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ABSTRACT
Recent results from numerical simulations and models of galaxy formation suggest that recently

discovered ultra-faint compact stellar systems (UFCSs) in the halo of the Milky Way (MW) may be
some of the smallest and faintest galaxies. If this is the case, these systems would be attractive targets
for indirect searches of weakly interacting massive particle (WIMP) dark matter (DM) annihilation
due to their relative proximity and high expected DM content. In this study, we analyze 14.3 years of
gamma-ray data collected by the Fermi -LAT coincident with 26 UFCSs. No significant excess gamma-
ray emission is detected, and we present gamma-ray flux upper limits for these systems. Assuming
that the UFCSs are dark-matter-dominated galaxies consistent with being among the faintest and least
massive MW dwarf spheroidal (dSphs) satellite galaxies, we derive the projected sensitivity for a dark
matter annihilation signal. We find that observations of UFCSs have the potential to yield some of the
most powerful constraints on DM annihilation, with sensitivity comparable to observations of known
dSphs and the Galactic center. This result emphasizes the importance of precise kinematic studies of
UFCSs to empirically determine their DM content.

1. INTRODUCTION

The Milky Way (MW) is surrounded by more than
fifty dwarf spheroidal (dSph) satellite galaxies that re-
side in dark matter (DM) halos (e.g., Simon 2019, and
references therein). While it was once possible to dis-
tinguish DM-dominated galaxies from DM-deficient star
clusters based on size and luminosity (e.g., Willman
et al. 2005), many recently discovered systems have sizes
and luminosities that blur that boundary (see Cerny
et al. 2023a, and references therein). In particular,
dozens of ultra-faint compact stellar systems (UFCSs)
have been discovered at distances of several tens of kpc
possessing low luminosities, L⋆ < 104L⊙, and small
physical sizes, rh < 30 pc (see Table 1 for a list of ref-
erences). Detailed kinematic studies of these systems
are challenging due to their distances and low luminosi-
ties; however, recent theoretical arguments suggest that
these systems could be the faintest and least massive
DM-dominated galaxies (e.g., Manwadkar & Kravtsov
2022; Errani et al. 2023a). One example in this class

of systems is the recently discovered satellite Ursa Ma-
jor III/UNIONS I (UMa III, Smith et al. 2023). While
measurements of the velocity dispersion of this system
are inconclusive due to the small number of measured
stars, simulations suggest that a DM halo is necessary
to stabilize the system against tidal dissolution (Errani
et al. 2023b). If this system is indeed a DM-dominated
galaxy, then galaxy–halo modeling arguments suggest
that its host DM halo had a peak mass of ≲ 108M⊙
(Sawala et al. 2015; Nadler et al. 2020; Manwadkar &
Kravtsov 2022; Revaz 2023).1

If UFCSs are indeed DM-dominated galaxies, they
would be powerful targets for searches for γ-ray emission
from the annihilation of weakly interacting massive par-
ticles (WIMPs, for reviews, see Jungman et al. 1996;
Bergström 2000; Abdo et al. 2010) DM. UFCSs are an

1 This work is prefaced on the assumption that other UFCSs are
similar in nature to UMa III and reside in DM subhalos of similar
mass (see Sec. 2).
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attractive target primarily due to their proximity, which
could lead to a higher γ-ray flux from DM annihilation
compared to the MW satellites studied previously. The
detection of excess γ-ray emission coincident with one
or more of these systems (especially the closest ones)
would be exciting even if their DM contents have not
yet been measured. On the other hand, a null detection
of nearby DM-dominated UFCSs would increase the sen-
sitivity of existing studies of dSphs, which already yield
the most powerful and robust constraints on DM anni-
hilation (McDaniel et al. 2023, and references therein).

