Detecting Solar dark matter neutrinos at KM3NeT from dark

matter annihilations at the Solar core
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Dark Matter searches

CMS

Direct Detection:
» Dark matter interacts with some standard model states and we
measure the recoil of the target particle in underground

ollider

>

detectors. (momentum transfer to detector particle through DM
elastic scattering).
Rl &
a
Indirect Detection: g
» Dark matter may be captured at the core of massive gravitating % X
astrophysical objects where they can undergo self-annihilation
to produce some standard model particles as the end products. SM DM
One observes these annihilation products such as y, v, e™ etc. <: 1
Indirect Detection
—
<s==s.cerrni /
Collider Searches: il SS;;':"T*;.;zzopf IDEBUBE
» Dark matter may be produced by colliding two standard model ' KM3NeT

particles. By measuring the missing transverse momentum and
missing energy the DM signal can be probed.



The KM3NeT Neutrino Telescope

« KMB3NEeT is the next generation deep-sea neutrino telescope currently being constructed in the Mediterranean
sea

» ORCA: Oscillation Research with Cosmics in the Abyss, study neutrino oscillation properties with special focus
on mass hierarchy of neutrinos

> ARCA: Astroparticle Research with Cosmics in the Abyss, search for neutrinos from distant astrophysical
sources

« The energy range for KM3NeT is GeV to PeV and ‘

it is sensitive for the energies that may be relevant 888 kM
for dark matter detection. =i

0

* |Itis awater Cherenkov detector which will use
sea-water as detector material.




Dark Matter Capture in The Sun and Neutrino Production

» Dark matter particles in the halo scatters with nuclei in the Sun and
if they lose enough kinetic energy to fall below the escape velocity

of the Sun, they become gravitationally bound inside the Sun.

» If accumulated inside the Solar core in considerable amount after
being captured gravitationally, these DM particles may undergo the
process of self-annihilation and produce high energy neutrinos

along with other SM particles.

> We look for those DM induced Solar neutrinos in the neutrino

telescopes such as KM3NeT.
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Neutrinos produced from
decays of annihilation
products may be detected.



DM Capture, Annihilation, Evaporation

» Time evolution of the number density of dark matter particles in the Sun depends upon capture,
annihilation and evaporation and is given by

arXiv:1811.00557 [hep-ph]
| arXiv:1408.5471 [hep-ph]
dN E
7 =(¢+ (CS{T -Csg - CE]N - (Cann T Csemﬂap] N
® (. = rate of DM capture due to nuclei-DM
with general solution Cy tanh ( t ) elastic scattering
N(t) = ;
1 Cso-Cse—Ce, (E) ® (y = rate at which captured DM evaporate by
3 2 § scattering
— ® Csc,Cspand C = rates for DM self-
T -1 ) I P AY] SCreSh sevap
Where { = \/[’f (Cann + Csevap) 1 (Csc ~ Cs — /A capture, self-ejection and self-evaporation

For DM masses m, = 10 GeV the contribution of evaporation terms are negligible.




DM Capture Rate: Formalism

velocity far away from the stellar object

u

DM particle (m,)

* The capture rate per unit volume due to
species i is given by

SL H.zl nuclei

velocity at the surface
2, .2 \IR2
(u+v:.,. )"~

[AY

1]

Vf < Vese for capture

Fig. credit: Anupam Ray

No. density DM-nucleon

_ Capture probability
of targets cross-section

DM flux

A. Gould, Astrophys. J. 321, 571 (1987)
arXiv:0907.3448 [astro-ph.HE]
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DM Capture Rate: Results

(Computations in this work )

op from XENONIT
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DM Annihilation Rate

* The annihilation rate of the gravitationally captured DM within Sun

1, . % 5 —1m., ®(r)
Copn = =lov) dmr? A% exp X dr
dAllll B ! e
Jo

core

=i

Where
» < ov >:thermally-averaged annihilation cross-section

> A: atomic mass number

» ¢(r): gravitational potential at distance r from the centre of the Sun

» T.ore: cOre temperature of the Sun



Detection Rate of Muon Event

* The differential neutrino flux of it" flavour from DM annihilation

i L ].'__1 B dlN
dE ). 4AxRZ2 &= "' \dE /..’
i F \ :

Where T4, the total rate for WIMP annihilation in the Sun, is given by Differential neutrino spectrum
PPPC: Cirelli et al 1012.4515

La= f'_:'l]lt'l"jlhlrg

®* The total detection rate of muon flux at ground based experiments like KM3NeT due to WIMP annihilation in
the Sun is given by

