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Neutrinos from the Sun can discover dark matter-electron scattering
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We probe dark matter-electron scattering using high-energy neutrino observations from the Sun.
Dark matter (DM) interacting with electrons can get captured inside the Sun. These captured DM
may annihilate to produce different Standard Model (SM) particles. Neutrinos produced from these
SM states can be observed in IceCube and DeepCore. Although there is no excess of neutrinos from
the Solar direction, we find that the current data-sets of IceCube and DeepCore set the strongest
constraint on DM-electron scattering cross section in the DM mass range 10GeV to 105 GeV. Our
work implies that future observations of the Sun by neutrino telescopes have the potential to discover
DM-electron interaction.

INTRODUCTION

Have we searched for all possible ways in which new
physics can manifest itself in our existing data-sets? This
is an important question to consider in beyond the SM
searches. The effects of new physics may be present in
existing data-sets, but we will be able to find them only
if we use the right observables to interpret the data-sets.
The above-mentioned strategy may be a discovery probe
of new physics. We show that using an existing Ice-
Cube data-set, we can set the strongest constraint on
DM-electron scattering cross sections. This implies that
by utilizing similar near-future data-sets, it is possible to
discover non-gravitational interactions of DM.

DM is a ubiquitous component of the Universe: this is
an inescapable conclusion from various cosmological and
astrophysical observations [1–4]. These observations im-
ply the presence of DM via its gravitational interactions.
In spite of this large body of evidences, we neither know
the DM candidate nor its non-gravitational interactions
with various SM particles [5–12]. Since new physics can
be present in a variety of different ways, it is important
to search for all different couplings of DM with SM par-
ticles. In this work, we focus on DM-electron scattering
for leptophilic DM [13–62].

The search for DM-electron couplings has made rapid
progress over the last decade. Various techniques have
probed large regions of DM-electron coupling parameter
space [63–86]. These searches motivate us to ask: is there
an observable which can discover DM-electron scattering
cross-section beyond what has already been probed? In
this work, we obtain the most stringent constraint on
DM-electron scattering cross-section, σe, for a wide range
of DM masses using current IceCube data-sets.

The Sun, as the nearest star to the Earth, is an inter-
esting target for DM. The Sun has been moving through
the MilkyWay DM halo over its lifetime (≳Gyr). If there
is an interaction between DM and SM states, then a frac-
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FIG. 1. Excluded region of DM-electron scattering cross sec-
tion, σe, for DM annihilating to τ+τ−. The purple, red,
and blue shaded regions are excluded by DeepCore (2021),
DeepCore (2016), and IceCube (2016) data respectively. The
XENON1T and SK bounds are shown by the dashed grey and
orange lines respectively. Along the dot-dashed, double dot-
dashed light blue (purple) lines, DM induced neutrino events
would be equal to the same of two different models for Solar
atmospheric neutrino background (SAν) events in IceCube
(DeepCore).

tion of local DM particles gets captured within the Sun,
for DM masses above ∼ 5GeV. There are large number
of electrons inside the Sun, which would facilitate DM
capture through electron scattering. These DM particles
may annihilate into different SM particles (whose decay,
hadronization, electroweak correction (EW) etc. produce
neutrinos)1 including neutrinos. Neutrinos are the only
SM particles which can escape from the Sun, and can be
detected in Earth-based neutrino telescopes. Using exist-

1 Unless specified, we do not distinguish between neutrinos and
anti-neutrinos in this work.
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ing results of IceCube and DeepCore, we set the strongest
limits on σe for DM mass range ∼ 10GeV−100TeV.

In Fig. 1, we show our derived limits for the σe as
a function of the DM mass. Here we assume the DM
particles, captured within the Sun, annihilate to τ+τ−.
The solid blue, red and purple lines show the bounds de-
rived in this work using IceCube and DeepCore data-sets
from Refs. [87, 88]. Our framework probes new regions
of parameter space in the DM mass range ∼ 10 GeV-
100TeV. This suggests Solar observations using neutrino
telescopes can discover DM-electron interactions in near
future. The dot-dashed and double dot-dashed lines rep-
resent “ν-Mist” which we will discuss later.

