Constraining the physics of SN/GRB jets thanks to
the neutrino astronomy
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HEN astronomy : our motivations

1/ Detection of a high energy neutrino
signal from a cosmic accelerator

direct association with UHECR sources

So far no neutrino
detection in
coincidence with

\%IBEEUBE‘ any SN/GRB
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SN/LGRB connection

CCSNe Relativistic jet

Mildly relativistic jet ~type 1bI° T r> 100

r<10 <A0% <1% | Hypernovae/LGRB
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2 different environements

| SN/Choked GRB |

stellar envelope

® internal °
® 0.

shocks -.

ce-ﬁilral engine (BH)
E> infall I I <j
: accretion disc

Razzaque et al. 2005

Jet burried in a dense and
baryon-rich medium
« Dirty and heavy jet »

The jet is optically thick

|L-GRB |

Black hole
engine

Prompt
emission

Afterglow

Credits : NASA

Jet expulsed in the ISM medium far away from the
central engine. The baryon density of the jet is
« low » at high radius

The jet is optically thin
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Hadronic processes in SN mildly relativistic jets
Ando&Beacom model : arXiv:astro-ph/0502521

pp interaction (baryon rich medium)

| 100GeV-10TeV regime |
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HEN spectra for a CCSNe located at 10 Mpc

o 10°
5 - T~ o |_Pions + Kaons |
= o~
& 10°
w
T
S 10 r=3;E_=0310"erg
W r=3; E;et =3.0"10" erg
r=3;E_ =30.0"0"erg
10 -.= I'=5.E =03"10"erg
r=5;E_=3.010"erg
] - = =T=5;E =300"0"erg
== T=10;E_=03"10"erg
r=10;E_=30"10"erg
10" - = - T=10;E_ =300"10"erg
Fig. from A.Mathieu .
PhD 2015
e l l I

E, (GeV)



The Ando&Beacom model
(A&B2005 : arXiv:astro-ph/0502521)
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Parameter scan and exclusion limits

Step 1 : We produce a set of neutrino spectra with I' = [1-10] and E * = [3.10*° — 3.10°°] erg

i

Step 2 : For each simulated spectrum we compute the expected number of neutrino
detected by the neutrino detector, N
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Neutrino F spectrum neutrino detector
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Step 3 : Assuming a Poisson distribution for the detected neutrino, the probability of
detecting at least 1 neutrino given N = 2.3 is 90%. Models that exhibit more than 2.3 neutrino

are therefore excluded at 90% C.L



Constraints on E & I' (ANTARES)
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Constraints on E , & I' (IC/KM3NeT)
for a CCSNe at 10Mpc

Ice Cube (59 strings) KM3NeT (Preliminary)
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Limits on the rate of CCSNe with jet p
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Conclusion CCSNe

No 100GeV -10 TeV neutrinos discovered yet from
CCSNe

ANTARES is able to exclude a large region of the Ejet — [ plane

for CCSNe at d<1Mpc. The ANTARES horizon limit is ~52Mpc.
The non detection of GeV neutrinos from SN1987A (d= 51.4 kpc)
by Kamiokande-Il suggest no jet from this CCSNe

Larger neutrino detector such as IceCube and KM3NeT are able
to (almost) rule out the presence of a jet in CCSNe located at
d<10Mpc




High energy neutrinos fiem GRBs




Hadronic processes in GRB relativistic jets

Jet collides with
ambient medium
(external shock wave)

High-energy
gamma rays

Mrays

"

Visible light

Black hole
engine

emission
Afterglow

py interaction (y-ray photon rich medium)
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Particle acceleration in (mildly)
relativistic shocks

1%t order Fermi process at the shock front
B

—— @
upstream — - downstream
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Shock front ¢
UHECR

The energy distribution of the jet energy at the shock radius
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of the jet baryons electrons Magnetic
field



High energy neutrino spectrum : the main ingredients

Proton spectrum
N(E) ~EP wherep ~ 2
Photon spectrum (Band/SBPL/CPL/PL)

a/,B/Epeak/Fy

GRB temporal characteristics

T,,/t__(only forIS)

Composition of the jet and its dynamics

0$$‘\0\ﬂ$ fpzi—le’/ge/ e, & I

Distance/redshift

Z

Standard values

-1 /-2 /200 keV/
10 erg.cm?[1keV-
10 MeV]
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10/0.1/0.1/316

2.15
(0.5 for SGRB)



