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Abstract. We study the prospects in the search of dark matter offered by the newly selected
NASA MeV mission COSI (Compton Spectrometer and Imager). This instrument is designed
and optimized to detect spectral lines, and we show it offers an exquisite possibility to detect
dark matter directly decaying or annihilating into monochromatic gamma-rays. This is the
case, for example, for axion-like particles (ALPs) which undergo decay into two photons.
Furthermore, we show that COSI can lead to important progress in the quest for primordial
black holes (PBHs) dark matter, through measurements of the 511 keV line from the positrons
produced via Hawking evaporation. We also outline opportunities for the search of continuum
signals, such as those expected from sub-GeV dark matter annihilation/decay into leptons and
PBH evaporation into photons. We find that also in this case COSI can lead to improvements
of current bounds.
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1 Introduction

The MeV gamma-ray energy range is one of the frontiers in observational astronomy, with
huge implications for the understanding of high-energy astrophysical phenomena and involv-
ing significant activity for the next-generation of instruments. Indeed, several mission con-
cepts have been developed in the past decades with main focus to observe the so-called MeV
gap, a ‘gap’ in sensitivity between ∼100 keV and ∼100MeV. Some examples that appeared
in literature are AMEGO [1], (e-)ASTROGAM [2, 3], COSI [4], AMEGO-X [5], ETCC [6].
These mission concepts aim to improve the sensitivity in the MeV band which is currently
covered only by the observations of the COMPTEL [7] on board of the NASA’s Compton
Gamma-ray Observatory (CGRO, [8], decommissioned after 9 years of operation in 2000)
and INTEGRAL/SPI ([9], which out-perform COMPTEL sensitivities below 2MeV).

In this work we focus our attention on the mission concept that have been recently
selected by NASA as the next SMEX: the Compton Spectrometer and Imager, COSI [4, 10].
This mission, currently in Phase B of the NASA’s Project Life Cycle, will have important
implications for physics and astrophysics, from stellar nucleosynthesis to the production of
antimatter (positrons) in our Galaxy, to jets formation and mechanisms in gamma-ray bursts,
blazars and compact objects, and — as we prove in this work — it can also lead to dark
matter (DM) discovery.

COSI is a wide field of view gamma-ray telescope that allows unprecedented high-
resolution spectrometry in the 0.2–5MeV energy range thanks to cryogenic germanium de-
tectors. COSI detects high-energy photons that Compton scatter in the detectors and, hence,
it has inherited imaging capabilities with angular resolution that well meet the requirements
of 3.8◦ full width at half maximum (FWHM) at 0.511MeV and 2◦ FWHM at 1.809MeV.
Scheduled to be launched in 2027, COSI will survey the sky orbiting Earth at 550 km alti-
tude along an almost equatorial orbit, with a North-South rocking, which will assure a daily
full-sky coverage.

The design of the instrument is optimized to resolve the antimatter distribution in the
center of our galaxy though the 511 keV e+e− annihilation emission line; to provide major
advances in nuclear line studies, in particular from 26Al, 60Fe and 44Ti radionuclides, tracing
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element formation, past core-collapse supernovae activity, and new supernovae explosions,
respectively; to measure polarization of photons emitted in extreme environments which
will provide insights on the gamma-ray production mechanisms and the emission regions
geometry; to probe gravitational-waves counterparts. Obviously, COSI’s potential is not
limited to these main objectives, and in this paper we investigate COSI’s capabilities in the
search for DM.

In fact, various DM models predict the production of gamma-ray photons in the MeV
range, see e.g. [11–16]. This is the case of direct DM decay or annihilation into pairs of
photons, which produces narrow lines for which COSI will have an exquisite sensitivity.
Other models, such as primordial black holes (PBHs) [17–21] or DM decay/annihilation into
leptons , will instead produce a continuum photon signal, which can be investigated as well
by COSI, even though with a somewhat weaker constraining power. All these scenarios
can inject positrons that, after cooling, can annihilate with thermal electrons to produce a
511 keV line in the Galaxy [22], and this possibility can be tightly constrained by COSI.

In this study we derive the prospects for DM searches with COSI for all the DM candi-
dates and signatures mentioned above.

