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Multimessenger connections

From J.A Aguilar
RICAP24

Gamma-rays, neutrinos, and cosmic rays connection
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IceCube v EHE limit (2019)

+#+  Fermi gamma-ray (2014)

IceCube v Glashow (2021)

4 Pierre Auger cosmic rays (2013) —#— IceCube v globalfit (2023) # IceCube v ESTES (2023)
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T+ - of different origin
1 TT * Interesting interfaces
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ceCube work-in-progress ; '
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"I'he observed AGNs with v

e lUHll)(Plocal)

The Neutrino Sky
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» Strongest neutrino emission (best-fit):
- Located at R.A. 40.69° and Dec. 0.09°. emamen
-n =281
A
- y - 3.2 NEUTRINO ASTROPHYSICS
e |t also appears in the the list of 110 pre-define sources Evidence for neutrino emission from the nearby
active galaxy NGC 1068

IceCube Collaboration™ }

INFN A.MARINELLI 3 DM & CR NAPOLI 11/11/2024




"'he observed A(GNs with v
NGC 1068

Neutrino Flux
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e TXS 0506+056 and NGC 1068 contribute each ~1% of the total astrophysical
diffuse neutrino

* Measured neutrino flux exceeds TeV gamma-ray upper limits
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"I'he observed AGNs with v

The peculiarities of NGC1068

NGC 1068

An AGN with an obscured black hole

Very active starburst spiral gaIaXy.

It is close! (~14.4 Mpc)

It hosts a Compton-thick AGN ,
AGN poweredtby,a SMBH with™ . /

mass ~107 - 1087 o

Intrinsically the brightest Se
the X-ray band
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"I'he observed AGNs with v

The DiSk-Corona M 0 d el ; e

* Electron and protons are
accelerated in the high field
regions associated with the black
hole and the accretion disk

Accretion disk - - X-ray Corona

* They produce neutrinos in the
optical thick corona
- Gamma-rays are absorbed

Black Hole
In several IceCube presentations used as a universal description of neutrino

emission from the entire AGN class and responsible for most of the astrophysical

(NN

neutrinos observed by IceCube.
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Setting the multicomponent energy ranges

4 IceCube tracks, Aartsen et al., ApJ, 2022

107° E HH IceCube showers, Aartsen et al., PRL, 2020 3
—_ ] ! lceCube Glashow, Aartsen et al., Nature, 2021 i
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Tm 10_8 E _:_ 3
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O, 3 Showers . !
© 107° - v & 3
X ] { } — -
n ] Tracks :

10—10 . !

103 4 10° 106 107 108
Diffuse v from SBG iffuse Galacticr  E [GeV]

How much of the IceCube
neutrinos can be related to
non-AGN-galaxy emission.

Is the Milky Way a real neutrino desert?

(b)

-+
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Hadronic production in the SBGs

p-p interaction is likely to occur when
density of gas higher than density of radiation
The Starburst Galaxy M82 (for example in Starburst Galaxies)

Properties of SBGs

» ~100 Myr phase in the life of a Galaxy

» High Star Formation Rate (10-100 times higher than Milky Way),
mainly concentrated into the nucleus

» They are abundant ( -104 — 105 Gpc-3)

»  Strong Magnetic field 102-10°uG and high degree of magnetic

turbulence which traps protons for ~ 10° years (Reservoirs)

> Not very brilliant in gamma-rays (only a small portion currently

NASA, ESA and the Hubble Heritage Team (STScl/ obse rved)
AURA). Acknowledgment: J. Gallagher (University

of Wisconsin), M. Mountain (STScl) and P. Puxley

(NSF).

Credit:
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http://www.nasa.gov/
http://www.esa.int/
http://www.stsci.edu/
http://www.aura-astronomy.org/
http://www.stsci.edu/

Starburst (Galaxies properties

Leaky-box-like model for CR transport

The Starburst Galaxy M82 ( 1 1 1 ) _
f(p) Tloss (p> - Tadv (p) " Tdiff(p> Q(p)

‘/E.Peretti et al.

MNRAS 2019

injected CR from SN explosion

the knee in

CR acceleration up to
—a e_p/pmax
Supernovae Remnants

0(p) (5
P

Credit:

and the Hubble Heritage Team 1
Acknowledgment: J. Gallagher TIOSS ~ Tpp X

(University of Wisconsin), M. Mountain
and P. Puxley (NSF).

