the
sample of orbits to those that currently reside at the Sun’s
Galactocentric radius of 8.2 kpc. The solid curves in Fig. 2
show the differential number density dn=d log10 L of
prompt cusps when Galactic tidal forces and stellar
encounters are accounted for. The dashed curves show
the influence of tidal forces alone. Generally, these effects
reduce the abundance of prompt cusps at given L by a
factor of a few up to around an order of magnitude. Lower
Td yields prompt cusps of lower internal density, which are
more susceptible to disruption.
However, the CUSP-ENCOUNTERS model overestimates

the impact of stellar encounters for models with particularly
low Td (≲10−4 GeV). The reason is that the influence of
stars that pass through a cusp is much lower than would be
predicted by the “distant tide” approximation made by
Ref. [21], which considers the star to be arbitrarily far
away [46–48].2 Models with low Td yield particularly
massive prompt cusps, which are large enough that these
penetrative stellar encounters are common. As a very
approximate treatment, we check for each dark matter
model whether, for the brightest cusps, the most disruptive
stellar encounter passed closer than the radius at which that
encounter is predicted to truncate the cusp.3 If the encounter
distance is smaller than the truncation radius, then we
simply neglect stellar encounters. The end result is that
stellar encounters are neglected for cusps more massive
than about 10−2M⊙; this mass threshold is approximately
in agreement with the predictions in Ref. [48].

III. BRIGHTNESS OF PROMPT CUSPS

We now evaluate the distribution of the brightness of
prompt cusps as seen from Earth. The energy flux from a
source with luminosity L at distance d is F ¼ L=ð4πd2Þ.
We can find the expected number of sources with flux
exceeding F by integrating the differential cusp number
density in Fig. 2 over L and volume subject to the flux
constraint, i.e.,

Nð> FÞ ¼
Z
L=ð4πd2Þ>F

4πd2dddL
dn
dL

: ð7Þ

By substituting d ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L=ð4πF0Þp

and integrating over L
and F0 > F, we obtain

Nð>FÞ ¼ 1

2
ffiffiffiffiffiffi
4π

p
Z

∞

F

dF0

F05=2

Z
∞

0

dLL3=2 dn
dL

ð8Þ

¼ ðF�=FÞ3=2; ð9Þ

where

F� ≡
�

1

3
ffiffiffiffiffiffi
4π

p
Z

∞

0

dLL3=2 dn
dL

�
2=3

: ð10Þ

Note that F� is the flux threshold above which one source is
expected. From Poisson statistics, the probability that at
least one source exceeds flux F is

Pð>FÞ ¼ 1 − e−Nð>FÞ ¼ 1 − e−ðF�=FÞ3=2 : ð11Þ

Inverting this expression yields that with probability P, at
least one source exceeds the flux

FP ¼ ½− logð1 − PÞ�−2=3F�: ð12Þ

For example, the median flux of the brightest source is
F0.5 ≃ 1.28F�, and in 95% of cases, at least one source is
expected to exceed flux F0.95 ≃ 0.48F�.
For a 100-GeV dark matter particle that decouples

at 30 MeV, typical parameters for a WIMP model [49],
F� ≃ 6 × 10−15 erg cm−2 s−1. Probing this scenario would
require more than 2 orders of magnitude better
sensitivity than the Fermi point-source sensitivity of
∼10−12 erg cm−2 s−1 [36].4

Figure 3 shows the broader picture of F� as a function of
m and Td. We assume that for each particle mass m, hσvi
takes the value needed to achieve the correct abundance
through freeze-out, as calculated by Ref. [20]. We leave out
the region for which kinetic decoupling occurs before

2Under the distant tide approximation, the energy injected into
a cusp by a stellar encounter scales as b−4, where b is the impact
parameter. Reference [46] found in simulations of globular
clusters, and Ref. [47] found in simulations of dark matter halos,
that a ðb4 þ r4Þ−1 scaling is more appropriate, where r is a
measure of the size of the cluster or halo.