In this Letter, we present the results of a search for γ-
ray emission coincident with a sample of 26 UFCSs. Our
sample was selected to be consistent with the galaxy
size–luminosity relationship derived in Manwadkar &
Kravtsov (2022). Our analysis of the Fermi -LAT γ-
ray data adopts the procedure developed for the anal-
ysis of dSphs by McDaniel et al. (2023), which closely
follows previous LAT analyses of dSphs (e.g., Acker-
mann et al. 2015; Albert et al. 2017). We find no sig-
nificant excesses of γ-ray emission coincident with any
of the UFCSs, and we present flux upper limits for each
system. Under the assumption that the UFCSs are DM-
dominated systems consistent with the known popula-
tion of dSphs, we proceed to make projections for the
ability to constrain the DM annihilation cross-section
from the null detection of γ-ray emission. We also de-
rive sensitivity projections for a subset of 17 out of the 26
UFCSs from the initial sample, applying a more strin-
gent selection in size–luminosity space. We find that,
although subject to large uncertainties at present, the
DM cross-section upper limits derived under these as-
sumptions for both samples of UFCSs are more sensitive
than those obtained from recent dSphs analyses (e.g.,
Di Mauro et al. 2023; McDaniel et al. 2023), empha-
sizing the importance of kinematic studies of UFCSs to
empirically determine their DM content.

The Letter is organized as follows. In Sec. 2 we discuss
how our samples of UFCSs were selected. In Sec. 3 we
detail the assumed model for the DM halos of UFCSs as
well as the DM annihilation channels considered. Sec. 4
is devoted to the Fermi -LAT data selection and the anal-
ysis procedure. Finally, in Sec. 5, we discuss the results
and conclude.

2. SAMPLE SELECTION

The populations of DM-dominated dSphs and DM-
deficient classical globular clusters have historically been
separable in the space of size (as indicated by the half-
light radius) and luminosity (Fig. 1). However, as
the sensitivity of optical imaging surveys has increased,
fainter and more compact systems have been discovered

populating a region of parameter space where their clas-
sification is uncertain (e.g., Simon 2019; Drlica-Wagner
et al. 2020). Furthermore, the low luminosities and dis-
tances of these systems make it difficult to measure
the velocities of enough member stars to confidently
determine velocity dispersions and dynamical masses.
Early observational studies assumed that these systems
were a low-luminosity tail of the globular cluster pop-
ulation, possibly formed and accreted within satellite
galaxies that were subsequently disrupted (e.g., Mau
et al. 2019). However, recent theoretical modeling work
has suggested that the population of dwarf galaxies
may extend to equivalently small sizes (e.g. Manwad-
kar & Kravtsov 2022; Errani et al. 2023a). In particu-
lar, the regulator model of galaxy formation developed
in Kravtsov & Manwadkar (2022) and applied to sim-
ulations of a Milky-Way-like system in Manwadkar &
Kravtsov (2022) predicts that a significant population
of compact, low-luminosity satellite galaxies exists.

We select a sample of UFCSs that are consistent in
physical size and absolute magnitude with the locus
of galaxies produced by the model of Manwadkar &
Kravtsov (2022, see their Fig. 12). In particular, we
select UFCSs that have azimuthally averaged physical
half-light radii r1/2 < 30 pc and surface brightnesses of
24mag arcsec−2 < µV < 32mag arcsec−2. Furthermore,
we remove systems that have previously been included in
population studies of γ-ray emission from dSphs (Bootes
V, Cetus II, Draco II, Grus I, Leo Minor I, Pictor I,
Segue 1, Segue 3, Triangulum II, Tucana V, Virgo II,
and Willman 1) (e.g., Albert et al. 2017; McDaniel et al.
2023), or have been confirmed to be DM-deficient from
kinematic measurements (AM 4, Palomar 5, Palomar 13,
Palomar 14; Harris 1996, 2010 edition). We apply the
same selection criteria used for the dSphs in McDaniel
et al. (2023) to avoid contamination from other sources
of γ-ray emission by checking if any targets in our sam-
ple fall within the 95% confidence radius of a 4FGL-DR4
source, or within 0.1◦ (i.e., roughly the mean of the 95%
confidence radius of point sources in the 4FGL, Ballet
et al. 2023) of a source in the BZCat, CRATES, and
WIBRaLS catalogs. No targets were removed by this
criteria. We refer to UFCSs passing this selection as
the ‘inclusive sample’, which contains 26 targets (Table
1). We also analyze a subset of this sample, selecting
targets in a more restrictive range of surface brightness
(25mag arcsec−2 < µV < 32mag arcsec−2), which cor-
responds to the region of maximum density of galaxies
predicted by Manwadkar & Kravtsov (2022). We refer
to this selection as our ‘nominal sample’, which contains
17 of the 26 UFCSs from the inclusive sample. Targets
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Figure 1. V -band absolute magnitude vs. physical half-light
radius for Milky Way globular clusters, dSphs, and UFCSs.
The dashed lines mark the minimum surface brightness used
to select the inclusive (µ > 24mag arcsec−2) and nominal
(µ > 25mag arcsec−2) samples, based on the model of Man-
wadkar & Kravtsov (2022). The light and dark grey shaded
areas represent the regions of inclusive and nominal selec-
tions, respectively. The purple points are the UFCSs in the
inclusive sample. The UFCSs that are also included in the
nominal sample are circled in red. A complete list of both
samples is reported in Table 1. The grey points are the
UFCSs that fall outside our selections and were excluded
from the analysis for this reason. The cyan points are the
confirmed dSphs from dmsky (https://github.com/fermiPy/
dmsky). The dark blue triangles are the confirmed globular
clusters from the Local Volume Database (Pace 2024).