Tloss > Tesc in the core

sm
e The denser the SBN, the more the energy losses affects

the CR transport

p—l—p—>7r+7r_7r0... )
°Tadv = R/vwind .Tdiff =R /D
7t o et VeV vy,

4 Neutrinos and y-rays from pions decays: 70 5 vy Rsgn = 200 pc Vwind = 500 km/s
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http://www.nasa.gov/
http://www.esa.int/
http://www.stsci.edu/
http://www.aura-astronomy.org/
http://www.stsci.edu/

Star formation rate can trace the v emission

- 4
log A M yr Mpc']

| s Maximum Likelihood SFR History

I ML SFR History Without  Constraint . gt
3.0 N g SFR Density :rorn UV Luminosity el ApJ letter 2015 e Hubble image: NASA, ESA and the Hubble Heritage Team
L SFR Density from IR Luminosity Density - . (STScl/AURA). Acknowledgment: J. Gallagher (University of
5 Robertson et al. : Wisconsin), M. Mountain (STScl) and P. Puxley (NSF) Webb
a5 Ll b L L 'I image: NASA, ESA, CSA, STScl, A. Bolatto (UMD)
0 2 4 6 8 10 12 14
Redshift z

Important to estimate the diffuse v emission of this galaxies population,
we can follow the star formation density along the distance considered.

DM & CR NAPOLI 11/11/2024
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A proposed multimessenger fit

The Gamma-Ray Contributions: The Neutrino Contributions:
1. SBGs 1. SBGs
2. Blazar + Electromagnetic Cascades 2. Blazars

3. Radio Galaxies o
For Blazars, we used the estimations

For Blazars and Radio Galaxies, we used the giveo by Palladino et. Al 2019
estimations given by Ajello et al. 2015 (ArXiv: (ArXiv:1806.04769)
1501.05301)

MNRAS 503 4032 (2021) Ambrosone,

Chianese, Fiorillo, A.M., Miele, Pisanti

Observational Samples Used

\ 7.5 years HESE

Extragalactic gamma-ray Background (EGB) 3 6 years Cascades

NBlazars -1 2 n NRG -1 2 | NBlazars O 80
O 26 0 65 it 0.11

They come from uncertainties of t comes from the posmonal limit of Point
the Non-SBG components Sources above 50 GeV (Lisanti et al. 201 6)

maX) —

)(1/2+g/(NSBG’ NRG’ NBlazars’ P )(y + )(y
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A proposed multimessenger fit

S AN T A S S AR SIS A S R SRS 2 A S A S AN M

~ SBGs upper bound (95.4% CL
10-6 +'H-.|.|.+ O”\L y pp (95.4% CL) |
. A4 —— v SBGs upper bound (95.4% CL)
Tt v SBGs (68.3% CL)
+“+,,+ v SBGs (68.3% CL)
107 +y i

SBG model:

1079 ¢ blending

E*¢(E) [GeV em 2 s sr!]
=

102 10* 10° 105 107 108

E [GeV]

1071 100 10t 102

2 sigmas allowed SED
considering Fermi-LAT EGB and
IceCube HESE data

MNRAS 503 4032 (2021) Ambrosone,

Chianese, Fiorillo, A.M., Miele, Pisanti

= Vo, SBGs (68.3% CL)
_c I e . 7
I?B 107° HH***:%\L A ~ SBGs (95.4% CL) |
_ Thie, v SBGs (68.3% CL)
- e v SBGs (95.4% CL)
71077 t 1
% +++ + 6-yr Cascade
< ]l +
G \ i
B [7!
S g SBG mpdel:
C\]m 10 _ bllcndln% 1 1 1 1 1 TI
10—t 10° 10* 10*> 10® 10* 10° 10% 107 108
E [GeV]
2 sigmas allowed SED
considering Fermi-LAT EGB and
IceCube CASCADE data
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A proposed multimessenger fit

i o o

Redshift interval: 0 <7 <4.2

agoe ol o

MNRAS 503 4032 (2021) Ambrosone,
Chianese, Fiorillo, A.M., Miele, Pisanti

C_U% 100% 1 | 1 | 1 | 1 | 1 100% 1 I 1 | 1 | 1 | 1 A 25
% - blending — 68.3% CL A - MS82 prototype = 68.3% CL -
= 0%k >~<r2nin —1.39 -== 054% CL _ 80% | >~<r2nin — 1.49 === 9054% CL _
k= I 99.7% CL | R 99.7% CL _ 420

L v best-fit | i S best-fit
£ 6% 60% ™
= I l <
o 0% 40% - 10
&
= -
2 OO0 60 80 100 07 o040 60 80 100 O

pes [PeV] pes [PeV]