DM CAPTURE IN THE SUN

While the Sun is traversing the Milky-Way halo, DM
particles can get gravitationally attracted towards the
Sun’s potential. Further non-gravitational interactions
may lead to scattering between DM and Solar con-
stituents. After scattering, if the final velocity of the
DM particle is less than the Solar escape velocity, then it
gets trapped inside the Sun. Furthermore, these captured
DM particles can thermalize within the Sun due to fur-
ther scattering with electrons and be concentrated within
∼ 1% of the Solar radius [27, 45, 89, 90]. These captured
DM can annihilate to produce primary and secondary
neutrinos which can be detected by various neutrino tele-
scopes. We adopt the model-independent approach of
considering a non-zero DM-electron cross-section leading
to DM capture inside the Sun (see Refs. [90–140] for sim-
ilar study with DM-nucleon scattering).

In the weak σe limit, capture rate of DM particles hav-
ing mass mχ [45]

C⊙ =

∫ R⊙

0

4πr2dr

∫ ∞

0

duχ

(
ρχ
mχ

)
fv⊙ (uχ)

uχ
w(r)∫ ve(r)

0

R−
e (w → v) dv, (1)

where R⊙ is the Solar radius and ρχ = 0.3 GeV/cm3

is the local DM density. Here fv⊙(uχ) is the DM ve-
locity distribution in the Solar rest frame. DM veloc-
ities at asymptotic and r distance are uχ and w(r) =√
u2
χ + v2e(r) respectively with escape velocity ve(r). The

integrand in Eq. (1), R−
e (w → v) is the differential scat-

tering rate for DM particles with velocity w scattering
to a final velocity v, such that v < w. The form of
R−

e (w → v) for velocity independent scattering is [45]

R−
e (w → v) =

2√
π

µ2
+

µ

v

w
n(r)σe [χ(−α−, α+)

+χ(−β−, β+)e
µ(w2−v2)

ue(r)2 ], (2)

where,

µ =
mχ

me
, µ± =

µ± 1

2
, χ(a, b) =

∫ b

a

e−y2

dy (3)

α± =
µ+v ± µ−w

ue(r)
, β± =

µ−v ± µ+w

ue(r)
, ue(r) =

√
2T⊙(r)

me

with n(r), T⊙(r) being the number density and temper-
ature of Solar electrons as a function of. Here we are
using AGSS09 Solar model for our analysis [141]. Some
types of DM-electron interactions generate DM-nuclear
scattering in the loop level, which would give additional
contribution in the capture rate. However, for some of
the interactions, as has been shown in Refs. [27, 55] (but,
see also [62]) DM-electron scattering would be the dom-
inant process for DM capture. A detailed study of this
assuming all possible spins and interactions of DM is be-
yond the scope of our article.
In our mass and cross section range of interest the cap-

ture rate is

C⊙ ≈ 3.04× 1018
(
103GeV

mχ

)2 ( σe

10−40 cm2

)
s−1 (4)

NEUTRINO FLUX

Captured DM inside the Sun may annihilate into dif-
ferent SM final states. There is an interplay between the
rate at which DM gets captured and annihilated away.
Under equilibrium condition between the capture and
annihilation rate (true for the DM regions that we are
probing), the latter is

Γann ≡ C⊙

2
. (5)

Note that DM evaporation is ineffective in our mass range
of interest (≳ 10 GeV) [142]. We have also neglected the
effect of model dependent DM self-interaction. The equi-
librium time scale depends on the DMmass, DM-electron
scattering, and DM annihilation cross-sections. In the
supplementary material (see Fig. 5), we show the regions
where the equilibrium is achieved in thermally averaged
DM annihilation cross-sections and DM-electron scatter-
ing cross section plane for various choices of DM masses.
Only primary and secondary neutrinos of energies ≲

500 GeV (due to neutrino attenuation, discussed later)
will emerge out of the Sun without substantial attenua-
tion. The differential neutrino energy flux at earth is

