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The Galactic center γ-ray excess, detected by the Fermi-LAT, is a very attractive tentative signal from
dark matter annihilation. Searching for associated synchrotron emissions can test the dark matter
interpretation for this excess. We geared the Five-hundred-meter Aperture Spherical Radio Telescope
(FAST) toward Coma Berenices (a dwarf spheroidal galaxy) for two hours of observation, and found no
significant continuum radio emission, which could put constraints on the dark matter annihilation cross
section, from our target. We set very stringent annihilation cross section constraints, with roughly an order
of magnitude improvement over a large range of masses compared with previous radio searches. The dark
matter scenario for the Galactic center γ-ray excess is in tension with the FAST observation for reasonable
choices of astrophysical factors. But considering the large uncertainty on astrophysical parameters, such as
the magnetic field, the diffusion coefficient, and the diffusion radius, and on dark matter halo parameters,
the dark matter interpretation for the excess could still survive. Further radio observations by the FAST and
other radio telescopes may reveal more about the dark matter properties.

DOI: 10.1103/PhysRevD.107.103011

I. INTRODUCTION

Observations from galaxy rotation curves, weak gravi-
tational lensing, and anisotropies in the cosmic microwave
background coherently suggest the existence of dark matter
(DM) in the Universe, which constitutes about 26% of the
cosmic energy budget [1]. Though the fundamental nature
of DM is still a mystery, several well-motivated candidates
from particle physics have been proposed [2]. One
plausible and widely accepted candidate is the weakly
interacting massive particle (WIMP), whose efficient

self-annihilation in the early Universe can naturally explain
the observed relic density today [3].
WIMPs can produce Standard Model particles through

self-annihilation. Thus, searching for signals of these
particles, and their secondary emissions, could reveal
the nature of dark matter. This is one of the most
promising DM search methods [2]. In the past decade,
there have been several astrophysical anomalies reported
and investigated, which could be potential DM annihila-
tion signatures. These include the positron and electron
excesses [4–6], the antiproton excess [7,8], and the
Galactic Center γ-ray excess (GCE; [9–13]). The GCE,
detected by the Fermi Gamma-Ray Space Telescope, is
peaked at energies ∼1–3 GeV and extends out to at least
10° from the Galactic Center (GC) [12,13]. Several works
have found that its spectrum is consistent with the signal
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of WIMP annihilating to bb̄ or τþτ− with the mass of
∼Oð10Þ GeV, and its morphology is broadly consistent
with the predicted signal of dark matter annihilation
[10–14]. In addition, it has been shown that the channel
of WIMP annihilating into μþμ− with the associated
inverse Compton scattering (ICS) emission, can fit the
flux spectrum, in consistence with current constraints
from the combined dwarf spheroidal galaxies analysis and
the AMS-02 p̄ and eþ data [15]. The possible connections
between the DM interpretation of the GCE and other
anomalies have also been investigated [16,17]. Apart from
DM, several astrophysical models were proposed for this
excess, such as cosmic rays [18–21], and unresolved
millisecond pulsars [22–27]. Though more sophisticated
methods are employed in the analysis, it is still difficult to
discriminate the scenarios of DM annihilation and unre-
solved millisecond pulsars solely by the gamma-ray
observation [28–31]. Therefore, multiwavelength obser-
vation is essential to test the nature of the GCE.
Electrons and positrons, produced by DM annihilation,

can lose their energies by ICS and synchrotron radiation,
which generate fluxes in x rays and radio wavelength
respectively, with detailed variation determined by the DM
mass and the astrophysical environment. If DM is heavy
enough to produce electrons, the synchrotron emission can
fall into the detectable range of current or future radio
telescopes [32–46]. Considering the DM annihilation
scenario for the GCE, all the bb̄, τþτ−, and μþμ− final
states could also generate electrons and positrons, other
than γ-ray emissions. Thus it is possible to search for
associated synchrotron emissions from these charged
particles and test the DM interpretation. Furthermore,
although it is very difficult to probe DM annihilation
through muon decays into γ rays, decaying muon can
produce an abundance of relativistic electrons, whose
emissions may instead be detectable via radio observations.
In this work, we perform the DM indirect search with the