The paper is organized as follows. In section 2 we explore COSI sensitivity for line signals
coming from DM decay and annihilation. We consider various targets such as the Galactic
Center (GC), the Large Magellanic Cloud (LMC) and the dwarf spheroidal galaxy Draco.
Then we move to the continuum sensitivity in section 3; we consider, in particular, signals
from PBH Hawking radiation and final state radiation from electrons/positrons originating
from DM decay and annihilation. The case of the 511 keV line is analysed in section 4. We
finally conclude and outline future directions in section 5.

2 Spectral line signatures

We first study spectral line signals, for which COSI is optimized. In all such targets, the DM
has a velocity dispersion σ/c < 10−3, which sets the intrinsic width of the spectral line, while
the COSI spectral resolution is ∆Eγ/Eγ > 10−3 in the whole energy range of operation.
Therefore, we can assume the DM signal to be contained in a single COSI energy bin.

2.1 Decay

Let us consider a particle DM with mass mχ decaying directly into two photons with a rate
Γd (this may be the case of axion-like particles, ALPs). We shall focus on the signal produced
by the DM halo of a certain astrophysical object in the the field of view of the telescope. As
already anticipated, the energy resolution of the instrument is much larger than the velocity
dispersion of the DM in the targets that we are going to consider. Therefore, the flux of
photons received by the telescope is entirely contained in the bin at energy Eγ = mχ/2
and reads:

Φ(Eγ) = Γd
4πmχ

D(θ)× 2 , (2.1)

where D(θ) is the so-called D-factor, which measures the amount of DM along the line of
sight in the targeted object:

D(θ) = 2π
∫ θ

0
dθ′ sin(θ′)

∫
l.o.s.

dl ρ(l, θ) , (2.2)

– 2 –



J
C
A
P
0
2
(
2
0
2
3
)
0
0
6

Target D-factor [1◦] J-factor [1◦]
MeV cm−2 MeV2 cm−5

GC 0.55− 1.7× 1023 0.067− 4.4× 1027

LMC 1.8− 2.7× 1022 1.6− 5.3× 1025

Draco 0.52− 4.5× 1022 0.83− 8.0× 1025

Table 1. D- and J-factors at 1◦ for the targets under investigation. The references used in the com-
putation are [28] (GC) but normalised to a DM density of 0.4 GeV/cm3 at the Earth location [27], [26]
(LMC), and [29] (Draco).

with ρ the DM density distribution and θ the angular distance from the center of the target.
For the moment, we consider the integral over a single observational angular beam, i.e. we
take θ to be the half width at half maximum (HWHM) of the angular resolution measure
(ARM) of the Compton telescope. Notice that here we assume χ → γγ, however in some
models the decay can actually produce only one detectable photon, χ → Xγ. Assuming
mX � mχ, the latter case can be described by the same eq. (2.2) without the factor of 2.
This is actually the case for a few motivated examples [15], such as dipole DM, where the
dipole operator λ

Λ χ̄2σ
µνχ1Fµν mediates the decay χ2 → χ1γ, hidden photino DM which

decays to a photon and a gravitino, gravitino DM decaying into a neutrino and a photon,
sterile neutrinos DM decaying into a photon and a light active neutrino.

To derive the projected sensitivity on the DM lifetime τ = 1/Γd as a function of the DM
mass mχ, we consider the 3σ line sensitivity for point sources Φexp(Eγ) reported in figure 2
of [25], and corresponding to 24 months of COSI survey. For point-like sources we can thus
directly compare the outcome of eq. (2.2) with Φexp(Eγ) to obtain the sensitivity on τ :

τ = 1.6× 1028 s D

1023 MeV cm−2
10−6 cm2 s

Φexp

1 MeV
mχ

, (2.3)

where Φexp is evaluated at Eγ = mχ/2 and the angular integration for D is given by the
COSI angular resolution at Eγ as specified before. For reference, we provide the values of
D at 1◦ for the targets under investigation in table 1. To bracket the uncertainty in its
determination we consider two cases, one more promising and one less promising, for each
target: NFW and Isothermal profiles for LMC (with parameters from [26]) and GC (taking
ρ� = 0.4 GeV/cm3 [27] and rs = 4.38 kpc (Isothermal) and rs = 24.42 kpc (NFW) [28]), and
upper and lower 68% C.L. limits for the D-factor of Draco derived in [29].

