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Starburst Galaxies
e Star SBGs

b . ‘ 4 Galaxies with high star-formation rate (~100 Mo/yr, to be
| compared with ~1 M@/yr in the Milky Way)

4 Intense Star forming activity mainly concentrated in the core
(nucleus), which lasts for ~ 10778 yT

4 High dense interstellar gas (nqy = 102 Cm_3)

4 High degree of magnetic turbulence which traps high-energy
orotons for a long time ~ 10’ yr: Cosmic Reservoirs

Expected copious hadronic production:

p+p—onta 7wl
Credit:
' and the Hubble Heritage Team ( / ). Tt s ety T
. . . . . : : e uVu
Acknowledgment: J. Gallagher (University of Wisconsin), 4+ Neutrinos and y-rays from pions decays: 0 _y vy

M. Mountain ( ) and P. Puxley (NSF).
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Starburst Galaxies

- The Starburst Galaxy M82

s

Leaky-box-like model for CR transport

1 | 1 | 1
f(p) . . = Q(p)
Tloss(P)  Tadv(P)  Tairr(p)
injected CR from SN explosion /
D / CR acceleration up to the
Q(p) x <—>_“ - e~ PP knee in Supernovae
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p Remnants
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+ Tloss = Tpp X The denser the SBN, the more the energy losses affects
nism
the CR transport
¢+ Tadv = R/ Vwind
Credit:
, and the Hubble Heritage Team ( / ). *7. = R2/D
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Acknowledgment: J. Gallagher (University of Wisconsin),
M. Mountain ( ) and P. Puxley (NSF).
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Star-formation and y-rays

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

Analysing a catalogue of 70 sources with 15
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Properties of Discovered Sources

E, € [1 - 1000] GeV

Take a look at 2402.18638 [astro-ph.HE]

Dy, Lr F1_1000 Gev Po
S [Mpc] | [10°Lg] | 107 phem™2s71] | [1072 MeV~1ecm™257}] 7 = ) | T
M 82 3.53 5.6 9.8 £0.5 1.314+0.10 2.344+0.06 | 1104 (33) | 0.35
NGC 253 | 3.56 3.6 8.1+0.9 1.08 +0.10 2.33+£0.08 | 730 (27) | 1.03
ARP 220 | 84.3 | 1.7-102 1.6 £0.6 (2.0£0.7) - 101 2.2+0.2 | 50 (7.1) -
NGC 1068 | 10.1 10.0 4.5+0.5 (5.8 £0.9) - 1071 2.28 £0.15 | 238 (15) -
Circinus | 4.21 1.7 5.1+ 1.3 (6.2+1.7)-1071 2.23+0.14 | 78 (8.8) -
SMC 0.06 |7.1-107% | (3.04£0.3)-10" 4.4+0.3 2.44+0.06 | 801 (28) | 4.13
M 31 0.77 | 2.3-101 3.1+0.8 (6.3+1.3)-1071 3.0+0.3 | 74.6 (8.6) | 0.22
NGC 2146 | 17.2 12.6 1.3+£0.5 (1.5 4+ 0.5) - 101 2.16£0.18 | 41.5 (6.4) | -
ARP 299 | 48.6 72.6 1.3+£0.5 (1.7-0.6) - 107! 23+0.2 |46.4(68) | -
NGC 4945 | 3.72 2.8 9.6 + 1.3 1.344+0.15 2.40 +0.08 | 412 (20) -
NGC 2403 | 3.18 0.15 1.5+0.5 (10 +£4) - 1072 1.924+0.17 | 52.8 (7.3) | -
NGC 3424 | 27.2 2.1 10£5 (1.3+0.5) - 101 2.3+0.3 | 28 (5.3) -
LMC 0.05 | 5.2-1072 | (1.38 £0.07) - 10 (1.85 4 0.08) - 10* 2.41 4+0.04 | 1493 (38) | 0.24
M 33 0.91 0.14 1.2 & 0.6 (1.8 £0.7) - 101 2.5+ 0.3 16 (4) -

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

M83, NGC 1365

4 All spectra are consistent with simple power-laws
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14 sources are discovered with more than 56 (TS > 25)

