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Detection principle

Existing telescopes and projects
IceCube — IceCube Gen 2

Antares - KM3Net

Baikal

P-ONE

Dark matter detection with neutrinos

Targets:

 Dwarfs - Galaxy clusters
* Galactic center

e Sun

 FEarth
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Specific studies:

DM annihilation into neutrino
Angular Power Spectrum method
Decaying DM

Secluded DM

Dark Matter neutrino scattering



Detection principle

Track topology:
Array of Optical - good pointing

+ Only lower bound
on energy if not

contained

Cascade topology:
+ some pointing (~15°)
* Good energy resolution

Cherenkov
Radiation
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Different topologies depending on specy of the neutrinos and on
energy (events inside/outside the instrumental volume)

Collect Cherenkov light of muon coming from muon neutrino
interaction in the Earth through charged current

Muon track, typical events for DM searches



Neutrino Telescopes around the World
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Size evolution

ANTARES KM3NeT

AMANDA
ICECUBE GVD

Baikal
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(Amanda) Icecube — Icecube GENZ2
IceCube Lab
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ANTARES
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KM3NeT

Multi-site, deep-sea infrastructure
Selected for ESFRI roadmap

Single collaboration, Single technology

Cities and Sites of KM3NeT
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KM3NeT
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1980: Start of experiments at “106 km” site

1993: NT36 - 3 strings, 36 optical modules (OM)

1996: NT96 - 4 strings, 96 OM

1998: NT200 - 8 strings, 196 OM

2004-2005: NT200+ - three additional strings, 12 OM eact

2015: Start of Baikal-GVD construction. Demonstration clus
“Dubna”, 8 strings, 192 OM

2016: First full-scale cluster of Baikal-GVD deployed

KAZAKHSTAN L f

A ‘ Baikal-GVD: phase | (2020-2021)

PoS (ICRC2021) 002

2020: Baikal-GVD operates 7 clusters, 2016 OM
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P-ONE
Pacific Ocean Neutrino Experiment

arX1v:2005.09493
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A KM3 size telescope installed whithin the deep Pacific Ocean underwater
infrastructure of Ocean Networks Canada

10 first lines 2023-2024
+ 70 lines 2028-2030



This talk

Mediterranean Sea
Saltwater: K40
Bioluminescence

From Paschal Coyle @ ICRC2021
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88 Dust, air bubbles

Water:
less diffusion, angular resolution
salt water: K40, Bioluminescence
freshwater: chemiluminescence

moving detector (waves and sea current)

need boat + ROV (remotely operated underwater vehicle)

~a - e
Lake Baikal
Freshwater
Chemiluminescence

Antarctic

Ice:

easier to install (but south pole)
less constraints once installed,
more diffusion/angular resolution

Dust, air bubbles



SKky coverage

PLEVM .

lceCube

GVD, Russia
KM3NeT, Sicily
ONC, Canada
Galactic center/plane

+15° / =

Planetary Neutrino Monitoring System ( PLEvM )
A global and distributed monitoring system of high-energy astrophysical neutrinos

Lisa Schumacher@ICRC2021 and arxXiv:2107.13534



Science scope

Neutrino and multimessenger astronomy

Neutrino oscillations

New physics, exotic searches

Indirect dark matter searches



Dark matter detection with neutrinos

Dark matter annihilation :

Yx — tt, bb, cc, TT T

Decay of annihilation products - Neutrino spectrum = Zz

Yy = XX - Y

Typical spectra:

Pythia / WIMPSIM / PPPC4DM

Typically use extremal cases:

T wrwe
bb

( recent update see HDMspectra

Hard spectrum

Soft spectrum

Bauer,Rodd,Webber arXiv:2007.15001 )

Dark Matter Spectra from the Electroweak to the
Planck Scale

Christian W. Bau 2 Nicholas L. Rodd,"? Bryan R. Webber?

! Berkeley Center for Theoretical Physics, University of California, Berkeley, CA 94720, USA
2 Theoretical Physics Group, La e Berkeley National Laboratory, Berkeley, CA 94720, USA
3 Universily of Cambridge, Cavendish Laboratory, J.J. Thomson Avenue, Cambridge, UK
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Background

Atmospheric neutrinos/muons:

\%
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L
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- v astro.

