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« Cosmic ray transport in starburst nucler (SBNI)
* Are SBNI cosmic ray calorimeters?

« Hard X-rays as hadronic marker

o Starburst contribution to the diffuse neutrino flux
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CR transport in SBNI

o Star formation and
supernovae lead the

Star cluster launch of a powerful
wind
ISM cloud
« SB medium is expected
medium (T > 10°K, o
P ~ 107 K cm™3)  Strong magnetic field is

inferred (B = 102 uG)

Acceleration site * Intense IR and OPT
thermal photon fields
(Uygq = 103eVem™3)




CR transport in SBNI
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CR transport in SBNI

Particles are injected by supernovae
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The particle injection is balanced by losses and escape
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CR transport in SBNI
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Tioss(P) = {Z] [% (%)jn_l Tadv = R/Vwind Tdiff(p) — RZ/D (»)
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The particle injection is balanced by losses and escape
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Are SBNI CR calorimeters?
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Are SBNI CR calorimeters?
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Are SBNI CR calorimeters?

1. Electrons are likely well confined in starburst environment

2. Proton calorimetry is not guaranteed but

* High level of turbulence
* High ISM density

suggest that diffusion escape might be negligible and
energy losses can compete with the advection
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Hard X-rays as hadronic marker
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Hard X-rays as hadronic marker
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Hard X-rays as hadronic marker
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Hard X-rays as hadronic marker
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Take home message 1

The combined observation of

1. Hard gamma-ray spectrum
2. Enhanced and softer hard X-ray flux

would support CR calorimetry




Starburst contribution in the diffuse neutrino flux

 Starburst are promisingly close to be hadronic calorimeters

« Gamma rays at VHE are partially absorbed and reprocessed in
X-rays

* Neutrino flux from a single SBN is currently too faint to be
detected but the star formation history of the Universe suggests
that starburst galaxies are much more numerous at 1<z<2




Starburst contribution to the diffuse neutrino flux
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Starburst contribution to the diffuse neutrino flux
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Take home message 2

« Sensitivity of current neutrino observatories is unlikely to
be enough for a direct detection of a nearby SBN

* The high number density of starbursts expected at 1<z<2
could provide a diffuse flux that can be the leading
contribute to current IceCube observations > 200 TeV




Conclusions

« The environment of starburst nuclei is promising for hadronic
confinement

* The combined observation of hard gamma-ray spectra and
enhanced hard X-ray flux would strongly support calorimetry

* Good confinement conditions can allow starbursts to explain
the diffuse neutrino flux observed by IceCube >200 TeV




Thanks for your attention!
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Secondaries & tertiaries 1

Estimate of pp secondaries:

anpc o0—3
Asece(D) = 2 3 fo(p/x) = 2nK™>q,(p)
Wheren = 1, ir0/(n0,,c) ™", and k is the inelasticity

Estimate of tertiaries:

(R/)n0ypc fo(p/R) Tyy (pO)C?

ter,e (p) = = Tyy (PC)ﬂ’?“_BCIp (p)

Ap?R




Secondaries & tertiaries 2

Secondaries-to-primaries ratio:
qsec,e(p)/Qe(p) ~ 10277,(05—3

Tertiaries-to-secondaries ratio:

Ater,e (p)/QSec,e (p) = Tyy (pc) (’E/K)a_g/z
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SFRD & SFRF
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ldea beyond the diffuse flux 1

Calorimetric assumption for SB:
-1
Tioss < Taay = (Mocé)™ < R/Vyina

z"gas ~nR < Vwind (ch)_l
According to Kennicutt relation

2SFR
Moyr—tkpc—2

2
~ 251074 (——=)*
(M@pc‘z)

The SFR is obtained as: Y = TR?*X¢rr




ldea beyond the diffuse flux 2

Calorimetric assumption for SB is well motivated because

noc Tioss Tloss K Tadv
E)~—fFf (E/k) < noc E/k
qV,v( ) » ];9( /1) qp(E/ ){Tadv Tadv K Tloss
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P max & Injection slope
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P max estimate

The maximum energy in DSA can be estimated as

D(Emax) = 0.1RgypUsp,
Where Rgyr = R3 3 pc (see Fenech et al. 2009) and ug, = u, 10*km/s

Assuming Bohm diffusion at the shock and B = B,,,; mG one can obtain

Ege = 30 PeV X RauyBoc