At 2 sigma level the “blending” scenario can account up to 40% of IceCube
HESE measured flux, moreover at 1 sigma a Pmax up to 50 PeV is permitted,
however a cutoff ~ 10 PeV is favored.
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Dif

use Fluxes of SBGs using the entire Fermi-1LA'T data

The emission from all SBGs in the Universe
dL

z 00
) C max dZ
diff _ -7, (E.Z,L1g)
o= Ao [ > [ 010V L S'srr(Lir, 2) X O, (E(1 + 2), Ron(Lig), Feu(Ren(Lig))) e~ rulBobm
Tty J (2) 105L n(10) Lig
. JCAP08(2024)040 Ambrosone,
E_ .. assumedis 10 PeV Chianese, + AN
T T T T T T T T T T T T T T T T
1076 é_ +..++++’ Combined sources fit _E 1076 E_ +_.+++++ y —_— 2‘3 Combined sources fit E
e Blending spectral index MR Fixed spectral index
T? Hyey, - T? +++‘+++
70T emmaaly T 3 T 10T et TT TN * 3
&w Y +_+ 4_ - 7 Nm \\\\ +.+ _L_ - E
I L SN '*' ] | S _*' 1
: \ o - - s 4 _
% 1078 & 0 L A* E % 1078 R + <4 A+ E
g \\ * - ] .C_5. F \\ + -
— \ ] — \
@, === Diffuse y-rays \\ \ DI Eﬂ/ === Diffuse y-rays \\ i
Nﬂ 1079 L Diffuse neutrinos \\\ \ C\,@ 1079 Diffuse neutrinos \\\
& " 4 7.5.yr HESE N & E 4 7541 HESE 2\
[ 4 6-yr cascade \\\ [ 4  6-yr cascade D
-+ IGRB N + IGRB RN
10—10 L 1 1 L 1 L | 10710 1 1 \\ 1 || 1
10° 10? 10t 106 10° 107 10 10°
E [GeV] E [GeV]

® The blending scenario increases ® The neutrino flux is constrained to

the neutrino flux (~20% of the be ~% of the lceCube diffuse
lceCube measurements) Fluxes
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Probing the SBG Calorimetric Scenario

Tracing Neutrino Emission from Local resolved SFGs
Neutrino Expectations: KM3NeT Forecast Gamma-Rays Expectations. CTA Forecast

10710 : ' ' ' ' ApJL 919 2021
7 T —— 6-yr KM3NeT/ARCA [ Ambrosone, Chianese, N
o 10 10-yr IceCube Fiorillo, A.M., Miele ; —_— 80 — M3l
la 10-12 10-yr IceCube-Gen2 TA 10~8 3 == NGC2403 ARP299 E
&) ™~ F 3
— |
| -13 GC S Ms2 g 100k 2
% 10 3 P 4945, M3l & - 0
- 3 Circinus NGC253 o o
— 10714 El NGCIOSS* NGCf42 < = 10°10 E
3 3 » C E
N ] &g
F o —15 ARP220 € ~ ™ [
:3.5 10 ? M33 ~ ) K 10711 B -
oH ; 4 E 50-h CTA north \ E
~1.0 —0.5 (_).05 0.5 1.0 Energy [GeV]
SIIn
SERLELRRLLY | LERLELILALLL | LELELLRLLY | LERLELILALLL | LRLELLRLL
Future y/v observations will be fundamental to: — — SMC e NGO253 ]
. . . . L 10— 3 = = (Circinus NGC1068 3
4 Discover if Neutrino Astronomy is a tracer for & 5 — -+ NGC4945 =
star-forming activity = 10 ST :
4 Probe the calorimetric fraction inside SBG: If ST \"\\\\m ]
S 3 3
there will be no detection, nearby SBGs are g ; ™,
D o . . 10_11 E 5. . 3 E
dominated by diffusion and not by either p-p o o e
. . 10! 10? 10° 10* 10° 10°
collisions or advection. Fnergy [CeV]
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High energy emission from Milky Way:
a new piece of diffuse flux puzzle : VHE v

A total of 59592 cascade-like events with an energy above 500
seV has been used to search for a signal with a spatial and
energetic distribution similar to the reference templates:

- ’?"ﬁ.f'} wk

"

Credit: IceCube Collaboration/U.S. National Science Foundation (Lily Le & Shawn Johnson)/ESO (S. Brunier)

Y. Optical

v Predicted r®

Northern Sky Northern Sky
Southern Sky Southern Sky

Vi

v Analysis Expectation -
pical Event Uncertam‘ ’
<

Pre-Trial Significance (n-o)

I1; = A Fermi-LAT coll. template based on a homogeneous diftfusion coefficient along the Milky Way

longitude and a 2012 molecular gas map.

KRA-y5 and KRA-y50 — A template obtained with DRAGON and Gamma-sky codes based on a
inhomogeneous diffusion coefficient and a CR spectral hardening toward the Milky Way center (radial

dependent) and two different CR cutoffs at 5 and 50 PeV

A.MARINELLI
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IceCube observation of (Galactic neutrinos

- 1 KRA3 Model === KRA3 Best-Fit v Flux
] =+=+ KRAZ Model == KRAZ" Best-Fit v Flux

+75°
70 Model w770 Best-Fit v Flux
IceCube All-Sky v Flux (22)

Declination &

Equatorial Coord.