: o o | T 2 ny T
Igetect = {\2.-::4 » 10) ‘“_x'r l]' ( X ) Z a;ib; ZH;-{.J\:E{: i % Ao,
=

" gec—l \GeV /)
=14 1

where A, ¢ is the muon effective area at KM3NeT detector Second moment of it" flavour

neutrino spectrum for channel F
G. Jungman and M. Kamionkowski, Phys. Rev. D 51, 328 (1995)

S. Adri‘a n-Mart’inez et al., J. Phys. G: Nucl. Part. Phys. 43, 084001 (2016)



KM3NeT upper limit of muon event rates

®* We have estimated the upper bounds of the event rates for neutrino induced muons where neutrinos are
originating from the dark matter annihilation in the Sun.

®* We first consider a model independent scenario and obtain the neutrino induced muon event rates upper
limit for four dark matter annihilation channels y ¥ = (z T, bb, W*W~, ZZ) and then consider a DM
candidate following a particle physics model, namely Inert Doublet Model (IDM).
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KM3NeT upper limit of muon event rates(contd.)

®* Muon event rates when using the results from XENONI1T direct detection experiment
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Comparison of Event Rates for DM in IDM and MSSM models

®* Here we consider another popular particle physics DM model; Minimal Supersymmetric Standard Model (MSSM)

0.20¢
0.18}

0.15 i
: Lx107

0.12
o 5.x 1075
0.10- “F g5 '

0.08 FF

1.x1073

KM3NeT limit of event rate (yr_l)
KM3NeT limit of event rate (yr~—')

0.05 5.x107¢ ' ‘ ' ' ‘ ' '
100 100 200 300 400 500 600 700 800
m, (GeV) m, (GeV)
a1 from: A. Gould, Astrophys. J. 321, 571 (1987) Using XENONIT results

DEC 13, 2022 XXV DAE-BRNS HEP Symposium - Aman Gupta - SINP, Kolkata 4



Summary and Discussions

L We have studied the potential of KM3NeT neutrino telescope to search for neutrinos originating from WIMP annihilation in
the Sun.

L We have computed the DM capture rate inside the Sun from different solar processes.

O The model independent analysis are done at first and upper limit of v, detection rates for four dark matter annihilation
channels yy¥ — (z 7, bb, WYW~, ZZ) are obtained.

O The upper limit of neutrino induced muon event rates have been estimated and a comparison is made between two particle
DM models, namely IDM and MSSM.

L We observe that KM3NeT upper limit for event rates is higher for neutrinos from IDM DM model than for those from MSSM
model, when constraints from XENONZIT results are used.
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Second moment of it" flavour neutrino spectrum

For xx — 77 channel,

(N7z2)i(Bin;) |T ~ ' wihr i (EiniTi)

Energy loss during hadronization of b

For the self-annihilation channel yy = bb, (N7*) is expressed as /\un L

o (Vi)

Finally, for the channels, Yy = W W~ and yy — ZZ,

2 9 ";—Tf':}i_;inj(1_/—6’)X2
(N ) (E )‘ FW_,#V2+2ETZ(1+031)—|—E oo (1 + o)
in] 3 . a;+1
B Em]'r a;(af —1)(1+ ET;) E=E;yj(14+8)/2
(N2 (B )| _2z50,9, 2+ 2E7(1 + ;) + E*77 i (1 + o)
VA inj 7z — 3 — i1
5} Emj'r at(a 1)(1+ Er) E=FEin;(148)/2
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Mass, in electron volts (eV)
PRIMORDIAL
BLACK HOLES @
ULTRALIGHT A Mass range
DARK MATTER 2116 530
solar masses

Mass range

~10-22 &V fo ~10-6 &V Experiments

LIGO/Virgo
Experiments

CASPEr, MAGIS-100

Mass range
~1GeV to ~1 TeV

What Could
Experiments

Dark Matter XENONNT,
PandaX-4T,

LZ, CRESST, DAMA,

COSINE-100

AXIONS I \ ‘ SUB-GeV

Mass range \ DARK MATTER Q%
~10-% eV to ~10-3 eV ‘ O

Mass range

Experiments ~1 keV to ~1 GeV
ADMX, MADMAX, Experiments
QUAX, CAPP-8TB SENSEI, TESSERACT

Credit: Quanta Magazine




C'sc, Abell 3827
— C'sg, Abell 3827

C'sc, Bullet Cluster

C'sg, Bullet Cluster
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Contour representation of muon event rates
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