that fall into this selection are listed separately in Ta-
ble 1.

3. DARK MATTER ANNIHILATION

Astrophysical searches for DM involve looking for
the signatures of DM interactions. In the WIMP DM
model, one possible signature of DM annihilation is
γ-ray emission through the production of high-energy
standard model particles (e.g., Bertone et al. 2005, for
a review). The expected γ-ray flux from DM annihila-
tion is (Bergström et al. 1998):

dΦχ

dE
= J × 1

4π

⟨σv⟩
2M2

χ

∑
i

βi
dNi

dE
, (1)

where Mχ is the rest mass of the DM particle, and ⟨σv⟩
is the velocity-averaged DM annihilation cross-section.
The sum is performed over the annihilation channels,
where βi is the branching ratio for the i -th channel.
The γ-ray spectrum per annihilation event given the an-
nihilation channel, dN/dE, is given by the DM model
that is being considered. In this work, we use the

PPPC4DMID2 tables from Cirelli et al. (2011) to com-
pute the different annihilation spectra. The annihila-
tion channels considered are bb̄ and τ+τ−.3 These two
annihilation channels are typically chosen as represen-
tative because their spectra enclose most of the shapes
of the other annihilation channels (Cirelli et al. 2011).
Electroweak corrections are taken into account only for
the τ+τ− channel, as they have a minimal effect in the
bb̄ channel (Ciafaloni et al. 2011). The ‘J-factor’ (J)
is a geometrical quantity obtained by integrating the
squared density (ρ2χ) of DM along the line of sight (l.o.s.,
ℓ) and the solid angle (∆Ω)

J =

∫
∆Ω

∫
l.o.s.

ρ2χ dℓ dΩ. (2)

While the DM density profile of a system can be in-
ferred from a dynamical Jeans analysis of its member
stars (e.g., Bonnivard et al. 2015; Pace & Strigari 2019),
spectroscopic measurements are currently unavailable
for many faint systems, making a direct determination of
the J-factor impossible. Several previous γ-ray studies
(e.g., Drlica-Wagner et al. 2015; Albert et al. 2017; Mc-
Daniel et al. 2023) have estimated the J-factors for tar-
gets that lacked direct measurements through scaling
relations with the kinematic or photometric properties
of the system (e.g., Drlica-Wagner et al. 2015; Evans
et al. 2016; Pace & Strigari 2019). In this analysis, we
use the most recent versions of these relations from Pace
& Strigari (2019),

Jphoto(0.5
◦)

GeV2 cm−5
≃ 1018.17

(
LV

104L⊙

)0.23 (
d

100 kpc

)−2 ( r1/2
100pc

)−1

(3)
to estimate the J-factor from photometric properties. In
this equation, d is the distance to the system, r1/2 is the
azimuthally-averaged physical half-light radius, and LV

is the V -band luminosity. Since none of the targets in
our sample have confidently measured velocity disper-
sions, the J-factors used in this analysis are computed
from Eq. 3 with the exception of UMa III, for which we
use the value obtained by Crnogorčević & Linden (2023)
from the velocity dispersion scaling relation from Pace
& Strigari (2019), rather than the photometric one in
Eq. 3.