Five-hundred-meter Aperture Spherical Radio Telescope.
The telescope is the largest filled-aperture, single-dish,
radio antenna in the world, with a very high sensitivity
[47,48], and its 19-beam receiver covers the frequency
range of 1–1.50 GHz [48–50]. FAST is located at the
geographic latitude of 25°2901000, and its observable maxi-
mum zenith angle is 40°, covering a large portion of the
sky but without the GC region. Thus instead of the GC, we
choose the Coma Berenices dwarf galaxy as our target to
constrain the WIMPs in this paper, considering its location
in the sky and its proximity.
The paper is organized as follows. In Sec. II, we illustrate

reasons for the Coma Berenices selection, and calculate the
expected signal from DM annihilation. In Sec. III, we
conduct the FAST data analysis and place upper limits of
the WIMP parameter in μþμ−, τþτ−, and bb̄ final states,
and further discuss the results and the GCE. We conclude
in Sec. IV.

II. TARGET AND EXPECTED SIGNAL

A. Target selection

The GC, where the GCE is observed, is not in the field of
view of the FAST. However, since DM is ubiquitous in
cosmic structure, emissions within other targets should be
consistent with DM signals in the GC. Dwarf Spheroidal
galaxies (dSphs) of the Local Group are considered
to be one of the best targets to search for annihilation
signals from DM particles. These satellite galaxies of the
Milky Way (MW) are located within O (100 kpc) of the
MW center and are basically free of radio background since
they are virtually empty of gas, dust, and recent star
formation. Furthermore, their mass-to-light ratios can
be as high as ∼Oð100Þ [51], among the highest in the
Universe [52]. From γ-ray observations, these dSphs have
provided tight constraints on the dark matter interpretation
of the GCE [15,53,54].
Coma Berenices was discovered by the Sloan

Digital Sky Survey [55], located at a distance of about
44 kpc from the Sun, centered at RA ¼ 12 h 26 m 59 s,
DEC¼þ23°5400000 [56] in equatorial coordinates (J2000).
Coma Berenices has a high mass-to-light ratio [57], known
as the hitherto darkest galaxies, which can be expected to
have a strong DM signal [58]. In addition, the Coma
Berenices galaxy is almost unaffected by tidal disruption
from the Milky Way [59]. Therefore, the stellar kinematic
properties of this dSph are determined mainly by the
gravitational potential of its DM halo. More importantly,
the position of the Coma Berenices falls within the proper
zenith angle suitable for the FAST observation [48]. In this
paper, we use the FAST observation of Coma Berenices to
search for the DM annihilation signals.

B. Expected signal

Charged particles propagating through the interstellar
medium can lose energy owing to a variety of radiative
processes, such as inverse Compton radiation, synchrotron
radiation, Coulomb losses, and bremsstrahlung. The radi-
ation can be substantial only if the particle is sufficiently
long-lived and the mass is small enough. Therefore,
electrons and positrons produced by DM annihilation
can generate strong radiation. In this work, we employ
the publicly available package RX-DMFIT [60] to calculate
the expected signal from DM annihilation.
Several dark matter halo profiles have been investigated

in numerical simulations, and observed nearby dSphs
prefer flattened cores rather than the cusps predicted by
N-body simulations [61], with some exceptions among the
ultrafaint satellites [62]. It is thought that such cores
may result from stellar feedback during the galaxy for-
mation [63]. In this paper, we take the Einasto DM profile
instead of the cuspy profile to describe the DM halo of
Coma Berenices
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where α ¼ 0.847, the scale radius rs ¼ 5.14 kpc, and
the normalization ρ0 ¼ 1.962 GeVcm−3, which are best-
fitting values derived from stellar kinematic data [58].
To calculate the synchrotron emission from dark matter

annihilation, we need to solve the diffusion equation, with a
steady state solution, to obtain the equilibrium e� spec-
trum. Here, we assume the spherically symmetric case and
calculate
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where ∂ne=∂E is the differential equilibrium electron
density, DðE; rÞ is the diffusion coefficient, bðE; rÞ is
the energy loss term, and QðE; rÞ is the source term of
the electron. The source term QðE; rÞ is assumed to be
entirely determined by DM annihilation, which is given by

