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Galactlc sources

expected to accelerate cosmic rays (CRs) up to a maX|mum ko
energy of1 10 PeV. | o e ik i

Candldate neutrlno
sources '

C

SuperﬁevaRemnants(SNR) |

“Microquasar '(M'Q) e



Neutrlno and hlgh energy photon qux

Partlcles accelerated in galactlc astrophyswal sources may mteract with the

matter and/or with photons present in the source = -
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g Correlated productlon of neutrmos and ;/-rays opens up the
opportunlty for muttl-messenger searches
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Assuming neutrino flux equal to y-rays IRT s . o A



Latest results on the galactic neutrino flux

KRAS Model KRAZ Best-Fit 1 Flux
KRAS® Model = KRA Best-Fit  Flux
. AT B , o «ooo 79 Model 7¥ Best-Fit © Flux
e § o3 S b b fpalt lceCube All-Sky v Flux (22)
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EV|dence of a hadronlc component in the TeV emlssmn

The Gaiactlc pIane has: been observed Ig
'y—rays by Fermi-LAT, by the. T|bet AS}/ up
~to 1.PeV and by the LHAASO SRY
. experlments -

Tibet(25° <1< 100°)
Fermi(15° <|<125°)
LHAASO(15° <1< 125°)
lceCube ° v(25° <1< 100°)
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- Extra unresolved sources are needed to
et explaln the LHAASO measurements in the
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- A hadronlc component responS|bIe for the
hlgh energy emlssmn cannot be excluded

| ':Shao f.,‘Lm . &Yang L 653 Phys. R Rev‘D 108, L061305, doi:
10’ 1103/PhysReVD 108 L061,305 S
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If part of the diffuse y-ray emrssron observed in our galaxy s due to hadronlc S
processes a correlatron wrth a dn‘fuse neutrlno qux emlsslon |s expected %
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Sele(:ted catalog -f.rdm'TeVCa’t- L

Begin of Table

‘- i . \ . : - e . Source Ti ) Ng E, Distance Ref.
Criteria: A 0 ' o Name dogree]  TeV~em—%s~!] [Tev] | [kpd
gty TP A ' . 26 | 35 0.3

Gemingz PWN/TH 17.76 3.77-1071¢ {Abdo et 2l. 2009)
Vela X PWN /TH -45.66 1.83-107" 89 | 3.02 : (HE.S.S. Coll et al. 2018)
Boomerang PWN G1.24 7.09-1071° (Abdo et al. 2009)
SNR G106.3+02.7 Shell 60.88 1.15-107% (Acciari et al. 2009)
1-CrB Nova 25.92 4.75-10 3.33 | 0. k! *
ARGO J2031+41157 SB 12.5 2.5.107 (Bartoli et al. 2011)
CTA 1 PWN 72.98 9.1.-107"" (Aliu et al. 2013)
HESS J06324057 Binary 5.79 4.56-10 12 (Adams et al. 2021)
1C 443 Shell 22.53 1.00-107" (Albert et al. 2007a)

TeV J20324-4130 PWN 41.58 21-107H (Abdo et al. 2012)
PSR J203241127 Binarv 11.16 1.145-10~ 12 (Abeysekara et al. 2018)
LS 1 461 303 MQ 61.27 4.4.107" (Ahnen et al. 2016)
Crab PWN 2201 283.107" (Aharonian et al. 2004)
3C 58 PWN 64.85 2.107°° : . ( "—\]ek%i-"' et al. 2014)
HESS J1800-240A | SNR/MC -24.02 4.8-10712 4 . (H.E.S.S. Coll. et al. 2018)
P W8 SNR/MC -23.34 7.5-10 2.0 (H.E.S.S. Coll. ct al. 2018)
: SN 1006 NE Shell -41.8 4.65-10~ 2.2 (Acero, F. et al. 2010)
A Cygnus X-1 MQ 35.20 2.3.107 " 2.2 (Albert et al. 2007b)
. 2.3

HESS J1026-582 PWN -58.23 3.64.1071
HESS J1708-443 PWN -44.29 1.23-107"

(H.E.S.S. Coll. et al. 2018)
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Galactlc neutrlno qux

Contrlbutlon of the galactlc sources to the dlffuse qux detected by IceCube
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The galactlc flux estlmated in thls work |s 20% of the IceCube AII Sky v Fqu i
-for E~10 TeV - - o ' ' -- |
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Icecube expected events from point like Galactic sources -

........... Ay -90° <d <-60°
: A -60° <6 <-30°
A -30° <6 <0°
A 0° <8 <30°
----- A 30° <5 <60
. . | = A 60° <8 <90°
. " e — = A_; KM3NeT

. .O
-
~
. St
L
..........
l“
—————————
2 e
..0
- e @4 =L s s N, e T,
S
.
»
.
.‘ "
.
. v :
.
- . o .
B e,
. g
5 ran i IV
10 ey ¢
28" .
"‘C‘f‘. . p
L vy gho
-1

' - ‘ Energy [GeV]
wiC = | ToatE, mde At N 0L {aar & ¥ Frok like ovents
avenis. = o AR, 0)dEy oo T=1year .~ - Track like events

. ®
»

1%
9,



ARCAéXpeCté_d .e'v‘e'n..té from point like Galactic soUrces |
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Fig. 1. Source visibility for KM3NeT/ARCA as a function of declination for a zenith
cut of 10° above the horizon (black line). The markers represent the visibility of

the specific sources discussed in this paper according to their declination and the
zenith cuts used in the analyses (see Table 2 for the individual zenith cuts).