3We take the truncation radius to be 0.4rB, where rB is the
characteristic radius associated with the stellar encounter, defined
in Ref. [21] as a function of the tidal impulse B. 0.4rB is roughly
the radius at which the encounter suppresses the cusp’s density
profile by a factor of 2. We compare this to the impact parameter
b, but for efficiency reasons, the CUSP-ENCOUNTERS code does
not sample b directly. As another approximation, we reconstruct
b from the tidal impulse B by assuming a solar-mass star that
passes at 200 km s−1. We average the resulting ratio b=ð0.4rBÞ
over the cusp distribution at fixed brightness, as described in
Sec. IV.

4The Fermi point-source sensitivity limit is quoted as about
2 × 10−12 erg cm−2 s−1, but it is lower for the strongly curved
spectra that would arise from dark matter annihilation.
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freeze-out (black triangle), since this is physically non-
sensical. The dashed line shows the threshold for stellar
encounters to be accounted for (above the line) or neglected
(below the line).
Generally, lower m and lower Td lead to longer free-

streaming scales and hence larger prompt cusps, which are
more detectable on an individual level. We note in
particular that F� ∝ n2=3hL3=2i2=3, where n is the cusp
number density and the angle brackets average over the
cusp distribution. As cusp masses M increase, it is
approximately the case that L ∝ Mhσvi=m [where the
hσvi=m factor comes from Eqs. (4) and (6)] and
n∝1=M, so that F�∝M1=3hσvi=m. Noting that M ∝ k−3fs
and kfs ∝ m1=2T1=2

d [49], we obtain in the end that

F� ∝ m−3=2T−1=2
d hσvi: ð13Þ

This proportionality is only approximate and neglects
logarithmic dependencies; it is only intended to supply
intuition about the behavior of F�.
For Td ≲ 10−7 GeV, F� no longer increases with

decreasing Td and instead decreases again. This effect
arises because prompt cusps and their central cores become
less dense as Td is decreased. In the Td ≲ 10−7 GeV
regime, the central cores have low enough density that
they begin to be significantly affected by tidal stripping in
the Galactic potential. It is at this point that the annihilation

rates in prompt cusps start to be greatly reduced by tidal
stripping (see the dashed curve in the bottom panel of
Fig. 2). However, it should also be noted that very low
decoupling temperatures mean that the dark matter has a
large scattering cross section with baryons, and this can be
ruled out by laboratory experiments (e.g. [50]).
The shaded region of Fig. 3 marks where F� exceeds the

Fermi Telescope’s sensitivity of ∼10−12 erg cm−2 s−1 to
point sources [36]. Only dark matter models with masses of
order 10 GeV would result in individually detectable
prompt cusps. Masses below Oð100Þ GeV are already
likely ruled out by nondetection of the aggregate annihi-
lation signal from prompt cusps [22] and by searches for
annihilation radiation from galactic halos [38]. Masses
below about 20 GeVare also ruled out more robustly by the
cosmic microwave background [37]. Point-source sensi-
tivity would need to better by 1–3 orders of magnitude,
depending on Td, in order for individual prompt cusps of
WIMP dark matter with the canonical thermal-relic cross
section to present useful targets for gamma-ray searches.
We can also relax the requirement that hσvi take its

canonical thermal-relic value and test the limits on hσvi
that would arise if none of the unidentified Fermi point
sources [36] could be attributed to dark matter annihilation.
By requiring that F0.95 ≃ 0.48F� lie below the Fermi point-
source sensitivity, we show upper limits on hσvi in Fig. 4 as
a function of m for several values of Td (different colors).
The limits are depicted with solid lines when disruption by
stellar encounters is included and with dashed lines when it
is neglected (see Sec. II C). Our analysis is agnostic to the
annihilation channel only because we neglect dependence
of the sensitivity limit on the spectrum of the energy flux
and we assume that a quarter of the annihilation energy is
always released as gamma radiation. But for comparison,
we show limits on hσvi for annihilation into bb̄ and τþτ−
derived from a search for the annihilation signal from the
halos of nearby dwarf galaxies [38]. These limits are mostly
stronger than those from individual prompt cusps by a
substantial margin, but they become comparable for dark
matter masses m ∼Oð1Þ GeV and low kinetic decoupling
temperatures Td. However, we emphasize that the limits
from individual cusps are hypothetical because although
most of the unidentified point sources do not have spectral
characteristics consistent with dark matter annihilation,
some of them might [34].