QannðE; rÞ ¼
hσviρ2χðrÞ

2M2
χ

X
f

BRf
dNf

dE
ðMχÞ; ð3Þ

where hσvi is the velocity averaged total annihilation cross
section, ρχðrÞ describes the DM density distribution in the
dwarf galaxy,Mχ is the mass of the DM particle, BRf is the
branching ratio to final state f, and dNf=dE is the electron
injection spectrum through channels f determined by the
public package DarkSUSY [64].
For the diffusion coefficient, in the absence of detailed

knowledge of the structure of the dSphs, we adopt a
spatially independent form with a power-law energy
dependence as

DðEÞ ¼ D0

�
E

1 GeV

�
γ

; ð4Þ

where D0 is the diffusion constant, whose default value is
chosen to be 1027 cm2 s−1 to obtain the estimate for the
radio signal [40,43,65]. Of course, in Fig. 4 we vary this
parameter to see how the constraint may change. γ is
chosen to be 1=3, consistent with the observations in the
Milky Way [66].
In Eq. (2), the full energy loss term has contributions

from synchrotron, inverse Compton scattering, Coulomb,
and bremsstrahlung losses. Each energy loss term depends
on the energies of the electrons and positrons, and the
magnetic field strength for synchrotron losses and the
photon spectrum for ICS losses. The full energy loss
equation is

bðE; rÞ ¼ bICðEÞ þ bsynðE; rÞ þ bcoulðEÞ þ bbremðEÞ
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where B0 is the strength of the magnetic field, and
ne ≈ 10−6 is the average number density of thermal
electrons in dwarf galaxies [32,60]. For Coma Berenices,
we assume a uniform magnetic field model in this work
as a conservative estimation, i.e., B0 ¼ 1 μG.We take these
energy loss rate parameters b0IC, b

0
syn, b0coul, and b0brem as

0.25, 0.0254, 6.13, and 1.51, respectively, in units of
10−16 GeV s−1 [60,67].
We let Eq. (2) equal to zero to seek for a steady-state

solution. For the boundary condition, the electron density is
generally assumed to vanish at the boundary of the
diffusive zone; then the equilibrium electron density can
be solved as

∂ne
∂E

¼ 1
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where the Green’s function is obtained by
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The summation over i takes into account the image charges
positioned at ri ¼ ð−1Þirþ 2irh, and the rh is the size of
the dSphs’ diffusion zone, which is set to be twice the
distance of the outermost star of Coma Berenices, rmax ¼
238 pc [41,42,68]. λ is the mean “energy-loss” distance
traveled by a charged particle with the source energy E0 and
the interaction energy E:

λ2ðE;E0; rÞ ¼
Z

E0

E

DðϵÞ
bðϵ; rÞ dϵ: ð8Þ

Once we obtain the equilibrium electron density, we can
calculate the integrated flux density spectrum for synchro-
tron emission as

Sν ¼ 2

Z
Ω̂
dΩ

Z
LoS

dl
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dEPsynðEÞ
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; ð9Þ
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where the factor 2 takes into account the e� pair. Psyn is the
standard power of synchrotron emission, whose calculation
can be found in Ref. [60]. The integration radius in this
work is 30, which is the FWHM of the FAST central beam
(Beam 01) [48].
With these assumptions, we show the expected radio

emissions from Coma Berenices with DM parameters
favored by the GCE (Table I), in Fig. 1. Taking the
bandwidth, ΔB ¼ 500 MHz, and the integration time,
τ ¼ 1 min, we can estimate the expected root mean square
(RMS) of the FAST observation, via

σT ¼ Tsysffiffiffiffiffiffiffiffiffiffiffiffi
2ΔBτ

p ; ð10Þ

where Tsys ¼ 24 K [48]. We also show the band coverage
and RMS of the FAST in Fig. 1. One can see that FAST
RMS noise is lower than the associated radio signal of the
GCE, especially for the μþμ− channel.

