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Why Starburst Galaxies?

https://hubblesite.org/image/3898/printshop Phenomenological Properties of SBGs

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

4 Star forming activity mainly concentrated in the core (nucleus), which lasts for ~ 1078 yr

4 High dense interstellar gas () = 10%cm™)

+ High degree of magnetic turbulence which traps high-energy protons for a long time ~ 10° yr:
Cosmic Reservoirs

Expected copious hadronic production:
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Diffuse Emissions: Blending Modelling

4 Each source has their own parameters (Spectral index Blending!)
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Blending Versus Prototype

Ambrosone+, 2011.02483
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The diffuse gamma contributions are almost the same!
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Blending Versus Prototype

Ambrosone+, 2011.02483
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Larger contribution around 100 TeV! Potentially, It could alleviate the Tension between neutrino and gamma-ray data when using
hadronic model to explain lceCube observations.
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Blending Versus Prototype

Ambrosone+, 2011.02483
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Other Contribution? A possible interplay between reservoirs and accelerators?
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Multi-Messenger/Component Fit: The role of SBGs

We analyze Fermi-LAT + IceCube diffuse data, including: SBGs, Blazars and Radio Galaxies (Ajello et al. 2015 (ArXiv: 1501.05301), Palladino et.
Al 2019 (ArXiv:1806.04769))

Ambrosone+, 2011.02483
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4 Non-zero component at 1o level. It can explain up to ~ 40 % at 20
P P P ¢ + Strongly constrained by the data. < 10 %

4 The cut-off is a bit constraints at ~ O(PeV), which is consistent with 4+ No constraints no the cut-off
the theoretical expectations
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Multi-Messenger/Component Fit: The role of SBGs

We analyze Fermi-LAT + IceCube diffuse data, including: SBGs, Blazars and Radio Galaxies (Ajello et al. 2015 (ArXiv: 1501.05301), Palladino et.
Al 2019 (ArXiv:1806.04769))
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The Blending Scenario is expected to give a greater contribution than the prototype scenarioEbut it is not enough E Other Contributions?
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Can we probe either the or
using local /nearby SBGs?



Nearby SBG Gamma-Ray Emissions

4 Fermi-LAT data (GeV energies) + IACTs Telescope (TeV energies)
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For M82 also VERITAS measurements (VERITAS
‘ Only a dozen of sources have been detected Collaboration et al., 2009, Nature, 462, 770). For NGC 253
‘ Only feW Of them have bOth Gev and TeV data also HESS measurements (H. E. S. S. Collaboration et al.,

2018, A&A, 617, A73)
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Probing the SBG Calorimetric Scenario Ambrosone+, ApiL 919 [2106.12348]

We analyze the observed nearby SBG Gamma-ray SED: Bayesian approach

Source Uniform prior
M, 4 We use both GeV and TeV gamma-ray data (Fermi-LAT + IACTs data)
M82 3.0 — 30
NGC 253 1.4 — 17 4 IR + UV data: Prior on the star formation rate
ARP 220 60 — 740
NGC 4945 0.35 — 4.15 4 Starburst Nucleus of the order of 10% pc f(p) = O(p)z,, - Feu(E)
NGC 1068 o5 — 93
NGC 2146 3 _ 57 4 Escaping phenomena dominated by advection
ARP 2 28 —
RE 299 8 =339 4 Using Kennicutt’s relations:
M31 0.09 - 0.90
M33 0.09 - 0.90 7 2/3
NGC 3424 0.4 —5.4 nism = 175 ( = " 1) cm™ 3 Uraa = 2500 <5M ;r1> eVcem ™
NGC 2403 0.1-1.2 oyt ©
SMC 0.008 — 0.090 . _
Circinus Galaxy 0.1_81 Gas density as target Photon energy density as target

for p-p interactions
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for secondary production
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Probing the SBG Calorimetric Scenario  Ambrosones+, ApJL 919 [2106.12348]

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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Gamma-Rays Expectations. CTA Forecast
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Probing the Cosmic-Ray Transport inside SBGs

Cosmic- Ray Transport Mechanism inside SBGs are, however, model-dependent.
—1

1 1 :
(adopted in the previous results): f(p)=0p), —+—+ — Peretti+, MNRAS 487 (2019)
( Toss Tadv L4ifr )
+ They are global phenomena in SBGs Fcal is almost independent of the energy! Protons either get
+ The diffusion of CRs occurs along pre-existing (strong) magnetic trapped or they escape through advection

turbulence. This leads to a small diffusion coefficient

—1

1 1
Hp) = Qp) o Krumholz+, MNRAS 493 (2020)

Ldifr )

2 Advection is negligible process
<4 Diffusion of CRs occurs by self-generated streaming instability. This leads
to a high diffusion coefficient

Fcal strongly depends on the energy above ~ 50 — 100 GeV
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T 09 ;.‘llcqr_;_ Fermi-LAT M82 ] TeV Gamma-rays from Model B are suppressed
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| i :
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TeV Measurements are fundamental: CTA Forecast

We test Krumohlz + (model B) by means of CTA mock data simulations assuming Peretti + (Model A)

[— —

Ambrosone +, MNRAS [2203.03642]
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 Future Measurements should be able, despite astrophysical uncertainties, to distinguish between the two scenario at more than 2o Ieve

