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Motivations for neutrino astronomy

Main question: what is the origin and the role of the cosmic rays in the Universe ?

= Discover 100 years ago but still unknown origin
= Spectrum over 32 orders of magnitude

» Mysteries at the ultra high energies > 10%° eV,
which acceleration mechanism ?
Which sources ?
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Which cosmic evolution ?

=» Connection to the other messengers (v, y, GW)
107 = At the heart of the non-thermal astronomy
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Neutrinos: cosmic messengers

e Neutrinos: neutral, stable, weakly interacting

o not absorbed by background light/CMB => access to cosmological distances
o not absorbed by matter => access to dense environments
o not deviated by magnetic fields => astronomy over full energy range

e ‘Smoking gun’ signature for hadronic processes
e Correlated in time/direction with electromagnetic and gravitational waves

° New window of observation on the Universe



Link between Cosmic Rays/Neutrinos/Gamma
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The ANTARES detector

e First undersea 2500 m depth
neutrino telescope '

e Took data from
2008 to 2022

e 12 lines

e Locatedin the
Mediterranean Sea
near Toulon, France TOm

Completed in 2008
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Detection principle

2 event topologies:

Cherenkov light from
secondary particles
after neutrino interaction

Track-like event Shower-like event

= v, (+v_) Charged = v_, most v_Charged
Current interaction current + Neutral Current
= Better angular interactions

resolution = Better energy resolution




ANTARES Detector performances

e Visibility of galactic center
e 95% duty cycle
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What are microquasars?

e Binary systems with a compact object (Black Hole or Neutron
Star) and a companion star
e Matter transfer from the companion to the compact object
® Process of Accretion - Ejection:
o Accretion through a disk
o  Ejection of matter through a jet (which can be relativistic)
e Emit mostly in X-Ray = XRB
e 2 Types:
o LMXB - Low Mass companion: mass transfer via Roche
Lobe overflow
o  HMXB - High Mass companion (type O and B): Mass
transfer via winds
e Transient with periods of outburst

Millions of light years
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At=93.01

Microquasars: Ideal candidates for multi-messenger,
time domain astronomy
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Neutrino emission

During outbursts/state transitions, matter ejection with relativistic bulk speed

= Shock formation with previously ejected mater

= Possible acceleration of charged particle to very high energy

Leptonic process

Th I icl - s
ose accelerated particles may produce Frverse Comp ot : O Aoy < g dyn

e Gamma photons
e Neutrinos (if contribution of hadronic 0 4
processes) Daccelerated T P > X + {77 T, T }

+

Hadronic process

~ g and v
Paccelerated + YLE — A+ — p7T0 or nm

What can we learn from the study of neutrino emission ?

e Jet composition/formation ?
e  Microquasars as cosmic ray engines ?
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XRay flares results

Source Time flare (d)

IGRJ17091-3624 45
XTEJ1550-564 18
V4641 Sgr 95.5
AglIX1 664
4U1630-472 1437
GRS1915+105 3873
V404 Cyg 13
H1743-322 737
GX339-4 1277
MAXIJ1820+070 226
MAXIJ1535-571 206
MAXIJ1348-630 171
GRS1716-249 296.5
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XRay flares definition

4U1630 MAXI Daily flux distribution

e Using RXTE/ASM, MAXI/GSC and
Swift/BAT public data
e Baseline characterisation with a gaussian

fit = upL oBL
e Flares defined from data points that verify:

102

I III\II[l
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e To data points that verify:

—— Baseline Gaussian fit

= 8 Sigma threshold
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b

=

F—AF<,LLBL+20BL

to obtain start/end of flare

= Neutrino search on time windows if flare in any band
= Stacked search of every flare window for each source
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Computed on archival data
and in real time
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XRay flares results

Source Time flare (d)
IGRJ17091-3624 45
XTEJ1550-564 18
V4641 Sgr 95.5
AglIX1 664
4U1630-472 1437
GRS1915+105 3873
V404 Cyg 13
H1743-322 737
GX339-4 1277
MAXIJ1820+070 226
MAXIJ1535-571 206
MAXIJ1348-630 171
GRS1716-249 296.5
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XRay flares results

Source Time flare (d)
IGRJ17091-3624 45
XTEJ1550-564 18
V4641 Sgr 95.5
AglIX1 664
4U1630-472 1437
GRS1915+105 3873
V404 Cyg 13
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GX339-4 1277
MAXIJ1820+070 226
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MAXIJ1348-630 171
GRS1716-249 296.5
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Events vs sin( 3)

ANTARES Analysis method
Unbinned likelihood a3 s
L(ng) = Yl {5 P(Y, ) Pog (B, B) Pyg () + (1 — 55)P(8) Pog (B, B) Pry (1)} .
/ f o / \ I R RN
PSF Energy Time Declination Energy Time
Background event declination PDF
SIGNAL BACKGROUND
[ PSF = (B) 2D surface |

Likelihood ratio Test Statistic:

L(ns;=0)
TS = —2 x log(- '
ns Nmaz )
Sensitivity:

Computed with pseudo-experiments 16
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= Sensitivities on the total energy emitted in neutrino during flares
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Successor;
KM3NeT

KM3NET
DETECTION UNITS

CHERENKOV
LIGHT CONE

INTERACTION!