We consider the COSI angular resolution requirements at 0.511MeV and 1.809MeV
reported in table 1 of [25]. Then our approximation for other energies is based on a linear
interpolation between 0.511MeV and 1.809MeV and a linear extrapolation below 0.511MeV.
We assume a flat angular resolution above 1.809MeV.

Given the relatively poor angular resolution of COSI, Draco can be considered as a
point-like source. In the case of the GC and (to a lesser extent) LMC, it would be desirable
to analyze the target as an extended source. For extended sources, dedicated simulations
by the COSI Collaboration would be ideal in order to derive the telescope sensitivity. In
this work, following the procedure described in [30] (appendix B), we use the scaling of
the sensitivity with the power of 1/4 of the ratio between the extended source area and
the beam area. Thus, for extended sources, we compute the D-factor in eq. (2.3) over the
source region Ωsrc and rescale the point-source sensitivity Φexp by a factor (Ωsrc/Ωres)0.25,
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Figure 1. 3σ projected sensitivities (for 2 years of observation) for spectral line signatures in the
three targets under consideration (GC, LMC and Draco), for decaying DM on the left and annihilating
DM on the right. The shaded regions span the two DM density profiles considered in our analysis,
see text for more details. The gray shaded region shows existing limits from [23]. COSI will therefore
improve over existing bounds in both cases, probing larger lifetimes for decaying DM and smaller
cross-sections for annihilating DM. Even more stringent bounds are expected when considering a
larger portion of the sky analyzed with a full template analysis similarly to what done recently in [24]
with INTEGRAL data.

with Ωres = π (HWHMARM)2. For the GC we consider a region of radius of 10◦ with an
improvement of more than one order of magnitude in the bound, with respect to considering
a single central beam, while for the LMC we take 5◦ and the effect is more limited. Results
about the sensitivity on the DM parameter space are shown in figure 1 (left panel).

Recently, ref. [24] derived strong bounds on MeV DM using INTEGRAL/SPI observa-
tions of a large Galactic region with |`| < 47.5◦ and |b| < 47.5◦. Our simple extrapolation
of the COSI sensitivity for extended sources would be too naive on such a large portion of
the sky, and dedicated simulations from the COSI Collaboration are in order to obtain a
fair comparison. The bounds from ref. [24] are thus not included here. On the other hand,
assuming the ratio between the INTEGRAL/SPI sensitivity and the COSI one for extended
regions to be the same as for the case of point-like sources, we notice that less than 2-years
of COSI survey (i.e., less than 6 months of integration time) should suffice to obtain a better
sensitivity than the one of INTEGRAL/SPI for 65 Ms (i.e., the integration time of the data
used in [24]) at energies around MeV.

We should also stress that a few gamma-ray lines from nuclear transitions fall in the
energy range of interest. The list includes nuclear decay chains of the isotopes 56Ni with
lines arising at 0.812, 0.847 and 1.238MeV, 60Fe, with lines at 1.173 and 1.333MeV, 26Al,
with a line at 1.809MeV, 44Ti with a line at 1.157MeV, and the 511 keV line from e+e−

annihilation. Therefore, in a few frequency channels, out of the thousands that can be
explored given the energy range and resolution of COSI, the DM signal could be contaminated
by these emissions. In these cases, a proper modeling and subtraction of these backgrounds
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Figure 2. COSI prospects for ALPs constituting a fraction Fa of dark matter and decaying into two
photons. As in figure 1 the three different colors refer to the different targets under consideration
(GC, LMC and Draco) and the shaded regions span the two DM density profiles considered in our
analysis. The gray shaded region shows existing limits from [23].

should be pursued, similarly to the approach adopted in [24, 31] with INTEGRAL/SPI
observations. Such analysis is beyond the scope of our work, but we notice that COSI will
provide unprecedented sensitivity to characterize these nuclear emission lines [4].

Finally, our bounds apply to any model in which DM radiatively decays into photons.
It is however interesting to convert COSI prospects on DM lifetime in forecasts for the
specific case of ALPs, with mass ma and coupling to photons gaγγ . In figure 2 we show
COSI prospects for this model assuming the ALPs constitute a fraction Fa of the DM, i.e.,
being agnostic about the ALPs relic abundance. These limits, for the mass range of interest,
apply for coupling as large as gaγγ ' 10−10−10−11GeV−1, above which the DM lifetime
becomes shorter than the age of the universe. Notice that one could use figure 2 to constrain
any irreducible axion component that is produced in the early Universe and with a relic
abundance today (as done in ref. [32] considering minimal freeze-in production of axions).
Finally, we also highlight that axions in this mass range has been recently shown to be
theoretically motivated, as they naturally arise from axiverse theories with dark non-abelian
gauge groups [33].