This will have significant repercussion on Neutrino Prediction as well!
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Implications for Neutrino Astronomy

Different CR mechanism scenarios might well give a different contribution to the diffuse emissions

Model A (Peretti+, MNRAS 487 (2019))

| | |

6 _
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Fcal is independent on energy. The calorimetric approach is justified

4 Important contribution to Neutrinos (25% of the HESE)

<4 Important Contribution to gamma-rays (33% of the EGB)

Model B (Krumholz+, MNRAS 493 (2020))

$ Fermi 50 months DIGB
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Fcal is depedent on the energy above ~ 100GeV — 1 TeV

4 Negligible contributions to Neutrinos

4 Important Contributions to gamma-rays
(which can saturate the DIGB)

\Attention: Due to uncertain origin of the diffuse emissions data, we cannot use them to discrminate between the two CR transport models ]
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Can we probe properties using
high-energy non thermal emissions from ?



SBGs: Dark Matter Laboratories

We cannot directly probe the CR spectrum inside the SBGsEbut we observe  y-rays (and possibly v)!

M82 galaxy

Modi Pcation of CR transport

& : 1 1 1 1 1
DM halo QA fer(p) = | o o Qcr (P)
’ - adv - di! - loss * loss
DM density inside
the SBE e Elastic cross-section valid for
I LE TI i1

dE ' - d transfer momenta:

CR-DM energy loss — = dT, T , ,

dt | p M 0 dTI g =2m T, | 1GeV

| 1
2\ —
Fold) = 15 o2/ (0.77 GeV)
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Suppression from
proton form factor
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| Parameters from cosmological simulations

C200 = I200/f s M 500 =

concentration

I 200

Ly (r)dV
0
total mass

I Large uncertainty on the DM density inside the

StarBurst Nucleus (SBN)

Qo (P 1) ! 085 (1)

Y aVv

\_ | However, it marginally affects the y-ray emission

0 gy

|
V
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Signatures of CR-DM Interaction Scatterings

107 § AN ELILRLLL U WLLRLLL LI LLL L L s B ' ”II”E LELLLLLL LELLLLLL LI L LELLLLLL LELLLLLL
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710 E 13
S C O,
O - 10 | _
o 10° 3 E = 10 - —— Standard emission .
g ; — "0 elastic T_Iuﬁe i Case 1
= | == == "p |nelastic 1 O Case 2
10° E Case 1:m, =14 1GeV,#, =10' ®cnm? 4 W Case 3
E Case 2:m, Z10' 3GeV, Hp = 10" 2° cm? f n CTA sensititivy
i , =10' > GeV, #,, = 10' **cnv? i Current data
102 AT AR B T TIT R R T1T] B S MR ETIT B BRI LRI 1d 11 SRS INE N T 71 AR S N N I N 7, { N S U U T N 811 A TN NN U 0N W U1 1 AN SO N AN 11 11 M ~ |
10 1 10t 1¢ 1¢¢ 10* 100 10 10 ¢ 1P 10 107 10° 10t 10°
Proton kinetic energyl [GeV] amma-ray energ¥s [GeV]
Suppression due to proton form factor : : s
ppp , P | , When, inelastic DM-p Dip in they-ray SED
_ b | .. :
Edip — mp/ (2m, ) Edlp 01 Edlp collisions dominate, SBGs

The smaller the DM mass,

have a higher calorimetric the higher the dip energy

fraction than before!

For DM-p inelastic collisions, we have rescaled
the neutrino-nucleon cross section.
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Constraints from SBGs

I OStandardO constraints in shaded grey

| Distortions of (50)

Cappiello, Ng, Beacom, PRD 99 (2019)
I Boosted DM from blazar jets (90% CL):
| and

I Requiring DM spikes (high density) around
the black holes " large uncertainties!

Wang+ PRL 128 (2022), Granelli+ JCAP 07 (2022)

OUR CONSTRAINTS FROM SBG (50)
' M82 and
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“Probing” Galactic Neutrino Sources

Ambrosone, Grgth, Peretti, Ahlers Arxiv: 2306.17285

Normalized quasi-diffuse emissibry/ ! i at 100 TeV
IceCube’s limited (I"11 90 and!b!! 15)

power to disentangle
angular distribution
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Summary of IceCube’s Result
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“Probing” Galactic Neutrino Sources

Ambrosone, Grgth, Peretti, Ahlers Arxiv: 2306.17285

IceCube’s Point-like Sensitivity/Discovery

Potential
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[ceCube Collaboration, Scienc880 6652

(supplementary material)
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The sensitivity implies an horizon
inside our Galaxy
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“Probing” Galactic Neutrino Sources

Ambrosone, Grgth, Peretti, Ahlers Arxiv: 2306.17285

No galactic source has been detected, so this implies limits on a population of galactic sources

We tested several sources templates 1P 102
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Example: 4-arm density distribution
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Conclusions and Outlooks

4 We have studied gamma-ray and neutrino emissions from SBNi

<4 SBNi can provide a substantial contribution to the IceCube diffuse
flux

4 Gamma-ray SBGs data can be used to probe CR transport inside
these sources

4 Gamma-ray SBGs data can be used to probe CR-DM Interactions
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