Select upgoing events to reduce atmospheric muons



Flux

Annihilation case do,"" _ § (ov)

dE,  Am mEDM

Dark matter distribution ?

Clumps

Mas spectrum
Concentration
Spatial distribution
Streams

Density profile
Cusp/core
Baryons ?



Dsphs

- Jeans equation to constrain the DM profile parameters
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Antares, Alexis Dumas PhD 2014

T
—ANTARES 2007-2012 — Segue 1 + Fornax + Sculptor
--.ANTARES 2007-2012 — Galactic Centre

—IceCube 59 — Segue 1 + Coma

---IceCube 79 — Galactic Centre

— Fermi — 15 dwarfs galazies

—H.E.S.5. — Sagittarius

—VERITAS — Segue 1

—MAGIC — Segue 1

100 1000

104 10°

mDM(GeV/cz)

[ Results from Baikal see O.Suvorova PPNT2019 |

10 102

10° 10 10°
WIMP mass (GeV)

1307.3473

arxiv

Clusters

- Derive profile parameters from X-ray data

Use J factor from Fermi for comparison and

effective boost factor from Gao et al 2012

(Phoenix DMO simulation)

‘Iﬁl y=clus . A{ 039
b(ﬂfv) :&:]_Gx 103( V)

JNEW

Discuss here angular size
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of objects vs resolution
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Galactic center and MW halo

- FIUX dd}unﬂn 5 {{j’l}} d F\TJ[
e — b =2 dS) p5a, (r)dl

2 y

Annihilation case dEy AT mp, Zf f dE, fTES- L.o.s DM

Dark matter density in the Milky Way ?

Clumps

Mas spectrum
Concentration
Spatial distribution
Streams

Density profile

Cusp/core

Baryons ?

Compression ?

Stellar formation/SN feedback ?

DM halo driven by the history of assembly of
baryons. Steepening-Flattening ?



Galactic center and MW halo

- FIUX dd}unﬂn 5 {{j’l}} d F\TJ[
e — b =2 dS) p5a, (r)dl

2 y

Annihilation case dEy AT mp, Zf f dE, fTES- L.o.s DM

Dark matter density in the Milky Way ?

Popular profile from (irrelevant) DMO simulations ? NFW, Einasto, Via Lactea,
Aquarius ...

(unrealistic but consistent) cosmo hydro simulations ? With strong cusps induced by
stellar potential ? With cores induced by feedback ? Evaluate the diffuse emission ?
(not only the DM emission)

or (unrealistic) semi-analytic models ? (faster) Stref, Lavalle 2017, CLUMPY
Hutten, Combet, Maurin 2019, Hiroshima, Ando,Ishiyama 2018 ...

Cored profiles suggested by data ? (simple only smooth component)

MacMillan 2016, Portail 2016.
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Galactic center

[EPJC 77 (2017) 627]

' m—a IC 3yr halo cascades k4 IC 2yr cascades
. @@ IC 3yr GC tracks —=— ANTARES GC
= Rl IC 4yr PS+ 3yr MESE -

IceCube Preliminary




(gvi[cm® s

Galactic center
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Galactic center : Next

— ANTARES 11 years limits
-=== KM3NeT ARCA 24 lines 1 year sensilivity

ARCA with 24 lines, 1y |
KM3NeT preliminary
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A. Gould, Astrophys. I. 321 (1987) 571 The Sun
A. Gould, Astrophys. J. 388 (1991) 338

G. Jungman et al. {Physics Reporis 267 (1996)
Captured population

i\."rx =(C — CAI'V)%

o\ 2
Ny = (C—A) tanh(t\/CCy4)

Annihilation rate : 1'a = %C’ AN%

Capture rate : dC; : / (2,(Q) local DM density and velocity distribution
av my Jy