In previous dSph analyses (e.g., Albert et al. 2017;
McDaniel et al. 2023), the uncertainty on the J-factors
estimated this way is assumed to be 0.6 dex, to represent
the expected measurement uncertainty after kinematic
observations. For the UFCSs, this choice may be less

2 http://www.marcocirelli.net/PPPC4DMID.html
3 In a recent work by Arina et al. (2023) the authors have computed

updated source spectra for γ-rays from dark matter, which for
the annihilation channels used in this paper are similar to the
one obtained in the PPPC4DMID.

https://github.com/fermiPy/dmsky
https://github.com/fermiPy/dmsky
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Figure 2. Top: J-factor for the selected UFCSs derived using the scaling relations of Pace & Strigari (2019). We use the
photometric J-factor relation (Eq. 3) for all the sources except UMa III, which is instead derived from the velocity dispersion
scaling relation of Pace & Strigari (2019) as reported by Crnogorčević & Linden (2023). We included the average J-factors,
with their uncertainties, for the dSphs (grey band) and the inclusive sample of UFCSs (purple band) Bottom: γ-ray flux upper
limits in the [0.5 GeV - 1 TeV] energy band at 95% confidence level for the selected UFCSs. The green and yellow containment
bands are obtained by selecting blank fields that reside at the same Galactic latitude as each target (within ± 5°).

conservative, since the faintness of some of these sys-
tems will likely increase the statistical uncertainty of
kinematic measurements. However, Albert et al. (2017)
found that changing the assumed J-factor uncertainty
had a small effect compared to the uncertainty arising
from the unknown nature of the UFCSs (i.e., some may
be devoid of DM), which we discuss in more detail in
Sec. 5. Consequently, we adopt the value for the J-
factor uncertainty of 0.6 dex assumed in Albert et al.
(2017) and McDaniel et al. (2023), to allow for a di-
rect comparison with the limits derived from the dSphs.
In Fig. 2 we show the assumed J-factors and assumed
uncertainties for each target in our sample.

4. Fermi -LAT DATA ANALYSIS

We analyze data from the Fermi -Large Area Telescope
(LAT; Atwood et al. 2009; Ajello et al. 2021) taken
between August 4, 2008 and December 1, 2022 (14.3
years). Our data set and analysis pipeline closely follows
the dSph analysis performed by McDaniel et al. (2023),
which makes use of the Fermitools (v2.2.0) via the
fermipy (v1.2) interface (Wood et al. 2017). Photons

from the P8R3_SOURCE_V3 class are selected with
energies between 500 MeV and 1 TeV. Events observed
at an angle from the zenith of the spacecraft greater than
100° are removed to avoid contamination from Earth’s
limb. Data from all four point spread function (PSF)
event classes are selected and used in a joint-likelihood
analysis. This approach splits the photon events into
PSF classes and includes additional information about
the event-wise quality of the angular reconstruction and
uses dedicated instrument response functions for each
PSF event class (Ackermann et al. 2015).

The first step of the analysis is to define a 10◦ ×
10◦ region of interest (ROI) centred on each UFCS
target. Events are divided into eight logarithmi-
cally spaced bins of energy and spatial bins of
0.08°. The ROI is modeled including the Galac-
tic diffuse emission (gll_iem_v07.fits), the isotropic
spectrum for the PSF type that is being considered
(iso_P8R3_SOURCE_V3_PSF{i}_v1.txt, with i going
from 0 to 3) and point-like and extended sources from
the 4FGL-DR3 (gll_psc_v29.fits, Abdollahi et al.
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2020, 2022). In particular, all sources that are up
to 15° from the target are included to account for γ-
ray emission originating outside the ROI. Each UFCS
target is modeled as a point-like source with a power-
law spectrum. These assumptions were made to allow
for a close comparison to the dSph results from Mc-
Daniel et al. (2023). Previous studies on the effects of
the spatial extension of targets on DM limits have been
performed for the dSphs, and have shown that modeling
the sources as extended can lead to weaker limits in the
DM parameter space (Di Mauro et al. 2022). However,
this additional uncertainty is subdominant to the un-
certainty coming from our lack of knowledge of the DM
density profile of each UFCS in the sample. The model
is optimized keeping as free parameters the photon index
and normalization of the Galactic diffuse emission and
the normalization of the isotropic component, as well
as the normalization of all sources with test statistics4