EZ 4 [GeV s~ em™?]

=75 Right Ascension &

| — =
0.0 05 1.0 15 2.0 2.5 3.0 35 4.0
Pre-trial significance / o

IceCube CASCADE best fit pre-trial

significance distribution map T10f 10t 100 108 107
E, [GeV]
Diffuse Galactic abaa ) : )
plane al(l)alyses Flux sensitivity ® pP-v a(l;ue Best-ﬁttmgsl:u,\ i) COHSi dering the
. 598 1.26x10°° (4.710) 21.8 51 . ..
Kl;—Ai. 0.16xMF 6. 132 1076 (4.37Z) 0.55t8;}§>4<'!}\41? > obtained best fit normalizations
KRAT 0.11xMF _ 372x10°°(3960)  0.37*({i{xMF seems the more motivated case.
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v expectations from the new KRA-y models

- The expected new full sky v SED in comparison with IceCube and AN TARES

10-5
Full Sky
~.
T o6 | Still at the level of 10% of
N _t_ | IceCube full sky observations
£ and compatible with
D 10-7  ANTARES model
0] . ..
= independent old upper limits
'ugJ m——  —optimized - Max model
% 10-8 | = y —optimized - Min model
o, =1 KRA, 2015 (E. = 5PeV)
-+ IceCube astrophysical
—F— ANTARES limits
102 ! ! ! : ! ;
102 103 104 10° 106 107
Energy [GeV]

The updated KRA-gammas remain consistent with the previous KRA-gamma
with CR cutoft at 5 PeV.

11/11/2024
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A diffuse emission associated to non A(GGNs

Milky Way diffuse v emission spatially related to Galactic disk while the SBG diffuse
emission is a isotropic component

---- EG Photons 4 HESE G neutrino = Diffuse SEFG component
. EG Neutrinos Cascade
'_T 10~ -§+.+++’. Gal. Neutrinos + IGRB
o * Diffuse summed Gal Neutrino = Diffuse Galactic from
— $.
" ""'*.,,’ the updated KRA, model
N 1077 oo emm=s *
| P Ty
5 N ++++
> + "The sum of these two components
© + + can account for a non negligible part of
< Preliminary the flux measured by IceCube
~ \\ . —-
L 10-° \\\ r=
\\\ | T
10t 10 100 102 10°  10* 105  10° 107
E(GeV)

The absence of a AGN for the SFG population does not prevent a accountable diffuse
neutrino emission when integrating over high redshifts.

INEFN A.MARINELLI 19 DM & CR NAPoOLI 11/11/2024



SUMMARY

e Galaxies who dont host a AGN can still be a important astrophysical
component to explain the IceCube diffuse observations.

e Star forming abundance can be a tracer of neutrino emission.

e Single Starburst galaxies are hardly resolved as a point like v emitters

however the v diffuse component becomes important when integrating
up to high redshifts.

® IccCube and Antares start to characterize the Galactic neutrino emission
(still nice questions to go through).

® | 'he low energy part of the IceCube observed astrophysical neutrinos can
be explained by reservoirs emission: starforming galaxies+ Milky Way
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Relation star-formation and y-rays luminosity

There is a tight correlation between the ¥-ray luminosity and the Infrared (IR)

Luminosity Redshift interval: 0 <7 < 8 A new analysis

The IR Luminosity is strictly
connected to the Star
Formation Rate (SFR)

Analysing a catalogue of 70 sources
with 15 years of Fermi-LAT data

0%y Undiscovered sourees (0 <4) T3 5
op T ey ] smensee () 1 T v
. F VV'V;VV ]
ﬁgo 10T vvwv;vlv S ! 7 ® The higher the SFR, the more CRs
f 109 | D AR 3 get injected in SBG disk
o WwYv ]
= 0%k Y 5 i+ ® The higher the SFR, the more
%1038_ _ dense the system is and the CRs
are trapped into the system
10°7 2402.18638 [astro-ph.HE] - (Complete CR calorimetry)

108 10° 1010 10" 10+ JCAP08(2024)040 Ambrosone,
Chianese, + A.M.
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https://arxiv.org/abs/2402.18638

Properties of Discovered Sources

14 sources are discovered with more than do (T'S > 25)