Rg 9 dC; Gl = Ji’n'-i% /QM% F'Z(Q)dQ
C = 4 A7y d"r’Z Ea 2#-? C E

LT

lo _ ‘%‘3[]( C )1*{2 (oav) e ( my )3!"1
Ty A& cm?® 571 10 GeV

Annihilation rate at equilibrium driven by capture only

VOOt > 1, 1'y ~ % = cste



The Sun

Captured population

i\."rx =(C — CAI'V;E'

Cc\ /2
Ny = (C—A) tanh(t\/CCy4)

Annihilation rate : 1'a = %C’ AN%

Capture rate : aCi _ /
av my Jy

-

-
m——
——

s
® dC}
= dnrldr Y " ——
C /0 Tredr v

1
\
1
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1
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0.0010 H
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5 = cste

Annihilation rate at equilibrium driven by capture only
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Capture rate :

dV B mx 0

Beyond SHM :

- Cosmological simulations of spiral galaxies

- Other functions

Generalized Maxwellian, Tsallis. Mao+2013 ...

- Semi analytic methods:
Eddington inversion ...

Lacroix et al arXiv:1805.02403, arXiv:2005.03955
Petac et al arXiv:2106.01314

The Sun

Usual assumptions : Standard Halo Model (SHM)
Maxwellian velocity distribution
(self-grav isothermal sphere)

. 1 i
ff; ('L-‘) = q—mexp ——

(htie Vg
v, =220 km/s, vy = v,
po = 0.3 GBV/CIIlg Vege = H44 kIIl/S

Maxwellian

00040 4 ~ (Benchmark)
— Mao et al. 2012

(.0035 4 — Linget al. 2010
= [ynamics

0.0030 - Cosmaolozical

~ Simulation

0.0025 -

—_—
-
o

= 0.0020 -
0.0015 +
0.0010

0.0005 -

0.0000 -

30U GO



Capture rate :

Capture Boost C;/Chraxwell

—— Eddington inversion
lrd . .
0.74 —— Simmlation

w.r.t Maxwellian
—-— w.r.t Truncated Maxwellian

10! 102
my, [GeV]

10°

10*

Capture Boost C;/Chawell

The Sun

Usual assumptions : Standard Halo Model (SHM)
Maxwellian velocity distribution
(self-grav isothermal sphere)

—v2

P | |U
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10t 10- 10°

my [GeV] m,, [GeV]

Nunez-Castineyra et al 2019, 20%uncertainties on capture

Choi et al 2014
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GP

The Sun
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The Sun
KM3NeT

LGRCA 115 (5 years), ANTARES (2007-2012), IceCube (2011-2014), SK (1996-2012), PICO {2016—201?)]

[ORCA 115 (5 years), ANTARES (2007-2012), IceCube (2011-2014), 5K (1996-2012), PICO [2015—201?)}
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Sl scattering cross section [pb]

The Earth

S Gaussflfree space)
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Dark Matter annihilation to Neutrinos
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Angular Power Spectrum analysis
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Decaying Dark Matter
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Decaying Dark Matter
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Secluded Dark Matter
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Secluded Dark Matter
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Dark matter neutrino scattering in the Galactic Centre
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DM-neutrino scattering — Suppression of the high-energy
astrophysical neutrino flux in the direction of the Galactic Centre ?
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. P-ONE
Summary-Conclusion Deep water
O 1 km3
~ Planned 2023

Specific astronomy, interesting to look for dark matter

Baikal/GVD
Deep water
~1 km?
Construction

Dsphs, galaxy clusters, Galactic Center, Sun, Earth

Bring info on DM nature, can test specific BSM scenarii/models

ANTARES
(Non)Signal - Complementary researches with Deep water
_ _ 0.01 km?
direct detection 2008 —
gamma, CR indirect detection
KM3NeT
Deep water
Sun, golden signal 1+0.006 km?
Construction

Km3(s) size detector era already started
IceCube IceCube-Gen2

Deep ice Deep ice

1 km3 ~10 km?3

2011 -  Projected, 15t
IceECuBE phase imminent

Stay tuned
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Test other assumptions for f(v)

Nunez-Castineyra,EN,Mollitor, Devriendt, Teyssier

In prep
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The Sun

Orders of magnitude
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Capture rate in the Sun
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