E2
ν

dϕν

dEν
=

Γann

4πD2
⊙

× E2
ν

dNν

dEν
, (6)

whereD⊙ is the Earth-Sun distance.2 The neutrino spec-
trum is denoted by dNν/dEν per DM annihilation. The

2 Time variation of D⊙ effects our results insignificantly. We have
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Sun’s center is a dense environment, some particles (like
muons) will interact before decay, and others (like top-
quark, tau) will decay before interaction. Therefore neu-
trino spectra at the center of the Sun will be different
from the typical Galactic halo environment spectrum.
We have utilized the results from the publicly avail-
able code, χaroν [143] (see also [134, 144–146]), which
includes these effects along with other important effects
like EW corrections [147] (for DM masses > 500GeV).

The propagation media of neutrinos from the Solar
center to the detector include the Sun, the vacuum,
Earth’s atmosphere, and the Earth rock (negligible im-
pact for this work). The primary propagation effects are
trapping of neutrinos and tau regeneration in the Solar
medium, and neutrino oscillation. Electron and muon
neutrinos, once produced near the center of the Sun,
mainly interact through charged current (CC) interac-
tions and produce corresponding charged leptons. These
charged leptons thermalize within the Sun and thus es-
sentially remove electron and muon neutrinos above the
transparency energy (energy above which neutrinos can
escape the Sun). Tau leptons, produced from interac-
tions of tau neutrinos, are so short-lived that they will
decay before scattering [143, 148]. Their decay products
include tau neutrinos with energies less than (∼ 20%
reduction) that of initial tau neutrinos. For initial tau
neutrinos with energies above the corresponding trans-
parency energy, this process will continue until the final
tau neutrino reaches energy below the transparency en-
ergy. Finally, one needs to consider the effect of neutrino
oscillation. We have incorporated all these effects using
nuSQuIDS [149]. The obtained differential neutrino spec-
tra from nuSQuIDS is then used in Eq. (6) to calculate the
differential neutrino flux at the detector.

ANALYSIS

Neutrinos produced from DM capture through DM-
electron scattering will have observable signatures in
terrestrial neutrino telescopes like IceCube, Super-
Kamiokande (SK), etc. Current data do not show ex-
cess events from the Solar direction. We have analyzed
current IceCube and DeepCore data-set to constrain σe.
In our neutrino energy range of interest, neutrino detec-
tion topologies include cascades and tracks. Cascades are
produced by neutral current (NC) interactions of all neu-
trino flavors and by CC interactions of electron and tau
neutrinos. CC interactions of muon neutrinos produce
muons which produce track-like signatures.
IceCube & DeepCore (2016) [87]: In this analysis,
IceCube utilizes austral winter data from May 2011 to

fixed it to 1st of May, since IceCube data are taken during austral
winter.

May 2014. During this period, muon-neutrinos from the
Solar direction will produce up-going muon tracks. This
facilitates differentiating the signal from the large down-
going atmospheric muon background. The directional-
ity of the up-going track-like events serves as a proxy
for the direction of neutrinos. Atmospheric neutrinos
from the Solar direction are an irreducible background
to this search. This analysis only focuses on (anti-)muon
tracks produced by interactions of muon (anti-)neutrinos.
For neutrinos with energies ≳ 100GeV (from DM anni-
hilations), the full instrumented volume of IceCube con-
tributes to the Solar DM annihilation sensitivity, whereas
DeepCore is sensitive only to neutrinos with energies
≲ 100GeV.

In [87] event rates are given with respect to the cosine
of the Solar opening angle (θSun), the angle subtended
by reconstructed (anti-)muon with respect to the Solar
direction. The differential event rate as a function of θSun
is

dNθSun

d cos(θSun)
= 2 T

∫ Emax
ν

Emin
ν

Aeff(Eν)
dϕν

dEν

1√
2πσθ

e
− (cos(θSun)−1)2

2σ2
θ dEν , (7)

where T = 532 days, and factor 2 is there since cosine is
an even function of θSun. The energy dependent effective
area (Aeff(Eν)), lower and upper limit of the integration
Emin

ν and Emax
ν are adopted from Ref. [87]. The disper-

sion (σθ) also depends on energy through

σθ =

∣∣∣∣√2 (1− cos[∆θ(Eν)])

2 InverseErf(0.5)

∣∣∣∣, (8)

where energy dependency of median angular resolution
∆θ(Eν) is extracted from Ref. [87]. InverseErf is the in-
verse error function. Since this analysis is done with
track-like signatures only muon neutrinos and muon anti-
neutrinos contribute to the differential flux given in
Eq. (7).