TS ≥ 25 that are up to 5° away from the target, and
the normalization and photon index of all sources with
TS ≥ 500 that are up to 7° away from the target. The
find_sources() method is used to look for additional
sources in the ROI and if any is found with TS > 16, it
is included in the model. The new sources closest to a
target, both with TS ∼ 20, are found with an offset of
0.51◦ and 0.22◦ from DELVE 2 and DELVE 3, respec-
tively5. Neither source overlaps with the target within
their 95% localization countour (∼ 0.1◦). All the other
new sources are found at an offset > 1◦. The next step
in the analysis is to calculate the spectral energy dis-
tribution (SED) for each target through the use of the
fermipy sed() function (for more information on this
method, see Ackermann et al. 2014). Fits are performed
independently in each energy bin, with the target mod-
eled by a power-law spectrum with a fixed index of 2 and
free normalization, while leaving the diffuse background
normalizations free to vary. This procedure yields a like-
lihood profile, L(dΦγ/dE,E), in flux–energy space. The
likelihood for a given DM mass and cross-section can be
then computed by replacing dΦγ/dE with the theoreti-
cal γ-ray yield from DM annihilation (Eq. 1) – which is
a function of DM mass, cross-section and energy – then
summing over energy bins. This can be summarized by

4 The TS of the sources is defined as TS = 2 log(L/L0), where L
is the likelihood derived including the target of interest in the
model fit, and L0 is the likelihood of the null hypothesis (i.e.,
fixing the flux of the target source at zero).

5 Including or removing DELVE 3 from the analysis has negligible
effects on the combined constraints.

the following expression:

L(⟨σv⟩,Mχ) =
∑
Ei

L
[
dΦχ

dE
(⟨σv⟩,Mχ, Ei), Ei

]
, (4)

This likelihood profile is used to define a TS profile for
the target,

TS(⟨σv⟩,Mχ) = 2

[
L(⟨σv⟩,Mχ)

L0

]
, (5)

where L0 is the likelihood for the null hypothesis (i.e., no
γ-ray source). The parameter space considered covers a
mass range of Mχ ∈ [5; 104] GeV and a cross-section
range of ⟨σv⟩ ∈ [10−28; 10−22] cm3s−1, which is moti-
vated by GeV–TeV scale thermal relic WIMP DM mod-
els and the constraining capability of Fermi -LAT obser-
vations. To incorporate uncertainties in the J-factors
the Fermi -LAT likelihood function is multiplied by a
J-factor likelihood function, LJ :

LJ(J) =
1

ln(10)
√
2πσJJobs

× exp

[
−
(
log10(J)− log10(Jobs)√

2σJ

)2
]
. (6)

The J-factor likelihood function is defined as a Gaus-
sian in the log J space, where Jobs is the J-factor value
estimated from the scaling relations in Pace & Strigari
(2019), and σJ is the uncertainty on the J-factor, as-
sumed to be 0.6 dex in this analysis.

The limits obtained from the γ-ray data coincident
with UFCSs can be compared to statistical expectations
of the background using a ‘blank-field’ analysis (e.g.,
Ackermann et al. 2014). The analysis of blank fields ac-
counts for the effects of undetected sources in the Fermi -
LAT data and for the uncertainty in the models of the
diffuse background emission by sampling of regions of
the sky that contain no known γ-ray sources or likely
γ-ray emitters based on spatial coincidence with the
Fermi -LAT and multiwavelength catalogs. The blank
fields are randomly selected at high Galactic latitude
(|b| > 15◦) by applying similar criteria to those used to
select the sample of UFCSs—i.e., excluding regions cen-
tered within the 95% confidence radius of a 4FGL-DR3
source or within 0.1◦ from any source in the BZCat,
CRATES, and WIBRaLS catalogs. We use the same
1000 regions selected for the dSphs analysis in McDaniel
et al. (2023).6 From these regions, sets of 26 blank fields
(i.e., the same size as the UFCS sample) are randomly

6 The data are taken from the public figshare page:
https://figshare.com/articles/dataset/24058650
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selected without replacement 104 times to perform a
combined blank-field analysis. We refer to McDaniel
et al. (2023) for more details on the blank-field analysis.

