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Neutrinos as cosmic messengers
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What else can neutrinos teach us?

e Cosmological observations set little constraints on the nature of dark matter

) lightest
Ultra-light _ Kaluza-
dark lightest Klein state
super-
matter WIMPs symmetric
particle
Axions
Sterile

neutrinos



What else can neutrinos teach us?

e Cosmological observations set little constraints on the nature of dark matter

) lightest
Ultra-light _ Kaluza-
dark lightest Klein state
super-
matter WIMPs symmetric
particle
*  WIMP annihilations
Axions
Sterile
neutrinos

* Neutrino excess from regions with high dark
matter density, as the Galactic centre
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How do we detect astrophysical neutrinos? s
KM3NeT/ARCA

Different type of neutrino interactions = different event topologies

éé

,l, Ve, V”, VT NC l, dOUble

4
I

¢ shower
Ve, Vy CC Ve CC

radius ~5m [1 TeV] distance = 5 m/ 100 TeV




How does the KM3NeT/ARCA data look like?

Total event rate of ARCA with 21 detection strings (ARCA21):
~ 10° events per day

(~ 40 neutrinos per day)




Data selection
How can we differentiate neutrinos created by cosmic sources or dark matter from other type of events?

Detector: ARCA21 (~70 days)

. .O_-s_-!--"_.’_."."-h
104 4+ -
cosmic neutrinos (Thijs)
102 |
'_T 100 - e e T dark matter neutrinos (Clara)
> —_—
Y 10-2 4 T
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e :l_'_
- Improvements in calibration, 0-4 - 1 cos.v
reconstruction and simulations - 1 dmv
[ atm.v
(all with strong Nikhef contributions) 10-6 - atm. u
— L2223 mc tot
— | § data
MR | LR | ot ""‘i v
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Reconstructed energy [GeV]



Data selection
How can we differentiate neutrinos created by cosmic sources or dark matter from other type of events?

Detector: ARCA21 (~70 days)
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Modelling the source

How do neutrinos created by cosmic sources or dark matter look like?

Cosmic neutrino point sources

 Neutrino flux

- Power law flux:

— = E~2astro. flux

* Directional information

- From each point source

do/dEdtdQ [GeVtm~2s71]

1072

1074

10764

108

10—10

Dark matter in our galaxy

Ve, Vyu,

Vr

Mppm = 300 GeV

<ov> =10"23cm3s?

e I

—

- Different flux for each annihilation channel:
.\:\.:‘-\.‘., —_— WTW- bb o utu” —
Q,

Most interesting signature!

50

100

150 200
Energy [GeV]

- Dark matter distribution around Galactic Centre

dde _1<ov>dN// 2(6, )19
AQ los

dEdt 4m 2m?
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Detector response
KM3NeT/ARCA: a growing detector

Growing detector leads to:

e Higher effective area
— More neutrinos / day

Nevents = ¢p-A-t

Effective area [m?]

103 KM3NeT/ARCA
_;l—""'-'—'_-'ﬂ-
o
e
1021 el
Jr""'-rr ,_i_"_' —
wll — e
e I e
101 — -rrrrrl'r I '_'='_I’_,_'_,—'_'_
i —
o | |
o —
iy e
10" ,-JJI a—l_.
r IF_HJ'J
r | [
T |
T 1
10—1 ] _|'|J _J v, CC + v, CC as track
E = —— ARCA230
£ — ARCA21
m; —— ANTARES
107 = " 6 7 8
10 10 10 10 10! 10
E, [GeV]

12



Detector response
KM3NeT/ARCA: a growing detector

Growing detector leads to:
e Higher effective area

e Better angular resolution

source

) [degrees]

KMSNGT/ARCA
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\\
2 |
oy
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Detector response
KM3NeT/ARCA: a growing detector

30%

20%
Growing detector leads to:
* Higher effective area CC)
=
° 1 E
Better angular resolution S 10%
n
* Including showers o
— Better energy resolution 3
| -
)
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Method

How do we find them?

Effective area [m?

10°

10

107!

KM3NeT/ARCA

Detector response

KM3NeT/ARCA

Example for a cosmic
neutrino point source

Source model

KM3NeT/ARCA230
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Results
For cosmic neutrino point source candidates

ANTARES telescope

101 candidate sources

® |Interesting objects from other v telescopes
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Results

For cosmic neutrino point source candidates

101 candidate sources

® |Interesting objects from other v telescopes
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Results
For cosmic neutrino point source candidates

NGC 1068 (Hubble telescope)

101 candidate sources

® Interesting objects from other v telescopes
® Active galactic nuclei

LN

7 PricRo 2619+ 3%,/ v .
. A2HWC )1949+244; o} : : ICJa43
. i : ; H ° 3 .I_ .

-30¥ : : )
dRXj $713%7-3946 e
" ‘sts J1540965 B \lax B ] ]
6 0 'HEfs.%ﬁgléffa’_HM RX 085204622 . https://esahubble.org/images/heic1305a/

 BEsq
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Results

For cosmic neutrino point source candidates

101 candidate sources

® |Interesting objects from other v telescopes

® Active galactic nuclei
e High-energy y-ray sources

TXS 0506+056

O

i*Xl 1713%7-3946
‘QESS 115404965
.Hessusu 51a
TS eNR G31
Ly

2+M

11356-645

A\/elax
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Fermi-LAT gamma ray sky

https://svs.gsfc.nasa.gov/11342
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Results

For cosmic neutrino point source candidates

No significant detection made
— Set limits on the flux

Growing detector and dataset
— Sensitivity improves

Read more at PoS(ICRC2023)1018

and paper in preparation

]

S

9
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e  ARCAG-S (302 days)
m  ARCAG-21 (424 days)
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Results
For dark matter searches from our galaxy

* Test different My, and annihilation channels

* Limit or sensitivity on the dark matter annihilation cross-section

d®y, _ i <ov>dNg / / p2(9 1)dl d9 Sensitivities full ARCA detector 1yr (MC data)
- )
dEdt ~ 4r 2m2 dE Jaq ). —
S L Y ) o utu
Annihilation cross-section  Spectra  Dark matter distribution around oW
and dark matter mass Galactic Centre ThT”
10_22' + —
_ « WTW
Tm - bb
L —
S
>,
A 10—23
>
b \
\Y \
10—24.

2.5 3.0 3.5 4.0 4.5 5.0
log( mpum [GeV])
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Results
For dark matter searches from our galaxy

* Limit or sensitivity on the dark matter annihilation cross-section

ddS 1 <ov>dNe ,
@ _ = o 9,1)dl d92
dEdi ~ 4r 2m? dE /AQ/,M” (6,

\_Y_) \_Y_}\ J
Y
Annihilation cross-section  gpectra Dark matter distribution around Limits and sensitivities in context
and dark matter mass Galactic Centre
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Gamma-ray [ **** H.E.S.S.2014-2020 (Einasto)
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Conclusions
Looking at the neutrino sky with KM3NeT/ARCA

- Good data-MC agreement
- Improving limits with growing detector to

- Neutrino cosmic sources
- WIMP dark matter properties

- Monochromatic lines can be a smoking gun signature
of dark matter

Discoveries soon to come!
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