IV. PROPERTIES OF THE BRIGHTEST CUSPS

We can also explore the properties of the brightest
prompt cusps. From Eq. (8), the joint distribution of F
and L is

d2N
dFdL

¼ 1

2
ffiffiffiffiffiffi
4π

p F−5=2L3=2 dn
dL

: ð14Þ

FIG. 3. Characteristic flux F� that one prompt cusp is expected
to exceed if the dark matter has mass m, kinetically decouples at
temperature Td, and has the canonical thermal-relic cross sec-
tion [20]. The median flux from the brightest cusp is about 1.3F�,
and at 95% confidence, at least one cusp exceeds a flux of about
F�=2. Low dark matter masses and decoupling temperatures yield
prompt cusps that are individually more massive, leading to
higher F�. The shaded region marks F� > 10−12 erg cm−2 s−1,
approximately the regime accessible to the Fermi Telescope [36].
The black region is physically nonsensical because it would
imply that the dark matter kinetically decoupled before it was
produced by freeze-out. Above the dashed line, cusps are
disrupted by stellar encounters, while below it, stellar disruption
is neglected (see Sec. II C); in reality the transition between the
regimes should be gradual.
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Thus, the distribution of prompt cusps at any fixed flux F is
just the underlying cusp distribution weighted by L3=2.
The upper panel of Fig. 5 shows the mean distance

d ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L=ð4πF�Þ

p
of prompt cusps that produce fluxF�. The

distance is generally very small in relation toGalactic scales,
which justifies the approximation in Sec. II C that all cusps
relevant to individual detection are at a Galactocentric radius
of 8.2 kpc and the implicit assumption that the cusps are
uniformly distributed in space.Only for very lowdecoupling
temperatures Td ≲ 10 eV does the distance start to approach
multiple kiloparsecs.
Wenext explore the sizes of thebrightest prompt cusps.We

take the radius r of a cusp to be the smaller of its initial radius
rcusp and the radius atwhich stellar encounters and tidal forces
truncate the density profile.5 The central panel ofFig. 5 shows
for each WIMP model the average radius of cusps that
produce a set energy flux at Earth’s position. For the models

under consideration, the radius ranges from 10−5 pc up to
several parsecs. Comparisonwith the upper panel reveals that
r=d ∼ 2 × 10−3 in all cases, i.e., that the angular sizes of the
brightest cusps are invariably about 0.1 deg. This is compa-
rable to the width of the Fermi Telescope’s point-spread
function at energies above about 10GeV [51].However, even
within this angular extent, the steep ρ ∝ r−1.5 density cusp
produces a signal that is heavily concentrated toward the
center. Thus, although searching for spatial extension is a
common strategy to distinguish dark matter systems from
astrophysical gamma-ray sources [28–31], this strategy may
be difficult to employ for prompt cusps.
Finally, we explore the masses of the brightest prompt