Assuming DM is annihilating to τ+τ−, we show the
IceCube event rate with the blue solid line in Fig. 2 for
mχ = 1TeV and σe = 10−37 cm2 (this choice is con-
sistent with other experiments). The black dots repre-
sent observed data points and the red solid line with the
shaded band depict the background atmospheric neutrino
events and its uncertainty. Clearly the chosen DM pa-
rameter space is already ruled out by the current IceCube
observation, showing the power of our technique.

Numerically we obtain the constraint on DM parame-
ter space by performing a χ2 analysis. The χ2 estimator
is given by

χ2 =

7∑
i=1

(
N i

data − N i
bkg − N i

θSun

)2
/(σi

bkg)
2 , (9)
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FIG. 2. Number of events against the cos(θSun) for cap-
tured DM annihilating to τ+τ− with σe = 10−37 cm2 and
mχ = 103 GeV is shown by blue solid line. Black dots, red
solid line, and the shaded region show the data, expected
atmospheric neutrino events, and 2σ uncertainty in the back-
ground events respectively. The calculation and the data-set
are from IceCube (2016) analysis.

where N i
data, N i

bkg, and N i
θSun

are the observed data
(black points in Fig. 2), atmospheric neutrino events (red
solid line in Fig. 2), and signal events (by integrating
Eq. (7) for each bin) respectively. The uncertainty in
the prediction of background is denoted by σi

bkg. In our

analysis the minimum value of χ2 (χ2
min) is achieved in

absence of the signal. For a fixed DM mass, we iterate
over σe until χ2 −χ2

min ≈ 2.71. This sets 95% confidence
level constraint on DM-electron scattering cross section.
We performed the same analysis to obtain the constraint
from the DeepCore (2016) data-set.

DeepCore (2021) [88]: Unlike the analysis men-
tioned above, in this case, IceCube collaboration has fo-
cused only on 6.75 years of DeepCore data. DeepCore
has lower energy threshold and can detect both track
and cascade-like signatures. The median angular reso-
lutions for neutrino of energies 10GeV and 200GeV are
∼ 35◦ and ≲ 5◦ respectively. Given that the Sun has
∼ 0.5◦ angular diameter in the sky, therefore an analysis
like the previous one is difficult to perform. Rather, we
compared the annihilation rate, given in Eq. (5), with the
same of Ref. [88] for each of the considered channels to
obtain our results.

RESULTS AND DISCUSSION

For captured DM annihilation to τ+τ−, our results are
shown in Fig. 1. The region above the grey dashed line
is excluded by lab-based direct detection (DD) experi-
ment, obtained from 1/mχ extrapolated XENON1T S2-
only limit [65]. The solid blue, red, and purple lines show
the limits that we derive using IceCube (2016), Deep-

Core (2016), and DeepCore (2021) data respectively. We
also display previously obtained SK constraint [27] by
the dashed orange line. It is clear that our constraints
are stronger than the previous limits for DM mass range
∈ [10, 105] GeV.3