5. RESULTS AND DISCUSSION

We analyzed ∼15 years of γ-ray from Fermi -LAT data
coincident with a selection of UFCSs that are poten-
tially DM dominated. If their nature is confirmed, the
UFCSs are expected to put stringent constraints on DM
properties, since their relative proximity could lead to a
higher flux of γ-rays from DM annihilation compared to
the previously studied dSphs. However, no significant
γ-ray emission is observed in the combined sample of
UFCSs. We present the upper limits for the γ-ray flux
from each source in Fig. 2, with the respective values
reported in Tab. 1.

To assess the significance of a signal from the indi-
vidual targets in our sample, we evaluate the maximum
TS over all cross-section values as a function of the mass
and compare it to the 84% and 97.5% containment bands
from the 1000 individual blank fields (see Fig. 3). Only
DELVE 4 and BLISS 1 (colored lines in Fig. 3) show
local significance ≳ 2σ over the background, though we
notice that these peaks in significance occur in different
ranges of Mχ, which would not be expected if they could
both be attributed purely to DM annihilation.

We derive the sensitivity to the null detection of γ-
ray emission in UFCSs to put constraints on DM proper-
ties in the velocity-averaged cross-section vs. mass space,
for the bb̄ and τ+τ− annihilation channels. In Fig. 4
we compare the upper limits obtained from the UFCSs
in the inclusive and nominal samples for both chan-
nels to the results for dSphs (McDaniel et al. 2023),
for the Galactic center excess (GCE, Calore et al. 2015;
Di Mauro 2021), and to the cross-section for thermal
relic DM (Steigman et al. 2012). The sensitivities ob-
tained from the two selections are similar, with the
nominal sample yielding a slightly less stringent con-
straint. We also present the results obtained excluding
UMa III from the nominal sample, since this source dom-
inates the sample due to its proximity and high J-factor.
Crnogorčević & Linden (2023) have demonstrated that,
according to the current estimation of its J-factor, UMa
III alone can put constraints on DM properties that are
competitive with the most recent results from dSphs. In
this context, evaluating the effects of excluding this tar-
get from the sample is crucial for two reasons. First, it
gives an upper limit on how the results presented here
would be affected if further investigation of UMa III
leads to a lower estimation of its J-factor. Secondly,
it evaluates the contribution to the constraints from
the remaining targets of the nominal sample, showing

that they provide a pronounced improvement to the con-
straints relative to the dSphs. The upper limits obtained
from both the inclusive and nominal samples are better
than the constraints obtained from previous analyses at
all masses and in both channels. Even with the exclusion
of UMa III, the limits obtained from the nominal sample
are lower than the dSphs constraints for the majority of
the mass range. We also take into account the effects of
the background through the combined blank-field analy-
sis, from which we derive the 68% and 95% containment
bands in the top panels of Fig 4. The UFCSs limits
are mostly contained within these bands, and the only
slight excess is observed at the highest masses in the
bb̄ channel when UMa III is excluded from the analysis
(Fig 4).

As said, our analysis is premised on the assumption
that the UFCSs are DM-dominated. Yet, given the lack
of direct spectroscopic measurements, the DM content
of these systems cannot be confirmed at present, and it
is possible that some of these systems are DM-deficient
star clusters. To account for the possibility that not all
of the systems are hosted in DM halos, we also compute
the sensitivity for random subsets of the UFCSs in the
inclusive sample, effectively treating the excluded sys-
tems as devoid of DM. This allows us to gauge the main
source of uncertainty on the results, which comes from
the undetermined nature of the targets in our sample.

