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Gamma ray bursts!
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Interaction radius!
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Photospheric$model$(Zhang$&$Kumar):$
$
$
Internal$shock$model$(NeuCosmA):$
$
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Stacking$analysis$of$296$GRBs$detected$from$
end$of$2007$to$2011.$

Previous ANTARES GRB analysis !

(40$GRBs)$
(296$GRBs)$

(296$GRBs)$
(300$GRBs)$

AdrianPMarRnez$S.$et$al.,$Astron.$Astrophys.$559$(2013)$A9$



•  Measured&redshiV&&

•  High&gammaHray&

fluence&(F>1x10

H4&

erg/cm

2

)&&

•  Time&dependent&

gammaHray&

parameters&

available&&

•  Below&ANTARES&

horizon&at&trigger&

,me&&

•  ANTARES&is&in&

Physics&run&&

Bright GRB selection!
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Fig.$from$Perley$et$al.,$
Astrophys.J.$781$(2014)$37&



Selected GRBs!
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GRB$NAME$ 080916C$ 110918A$ 130427A$ 130505A$

Fluence$
(x10P4$erg/cm2)$
$

1.16$ 7.66$ 27.7$ 3.13$

DuraRon$(s)$ 100.9$ 28.4$ 18.7$ 7.0$

RA$(deg)$ 119.87°$ 32.58°$$ 173.14°$ 137.06°$

DEC$(deg)$ P56.59°$ −27.58°$ 27.71°$ 17.49°$

z$(redshi^)$ 4.35$$ 0.982$$ 0.3399$$ 2.27$
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Expected neutrino flux!
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τph$>$τis$!$larger$neutrino$flux$is$expected$in$the$
photospheric$picture$w.r.t.$internal$shock$
model$
$
$
$

Interaction radius :Rph < Ris
Neutrino flux cut off :Ecut off ∝R"→" Ecut off PH < Ecut off IS

Optical depth :τ ∝R−1"→" τ PH > τ IS

dEνF Eν( )∫ Eν ∝ fp 1− 1− xp→π( )
τ( ) dEγF Eγ( )∫ Eγ

where
fp = barionic loading

xp→π = fraction of proton energy transferred to a pion

F Eν( ) / F Eγ( ) = gamma / neutrino fluence
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Expected neutrino flux!
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$
photospheric$

internal$shock$

GRB$130427A$

GRB$130505A$

photospheric$

$
internal$shock$
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The ANTARES telescope!
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Detection principle!
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μ&

Signal$and$
background$
contribuRon$

Photon$
detecRon$
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Internal shock model: study!
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•  Per$burst$signal$Monte$Carlo$simulaRons$
•  Per$burst$background$evaluaRon$$using$$$$$$

offPRme$data$
•  ReconstrucRon$of$the$track$with$a$linear$fit$

algorithm$(Heijboer&PhD&thesis&(2004))&
•  10°$search$window$
•  Time$dependent$search$
•  OpRmizaRon$through$computaRon$of$exP

tended$maximum$likelihood$
•  MaximizaRon$of$model$discovery$potenRal$
&

Ma#eo&Sanguine,&–&Search&for&high&energy&neutrinos&from&bright&GRBs&with&ANTARES&

See$S.$Celli$poster$



Internal shock model: results!
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No$neutrino$detected$in$correspondence$of$GRB$
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Photospheric model: study!
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•  Same$opRmizaRon$as$in$the$internal$shock$
model$study$

•  Sample$of$untriggered$data$has$been$used$
instead$of$the$standard$filtered$data$

•  Offline$triggering$with$a$special$direcRonal$
filter$

•  ReconstrucRon$with$a$low$energy$opRmized$
algorithm$(Visser&PhD&thesis&(2015))&

•  No$Rme$dependent$search$
&
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Signal efficiency improvement!
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PH analysis
IS analysis

photospheric$ internal$shock$
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Photospheric model: results!
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No$neutrino$detected$in$correspondence$of$GRB$
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GRB constraints!
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•  No$neutrino$events$were$spaRally$and$
temporally$found$in$coincidence$with$one$of$
the$four$bright$GRBs$$