. M 82
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Calorimetric Fraction and Star Formation Rate

f(p)( SR S — )z@(m J(p) = Q(p)fp

Tloss (p ) Tadv (p ) Tdiff (p )
Average F,, between 10 — 10*GeV for CRs Fraction of CRs which aCtuaHy
v Undiscovered sources (up. lim) 4 Undiscovered sources - interact and produce y and v
[ Discovered sources fit Discovered sources | .
Combined fit | I, correlates with the SFR and the Supernovae
101 = ° 1
: 1 explosion rate 17 -1
 2402.18638 [astro-ph.HE] 1 DU e Renlyr ] = == SERIMg yr]
S 100 — ++_I_ v = v _|
nI: T et
_.._ I v v v
| v ,
10—1 = o 1 v =
' v v ' _ +0.3 _
10—2 L1 vl L1 1l L1 3 vl L1 vl L1011 A — Oo7_0 2 ﬁ _— 0039 i Oo()7
1074 10~ 102 10~ 10Y 10? L - R
Rgx [yr™'] '

Antonio Ambrosone | 6


https://arxiv.org/abs/2402.18638

Calorimetric Fraction and Star Formation Rate
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At low SFR, the local
galaxies dominated
(SMC,LMC, M31, M33)

SFR ~ 107> = 107! M yr™!
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Calorimetric Fraction and Star Formation Rate

Average F,_,, between 10 — 10*GeV for CRs
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Mild Starburst: M82, NGC
253, NGC 1068

SFR ~ 5 —-20M_ yr™!
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Calorimetric Fraction and Star Formation Rate
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Powerful Starburst: ARP
299 ARP 220

1071 = /

/ | - , f SFR ~ 80 — 200 M, yr~!
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Diffuse Fluxes and Neutrinos

The emission from all SBGs in the Universe

di _ C [Zmax dZ [m dLIR CS)SFR(LIR’ Z) X Q}/y (E(l + Z), RSN(LIR)9 FC&I(RSN(LIR))> e_T}/,I/(E’Z’LIR)
, 47THO 0 E(Z) 1O6L® ln(l()) LIR ’

E_ .. assumed is 10 PeV
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4 The neutrino flux is constrained to be ~% of
the lceCube diffuse Fluxes

4 The blending scenario increases the neutrino
flux ( ~ 20 % of the lceCube measurements)
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Properties of the Neutrino Flux

Redshitt Distribution of the Neutrino Flux IR Luminosity Distribution of the Neutrino Flux
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Distant sources dominate the Powerful SBGs (SFR > 100 M yr 1)
emission (peaking at z ~ 1) dominate the emission (> 50% of

the emission)
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Tracing Neutrino Emission from Local SFGs

Neutrino Expectations: KM3NeT Forecast
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Future y/v observations will be fundamental to:

4 Discover if Neutrino Astronomy is a tracer for star-
forming activity

4 Probe the calorimetric fraction inside SBG: If there will
be no detection, nearby SBGs are dominated by diffusion
and not by either p-p collisions or advection.
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[2106.12348]

Gamma-Rays Expectations. CTA Forecast

III 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1
— M82 — -+ M31

== NGC2403 ARP299

E* D, [GeVem %71

—11 i
10 E 50-h CTA north
L 1auul L 111

il L 1 1 1iul B ER Y L1
101 102 103 104 10° 100
Energy [GeV]
IIIII 1 1 lIIIIII 1 1 IIIIIII 1 1 IIIlIII 1 I 1111l
- — SMC ceeer NGO253
T@ 108 = = Circinus NGC1068
2 =+ NGC4945
s 107Y & _
E% .iit:::=¥:::>..
e 1071 TR
S \.‘
Nm 11 \ A
10 50-h C'TA south \
1 1 1 IIIIII ] ] IIIIIII 1 | I | Ii‘III ] ] Ih‘lll 1
10 10° 10° 10* 10° 10°
Energy |GeV]
12

Ambrosone+, ApJL 919



Conclusions and Outlooks

4 Thereis a strong correlation between star formation and y-ray emission

4 Powerful SBGs are CR calorimeters, while SFGs only partially confine CRs

4 The Neutrino Emission of SFGs and SBGs are dominated by distant
sources

4SFGs and SBGs might contribute up to ~20% of the IceCube
measurements

4 The Small Magellanic Cloud and the Circus Galaxy might be suitable
targets for future neutrino observations from the KM3NeT Detector
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