cusps, which we evaluate as M ¼ ð8π=3ÞAr1.5, where r is

FIG. 4. Limits on the annihilation cross section hσvi as a
function of dark matter mass m. For several values of the
decoupling temperature Td, the colored lines show the 95% con-
fidence limits, obtained under the hypothetical assumption that
none of the Fermi-identified gamma-ray sources can be attributed
to prompt cusps. These lines are solid in the regime where
disruption of prompt cusps by stellar encounters is accounted for
and dashed in the regime where it is neglected; in reality the
transition should be more gradual. The thin gray line shows the
cross section for dark matter produced by freeze-out under
standard cosmological assumptions [20]. For comparison, we
also show limits on annihilation into bb̄ (dot-dashed curve) and
τþτ− (dotted curve) derived by searching for the signal from
nearby dwarf galaxies [38]. The limit from individual prompt
cusps is weaker, but it can become competitive for low dark
matter masses m and decoupling temperatures Td (but note that
the b and τ masses are 4.2 and 1.8 GeV, respectively, so the fact
that the black curves cut off near these masses is not reflective of
the sensitivity of the associated search strategy).

FIG. 5. Properties of the brightest prompt cusps (as seen from
Earth) for WIMP models with mass m and kinetic decoupling
temperature Td. From the top, the three panels show the average
distance, radius, and mass of cusps with flux F�, respectively,
where F� is the characteristic flux above which one cusp is
expected (see Fig. 3). As in Fig. 3, the faintly shaded region is
accessible given the Fermi Telescope’s point-source sensitivity of
∼10−12 erg cm−2 s−1 [36], the black region is excluded because it
would require that the dark matter kinetically decouples before
freeze-out, and disruption of cusps by stellar encounters is
important above the dashed line and neglected below it.

5As in footnote 3, we take the truncation radius to be 0.4rB,
which is approximately the radius at which the density profile is
suppressed by a factor of 2. However, here we evaluate rB
(defined in Ref. [21]) based on the effective tidal impulse Beff;λ
(defined in Ref. [21]) from Galactic tides and all stellar
encounters combined.
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the radius considered above. The lower panel of Fig. 5
shows the average mass of cusps that produce a set energy
flux at Earth’s position. These masses range from
∼10−12M⊙ for high m and Td up to ∼104M⊙ for low m
and Td. Aside from being detectable as individual gamma-
ray sources, such ∼104M⊙ prompt cusps may even be
susceptible to gravitational detection (e.g. [52]), although
the models with very low Td are already challenged by
terrestrial experiments [50]. As we noted in Sec. II C, the
threshold for the transition from stellar encounters being
important to being negligible (dashed curve) corresponds to
cusp masses of around 10−2M⊙.

V. CONCLUSION

Prompt ρ ∝ r−1.5 density cusps arise in abundance at the
onset of structure formation and largely survive up to the
present time. In WIMP dark matter models, these objects
dominate the aggregate dark matter annihilation rate.
However, due to their low individual masses, prompt cusps
are difficult to detect as individual sources of annihilation
radiation.
Dark matter models with lower particle mass and that

kinetically decouple from the plasma later tend to yield
individually larger prompt cusps, which are more suscep-
tible to individual detection as gamma-ray sources. At
current levels of point-source sensitivity, and assuming a
canonical thermal-relic cross section, prompt cusps of
Oð10Þ GeV dark matter could be detected. However, such
models already tend to be ruled out by previous searches for
annihilation radiation.

In order to detect prompt cusps in viable WIMP dark
matter models with Oð100Þ GeV mass and canonical cross
section, sensitivity to point sources would need to be 1–3
orders of magnitude better than the Fermi Telescope’s
point-source sensitivity limit of ∼10−12 erg cm−2 s−1,
depending on when the dark matter kinetically decoupled.
Alternatively, a low-mass WIMP with below-canonical
cross section (which could be allowed by a nonstandard
thermal history of the Universe [53]) can yield individually
detectable prompt cusps at current sensitivity levels while
not being already ruled out. The annihilation signal from a
prompt cusp is so spatially compact that consideration of
spectral characteristics, such as the curvature of the energy
spectrum [34], might be necessary to distinguish it from an
astrophysical gamma-ray source. Another possibility is
to search for a source with significant proper motion
(e.g. [24]), since any detectable prompt cusp would lie
at subkiloparsec distance.
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