X

)

s

SURFACE SHIP
FOR THE ROV

DETECTION UNIT
DEPLOYMENT
TOOL DEEP SEA
ROBOTIC
VEHICLE

..
A NEW WAY TO STUDY
THE ABYSS
KM3NeT is also a permanently cabled deep-sea
y that enables the reaki isifion of
i , high- , fime series data for the
study of the marine environment.

The synergetic science that can be addressed
includes; climate change, ocean curent circulo-

t studies, itoring of seismic
and Tsunomi hazards, efc..




Infrastructure

ORCA

ORCA (France)

2"d junction box

= 2 sites:
e ORCA (France):
optimised for GeV
to TeV
ARCA
2" Cable
e ARCA (ltaly): Nov 2020
optimised for TeV
to PeV
ARCA
3rd junction box
Sept 2022
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Real-time Microquasar flares
detection

If an X-Ray flare is detected, an alert is sent and follow-up
analysis are automatically performed:

= Follow-up with FERMI/LAT Analysis (HE gamma)

° Binned Likelihood Analysis
° Search for new, uncatalogued, source at the alert position

° Time window: 24h before alert time up to last available data

= KM3NeT follow-up analysis

= HESS (gamma VHE) observations to be triggered if a
signal is found
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KM3NeT Real-Time analysis framework

External World :

LIGO
VIRGO

IceCube

SNEWS

Fermi

Swift

GCN

GCN_connection.ini

KM3NeT

Filters.ini

+ VO Event

INTEGRAL

HAWC

pQuasar

Broker

v
GCN
Alert
Receiver | JsoN
Alert
Filter
(Role,
pQuasar nature,
Alert visibility)
Receiver | JSON

JSON

Swift 4

MAXI

SN\

Fermi

Others
Brokers
FINK,
TNS...

l

Mail / SMS

\ 4

MM
Dispatcher

Goal: Simultaneous MWL/MM
follow-up

|

MM DB

Automated analysis follow-ups
from external alerts

Shifter
Tools
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Microquasar Real-Time monitoring

[ Monitored Source list 1 Monitors

)

Manual triggers Automatic triggers

J

l

[ External public alerts }: """ TTTo o [ Real Time KM3NeT search}

If significant

enough If a signal is found



Conclusion

e Fluence sensitivities to neutrino emission obtained for a list of microquasars in
flaring states

Analysis performed on ANTARES data from 2008 to 2020

Final results with full ANTARES data set to be made public in the next months
Similar analysis performed with HESS observations

Next: Interpretations of neutrino/gamma relations

= 10° 5XM3NeT 7 ANTARES Prefiminary ;
e ANTARES operations concluded 2 | ARCA (1block) — ______.
e Successor KM3NeT in construction = 10 Lt s
= Better sensitivities and lower energy E B
threshold for future flares > [ ORCA __ [} 2-—"" ;
. . . 3 ANTARES
= Real-time analysis framework in 3
development ]
= Relationship between Neutrinos and MWL | = zu gg
e
T T T T R

neutrino energy [GeV]



Thank you for your attention!
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BACKUP
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HESS Telescopes array

e High Energy Stereoscopic System

e Imaging Atmospheric Cherenkov
Telescope array

e 4x12m + 1x28 m telescopes

e \ery High energy gamma (10s of GeV to
10s of TeV) = Ideal joint observations with
ORCA

ray

Particle

Detection of
high-energy
gamma rays

using Cherenkov
telescopes
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KM3NeT Analysis method

Signal search in a ROl around the source
Binned analysis with an ON/OFF method

OFF region to evaluate the background rate in the
ROI

e Regions definition:
o) ON : Cone around the source

o) OFF: Declination band around the source’s declination
e Event selection

o Optimisation: Model Rejection Factor, Model Discovery
Potential
o Parameters:

[ ] Angle from the source (ON region size)

| Neutrino purity: simple cuts, BDT score

60°

45°

-150°

45°

750

OFF zone

RA [rad]

ON zone

28



Search for VHE in a microquasar outburst
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MAXIJ1820+070 during 2018 outburst
Joint observations with HESS/MAGIC/VERITAS

No significant signal was detected, but limits on the
emission location were drawn

Common paper accepted in MNRAS (arxiv:2209.09785)
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MAXI1J1820+070 SED Fitting
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DP [%]

ANTARES Pseudo-experiments
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