IceCube loses sensitivity below DM masses ∼ 200GeV,
as the neutrinos produced from such DM remain be-
low the detector’s threshold. Similarly DeepCore (2016)
analysis is sensitive to DM masses ≳ 20GeV. How-
ever, for DeepCore (2021) data, better event reconstruc-
tion [88, 152] and use of high-efficiency digital optical
modules facilitate the detection of neutrinos with ener-
gies ≳ 5GeV. Thus the DeepCore (2021) limit extends up
to DM mass ∼ 10GeV. Our bounds weaken above DM
mass ∼ 300GeV owing to the combined effect of neu-
trino attenuation inside the Sun and fall of capture rate
with the increment of DM mass. In a realistic particle
physics model, DM may not annihilate to a particular fi-
nal state with 100% branching ratio (as considered in this
work). However, even if DM annihilation branching ratio
to τ+τ− or νν̄ is ∼ 10%, our bound will be strongest in
large regions of the parameter space. In passing we point
out that our framework would also be useful to probe
strong DM-electron scattering cross-section to which un-
derground DD experiments are blind. A detailed study of
that including multiple scattering is left for future work.
The region below the dot-dashed and double dot-dashed
light purple and blue lines indicate “ν-Mist”, where DM
induced neutrino events will be the same or less than
that of the SAν [153–155]. We calculate this following
the method presented in Ref. [154].4 The dashed and
dot-dashed lines correspond to two different models of
SAν. In this region of the parameter space, with suffi-
cient exposure it would be possible to differentiate DM
induced neutrino events from SAν by doing a spectrum
analysis.
In the supplementary material, we present

our results for the final states e+e− and νν̄ ≡
1
3 (νeν̄e + νµν̄µ + ντ ν̄τ ). For the e+e− channel, (see
Fig. 3) the only source of producing neutrinos is the EW
correction; thus, we only get limits for DM masses above
500GeV (below this DM mass χaroν does not include
the small EW correction), and the obtained bound is
competitive with the XENON1T DD bound. For the νν̄
final state, (see Fig. 4) our constraints are much stronger
than DD and SK bounds in most of the parameter space.
This indicates the exciting prospect of discovering DM-
electron scattering in future neutrino telescopes like

3 We do not extend our limit above DM mass 100TeV to respect
the partial wave unitarity bound [150, 151].

4 In some regions of this parameter space, the DM capture rate
would not be in equilibrium for typical annihilation rates, thus
we use the full solution [103] to obtain the DM induced neutrino
flux.
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Hyper-Kamiokande [156], KM3NeT [157], PINGU [158],
Baikal-GVD [159], IceCube Gen2 facility [160], etc.

CONCLUSIONS

Low threshold DD experiments are most sensitive to
DM-electron scattering for DM masses ∼ 10− 100MeV,
but their sensitivity decreases for DM masses ≳ 1GeV
due to the decrement in the DM flux. In this paper, we
studied a novel strategy to probe DM-electron scattering
in the DM mass range 10 − 105GeV. In our framework,
DM gets captured inside the Sun through DM-electron
scattering. The captured DM annihilates to produce dif-
ferent SM final states. Primary and secondary neutrinos
produced from these SM states can escape the Sun and
be detected in IceCube.

We have analyzed IceCube (2016), DeepCore (2016),
and DeepCore (2021) data to probe the above scenario.
In the absence of any signal, we found the strongest con-
straint in large regions of DM parameter space. IceCube
(2016) data provide the strongest constraint for DM-
electron scattering in the DM mass range 200−105 GeV.
DeepCore data give the strongest bounds in the mass
range of ∼ 10 − 100GeV. DM annihilation final states
which produces copious amounts of neutrinos (e.g., τ+τ−

and νν̄), leads to a stronger bound than neutrino-poor
final state (e.g., e+e−). For τ+τ− and νν̄ final state,
our bounds are stronger than the previous bounds in
large regions of the parameter space. This suggests that
upcoming neutrino telescopes (like Hyper-K, KM3NeT,
etc.) would possibly be able to discover the signature
of DM-electron scattering. We have only focused on
velocity-independent DM-electron scattering cross sec-
tion, bounds on velocity-dependent cross section would
be considered elsewhere.
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[153] C. A. Argüelles, G. de Wasseige, A. Fedynitch and
B. J. P. Jones, Solar Atmospheric Neutrinos and the
Sensitivity Floor for Solar Dark Matter Annihilation
Searches, JCAP 07 (2017) 024, [1703.07798].

[154] K. C. Y. Ng, J. F. Beacom, A. H. G. Peter and
C. Rott, Solar Atmospheric Neutrinos: A New
Neutrino Floor for Dark Matter Searches, Phys. Rev.
D 96 (2017) 103006, [1703.10280].

