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Evidences for dark matter
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Indirect dark matter signals

Milky Way DM (y) particles
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Multi-messenger
Indirect searches!
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Grand Unified Neutrino Spectrum

Vitagliano, Tamborra, Raffelt, Rev. Mod. Phys. 92 (2020)
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Grand Unified Neutrino Spectrum
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Vitagliano, Tamborra, Raffelt, Rev. Mod. Phys. 92 (2020)
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Order-of-magnitude estimate

ANNIHILATING DARK MATTER

ann PDM 19 _9 _1 10" GeV PDM 10 C
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DECAYING DARK MATTER
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Astrophysics: DM density
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Order-of-magnitude estimate

ANNIHILATING DARK MATTER
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Order-of-magnitude estimate

ANNIHILATING DARK MATTER w—l Atmospheric neutrinos (below 10° GeV)
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DECAYING DARK MATTER —l Astrophysical neutrinos (above 105 GeV)
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Outline

Atmospheric neutrinos (below 100 TeV)

> Robust WIMP limits from upcoming KM3NeT telescope Basegmez Du Pree, Arina, Cheek, Dekker. MC, Ando,
» Implications on minimal dark matter models JCAP 2105 [arXiv:2103.01237]

» High complementarity with other experimental constraints

Astrophysical neutrinos (100 TeV — 10 PeV) MC, Fiorillo, Miele, Morisi, Pisant,
JCAP 1911 [arXiv:1907.11222]

» Inner tension among lceCube data and with gamma rays Dekker, MC, Ando,

i i - JCAP 2009 [arXiv:1910:12917
» Dark matter interpretation of the 100 TeV neutrino excess [arXiv ]

» Two-component flux: decaying dark matter + astrophysical sources Skrzypek, MC, Arguelles,
arXiv:2205.03416
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Outline

Atmospheric neutrinos (below 100 TeV)

» Robust WIMP limits from upcoming KM3NeT telescope
» Implications on minimal dark matter models
» High complementarity with other experimental constraints

Marco Chianese | UNINA & INFN

Basegmez Du Pree, Arina, Cheek, Dekker, MC, Ando,
JCAP 2105 [arXiv:2103.01237]
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Atmospheric neutrinos

» Produced by cosmic-ray interactions in the Earth’s
atmosphere

» Decay products in hadronic cascades: pions and
Kaons (conventional neutrinos), and charm mesons
(prompt neutrinos)

» Background for dark matter searches

Forecast analysis with KM3NeT-ARCA telescope

» Good field of view to the Galactic Center of Milky Way

» High angular resolution for track-like muon neutrino
events (less than ~1° at 90% CL)

KM3Nel, arXiv:1601.07459
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Analysis on muon neutrino angular distribution

Simulated sky-maps of track-like muon neutrinos with 10-year KM3NeT-ARCA exposure.

NULL HYPOTHESIS (ATM.) ALTERNATIVE HYPOTHESIS (ATM. + DM)

Pixel size
10°x10°

Y Galactic Center
| B |

100 neutrino events > 8000 100 neutrino events > 8000

» We compare the two hypotheses by means of the angular power spectrum method!
[
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Forecasted limits

Upper-limits at 90% CL (bands cover the Monte Carlo simulations) for 10-year KM3NeT-ARCA exposure
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Minimal dark matter models: Z° case

O 9L =gy = 1.0 _ My =3 TeV Benchmark model
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> High complementarity with direct searches (XENONTT) and indirect gamma-ray searches (Fermi-LAT).

> Very competitive probes of minimal dark matter models with neutrino telescopes.

Marco Chianese | University of Naples
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Constraints from diffuse analysis

» Whole sky

» Energy + angular
distribution

» More powerful: improvement
of ~2 orders of magnitude

» But less robust: affected more
by astrophysical uncertainties

KM3NeT, 36th ICRC, PoS 552 (2019)

Marco Chianese | UNINA & INFN
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Outline

Astrophysical neutrinos (100 TeV — 10 PeV) MC, Fiorillo, Miele, Morisi, Pisant,
JCAP 1911 [arXiv:1907.11222]

» Inner tension among lceCube data and with gamma rays Dekker, MC, Ando,

i i - JCAP 2009 [arXiv:1910:12917
» Dark matter interpretation of the 100 TeV neutrino excess [arXiv ]

» Two-component flux: decaying dark matter + astrophysical sources Skrzypek, MC, Arguelles,
arXiv:2205.03416
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High-energy astrophysical neutrinos
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The low energy excess
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The low energy excess

20 MC, Mele, Miele, Migliozzi, Morisi, ApdJ 851 (2017)
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The low energy excess
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Possible explanations

» Multi-component flux with a galactic contribution and/or
starburst galaxies

see e.qg. Gaggero+ ApJdL 815 (2015), Ambrosone+, MNRAS 503 & 515

» Opaque astrophysical sources absorbing gamma rays

Kimura, Murase, Toma, Apd 806 Senno, Murase, Meszaros, PRD 93
Murase, Guetta, Ahlers, PRL 116 Denton, Tamborra, ApJ 855
Tamborra, Ando, PRD 93 Denton, Tamborra, JCAP 1804
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The low energy excess

MC, Mele, Miele, Migliozzi, Morisi, ApdJ 851 (2017)
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The low energy excess