•  90%$C.L$limits$on$the$neutrino$fluence$allow$
to$constrain$the$parameter$space$of$the$free$
parameters$that$significantly$impact$the$
neutrino$flux:$the$baryonic$loading$factor$fp$
and$the$bulk$Lorentz$Γ$

&
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Internal shock constraints!
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$90%$CL$
exclusion$limit$
PPPPPPPPP$$50%$CL$
exclusion$limit$

GRB130505A$
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Photospheric constraints!
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$90%$CL$
exclusion$limit$
PPPPPPPPP$$50%$CL$
exclusion$limit$

GRB130427A$
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Conclusions!
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•  A$search$for$muon$neutrinos$in$space$and$
Rme$coincidence$with$the$prompt$emission$
of$4$bright$GRBs$has$been$performed$
through$ANTARES$data.$

•  Internal$shock$and$photospheric$models$
tested$and$constrained$

•  No$events$detected$!$upper$limit$derived$
•  Constraints$computed$on$the$baryonic$

loading$factor$fp$and$the$bulk$Lorentz$Γ$

&

Ma#eo&Sanguine,&–&Search&for&high&energy&neutrinos&from&bright&GRBs&with&ANTARES&



Thank you!
for your !
attention!
!



Backup!
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Figure 4. Constraints on the � ≠ fp plane in the context of the IS model. The solid (dashed) black line corresponds to the exclusion limits at 90 (50)% C.L.
The red dot shows the benchmark value fp = 10 and � = 316. Top left: 080916C. Top right: 110918A. Bottom left: 130427A. Bottom right: 130505A.

6 CONCLUSIONS386

A search for muon neutrinos in space and time coincidence with the387

prompt emission of four bright GRBs has been performed through388

ANTARES data: events satisfying optimised selection criteria have389

been considered in two independent analyses, with the purpose to390

test and constrain the internal shock and the photospheric scenar-391

ios of the fireball model. Concerning the internal shock model, the392

analysis was optimised in order to give the highest model discovery393

potential for each burst, relying on the numerical model NeuCosmA;394

for the photospheric model, instead, the search strategy was adapted395

using a special data sample of raw data, able to enhance the sensi-396

tivity of the detector between 50 GeV and 10 TeV. No events have397

been detected in each of the searches, so that 90% C.L. upper limits398

were derived: for the internal shock model, E

2
‹„‹ is placed between399

10

≠1 GeV/cm2 and 10 GeV/cm2 in the energy range going from400

2.7 ◊ 10

4 GeV to 1.9 ◊ 10

7 GeV. For the photospheric model it401

stands between 1 GeV/cm2 and 10 GeV/cm2, but in the low en-402

ergy range from 1.3 ◊ 10

2 GeV to 2.5 ◊ 10

4 GeV. These searches403

confirms the sensitivity shown in previous ANTARES searches for404

muon neutrinos in coincidence with 296 GRBs during four years of405

data (Adrián-Martínez et al. (2013)).406

Existing limits tightly constrain the current models of neutrino emis-407

sions: the non neutrino detection allow us to put 90% C.L upper408

limits on the neutrino fluence for each burst as well as constraints409

on the bulk Lorentz factor � and the baryonic content of GRB jet410

MNRAS 000, 1–8 (2015)

Internal shock constraints!
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$90%$CL$
exclusion$limit$
PPPPPPPPP$$50%$CL$
exclusion$limit$

GRB080916C$ GRB110918A$

GRB130427A$ GRB130505A$
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Figure 5. Same as Fig. 4 in the context of the PH model.

according to the PH/IS scenarios. In the case of internal shocks,411

for the closest burst our results suggest a low neutrino production412

e�ciency because of the high � and low fp region still allowed.413
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Photospheric constraints!
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