”

. S _ - _ Aleﬂo S., Akrame S'E. Ameh F. et al. 2019 Astropartlcle Physws 11, 100 doi: 10:1016/
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Background (E) = 2 64 10~ 8E 34cm_2s_lsr_1TeV_

atmospherlc neutrlnos

I/ ;atm

. In-this computatlon we conS|der an openlng angle 5 .
a = s around the source., o "
. . ) . ) . CI\-IIJ> 10_
o R i y
. 1lC = J [ 27 - ( 5)dE dgz :
: 10
A .__dEdQ P
- ARCA .Ez i d(I) P .. : ° - i . E
, : AQ El e ' I/ . .........‘.;. - -. o, | :
This is a conservatlve choice that could be |mproved Fed. '. R AbbaSI et al. (IceCube Collaboratlon)

by the experlments with the better knowledge ofthe - = . Phys Rev D83 Q1 2001
detector. By WL P L Ve E e g .
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~ PromiSing sources ni

'
Name degrco [1—10° TeV] | [1 - 1()’ TCV] (1 —10° TeV] | [1 =10° TeV] | [1 - 1()’ TeV] | [1 —10° TeV]
1.7 1510~ 14.3 454 71
1.5.10"" 26,1 28

VelaX-1 -45.66
HESSJ1026-582 -H8.23

' VeIaX ] and HESS J1026 582 for wh|ch the expected number of neutrlno S|gnal events in
the KM3NeT/ARCA telescope |s >3 and the Oy > 3 | '

e
‘-.' 0-‘

| Both the sources in prmclple could have been already detected by Icecube smce the 7
o > T but the expected number of events is very Iow s -

fa i',°_‘ .. St °' ‘.:-u‘.tf". Lo, I
D'. ".. e . '- .’ . ! -.. . 7.'. *

» " p
»

“In the future KM3NeT W|II be able to detect or to
put strong constraints on the hadronlc
component of these brlghtest sources
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Horlzon dlstance

KM3NeT senS|t|V|ty as functlon of. the dlstance in kpe evaluated for
dn‘ferent classes of sources: -

RN 2 RS dg, alNe
b cvenss 5 i) J Al A(E,)dE;
_ \/nBG Ref ‘\/nBG Ref dhorlzon dEdS ;
Vela X-1 o | |
SNR G318.2400.1 Fer each class we selected the source
—— TCrBorealis | Wlth the hlgher senS|t|V|ty
——— SS 433 ef
Y= PWN Vela X-1 |
’;._. Sw:{ SNR GS ;3 2+001

-

;-4 Nevae TCrBorealls
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~_leptonic mechanlsm |nS|de the sources, our result

'Conclusmns & future prospectlves

. The estlmate number of expected neutr|nos from the galactlc sources
.. has been performed W|thout conS|der|ng any spec|f|c physlcal modeI for
. the source to produce the TeV quxes i ' ‘

i the ent|re TeV emlssmn is due to the hadron|c component the galactic
e sources can contrrbute to the dlffuse neutrino flux detected by IceCube at

4 the IeveI of ~‘20 % Up to' A 1() TeV and at ~ 50 % -at hlgher energles

Consldermg the faot that part of the TeV emlssm couId also be caused by
; may be conS|dered as an
& .upper I|m|t on the hadronlc contrlbutlon to the hlgh energy photon em|§§|bn

15 e Tk



Conclusmns & future prospectlves

- The estlmate number i expected neutrlnos from the galactlc sources -
. has been performed W|thout conS|der|ng any speclflc physlcal modeI for

the source to produce the TeV quXes

:Even |f all the TeV emlsslon IS due to the hadronic processes no galactlc
W source IS detectable by IceCube |n 1 year of data takmg - .z

‘.o
L ."

Some sources may be detectable by KM3NeT/ARCA in1 year in partlcular
the most promlsmg ones result to be PWN type, 15 Vela X 1 W|th a £

’

4 -S|gn|f|cance oRes 7 and HESS J1926 582 W|th a s1gn|f|cance cr ~ 4, s it

55 e Tk



Conclusions &fUture prospectiVes

- If KM3NeT/ARCA W|II not detect neutr|no from these promising sources,

| j. constraints will be put on the hadronlc component responsible of the ¥
g -ray hlgh energy emlssmn R Bt

:.We estlmate the maX|mum d|stance at Wthh each type of galactlc
- ~._soyrce can be detected in1 year by KM3NeT/ARCA and we find that

dhmwn < Jkpe for aII klnd of Sources The best candldates result tobe

'the SNR sourcest Ll s U *

- ‘o_ » :- ‘.? . o» . S “s ’
. “' '
’