— T LR LI |
E, € [1 = 10001 GeV  1,ic Ji0ok at 2402.18638 fastro-ph.HE] T fus DA
5
Dy, Lir Fi_1000 Gev bo
S [Mpc] | [10°Lg] | 107 phem=2571] | [10712MeV L em 2571 7 TS (o) | TSsu
M82 | 353 5.6 9.8+05 1.31£0.10 2.34+0.06 | 1104 (33) | 0.35
NGC 253 | 3.56 3.6 81409 1.08 £0.10 2.3340.08 | 730 (27) | 1.03 |
ARP 220 | 843 | 1.7-102 1.6+ 0.6 (2.0+0.7) - 101 22402 | 50 (7.1) | -
NGC 1068 | 101 | 10.0 45405 (5.84+09)-101 | 2.2840.15 | 238 (15) | -
Circinus | 4.21 17 51413 (62+17)-10"1  [2.23+0.14| 78 (88) | - E
SMC | 006 |7.1-1073 | (3.0£0.3)- 10 44403 2.44£0.06 | 801 (28) | 4.13 - ]
M 31 0.77 | 2.3-107! 3.1+08 (6.3+1.3)-107! 3.0+0.3 | 74.6 (8.6) | 0.22 T T Y Y
NGC 2146 | 172 | 126 13405 (1.5+05)-1071 | 2164018 | 41.5 (6.4) | - 10 10 10 10 10
ARP 209 | 486 | 726 1.34+05 (1.7-0.6) - 107! 23402 |464(68) | - E [GeV]
NGC 4945 | 3.72 2.8 9.6+1.3 1.34£0.15 2.4040.08 | 412 (20) | -
NGC 2403 | 3.18 | 0.15 1.5+0.5 (10 + 4) - 102 1.92+0.17 | 52.8 (7.3) | -
NGC 3424 | 272 2.1 1045 (1.340.5) - 1071 23+03 | 28(53) | -
LMC | 005 [5.2:1072 | (1.3840.07) 102 (1.85+0.08)- 101 | 2.4140.04 | 1493 (38) | 0.24
M33 | 091 | 014 1.2 4 0.6f (1.840.7) - 10 25403 | 16 (4) -

Two sources have a strong hint of y-ray emissions( ~ 40)

Number of sources

M83, NGC 1365 JCAP08(2024)040 Ambrosone,

Chianese, + A.M.

® All spectra are consistent with simple power-laws
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https://arxiv.org/abs/2402.18638

Calorimetric Fraction and Star Formation Rate

1) (- e ) ~ a0 fp) = 0(p)r,

Toss (p) Tadv (p) TAiff (p)
Fraction of CRs which actually

Average F cql Petween 10 — 104 GeV for CRs interact and produce y and v
-y Undl covered sources (up hm) + Undiscovered sources - I””: 1
i ' sources fit 1scovered sources i _1 N —_— _1
—— o - Renlyr™] = =SFRIMg yr|
83
10" E E
240218038 [astro-phHE] ¢ T F_, correlates with the SFR and
oL 4ﬂ> , | the Supernovae explosion rate
S | R ———C

10—1;— | 'lvv i — Fo—A RSNﬂ 1+ A RSNﬂ_l
; / v . ; cal — yr—l yr—l

-2 | L1l |v|||||||| I .....T.I Lo
10 10~ 1073 1072 107! 10" 10 A O 7+O 3 ﬂ O 39 + O 07
Rsx [yr™'] (JCAP08(2024)040 Ambrosone,
Chianese, + A.M.
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https://arxiv.org/abs/2402.18638

Calorimetric Fraction and Star Formation Rate

Average F 4] between 10 — 104 GeV for CRs

10 =
F 2402.18638 [astro-ph.HE]

i + v
.I< L
| v
v
v
I

E cal

1071

1072

-1
p p
RSN RSN
v Undiscovered sources (up. lim.) 4 Undiscovered sources E yr yr

Discovere d sources fit Discovered sources

Combined fit

i |A=0.7%3 f=0.39%0.07

P

_ N Powerful Starburst:
: ARP 299, ARP 220

SFR ~ 80 — 200 M, yr~!

1074

T T
‘ Ry [yr']
At low SFR, the local
galaxies dominated
(SMC,LMC, M31, M33)
SFR ~ 1072 = 107" My yr™*

R \””{ol
Mild Starburst: M82, JCAP08(2024)040 Ambrosone,
NGC 253, NGC 1068 Chianese, + A.M.

SFR ~ 5 —20Myr™!