MC, Mele, Miele, Migliozzi, Morisi, ApJ 851 (2017)
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Highlighted results

Leptonic channel Hadronic channel
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Highlighted results

Leptonic channel

= 12
E
( 10
1030} 1028 |
= - E 8
5, t Q
(1029 1027 6 =
= ' _ [ <
o W R 4
t~ 1028 e | = 1026 £
) ] 2
— 4 \
1027 & Ll L[ 1025 & 0
106 107

Main results
> Leptophilic decaying dark matter scenario is allowed
» Hadronic channels are already excluded by gamma-ray constraints (Fermi-LAT)

Marco Chianese | UNINA & INEN see also Skrzypek, MC, Arg(]elles, arXiv:2205.03416 24



Angular power spectrum analysis

1029 Dekker, MC, Ando, JCAP 09 (2020)
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Future neutrino telescopes will firmly probe the
dark matter hypothesis!
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Conclusions

> Neutrino telescopes are probing still-unexplored regions of the dark matter parameter space.

» Atmospheric neutrinos (below 100 TeV): unprecedented KM3NeT sensitivity to WIMP dark matter

> Astrophysical neutrinos (100 TeV — 10 PeV): tension among different neutrino data sets, and
between multi-messenger data and astrophysical models

> The future is bright for astrophysical neutrinos: KM3NeT, Baikal-GVD, P-ONE....stay tuned!

Thanks for listening

Marco Chianese | UNINA & INFN
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The vast dark matter landscape

Weakly Interactive Massive Particles (WIMPs)
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No detection at colliders and direct experiments!
Marco Chianese | UNINA & INFN see e.q.: Bertone, Hooper, Silk, Phys. Rept. 405 (2005); Bertone, Tait, Nature 562 (2018) 28



The vast dark matter landscape

WIMPs Heavy Dark Matter
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No detection at colliders and direct experiments!
Marco Chianese | UNINA & INFN see e.q.: Bertone, Hooper, Silk, Phys. Rept. 405 (2005); Bertone, Tait, Nature 562 (2018) 29



Dark matter particle spectra

DM particles can have different decay/annihilation final states:

» Leptophilc

» Quarkphilic Y — qQq

Y — U, v

» Electroweak (EW)bosons Y — W W ™=, ZZ. hh

N ”
ll

>

Marco Chianese | UNINA & INFN

I”
/
l”
/
\

Different codes in the market:
> Pythia

» PPPC

» HDMSpectra

2

AO‘/O‘ ~ XEW 1I12 (ﬂﬁé\/{

109 Bauer, Rodd, Webber, arXiv: 2007.15001
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Comparison with other experiments
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Forecasted limits

[ e ——

NFW 1 | NFW 1 1 NFW
103 10* 10° 103 10* 10° 103 10* 10°
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Upper-limits at 90% CL (bands cover the Monte Carlo simulations) for 10-year KM3NeT-ARCA exposure
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High-energy astrophysical neutrinos

IceCube Collaboration, arXiv:2011.03545

: l-I-' Data
| SUIro. - -
{-I ,_} % — ﬁtfm Conv. 7.5-year High-Energy Starting Events (HESE)
.:J>J> 101 E :_:I:_‘ :“: “: Bl Atmo. Muons
= 1l » Observed by IceCube telescope since 2011
LD
g
S 1, 1 » More than 100 neutrino events above 30 TeV
T
2 10Y = | [ o » Bkg-only hypothesis excluded at more than 7o
g -
D
s » Diffuse flux
101 T — T
10 10° 100 107

Deposited Energy [GeV]

However, their origin Is still unknown...

Marco Chianese | UNINA & INFN 33



Astrophysical production

Hadronic interactions Photo-hadronic interactions
CMB, EBL, ...
_|_

— 0 7w 1/3 of cases

p—l—p%ijW ™ ... p+9— A= 0 /
m 2/3 of cases

Cosmic-rays from SNe, AGN jets, ... Cosmic-rays from SNe, AGN jets, ...

expected for reservoirs, where CRs are confined in expected for accelerators, for which CRs escape
magnetized environments for a long time to the intergalactic space

» Neutrinos and gamma-rays from pion decays: T — e U, ViV s -0 vy

» Power-law behaviors due to CRs seed: ¢y (Ey) ™ Ez/_a

» Proposed sources: gamma-ray bursts (GRBs), active galactic nuclei (AGNSs), starburst galaxies (SBGs), ...

Marco Chianese | UNINA & INFN
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Time-dependent and stacking analysis

Absence of angular and temporal correlations between neutrinos and known gamma-ray sources (expect for
few remarkable cases: TXS0506+056, NGC1068, AT2019dsg, ...).

GRBs: ~ 1% AGNs: ~ 19% —27%
(depending on the spectral index and time-window) (depending on the spectral index)
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see also: IceCube, PRL 122 (2019) see also: IceCube, ApJ 935 (2017)
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Tension between neutrinos and gamma rays

_hadronic y-ray emission normalized to best-fit non-blazar EGB
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Explaining the One of the last population model (spectral index
with p-p sources would blending) allows to account for
over-produce Fermi-LAT gamma rays at 95.4% CL
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Tension among different IceCube data samples
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