2 Future |nvest|gat|ons are needed to deterrnlne Wthh are the s,.a;a '
sources responS|bIe of IceCube diffuse flux and to constraln ’ i

- the hadronlc component responslble to the ;/-ray TeV emlsslon

65 ety ok









Iaroduction. Y\ ——————

Grigorov

Large part of our knowledge about the univérse dgﬁves from th . Crtr

observation of electromagnetic’signals: radio waves, infrared, visible light, -5 s

f s
ultra'violet, X-rays and the powerful'y-rays. \ T | ‘
, all-particle HiRes1&2 + =~
TA2013
Auger2013

Model H4a

Other astrophysmal signals to,investigate\the-cosmos: CREAM all particle

74 \
/dsmlc; Rays (CRS)// | / \ \
Neutrings ¥, Vi 4 74
al %V ' Vil

Gr v' CItIO

& | Fixed target
energy abové 51018 eV arriving from directions roughly isotropic ‘ | e TEVATRON
sky, could/provide relevant information abou . - \'A 1 l l "TC
mechanisms that o ur|n3|de astrophysict rc | ~ R~ - . < >
, | ., | 10 10 10 10
‘, | LY | |} | E (GeV/ particle)

/l

// | ' / | ' Figure 1.1. All-particle spectrum of CRs. Credits: T. Gaisser.



Multimessenger astronomy

Traditional astronomy is no longer the only way of exploring the Universe

Gravitational Waves

oWi70104
i
bl © Wy
‘ GW151012
/vaowaw

+A500

2000

GW170729 S
HLV

Plerre Auger Observatory- UHECRS _ Ligo-Virgo GWs
The sky is full of messengers -
Ky 9 Neutrinos
o e ————— - ‘. . [XS ("506+L)36ﬁ;,/
Fermi LAT map [ceCube astrophysical events

. MeV - GeV Tel/ Rey



'Neutrlno astronomy

Thrs research 1S focused on the 1r1formcrt10n we ccm get by detectmg hlgh energy neutrrnos originated in

-astrophyswcl sources. i T A
- . Why neutrinos? -

| gravitat
L‘/ ® waveg ! Ao Neutrrrros are ideal messengers
=Y X ~inthe seorrch fcr distant crstrophys1ccr1
r Uy . ‘ nW;‘;‘:;Eg(‘f . Ob]eCtS - v e | )
b e saeic , ,'Unlque properties of neutrinos:
. e g e iz 37 electrrccrlly neutral, stable and wecrkly :
‘ S v G 1r1teract1ng pgrtrcles -
iatie *NOdeﬂectlonm .rrragnetic freld unlike

; * No absorptron 1n cosmic backgrounds as
= Extragalactic Bgckground L1ght (unlike
grmies ogammg rctys) G Ty e .
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Neutrino Telescopes

50m

lceCube Laboratory

Data is collected here and
sent by satellite to the data

warehouse at UW-Madison

Digital Optical
Module (DOM) 2450 m

5,160 DOMs
deployad in the ice

86 strings of DOMs,
set 125 meters apart

MIHI"WIIUIUCMW"-"—

e —————

—— it

Amundsen-Scott South
Pole Station, Antarctica

A Naticnal Science Foundation-
managed research facilitys

|

60 DOMs
on each
string
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Multimessenger astronomy

-~ IceCube Auger
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The observed energy density carried by the flux of neutrinos in the ~ PeV range turned out to be comparable to those o:

the diffuse sub-TeV gamma-ray flux and the UHECR flux, so the energy budgets of the three messengers are somehow
comparable ( ). ‘



Messengers cosmic accelerators
N -rays

b COSHHC Q : * yrays point back at sources but the ¥
B -ray spectrum can be attenuated
- y-1ays

because of the absorption due to EBL

Cosmic Rays
x CRs, being deflected by magnetic

fields, are
not able to point back at sources

x UHECRSs interaction with
ohotons of CMB




“Stacking of sources in KM3NeT/ARCA
The neutrino detection cépability .céh be greatly increased by
~ virtually overlapping several sources in the 'same position (stacking)

" We perform a stacking analysis-on a
. . single category of sources,.in
- particular we select a sample ‘
containing M=25 PWN-and PWN/Halo
. -since they have the hlghest level of -
,'-‘Slgnlflcance | - e

- ..‘,We flnd that with data sample
* accufnulated by KM3NeT/ARCA

télescope in 1 year, by stackrng ~3

.....

-sources, we achleve a S|gr1|f|cance

25

Number of sourcs . Value 6 N 7 5

25,



Astmphysmal Nneutrinos

In 2013, the IceCulbe Collaboration reported the discovery of COSMIcC h1gh energy
neutrinos exceeding the expected background (Aartsen, 2013a, 2014a).
Arrival directions of the neutrino events in Galactic coordinates.

lceCube Preliminary

+ Shower Galactic
X Track

TS = — 2AIn(£)
E<300TeV 300TeV < E<1PeV 1PeV<E

The present data show no evidence for neutrino induced event clustering around known astrophysical objects except for two candidates.