(NN
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https://arxiv.org/abs/2402.18638

Properties of the Neutrino Flux

Redshift Distribution of the Neutrino F|L|J§ Luminosity Distribution of the Neutri

_ 10723 = T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T LELLILILL
10 14 E T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T E E
To
— 10724
n T
o =
) n
n o107
0 n
5 q
‘ —
g 8 10726
n T
2 > N
) D102 &
= & E
~ S
h [
S e
~ -
=

10729- Ll T

Z 108 107 108 10[91IR [L;}olo 10" 1012 1013
Distant sources dominate Powerful SBGs
the emission (peaking at (SFR > 100 M@ yr—l)
{ X~ 1) dominate the emission (>

50% of the emission)
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extragalactic gamma-ray background

Ajello et al.,

APJL 800 (2015)

F ) "o EGB Spectrum (Ackermann et al., 2014b) - _
T 0%l e, B i, > Fermi-LAT resolved many
P 3 individual sources belonging to
§ ol different classes, Blazars

e . _
g» - R dominates the EG samples.
; — _ ;
T 108 DM (10 TeV bb) .
% = — DM + Astro components ~ ‘;:."' ‘;:’ 3
o - s Radio Galaxies (Inoue 2011) . .
. _9__ Star-forming Gal. (Ackermann et al. 2012) : ::”EE:\ ; > lelt On PS above 50 Gev
@ 1(1).8; —+ Som o ‘Co‘mlpclnl\é#ts/EGIIB — i, _TE- varies from 68% (Lisanti et al.
m 16k Foreground Modeling Uncertainty = 0
5 ME = 2016) to 86% (Ackermann et al.
s 1E =
g olf = 2016) of the EGB
L 04F ]

T 1 107 10°

10
Energy [GeV]

Starforming and Starburst galaxies gamma-ray component needs a
better definition due to the small number of resolved ones at HE
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(Gamma-ray emission from the Milky Way

PERSEUS CYGNUS CARINA o

]/ P 30M€ GALACTIC GAMMA -RAY EMISSION COSB I9 '82

TENSITY SCALE ENERGY RANGE . 70 MeV - 5GeV
INTENSITY SC

Credit: NASA/EGRET Team and NASA/DOE/Fermi LAT Collaboration| Resolved sources

(b

EGRET all-sky map of gamma rays above 100 MeV

)
Diffuse emission o

Unresolved Source Template at 1 GeV

Unresolved sources

Fermi LAT 12-year all-sky map of gamma rays above 1 GeV _

E .
0 1.0863e-08
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Galactic diffuse gamma-ray emission

Bremsstrahlung emission - 120 GeV

/ | Bremsstrahlung emission follows
e+ N—>e+y+ N |thelSM gasdistribution

[ — |
-34.7448 ) [cm=2s71GeV~1sr 1] -25.9217

Hadronic emission - 120 GeV

Diffuse emission totally correlated
p+p— oL TT_ with the propagation of cosmic rays
at > ut+u dominated by protons and He.

# Hadronic emission follows ISM gas

distribution as well.

pr v, 4+, +et

[ —— |
-29.178 J [em~2s71GeV~1sr 1] -18.8142

IC emission - 120 GeV

! ! IC emission depends on the energy
et+y—>e+y density of the ISRFs

[ |
-29.5262 J[cm=2s71GeVv~1sr1] -25.313
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Inhomogenous diffusion model

D x E°®  with  8(R) = 6, + 6,(R) Diffusion coefficient Change toward the Galactic center

INTEGRAL ENERGY SPECTRUM OF DIFFUSE GAMMA RAYS IN THE INNER GALAXY

- Erlykin & Wolfendale (APh 2012) ¢,
3 zi \\\ + ]
D T T S R TR e maps produced for y and v
30° < | < L6°;(°E)' GE\ < 2° ! | I I !
I e . + Measured
i Astrophysical Flux
"; 1078 ?‘w 1074 /{‘()Qz/,‘ ”4,%\ “‘ —|_
- Gaggeroetal. (PRD 2015), . 3 Jr |
3 107 R ‘
Gaggero el al. (APJ letter 2015) - 3 w07 Rt
KRA-y with CR cutoffatgand 5o PeV =~ ¢ 1078 et e
1078 L N E, [GeV]
& [Tev] 1 Full Sky
:‘;10‘6 +
[
-DelaTorreetal. (A&A 2021), DelaTorre et al. (Frontiers 2022) 3
9 T s
o 10? 10° 104 10° 108 107

Energy [GeV]
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A better look to the IceCube results

- Base Model mostly equal to what is

is called 7y model in the IceCube Science 2023

===+ KRA3 Model === KRA3 Best-Fit v Flux
* KRAZ® Model == KRA3® Best-Fit v Flux
meew 7T0 MOdel — Tro BeSt-Fit '/ Flux T TTTTTT T T L} T T L

IceCube All-Sky v Flux (22) By — optimized —  Fermi Diff.
- I Base model -+ TIBET Diff.
i
}

TTTT T TTTT] T T T T T TTTT

T

i Base model x4 ARGO Diff.
- [0 Fermi syst.+stat. LHAASO Diff.- Prel

=
9
w

1074 -

EZ 4% [GeV s~ ecm™?]
do,/dE, [Gey' s7tsr™lem™?]