III. DATA ANALYSIS AND RESULTS

A. Observation

The FAST observation was conducted between 2020-
12-14 07∶00∶00 and 2020-12-14 08∶50∶00. The 19-beam
receiver equipped on the FAST can record data of two

polarizations through 65,536 spectral channels, covering
the frequency range of 1000–1500 MHz. We employ the
SPEC(Wþ N) backend in the observation, with 1 second
sampling time. To reduce the effects of contamination from
the Earth’s atmosphere, baseline variation, and other fore-
grounds, we chose the “ON/OFF” observation mode of the
FAST. In each round of observation, the central beam of the
FAST is pointed to Coma Berenices for 350 seconds, and
the central beam of the FAST is moved to the “OFF source”
position, which is half a degree away from the “ON source”
without known radio sources, for another 350 seconds. The
total time of observation is two hours, comprising nine
rounds of ON/OFF observation. Here, we utilize the first
six rounds of observations with stable data taking. We also
employ the low noise injection mode for signal calibration,
with the characteristic noise temperature about 1.1 K [48].
In the whole observation, the noise diode is continuously
switched on and off with a period of 2 seconds.

B. FAST data analysis

Let Pcal=off be the original instrument reading without
noise injection, and let Pcal=on be the reading with noise
injected. Then the calibrated antenna temperature TA can
be derived as [48,69,70]

TA ¼ Pcal=off

Pcal=on − Pcal=off Tnoise; ð11Þ

where Tnoise is the predetermined noise temperature mea-
sured with hot loads. TA from both polarizations were
checked for without large variation, and each pair of
polarization temperatures was added together to obtain
the average. With these procedures, the temperature for
each time bin and each frequency bin of the central beam
could be obtained. Then, these temperatures in the time
domain are checked, and time bins, when the telescope is
not stable due to switching between ON and OFF positions,
were masked, leaving 1488 time bins (744 time bins for the
ON observations and 744 time bins for the OFF observa-
tions) for each frequency. The contribution from the
background is removed by subtracting TOFF from TON,
yielding source temperature T, but this procedure would
also remove the DM signal in the OFF region from that in
the ON region. We then convert temperature T to flux
density with premeasured antenna gain, which depends on
beam and frequency [48]. During the data recording, large
noise fluctuations, such as radio frequency interference
(RFI), may be very strong to cover possible DM signals. In
order to reduce the effect of these large noise fluctuations,
we adopt a data cleaning process to select good data [71].
For each frequency bin i, we divided 744 data into 28
groups. The first 27 groups contain 27 time bins, and the
last group contains 15 time bins. We select the group with
the smallest variance, σ2ref , as the reference group. The mean
value of the reference group is denoted as μref . We then

FIG. 1. Expected radio emissions from Coma Berenices with
DM parameters favored by the GCE. The gray band represents
the FAST frequency coverage, ranging from 1000 to 1500 MHz.
And the red dotted line shows the RMS value of 1 min
observations toward Coma Berenices with the bandwidth
500 MHz.

TABLE I. The GCE best-fitting value for the DM parameters,
Mχ and hσvi [15].