[155] J. Edsjo, J. Elevant, R. Enberg and C. Niblaeus,
Neutrinos from cosmic ray interactions in the Sun,
JCAP 06 (2017) 033, [1704.02892].

[156] Hyper-Kamiokande collaboration, K. Abe et al.,
Hyper-Kamiokande Design Report, 1805.04163.

[157] KM3Net collaboration, S. Adrian-Martinez et al.,
Letter of intent for KM3NeT 2.0, J. Phys. G 43
(2016) 084001, [1601.07459].

[158] IceCube-Gen2 collaboration, K. Clark, Status of the
PINGU detector, PoS ICRC2015 (2016) 1174.

[159] Baikal-GVD collaboration, A. A. D. et al.,
Baikal-GVD: status and first results, PoS
ICHEP2020 (2021) 606, [2012.03373].

[160] IceCube-Gen2 collaboration, B. Clark, The
IceCube-Gen2 Neutrino Observatory, JINST 16 (2021)
C10007, [2108.05292].

http://dx.doi.org/10.1088/1475-7516/2016/12/016
https://arxiv.org/abs/1609.04825
http://dx.doi.org/10.1103/PhysRevD.95.043007
https://arxiv.org/abs/1611.09665
http://dx.doi.org/10.1103/PhysRevD.95.075001
http://dx.doi.org/10.1103/PhysRevD.95.075001
https://arxiv.org/abs/1612.03110
http://dx.doi.org/10.1103/PhysRevD.95.075015
https://arxiv.org/abs/1701.03168
http://dx.doi.org/10.1088/1475-7516/2017/05/046
http://dx.doi.org/10.1088/1475-7516/2017/05/046
https://arxiv.org/abs/1703.06878
http://dx.doi.org/10.1088/1475-7516/2017/12/012
https://arxiv.org/abs/1710.02155
http://dx.doi.org/10.1088/1475-7516/2018/02/001
https://arxiv.org/abs/1711.00911
http://dx.doi.org/10.1103/PhysRevD.98.123012
https://arxiv.org/abs/1808.05624
http://dx.doi.org/10.1088/1475-7516/2019/07/006
https://arxiv.org/abs/1903.04175
http://dx.doi.org/10.1088/1475-7516/2019/11/011
https://arxiv.org/abs/1903.11363
http://dx.doi.org/10.1088/1475-7516/2019/12/043
https://arxiv.org/abs/1906.11674
http://dx.doi.org/10.1088/1475-7516/2021/07/012
https://arxiv.org/abs/2011.02929
http://dx.doi.org/10.1088/1475-7516/2021/04/026
http://dx.doi.org/10.1088/1475-7516/2021/04/026
https://arxiv.org/abs/2012.09176
http://dx.doi.org/10.1103/PhysRevD.104.023024
https://arxiv.org/abs/2103.16794
http://dx.doi.org/10.1088/1475-7516/2021/11/004
https://arxiv.org/abs/2107.04216
http://dx.doi.org/10.1088/1475-7516/2022/04/026
http://dx.doi.org/10.1088/1475-7516/2022/04/026
https://arxiv.org/abs/2109.11662
http://dx.doi.org/10.3847/1538-4357/835/2/202
http://dx.doi.org/10.3847/1538-4357/835/2/202
https://arxiv.org/abs/1611.09867
http://dx.doi.org/10.1088/1475-7516/2022/05/042
https://arxiv.org/abs/2104.12757
http://dx.doi.org/10.1088/1475-7516/2020/10/043
https://arxiv.org/abs/2007.15010
http://dx.doi.org/10.1088/1475-7516/2008/01/021
https://arxiv.org/abs/0709.3898
http://dx.doi.org/10.1088/1475-7516/2004/07/008
https://arxiv.org/abs/astro-ph/0406204
http://dx.doi.org/10.1088/1475-7516/2018/07/033
http://dx.doi.org/10.1088/1475-7516/2018/07/033
https://arxiv.org/abs/1802.03399
http://dx.doi.org/10.1007/JHEP06(2021)121
https://arxiv.org/abs/2007.15001
http://dx.doi.org/10.1103/PhysRevD.64.083504
https://arxiv.org/abs/hep-ph/0009017
http://dx.doi.org/10.1016/j.cpc.2022.108346
https://arxiv.org/abs/2112.13804
http://dx.doi.org/10.1103/PhysRevLett.64.615
http://dx.doi.org/10.1103/PhysRevLett.64.615
http://dx.doi.org/10.1103/PhysRevD.86.015023
https://arxiv.org/abs/1112.5457
http://dx.doi.org/10.1103/PhysRevLett.120.071801
http://dx.doi.org/10.1103/PhysRevLett.120.071801
https://arxiv.org/abs/1707.07081
http://dx.doi.org/10.1088/1475-7516/2017/07/024
https://arxiv.org/abs/1703.07798
http://dx.doi.org/10.1103/PhysRevD.96.103006
http://dx.doi.org/10.1103/PhysRevD.96.103006
https://arxiv.org/abs/1703.10280
http://dx.doi.org/10.1088/1475-7516/2017/06/033
https://arxiv.org/abs/1704.02892
https://arxiv.org/abs/1805.04163
http://dx.doi.org/10.1088/0954-3899/43/8/084001
http://dx.doi.org/10.1088/0954-3899/43/8/084001
https://arxiv.org/abs/1601.07459
http://dx.doi.org/10.22323/1.236.1174
http://dx.doi.org/10.22323/1.390.0606
http://dx.doi.org/10.22323/1.390.0606
https://arxiv.org/abs/2012.03373
http://dx.doi.org/10.1088/1748-0221/16/10/C10007
http://dx.doi.org/10.1088/1748-0221/16/10/C10007
https://arxiv.org/abs/2108.05292