2.2 Annihilation
In this section we focus on direct DM annihilation into two photons. The flux, produced at
Eγ = mχ, reads:

Φ(Eγ) = 〈σav〉4πm2
χ

J(θ) , (2.4)

where 〈σav〉 is the velocity-averaged annihilation cross-section and the so-called J-factor is:

J(θ) = 2π
∫ θ

0
dθ′ sin(θ′)

∫
dl ρ(l, θ)2 . (2.5)
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Using the same arguments as for the decaying DM case, we arrive at the projected
sensitivity on the annihilation cross-section:

〈σav〉 = 1.3× 10−32 cm3/s 1027 GeV2 cm−5

J

Φexp
10−6 cm2 s

(
mχ

1 MeV

)2
(2.6)

where Φexp is evaluated at Eγ = mχ and the angular integration for J is given by the COSI
angular resolution at Eγ (see some reference values in table 1). Results are in the right panel
of figure 1, for the same targets and regions of observations considered in section 2.1.

Before moving to continuum signals, we notice that ref. [34] also provided an estimate
of the reach of COSI for 〈σav〉. The values obtained by the authors (see their discussion
at page 14 of ref. [34]) are significantly more constraining than ours. We checked that this
difference is due to a different choice of the J-factor, which was more optimistic in ref. [34].

3 Continuum signals

We now move to DM scenarios for which a continuum photon signal is expected. This is
the case of light DM decaying or annihilating into leptons or mesons, which in turn emit
radiation. Another possibility are PBHs, which evaporate producing an (almost) thermal
spectrum of photons.

As we mentioned in the introduction, COSI is optimized for the detection of MeV
lines. The continuum sensitivity suffers from a larger instrumental background, which limits
the detection efficiency. The possibility to constrain the DM scenarios that we have just
described are somewhat less promising than for the cases of section 2, but anyway relevant,
and improving on current bounds for some masses, as we describe below.

3.1 Primordial black holes evaporation

The recent detection of gravitational waves from black holes mergers prompted a renewed
interest in the possibility that all or a sizeable fraction of the DM in our Universe is constituted
by PBHs, that is to say black holes formed in the early universe and not from stellar evolution,
see e.g. [17–20] for recent reviews.

In his seminal work Hawking demonstrated that a black hole (BH) is not really black,
but actually emits an (almost) thermal spectrum of particles with temperature [35]

TBH = 1
8πGMBH

' MeV
(1016g

MBH

)
, (3.1)

where G is the Newton gravitational constant and MBH the BH mass. In particular, the
emission rate of a particle state of spin s and energy ω from a Schwarzschild BH is given by

dNi

dωdt
= gi

2π
Γi(ω, TBH)

eω/TBH − (−1)2s , (3.2)

where gi is the number of internal dof of the i-th particle, ω is its energy, and the function Γi
denotes the so-called grey factor. The latter is the dimensionless absorption probability for
the emitted species. It is in general a complicated function of ω, the PBH mass, the particle’s
internal dof and its rest mass. In order to compute the associated photon spectrum we make
use of the public code BlackHawk [36], including also the photons originating from unstable
particles produced during the PBH evaporation (calculated using Hazma [37] to compute
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Figure 3. Differential photon emission rate due to Hawking radiation [35] for PBH with different
masses. These spectra include both primary and secondary photon emissions (originating from other
produced particles, such as electrons) as obtained using the public code BlackHawk [36]. The smaller
the PBH mass, the larger the photons peak energy, as it follows from the BH temperature [35]
TBH = 1

8πGMBH
' MeV

(
1016g
MBH

)
.

the photon spectrum from decays). Denoting the differential photon emission rate by d2Nγ

dEγdt
,

which we show in figure 3 for a few PBH masses, the flux of photons with energy Eγ received
by the telescope is:

Φ(Eγ) = fPBHD(θ)
4πMPBH

d2Nγ

dEγdt
, (3.3)

where MPBH is the PBH mass, fPBH is the fraction of DM in form of PBHs and D(θ) is
the D-factor integrated over a certain source area of angular size θ as already described
above. Notice that in this work we only consider a monochromatic mass distribution for
the PBHs. Nevertheless, our analysis can be easily be adapted to a different mass function,
see e.g. [38]. For a given PBH mass we can then compare the theoretical prediction with
the COSI sensitivity and estimate the value of fPBH which can be tested. For the COSI
sensitivity in the continuum we use the five points in figure 4 of ref. [30] rescaled with a
power of 1/4 of the ratio between the source area and an area of 20-degree radius, to take
into account the fact that figure 4 of ref. [30] refers to the performance for a disk-like source
with 20-degree radius (see their appendix B).