GRB neutrino model : double broken power laws

Normalisation

o0 @ 10MeV
Jo EvdE F(E,)35 (-0, £ a8, (E,)
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Neutrino spectrum for a « standard » GRB Energy breaks
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N from NeuCosmA

Impact of fp /T and ¢ /e, on the prompt IS neutrino spectrum
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Impact of fp / T" on the prompt PH neutrino spectrum
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Constraints on the most fluent GRB
GRB130427A

Constraints on the physics of GRB internal shocks
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Constraints on the most fluent GRB
GRB130427A

Constraints on the physics of GRB internal shocks

EM limit from
Hascoét et al
2015
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Constraints on the most fluent GRB
GRB130427A

Constraints on the physics of GRB photospheric model

IC almost rules out
the photospheric
model for this GRB

See also Gao et al.
2013
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Constraints from a large population of GRBs

Combined IC analysis of 3 years of data (all sky) using shower-like event (v,
v, v.) and 4 years of Northern hemisphere track-like events (v )

807 stacked GRBs
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Conclusion GRB

No TeV-PeV neutrino events yet detected from any GRBs by
ANTARES or IceCube

The photospheric neutrino flux is already deeply constrained by the
ANTARES/IceCube data.
Very low baryonic loading factor is asssumed for these kind of model
f, <10 (and f <2-3 for GRB130427A)

The Internal shock predictions start to be challenged by the IceCube detector
placing restrictive limits on f_for I <600-700 for large population of GRBs

(t,<100 for I' >300 for GRB-like 130427A)

| Stacking analysis has to be interpreted carefully since there are a lot of unknowns :
I
| z
| 5
| Gamma-ray spectral parameters badly constrained
Correlation between parameters



Are energetic GRBs the best candidate for a
neutrino detection ?

Detectable GRBs by ANTARES/KM3NeT



E_ — I correlation
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E__— I correlation

10°
: 1 T has been estimated
| from the peak time of
the optical afterglow
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Ghirlanda et al 2012
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Would we be able to detect one of those
GRBs with ANTARES/KM3NeT ?

A detailed simulation of a GRB population emitting HEN
(NeuCosmA model used)

1/ Simulation of 10000 GRBs with I" [10-900], Eiso [10°°-10°] erg. Spectral and T,

parameters taken from the Fermi-GBM catalog (Gruber et al. 2014, von Kienlin et al. 2014).
f=10andt_ =0.01s

v

2/ Assuming a redshift, we can estimate the
gamma-ray fluence, Fy

v

3/ We compute the NeuCosmA spectrum for each
simulated bursts

4/ According to the ANTARES A . (2007-2011 with 5[-90°;-45°]) or expected KM3NeT A .
we compute the # of neutrino events and exclude GRBs that exhibit more than N =2.3.
The detection limit is thus set at 90% C.L




For GRBs located at z = 0.1
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z limits ANTARES [-90°:-45°] + GRB population

PRELIMINARY Limited by T Z
" Not detected 130427A o ' |
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al. 2015)



The future with KM3NeT

PRELIMINARY KM3NeTA __ for muon tracks only (Lol KM3NeT) 2
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90% C.L
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0.4

50 51 52 53 54 55
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Liang et al 2015)




Back up



lceCube/ANTARES A _

IC86 ANTARES [2007-2011]
Better than ANTARES for 6 [-30°;90°] Better than IC86 for 6 [-30°;-90°]
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r, 10

Impact of fp inthe E_ —I" plane
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Connecting I with the peak of the optical afterglow

External Constant ISM
shock

A
I'(T0) Sari&Piran 1999;
Panaitescu & Kumar 2000
iiiiiiiii Mészaros 2006
‘ I'(T,)/2 ‘
A >
Afterglow lightcurve
X Forward Shock
>
T
©
9
a
@)
>
T, =t Time since GRB



Flux (mJy)
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Note that a refined expression for I' = f(Tpeak) has been reported in Ghirlanda et al. 2012.

Results are quite similar.

s Multi wavelength lightcurve of GRB130427A

Prompt : Afterglow

; T90

10

10° 10* 10°
Time since GRB (seconds)

Fit a standard afterglow model to R-
band optical data

i

Best fit gives :
T =108s

peak
n = 0.53 part.cm?
n =0.40

i

nr,,)~225
I, ~ 450

In very good agreement with Hascoet
et al. 2015 and references there in
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