10

Supplementary Material

Neutrinos from the Sun can discover dark matter-electron scattering

Tarak Nath Maity, Akash Kumar Saha, Sagnik Mondal, and Ranjan Laha

Other final states: Here we present our limits for other considered DM annihilation final states. For e+e−

final state, the limit is presented above DM mass 500GeV since EW bremsstrahlung is the only source of producing
neutrinos and our bound is competitive to the extrapolated XENON1T bound, as shown in Fig. 3. For νν̄ final state
our bounds are stronger than the previously obtained bounds in DM matter mass range 10 − 105 GeV, as depicted
in Fig. 4. The steep rise in DeepCore (2016) bound (red solid line in Fig. 4) from DM mass 130GeV to 140GeV is
due to absence of the angular resolution beyond neutrino energy ∼ 139GeV in Ref. [87] and thus missing peak of the
spectrum for rest of the DM masses ≳ 140GeV.
Equilibrium time: In Fig. 5, we present the contours where captured DM equilibrium time scale is equal to Solar

age. The teal, dark blue, orange color lines are for DM masses 10GeV, 100GeV, and 900GeV respectively. Above
these lines (indicated by the arrows) captured DM equilibrium time scale would be less than the Solar age. We also
show bounds obtained with captured DM annihilation to νν̄ in this work for aforesaid DM masses by the star, dagger,
and diamond for typical choice of thermal relic cross section. Clearly even for a smaller choice of thermally averaged
annihilation cross section, DM would also equilibrate inside the Sun for the achieved DM-electron scattering cross
section.
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FIG. 3. Excluded region of the DM-electron scattering cross section. Other relevant details are same as Fig. 1 but for e+e−

final state.
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FIG. 4. Excluded region of the DM-electron scattering cross section. Other relevant details are same as Fig. 1 but for νν̄ final
state.
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FIG. 5. The different colored solid lines indicate the contours above (on) which captured DM equilibrium time scale will be
greater than (equal to) the Solar age for different DM masses, as mentioned in the figure. For completeness we have also shown
our bounds assuming annihilation cross-section ⟨σv⟩ = 3×10−26cm3s−1 to νν̄ by the star, dagger, and diamond for DM masses
10GeV, 100GeV, and 900GeV respectively.
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