Channel MχðGeVÞ hσvið×10−26 cm3 s−1Þ
μþμ− 58 3.9
τþτ− 7.2 0.43
bb̄ 42 1.41
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retain the good data with deviation from the reference mean
smaller than 5σref , i.e., jD − μref j < 5σref , where D is the
data along the time bins. Finally, we average out time in
each frequency bin to get the flux density Si, and we also
get the standard deviation σi.
During the FAST commissioning phase, a frequency

ripple, associated with a standing wave between the FAST
feed and reflector, would contaminate the data. The wave-
length of the ripple is about 1.1 MHz. Such a frequency
ripple significantly increases the variance across frequency
channels and can be efficiently suppressed with a band-
reject filter [72]. We build such a filter using a window
function in delay space, which is the Fourier transfer of the
frequency space. The window function suppresses the
Fourier mode amplitude with wave number centering at
the ripple wavelength. The width of the window function is
chosen to cover from 1=ΔBsub to 1=ð0.5 MHzÞ, where
ΔBsub is the bandwidth of the subband. With such a filter,
the data mean across the frequency, as well as the
fluctuations with a wavelength shorter than 0.5 MHz,
are reserved. The spectroscopic structures removed with
such a filter are assumed to be different from the dark
matter signals. The filter is applied to four subbands of the
data which are relatively RFI free, and the ripple-removed
data, denoted as Sdata, are shown in Fig. 2.

C. Results and discussions

We now search for the DM contribution in the radio data
and constrain the property of DM, by fitting

χ2ðMχ ; hσviÞ ¼
XN
i

ðSdata;i − Smodel;iÞ2
σ2i

; ð12Þ

where Smodel;i is the difference between the predicted flux
density at the ON and OFF positions for a given ith
frequency, Smodel;i ¼ SONνi − SOFFνi , Sdata;i is the observed flux
density, σi is standard deviations in each frequency bin
obtained from the FAST data, and N is the number of
frequency bins left in Fig. 2. For μþμ−, τþτ−, and bb̄
channels, we find no significant excess in the radio data,
especially forDMmass favored byGCE as shown in Table I.
Then we scan the DM mass for different annihilation
channels to set upper limits at 95% confidence level for
hσvi by requiring Δχ2ðhσviÞ ¼ χ2ðhσviÞ − χ2min ¼ 2.71,
where χ2min is evaluated at the value of the cross section
minimizing Eq. (12) with specific DM mass.
For the μþμ− channel discussed in Ref. [15], it could fit

the GCE and survive from various constraints, derived from
the combined dwarf spheroidal galaxies analysis and the
AMS-02 p̄ and eþ data analysis. Since this channel would

FIG. 2. The flux density, converted from source temperature. Different panels show the flux density in four bands of frequencies. For
the selected frequency bands, we have applied the data-cleaning process and the periodic structure removal.
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generate a number of charged particles, our FAST obser-
vation of Coma Berenices could give very stringent
constraints, as shown in the left panel of Fig. 3. To assess
the limits, we also generate 1000 sets of mock data with no
DM contribution assumption for frequency bins in Fig. 2
with the expected σT;i, which is derived by Eq. (10) with the
integration time the same as time bins after data cleaning, to
get σi for real data in each frequency. We then could get the
expected limit bands by repeating the same analysis on
these mock data.1 Our limits derived from real data fall
within 1 standard deviation of the median expectation
value, as shown in the left panel of Fig. 3, suggesting our
limits are reasonable and consistent with no DM detection.
Compared with constraints from the γ-ray observation of
dSphs [73], the constraints from the FAST observation are
strong enough to test the parameter space favored by the
GCE [15], using our setup for the synchrotron emission.
In addition, we also show our results for bb̄ and τþτ− final

states in the right panel ofFig. 3. Similar to constraints derived
from the γ-ray observation of dSphs [73], these upper limits
from theFASTobservation are also in tensionwith parameters
favored by theGCE [15]. And for themass of DM from about
tens of GeV to several hundred GeV, the constraints from the
FAST could be comparable and even stronger.
However, unlike the expected signal in γ-ray from prompt

emission of DM annihilation, the expected radio emission
associated DM annihilation depends on several astro-
physical factors, which have no good measurements for
dSphs unfortunately. After injection from DM annihilation,