Notice also that those prospects are related to the Fermi Bubbles, i.e., to the central
part of the Galaxy. Nevertheless we expect them to be similar in other directions of the sky
since the Galactic foreground plays a minor role in the determination of the sensitivity, which
is dominated by the instrumental background. The bound on the PBH fraction is therefore
computed as

fPBH <

[
4πMPBH
D(θ) × 1

d2Nγ/dEγdt
× Φexp(Eγ)×

(
π θ2

π 20◦ 2

)1/4 ]
min

, (3.4)
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Figure 4. COSI prospects for the detection of PBH Hawking radiation into photons from the GC
(shaded red region, which spans the two DM density profiles considered in our analysis). The solid
blue line indicates the existing bounds from INTEGRAL/SPI observations, taken from ref. [31].

where Φexp(Eγ) is the COSI sensitivity of ref. [30]. The subscript “min” means that we
evaluate the above expression at the five energy bins of figure 4 in ref. [30] and then take the
minimum value.

We present these prospects for the GC as a shaded red band in figure 4 (spanning
the two considered density profiles, as done for spectral line signals). For comparison we
also show current bounds (solid blue line) from INTEGRAL/SPI observations as taken from
ref. [31]. As evident, COSI will be able to improve present constraints also in this case.

3.2 Annihilation and decay of sub-GeV DM into leptons

In section 2 we have considered direct DM decays and annihilations into photons, a scenario
particularly promising for COSI, since this telescope is designed to look for gamma-ray lines.
Nevertheless, in many motivated models DM annihilates into leptons or mesons, which in
turn produce a continuum spectrum of photons. Here, for concreteness, we focus on the
simple case of DM annihilating or decaying into electrons and positrons, χχ → e+e− or
χ→ e+e−. For annihilations, the differential photon spectrum [15, 39, 40] is:

dN e+e−
FSRγ
dEγ

= α

πβ(3− β2)mχ

[
A ln 1 +R(ν)

1−R(ν) − 2BR(ν)
]
, (3.5)

where

A =
[(

1 + β2) (3− β2)
ν

− 2
(
3− β2

)
+ 2ν

]
, (3.6)

B =
[

3− β2

ν
(1− ν) + ν

]
, (3.7)
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Figure 5. (Left) Projected sensitivity on the DM velocity-averaged annihilation cross-section 〈σv〉
for the process χχ→ e+e−. The COSI prospects for the GC are shown as a shaded band (spanning
the two considered density profiles, as in figure 1), current gamma-ray bounds are in solid blue (taken
from figure 1 of ref. [41]) and CMB bounds for s-wave (dotted) and p-wave (dashed) annihilation are
in black. (Right) Sensitivity on the lifetime of DM decaying into e+e−. The color code is as in the
left panel.

and: ν = Eγ/mχ, β2 = 1− 4µ2 with µ = me/(2mχ), R(ν) =
√

1− 4µ2/(1− ν) and me the
electron mass. Given the differential photon spectrum, one can write down the expected flux
of photons from a given astrophysical target (say the GC) for self-conjugated DM particles
(e.g. Majorana fermions) as:

Φann(Eγ) = J(θ)
4πm2

χ

× 〈σv〉2 ×
dN e+e−

FSRγ
dEγ

, (3.8)

where J(θ) is the J-factor for the observed target, mχ the mass of the annihilating DM and
〈σv〉 the annihilation cross-section. Notice that if DM is not constituted by self-conjugated
particles, an additional factor 1/2 appears.