2.7
EY

25 <1< 100-|b|<5 .
10! 102 103 104 10° 106
E, [GeV]

=
2
ul

103 10* 10° 10° 107
E, [GeV]

The best fit normalization of the z; model (4 times the expected value) present a strong tension with
Galactic diffuse Fermi-ILLAT observations.
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A better look to the IceCube results

10-°

%“: [GeV s~ cm~2 sr-1]

E

observations at low and high energy

(NN

-A - KRA3 Best-Fit Flux IceCube all-sky v flux (22)
] KRA® Best-Fit Flux % Tibet AS+MD [E, equivalent] (37)
¥
— 1 Best-Fit Flux

10-7 4
10_8g

10~°

Caveat: the best-fit of observed v
is not obtained for the Tibet region,

IceCube coll. rescaled of the measured flux

Even though this extrapolation can
partially fit the Tibet results, will
completely miss the LLHAASO

observations in the same energy range.

1073k

1074E

do,/dE, [GeV!7 s71sr™lcm™?]

The best fit of the 7; model
iIs incompatible with gamma-ray

2.7
Y

E

2|5 <Il< 109-|b|<5 .

= Fermi Diff.
<+ TIBET Diff.

y — optimm
Base model
Base model x4
Fermi syst.+stat.

=50l

1 ! [N | Il 1 L1111 Il 1 11111
10? 103 10% 10° 106
E, [GeV]
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v expectations from the updated KRA-gamma

The expected new full sky v SED in comparison with IceCube

B IceCube Best-fit Kra-yfc=>PeV
IceCube Best-fit r°
= = y-optimized - Max model

=
o
o

ltn
| .. .

= y-optimized - Min model
5 Lo-7 P Remember that
>
9 . the KRA-y 5 best-fit
= is 0.55 the model
(NH] .
o expectations
3 1077  Preliminary
X
ur o

\\
10-° Per 'flavor flux | | ' N
103 104 10° 10°
E, [GeV]

7y neutrino best fit and the new expectations from MIN and MAX models suggest that the Fermi-
LA'T spatial template can agree with diffuse y-ray and v observations only if an hardening of the
CR toward the Galactic center is assumed (D « E 5(R)).
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‘T'emplate fitting of the new KRA-y with AN TARES

The new template fitting of ANTARES using track-like and shower-like events

from 2007 to 2022, 4541 days of live time

Full sky
One-flavor v + b flux

CRINGE model
CRINGE model +unresolved sources

. KRAg model (2015)

KRAT™® model (2022)
KRA™™ model (2022)

PRELIMINARY

10757
107°4

T 10774

wn k|

~ 1

e ]

> 107

[ ]

O

3k |

~ 10_9?

w i —
10104
10—11

102

103 104
Ein GeV

10°

10°

107

le—-13

2.00

1.751

1.50 1

1.25 1

O, .5 [GeV'lcm=2s 1sr1]

0.254

1.00 A

0.754

0.504

E=3TeV

Inner galaxy |b|<5°

One-flavor v+ v flux

PRELIMINARY

== CRINGE model
—— CRINGE+unresolved sources

- KRAa model (2015)

KRAJ'™ model (2022)
KRAT'®* model (2022)
ANTARES acceptance (a.u)

A
WAV,
«V\"‘ YN

0.00

~15

—100

-50 0 50 100
Galactic longitude in degrees

The good acceptance of AN'TARES experiment for the central part of our Galaxy, makes
is answer a crucial probe of the neutrino flux arriving for this region of the sky.
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Comparison with AN TARES ridge observation

Phys Letter B 2023
Antares Coll.

1073 4 99% containment
0.40 —_ 90% containment
035 — g I 68% containment
2 n 1073 —— Best fit
0.30 % Ng
025 2 < 10-54
c >
Fér,rj:wi ; s 37 0.15 % u 10°®
Bubbles ......... ___________ —30° | Lo10 En %
i I o 0.05 & W
00 —-0.00
102 103 10* 10° 10
1074 Energy [GeV]
—— ~y-optimized Max
------- ~y-optimized Min
105 Antares 2022 best fit
_ 99% 68%
el e 'The Updated KRA, model expectations
g for the Galactic ridge (1< 30°, b<2°)
2R . .
% results to be in agreement with the
"1 Preliminary Antares confidence regions
107 b

10-! 109 10! 102 107
Energy [TeV]
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IceCube analysis with starting tracks 2008 -2018