charged particles would diffuse in the dSphs. The diffusion
coefficient, D0; diffusion radius, rh; and magnetic field,
B0 would shape the distribution of equilibrium electron
density, and also affect the strength of the radio signal.
The turbulent nature of the magnetic field leads to
the diffusion process of charged particles. For the
MW, the observation of the boron-to-carbon ratio could
give an estimation for D0, about 1028 cm2 s−1 [66]. For
dSphs, there is an estimation thatD0 is possibly even as low
as 1026 cm2 s−1 [74], but D0 is usually used from
1026 cm2 s−1 to 1028 cm2 s−1 [32–46,60,65], considering
its uncertainty. The diffusion radius, rh, determines the
volume in which charged particles could be kept. In
principle, the scale of rh should depend on the distribution
of the magnetic field, thus also depend on the distribution of
luminous matter. Several times the size of the half-light
radius, re, and the distance of the outermost star of dShps,
rmax, are usually used to estimate rh [32,40], but sometimes
the size of the DM halo is also used for the estimation [38].
The magnetic field, B0, would affect the energy loss rate of
charged particles and also the power of synchrotron emis-
sion. It was suggested that there is a magnetic field in the
MW,which is not negligible even at the location of the dwarf
galaxies in the neighborhood of the MW [75]. With the
scaling relation and the distance, d ¼ 44 kpc, from the
center of MW, Coma Berenices is bathed in a magnetic field
of strength B0 ¼ 1.14 μG. On the other hand, previous star
formation in dSphs may also leave relic magnetic fields in
them, ranging from 0.4 μG to several μG [75]. A weak
magnetic field in dSphs (∼0.01 μG) is also suggested,
assuming the equipartition with the cosmic-ray density
[75]. We set D0, rh, and B0 to 1027 cm2 s−1, 476 pc, and

FIG. 3. Left: the 95% C.L. upper limits on hσvi as a function ofMχ for the annihilation channel μþμ−. The solid black line shows the
result with D0 ¼ 1027 cm2 s−1, diffusion radius rh ¼ 2 × rmax, and a uniform magnetic field B0 ¼ 1 μG. The dotted line shows
the median expected sensitivity while the green and yellow bands represent the 68% and 95% quantiles, derived from mock data. Right:
The 95% C.L. upper limits on hσvi as a function of Mχ for the annihilation channels τþτ− (solid-blue) and bb̄ (solid-green). In both
panels, the stars represent the best-fitting value for GCE in the corresponding final states [15]. The dot-dash lines show the comparison
with the Fermi-LAT γ-ray search [73], and the dashed gray lines are the thermal relic cross section value [3].

1We have also verified our analysis pipeline by successfully
recovering an injected mock DM signal.
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1 μG, respectively, as our benchmark model. IncreasingD0

and decreasing rh and B0 would reduce the expected signal
and weaken the constraints. As shown in the left panel of
Fig. 4, the constraints for the μþμ− channel are still strong
enough to test theDMscenario of theGCE,whilewe change
D0 to 1028 cm2 s−1, and switch rh ¼ 148 pc to be twice the
re. But varying these two factors simultaneously or decreas-
ing B0 to 0.01 μG would make constraints too weak to
exclude the best-fitting point for the GCE.
Apart from these astrophysical factors, the DM distri-

bution in the dSph can also be crucial for strengthening
the expected DM annihilation signal. An astrophysical
factor, commonly known as the J factor and defined as
J ¼ R

ρ2χdl dΩ, is widely used to quantify the strength of
the annihilation signal. However, the expected synchrotron
signal, depending also on the diffusion and energy loss,
would not be linearly proportional to the J factor, as in
gamma-ray searches for prompt emissions from DM
annihilation. Thus, we do not investigate the uncertainty
of the J factor, but instead investigate the uncertainty of
DM halo parameters inferred from measurements of stellar
kinematics [58], while testing the effect of the uncertainty
of DM distribution on the derived constraints (see also, e.g.,
Ref. [34]). We determine the 68% and 95% confidence
regions in the ρ0-rs-α space and derive constraints by
calculating synchrotron emissions with these DM halo
parameters. In the right panel of Fig. 4, the solid black line
is plotted for the best-fit halo parameters derived from
stellar kinematics, and the shaded regions show the
uncertainty in the halo parameters. This indicates that
the constraints on the DM can vary by approximately 1
order of magnitude, due to the uncertainty of DM halo
parameters.