For decaying DM, the differential photon spectrum is the same as in eq. (3.5) with the
substitution mχ → mχ/2 everywhere, and the flux of photons reads

Φdec(Eγ) = D(θ)/τ
4πmχ

×
dN e+e−

FSRγ
dEγ

, (3.9)

where D(θ) is the D-factor and τ the DM lifetime for the decay into electron/positron pairs.
We then proceed to derive the COSI projected sensitivities as for the PBH case. For

2 years of mission time we derive the prospects showed in figure 5. COSI forecasts for the
GC are shown again as a shaded red band, while present bounds from other experiments
such as COMPTEL, EGRET, Fermi and INTEGRAL are shown in solid blue (taken from
figure 1 of ref. [41]). For comparison we also show the constraints from CMB temperature
and polarization anisotropies as black lines [41, 42].
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4 COSI, dark matter and the Galactic Center 511 keV gamma-ray line

The presence of a 511 keV line from the GC is a long-standing issue, with its first detection
dating back to the 1970’s [43, 44]. More recently, the INTEGRAL/SPI experiment observed
an emission compatible with the annihilation of ∼ (1.5 ± 0.1) · 1043 positrons/s [22] in a
region within ∼ 1 kpc of the GC. Among conventional sources, there are radioactive ejecta
from stars, supernovae and gamma-ray bursts, positrons from pair creation near pulsars or
from p-p collisions associated with cosmic rays [45]. Most of the solutions, however, are not
completely satisfactory to fully explain the excess. This motivated the investigation of more
“exotic” alternatives, some of which trace back to DM to provide the required large number
of positrons. In fact, as discussed in the previous two sections, there are many DM models
for which the production of e+e− is expected. In these scenarios, low-energy positrons would
then annihilate with ambient electrons producing the 511 keV gamma-ray line.

Given its exquisite spectral resolution, COSI will be instrumental in characterizing the
511 keV line at the GC and therefore constraining DM signals. Let us start considering PBH
DM as in section 3.1. Given the “democratic” nature of gravity, a PBH generates all possible
spectra of particles energetically allowed, and therefore for small enough PBH masses, we also
expect a copious production of e+e−, which would then contribute to the 511 keV line [46–48].
In order to match the excess, the flux of photons should be Φ511 ∼ 10−3ph/cm2/s, which
in turn corresponds to a positron luminosity of Le+ ∼ 2 × 1043 e+/s [22]. However, the
injected positrons cannot be too energetic. In fact, a sizeable emission of positrons with
energies above ∼ 3MeV could produce an excess of high energy photons due to inflight
annihilation [49]. Nevertheless, for the PBH masses that we are considering, we checked that
energetic positrons (> 3MeV) only accounts for a small fraction of the total luminosity and
therefore this constraint does not apply.

As for the photon spectrum in section 3.1, we make use of the public code BlackHawk [36]
to generate the positron differential rate dNe+/dωdt, including both the primary and the
secondary contributions. Therefore, the number of positrons from PBH evaporation per unit
of time in the energy range of interest can be computed as

LPBH
e+ = fPBH

MPBH

∫
dV ρ(r)

∫ ∞
me

dω
dNe+

dωdt
, (4.1)

where for the DM density distribution ρ we have adopted a NFW profile normalized as in
section 2. Concerning the volume integral, we assume, as done in previous analyses [46], that
all the positrons emitted within 1.5 kpc from the GC contribute to the 511 keV gamma-ray
emission, i.e., the integral is limited to distances < 1.5 kpc. Then, eq. (4.1) can be equated
to the experimental measurement Le+ ∼ 2× 1043 e+/s [22] to obtain an upper limit on fPBH
for a given PBH mass. We notice that the morphology of the signal is not compatible with
DM decay (or BH evaporation in this case) [50, 51], but one can still use the measurements
to draw limits. A full morphological analysis is likely to provide more stringent bounds.

Following the outlined procedure we obtained the projected limits shown with a dashed
red line in figure 6. The results are reasonably similar to those of ref. [46] and the (small)
differences are likely due to the fact that ref. [46] used non-relativistic approximated form
for the spectra of fermions produced from PBH evaporation.