In the bottom panels of Fig. 4, we compute the con-
straints for 1000 subsets of 13 UFCSs selected randomly
from the 26 UFCSs in the inclusive sample. This al-
lows us to evaluate the variability of the results due to
the exclusion of some of the sources. We highlight the
selections that contain UMa III as these tend to lead,
on average, to better constraints compared to the se-
lections that do not contain this system. Again, we
compare these bands to results for the dSphs and the
GCE, as well as the thermal relic cross-section. In the
bb̄ channel the selections that do not include UMa III
are similar to the results from the dSphs, with their av-
erage being more constraining up to high values of the
DM mass (Mχ ≳ 1 TeV). In the τ+τ− channel, this in-
version happens at about an order of magnitude lower
mass (Mχ ∼ 100 GeV), yet once again when considering
the variability coming from the different selections, the
constraints are compatible. In both channels, most of
the DM limits from selections that include UMa III are
still better than the dSphs constraints, and their average
is comparable to the limits obtained from the nominal
sample. A similar comparison can be done with ob-
servations of the GCE, which lie close to the average
constraint of the selections that include UMa III.
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Figure 3. Maximum TS over all cross-section values vs. Mass for the individual UFCSs in the bb̄ (left) and τ+τ− (right)
channels. The colored lines highlight the targets that show a TS excess over the 97.5% and 84% containment regions for the
individual blank fields (green and yellow bands).

This study highlights the need for further investiga-
tions of the nature of UFCSs, since confirming that even
a few of the observed systems are hosted in DM halos
could significantly increase the sensitivity of studies on
DM annihilation. Furthermore, optical imaging surveys
such as DELVE (Drlica-Wagner et al. 2021), UNIONS
(Ibata et al. 2017), and Rubin LSST (Ivezić et al. 2019)
are likely to discover more UFCSs (e.g., Hargis et al.
2014; Nadler et al. 2020; Manwadkar & Kravtsov 2022).
On-going spectroscopic observing campaigns with the
Keck and Magellan telescopes, as well as with the Dark
Energy Spectroscopic Instrument (DESI, DESI Collab-
oration et al. 2016), should be able to provide initial
kinematic measurements following procedures similar to
those described in Simon (2019); however, comprehen-
sive measurements of the DM content of very faint sys-
tems will likely require 30-meter class telescopes (e.g.,
Cypriano et al. 2018).
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Figure 4. Top: Sensitivity of Fermi-LAT observations of UFCSs to DM annihilation via the bb̄ (left) and τ+τ− (right)
channels. The solid black lines represent the constraints obtained from the combined analysis of the UFCSs in the nominal
sample. The pink lines are constraints obtained excluding UMa III from this selection. The red lines are the constraints obtained
from the combined analysis of UFCSs in the inclusive sample. The yellow and green regions are, respectively, the 95% and 68%
containment bands obtained from the combined analysis of 1000 blank-fields. The dotted line is the thermal relic cross-section
from Steigman et al. (2012). The dashed blue lines are constraints from McDaniel et al. (2023) for the measured sample of
dSphs. The light blue profile represents the DM interpretation of the GCE from Calore et al. (2015), while the red point with
error bars is the GCE measurement from Di Mauro & Winkler (2021)
Bottom: Sensitivity of Fermi-LAT observations to DM annihilation via the bb̄ (left) and τ+τ− (right) channels derived by
randomly selecting half of the UFCSs in the inclusive sample. The green band represents the selections that do not include
UMa III, while the pink band represents the selections that include this source. The solid lines represent the average constraint
from the respective band of the same color. The solid black line represents the constraints from the nominal sample of UFCSs.
We also include results from previous analyses on the dSphs (McDaniel et al. 2023) and GCE (Calore et al. 2015; Di Mauro &
Winkler 2021).
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Table 1. List of the UFCSs that fall in the selection regions highlighted in 1. The nominal sample includes the sources that fall
below the surface brightness line µ = 25 mag arcsec−2. The inclusive sample contains all the sources in the nominal sample, with
the addition of the sources in the region corresponding to 24 mag arcsec−2 < µ ≤ 25 mag arcsec−2. The values of the J-factor
listed here are computed using the photometric scaling relation in Eq. 3 (Pace & Strigari 2019) for all systems except UMa III,
where we adopt the value evaluated by Crnogorčević & Linden (2023). The J-factors and the upper limits for γ-ray flux at 95%
confidence level in the [0.5 GeV - 1 TeV] energy range for each source are reported in Fig. 2. While we report the main reference
for each source in the last column, refer to the Local Volume Database (Pace 2024) for a more complete list.

Name GLon GLat Distance R1/2 MV log10(Jphoto) FUL Ref.

[°] [°] [kpc] [pc] [GeV2/cm5] [×10−12 erg/cm2/s]
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