To compare with other constraints derived from radio
observation reasonably, we also set rh ¼ 2re as in Ref. [40]
to get the 95% C.L. upper limits for the bb̄ channel, and set
D0 ¼ 3 × 1026 cm2 s−1 as well as about 11 times of Coma
Berenices’s core radius for diffusion to get 5σ limits for the
μþμ− channel as in Ref. [46]. As shown in Fig. 5, the FAST
observation could significantly improve constraints, with

FIG. 4. The 95% C.L. upper limits on hσvi as a function of Mχ for the annihilation channel μþμ−. Left: lines with different colors
represent the different values of the magnetic field B0, diffusion constant D0, and diffusion radius rh, as shown in the legend. Right: the
solid black line represents the best-fitting halo parameters derived from the stellar kinematics [58]. The orange and blue bands present
the 68% and 95% confidence regions in the DM halo parameters space, which reflect the uncertainty in the DM halo parameters, using
the method in Ref. [34]. In both panels, the black line is the benchmark case in this work; see Fig. 3.

FIG. 5. Constraints on hσvi as a function ofMχ and comparison
with other radio observations. The solid blue line shows the 5σ
limit on pure μþμ− final state with diffusion constant
D0 ¼ 3 × 1026 cm2 s−1, and about 11 times of Coma Berenices’s
core radius for diffusion. The green solid line shows the 95% C.L.
upper limit for the bb̄ channel with diffusion radius rh ¼ 2 × re.
The blue dashed line shows the comparison with radio observa-
tions from stacking analysis of 23 dSphs (TGSS) [46]. The
dashed green line shows the comparison with radio observations
from Canes Venatici I (LOFAR) [40]. The thermal relic cross
section value is marked by the gray dashed lines [3].
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roughly an order of magnitude improvement compared
with previous work, in a large range of mass, benefiting
from the large size of the telescope.

IV. CONCLUSIONS

The GCE, detected by the Fermi-LAT, is an attractive but
tentative signal from DM annihilation. After various
sophisticated investigations, it is still difficult to discrimi-
nate the DM scenario from astrophysical scenarios solely
by γ-ray observations. Thus, we use FAST observations to
search for associated radio signals. We take the Coma
Berenices dwarf galaxy as our target, and undertake two
hours of ON/OFF observation. We find no significant
continuum radio emission, which could be attributed to
DM annihilation, from the location of Coma Berenices.
Very stringent constraints are set for μþμ−, bb̄, and τþτ−
final states. The FAST observation could improve con-
straints, compared with previous work using γ-ray and
radio observations, in a large range of mass. The DM
scenario for the GCE is in tension with the radio
observation for reasonable choices of astrophysical
factors. However, considering the large uncertainty on
astrophysical parameters, including the magnetic field,
the diffusion coefficient, the diffusion radius, and the
DM halo parameters, constraints derived from our obser-
vation could be weakened. Future observations to narrow
the uncertainties of the astrophysical parameters can be
helpful to pin down the limits set by radio observation of
dSphs, such as an estimation of the line-of-sight integral of
the magnetic fields in dSphs. This can be done by
measuring the Faraday rotation of the polarization angle
of the polarized emission from background galaxies
along the line-of-sight, shown in Refs. [76,77] for the
LMC. These results suggest that radio observation is a

complementary way to search for DM, and further obser-
vations by FAST and other radio telescopes may test the
DM scenario of the GCE reliably.

For the analysis in this work, we use the publicly
available code RX-DMFIT [60]. The FAST dataset used in
this work can be requested by contacting the corresponding
author.
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