We now explore the potential of COSI to constrain a DM contribution to the 511 keV
signal, under the assumption that this emission is produced by astrophysical sources, whose
nature and properties will be pinpointed by COSI. Therefore, in order to constrain PBHs
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Figure 6. Limit on the fraction of PBH dark matter from the 511 keV emission at the GC. The
dashed red curve is obtained following the recipe of ref. [46], but with a full relativistic treatment for
the PBH evaporation spectrum. The solid black line indicates current bounds on fPBH from other
observations [31], while the dotted red curve is the prospect for the COSI mission.

evaporation, we compare the corresponding signal with the sensitivity of COSI at 511 keV,
i.e. the accuracy up to which the astrophysical explanation can be tested. For a region
within 5◦ from the GC, i.e. the size of the detected signal, the 3σ COSI line sensitivity is
ΦCOSI

511 ∼ 1 × 10−5ph/cm2/s, obtained again from ref. [25], and re-scaling the point-source
sensitivity as described above. This corresponds to a positron luminosity Le+ ∼ 2×1041 e+/s.
Using this information, we obtain the projected limits shown with a dotted red curve in
figure 6, which are roughly 2 orders of magnitude more constraining than current bounds.
Clearly, the simple estimate presented here is affected by several sources of uncertainty. First,
the propagation of low energy positrons at the GC is not well known. Then, our assessment
of the constraining power of COSI might be optimistic (i.e., data perfectly fitted by an
astrophysical explanation), and a precise determination of maximum fraction of the 511 keV
emission which can be ascribed to DM signals will be possible only with COSI data at hands.
The actual bound will be somewhere in between the dashed and the dotted curves in figure 6.
Our calculations are in any case an indication that COSI will have the potential to strongly
challenge PBH DM in the 1016−1017 g mass range.

Finally, the same procedure adopted for PBH evaporation can also be applied to DM an-
nihilations or decays into electrons and positrons. In these two cases the positron fluxes read

Φann
e+ = 1

2
4π
m2
χ

〈σv〉
∫ 1.5 kpc

0
dr r2ρ2

DM(r), (4.2)

Φdec
e+ = 4π

mχ

1
τ

∫ 1.5 kpc

0
dr r2ρDM(r). (4.3)

For small enough DM masses, below a few MeV, the positrons will not escape the GC and
annihilating with ambient electrons will contribute to the 511 keV line signal. Then, one can
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impose Φann,dec
e+ < 2× 1043 e+/s (2× 1041 e+/ s) obtaining the bounds

〈σv〉 . 2.3× 10−30 cm3s−1
(
mχ

MeV

)2
,

[
2.2× 10−32 cm3s−1

(
mχ

MeV

)2]
τ > 1.1× 1026 s

(MeV
mχ

)
,

[
1.1× 1028 s

(MeV
mχ

)]
. (4.4)

These limits, derived with a very simple procedure, are overall very similar to those
obtained in ref. [50] where the authors attempted a more sophisticated analysis, modelling
possible astrophysical sources contributing to the 511 keV emission. In eq. (4.4), in paren-
thesis we also report the projected limits corresponding to the COSI sensitivity, similarly
to what done in figure 6 with the dotted line. We do not show the bounds of eq. (4.4) in
figure 5, as it is difficult to precisely draw the mass range over which they apply robustly.
For masses below a few MeV they can be confidently taken and result to be the strongest
ones, competing with CMB constraints even for s-wave annihilations. On the other hand, for
larger masses, the description of cooling and diffusion of energetic positrons in the Galaxy
becomes crucial, adding a model dependency to the bound.

5 Conclusions

Scheduled to be launched in 2027, COSI will provide us with spectroscopic images of the
sky at MeV energy with unprecedented sensitivity. In this work, we discussed how to use
these data to constrain different types of DM candidates. We showed that COSI will offer
an exquisite possibility to detect DM directly decaying or annihilating into monochromatic
gamma-rays, as for the case of ALP DM. Figure 1 shows that the projected sensitivities for
spectral line signatures can lead to a significant improvement of the current bounds.

We also computed the expected sensitivity for continuum signals, such as those produced
by PBH evaporation or sub-GeV DM annihilation/decay into leptons. For those scenarios,
we found again that the projected limits are more stringent than existing limits.

Finally, we discussed how measurements of the 511 keV line emission at the GC can
constrain the injection of positrons from DM. Through this observable, COSI will have the
potential to significanly improve current limits, and challenge the hypothesis of PBH DM to
extremely small fractional abundances in the 1016−1017 g mass range.

The work is intended to provide a first assessment of COSI capabilities related to DM
searches. More details about the final design and simulated instrumental responses will be
released in the next years by the COSI Collaboration, prior to the stellite launch, and this
will allow an improved determination of the projected sensitivities.
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