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Some material :

● PPNT 2019  

● ICRC 2021

https://indico.uu.se/event/600/

https://icrc2021.desy.de/



  

Outline
● 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

● Sun

● Earth

Specific studies:  

● DM annihilation into neutrino

● Angular Power Spectrum method

● Decaying DM

● Secluded DM

● Dark Matter neutrino scattering

● ...



  

Detection principle

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 



  

Data taking telescopes and projects

From  Daniel Lopez Coto @ ICRC2021



  

Size evolution

From  Paschal Coyle @ ICRC2021

P-ONE

ANTARES   KM3NeT

AMANDA

ICECUBE      GVD

Baikal

P-ONE

 



  

ICECUBE GEN 2   10 km3

arXiv:2008.04323
 

(Amanda) Icecube – Icecube GEN2

Schedule



  

ANTARES

@ La Seyne 

ANTARES 

Antares site 

40 km off the coast Toulon - La Seyne

2480m depth



  

ANTARES

@ La Seyne 

KM3NeT

ORCA sea operation last week 



  

ANTARES

KM3NeT

ORCA sea operation last week 

ORCA sea operation last week 



  

Baikal 

Olga Suvorova @ PPNT2019

PoS (ICRC2021) 002



  

P-ONE
 Pacific Ocean Neutrino Experiment 

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



  

youpi 

Water:

 less diffusion, angular resolution 

salt water: K40, Bioluminescence

freshwater: chemiluminescence 

moving detector (waves and sea current) 

need boat + ROV (remotely operated underwater vehicle)

 Ice:

 easier to install (but south pole)

 less constraints once installed, 

more diffusion/angular resolution

Dust, air bubbles
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Sky coverage 

Planetary Neutrino Monitoring System (             )

A global and distributed monitoring system of high-energy astrophysical neutrinos

Lisa Schumacher@ICRC2021    and



  

Neutrino and multimessenger astronomy

Neutrino oscillations

New physics, exotic searches

Indirect dark matter searches 

Science scope 



  

Dark matter detection with neutrinos

Dark matter annihilation : 

Decay of annihilation products → Neutrino spectrum  =  

 Typical spectra:

Pythia / WIMPSIM / PPPC4DM

Typically use extremal cases:

Hard spectrum 

Soft spectrum

● ( recent update see HDMspectra 

 Bauer,Rodd,Webber  arXiv:2007.15001 )



  

Background

 Atmospheric neutrinos/muons:

Select upgoing events to reduce atmospheric muons



  

Flux

Annihilation case

Dark matter distribution ?

Clumps 
Mas spectrum
Concentration
Spatial distribution
Streams

Density profile
Cusp/core 
Baryons ? 
...



  

Dsphs Clusters
- Jeans equation to constrain the DM profile parameters

 

[ Results from Baikal see O.Suvorova PPNT2019 ]

Antares, Alexis Dumas PhD 2014

- 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) 

Discuss here angular size of objects vs resolution

ICECUBE 



  

Galactic center and MW halo

- Flux:

Annihilation case

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

- Flux:

Annihilation case

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. 



  

Galactic center



  

Galactic center



  

Galactic center : Next

PoS (ICRC2021) 524



  

The Sun 

Captured population

Annihilation rate :

Capture rate :  local DM density and velocity distribution

Annihilation rate at equilibrium driven by capture only

 



  

The Sun 

Captured population

Annihilation rate :

Capture rate :

Annihilation rate at equilibrium driven by capture only

 

Low velocity tail of the distribution



  

The Sun 

Capture rate :

 

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

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 

Capture rate :

 

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

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

Nunez-Castineyra et al 2019,  20%uncertainties on capture
Choi et al 2014



  

The Sun 

ICECUBE

ANTARES



  

The Sun 

ICECUBE

KM3NeT



  

The Earth

- Scalar coupling,  Resonant capture with nuclei 
masses.

- Out of equilibrium 
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Galactic flux :

Extra galactic:

 

PoS (ICRC2021) 542

Dark Matter annihilation to Neutrinos



  

Angular Power Spectrum analysis

PoS (ICRC2021) 550

Flux :

 

GC



  

Flux :

 

Decaying Dark Matter
PoS (ICRC2021) 506



  

Flux :

 

Decaying Dark Matter
PoS (ICRC2021) 506



  

Galactic flux :

 

Secluded Dark Matter
JCAP04(2017) 010

ANTARES



  

Galactic flux :

 

Secluded Dark Matter
JCAP04(2017) 010



  

Galactic flux :

 

Secluded Dark Matter
JCAP04(2017) 010



  

Dark matter neutrino scattering in the Galactic Centre

PoS (ICRC2021) 569

DM-neutrino scattering → Suppression of the high-energy 
astrophysical neutrino flux in the direction of the Galactic Centre ?



  

Summary-Conclusion

● Specific astronomy, interesting to look for dark matter

Dsphs, galaxy clusters, Galactic Center, Sun, Earth

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

● (Non)Signal →   Complementary researches with 

direct detection 

gamma, CR indirect detection

● Sun, golden signal

● Km3(s) size detector era already started

Stay tuned

P-ONE
Deep water

1 km3
Planned 2023



  

Thanks



  

Back-up



  

Test other assumptions for f(v) 

Nunez-Castineyra,EN,Mollitor, Devriendt, Teyssier
 
In prep

Maxwellian

Generalized Maxwellian

Tsallis

Mao+ 2013



  

The Sun 

Orders of magnitude

 

→ km3 detector



  

Capture rate in the Sun

Choi+ 1312.0273

Dark disc :

Read+ 09 
Brush+ 09
Ling 2010


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