Fermi-LAT rr° KRA, 5 PeV Cutoff KRA, 50 PeV Cutoff
|CeCu be Prel | m | na ry I R Model Expectation i This Work Diffuse
I —— This Work 90% Sens I IC Cascade Diffuse
——— This Work 90% UL I (PRL 125, 121104 2020)
~ IC DNN Casc 68% Cl
IE 10-6} 1 (Science 555, 555 2023) ||
£ i i
D
n
>
()
O 1077
sS4
(o =Y
L
10_8;
103 104 iO5 10° 103 104 10° ‘ 10° 103 104 10° 10°

E, [GeV] E, [GeV] E, [GeV]

Starting track events IceCube analysis compatible with Cascade analysis,
however any significant excess visible, KRA-y with 50 PeV cutoft quite constrained.
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'I'he central molecular zone

Contain 5% of the total mass of Milky Way MYr:::\i:kziosz.z
CMZ CHZ
13CO + 1.28 GHz : :
207 pc radius 320 pc radius
28 pc high 7o pc high
- N\ The Central Molecular Zone will be the Gold region
\ Plg to test the cosmic-ray sea physics through neutrinos,

already done in the past with HE (Fermi_ILA'T) and
VHE gamma rays (HESS) (Gaggero et al. PRL. 2017)

The region where more gas is concentrated

/\/ S .
SorD Hil | v EMR/Cyl. and where the spectral assumptions of
Sun 5 . .
Ty o SNE 2010 e different models have the large discrepancy.

z~ +/-87 pc

With the incoming KM3NeT telescope, can this extended region solve the puzzle
diffuse + unresolved sources ?
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Considering unresolved source contribution

- Realization of a synthetic population

Resolved source horizon for HESS of VHE gamma-ray sources
1 20
+ Earth position + Earth position
201 w0 10 phs-! horizon 15 - Galactic VHE Sources
- Sources in HGPS range 103
- 10 R . —
10- 3 S on, = »
2 5- * ‘o ‘.._ . _g-
(%) > g o, s
0 05 ¢ & O 3 >
; © > \ A 3, o}
Q —5 -y 1033 S
et : : g
~10- 3 -10 -
0
-15
-201 —20
, , , o -20  -10 0 10 20
-20 =10 0 10 20 X [kpc]
X [kpc]

Depending on the model, the HGPS sample accounts for (68-87)% of the emission of the population
in the scanned region. This suggests that unresolved sources represent a critical component of the
diffuse emission measurable in the HGPS. This extra component is taken into account to tune the
Min and Max diffuse models. Unresolved source component strongly dependent from the energy
considered and from the experiment used.
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Search for possible known (alactic v sources

A . SNRs, PWNs, UNIDs
- +as- observed in y with energies
+30° - ' E>100 GeV

Oh

Declination &
N
F =Y
o0

No evidence of v excess

—30° from the selected populations

Equatorial Coord.

-—- n?20%
— M?50%
B ° =75 Right Ascension a H_H: Eg: :gz:
15° T — = . BN
b=0°4" L o -’ A SNR
150 fmacis . -—'/'/*Galgétic Coord. (Q o UNID
180 120° 60° 1=0° -60° 120° -180°
[
0.0 05 1.0 1.5 2.0 25 3.0 3.5 4.0
Pre-trial significance [ o J . . .
Catalog stacking o Thf? * md}cate thgt the agmﬁcance
analyses p-value is consistent with the diffuse
SNR 5.90x10~* (3.240)’ emission template searches
PWN 593x107* (3.240)"
UNID 3.39x 1071 (3.400)*
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Possible unresolved (Galactic v sources

Discovery horizon for Ligoev = 10* erg/s (P o E'z)

Galactocentric x [kpc]

neutrino luminosity Lig v [erg S_I]

81 — 10%
// = //jljc
44 f oI'T'
!
.’ g 10} 110
01 " =
i ® 27 g
— i ] % g,.
é‘ —4' I' c— 1 L 10 g
~ ! z g
o .
E \ -8 2o 4
c —81 \ 8 ° Q
g k & o
L h 102 g
3 \ 5 01 3
= —121 N iz =
O \\ % g
—161 2 — IC Tracks .
= 1072 IC Cascad 110
[ IC Tracks 5 - ascades
—20{ 3 ICCascades  “«_ ' .« SNRs kel ——- 5 x IC Tracks
77 KM3NeT (6yr) T el Y« PWNe ~— KM3NeT (6yr)
ol Lol 5>'< lCTrac'ks ' | \\'\\__'_// . YMSCs | 0-3 . ‘ ‘\}3‘; 1
-6 -12 -8 -4 0 4 8 12 16 1030 1031 1032 1033 10% 10%°

As showed in this work the actual v telescopes and the incoming ones have a limited

capabilities to resolve the known neutrino point-like populations,

pointing to a possible

additional quasi diffuse v flux. However we don’t know the amount hadronic production still

associated to the position of these sources.
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