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Why Search for ν from Gamma Ray Bursts?
Gamma Ray Bursts

• fast rotating Wolf-Rayet stars→ SN 1 b/c→ jet→ shock fronts
• Fermi-accelerated e−→ Synchroton & inverse Compton→ intense

flashes of γ–Rays→ ’long’ GRBs
• may also accelerate p+ in shocks→ neutrino signal

p+ + γ ; π+ −→ µ+ + νµ → e+ + νe + νµ + νµ

• Short & defined position→ low background

Neutrinos
• escape high–density regions
• can travel cosmological distances undeflected
• point back to emitting source

ν from GRBs:
Xunambiguous proof of hadronic acceleration
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(simulation by Woosley & Bloom, 2006)



Neutrino Emission from Gamma-Ray Bursts: Models

Hümmer et al. (2012)
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Reminder: The ANTARES detector

ANTARES telescope Relativistic magnetic monopoles Neutrino oscillations Dark matter Outlook

Detection principle – Background rejection

Event rates:

∼ 106 atmospheric muons per
day

∼ 5 atmospheric neutrinos per
day

??? cosmic neutrinos

⇒ Selecting only well reconstructed
upgoing particles

Centre de Physique des Particules de Marseille C. Rivière Status and results from the ANTARES neutrino telescope 5/26

12 lines with 885 photo multiplier tubes,
taking data since 2007
ANTARES overview→ see talk of A. Creusot
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First search for νµ from GRBs: 2007



First search for νµ from GRBs: 2007

• ANTARES construction phase:
5 detection lines
January 27 to December 7, 2007

• 40 long GRBs, total Tsearch = 0.5 hours
• binned search:

reconstructed events ≤ 2◦ around GRB
fixed reconstruction quality1 cuts β ≤ 1◦ & Λ ≥ −5.5

→ expected Background: 1.24 · 10−4 events
→ expected Signal: 1.7 · 10−3 events

(analytical model by Guetta et al., 2004)

−→ no coincident νµ were found
(−→ see Adrián-Martínez et al., 2013a, JCAP03(2013)006)

1β: reconstructed angular error estimate, Λ: quality parameter of the particle track fit
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First search for νµ from GRBs: 2007 — Limits
limit on Guetta et al. (2004) model quasi–diffuse limit

JCAP03(2013)006

limit for Eν
-2 energy spectrum
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Figure 5. Left: the 90% CL upper limit on the muon-neutrino fluence Fν from the 40 selected
GRBs for the energy spectrum according to Guetta et al. (solid line) and the corresponding total
estimated muon-neutrino fluence including oscillations (dashed line). Right: the 90% CL upper limit
on the diffuse muon-neutrino flux Φν for the E−2

ν energy spectrum (thick solid line), the Waxman
and Bahcall energy spectrum (thin black line), and the energy spectrum according to Ahlers et al.
(thin grey line). The black dash-dotted line is the 90% CL upper limit of IceCube [2] assuming the
Waxman and Bahcall energy spectrum. Also shown are the estimated diffuse muon-neutrino fluxes
including oscillations assuming the Waxman and Bahcall energy spectrum (black dashed line) and
that according to Ahlers et al. (grey dashed line).

5.2 Upper limits on the diffuse neutrino flux and the neutrino fluence

Since no events were found in correlation with the prompt photon emission of the 40 selected
GRBs, upper limits have been placed on the intensity of the diffuse muon-neutrino flux
and the muon-neutrino fluence at Earth for the different models. The 90% confidence level
limits were set using the Feldman-Cousins prescription [38], and are shown in figure 5. The
same systematic uncertainties as described in ref. [27] have been considered. These include
the effect of reduced optical module efficiencies and the effects which have a net result of
degrading the time resolution, such as possible mis-alignments of the detector, inaccuracies
in the simulation of light propagation in the water or in the transit time distribution of
the photo-multiplier tubes. The impact of the systematic uncertainties were evaluated by
including these effects in the simulation, described in ref. [27]. This results in a degradation
of the limits of less than 10%.

For the E−2
ν energy spectrum, 90% of the signal is expected in the energy range

5.2 TeV < Eν < 1.4 PeV. The upper limit on the diffuse muon-neutrino flux for the E−2
ν

energy spectrum is 2.7 × 10−7 (Eν/GeV)−2 GeV−1 cm−2 s−1 sr−1. For the energy spec-
trum according to Waxman and Bahcall 90% of the signal is expected in the energy range
41 TeV < Eν < 2.1 PeV and a 90% CL upper limit of about 294 times the predicted flux
as shown in figure 5 (right) was set. For the energy spectrum according to Ahlers et al.
90% of the signal is expected in the energy range 33 TeV< Eν < 2.0 PeV and a 90% CL
upper limit of about 11 times the predicted flux as shown in figure 5 (right) was set. For
the energy spectrum according to Guetta et al. 90% of the signal is expected in the energy

– 10 –

(−→ see Adrián-Martínez et al., 2013a, JCAP03(2013)006)
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Search for νµ from GRB: late-2007 — 2011



Search for νµ from GRB: late-2007 — 2011

Overview:
• 9 – 12 detection lines

December 07, 2007 to December 31, 2011
• 296 long GRBs, total Tsearch = 6.6 hours
• spatial Probability Density Functions (PDF):

Signal: per–GRB Monte Carlo simulations
(NeuCosmA model, Hümmer et al., 2010)

Background: extracted from data
• Extended Maximum Likelihood Ratio search
• fixed β ≤ 1◦, cut on Λ optimized per GRB2

−→ maximize model discovery potentialMDP
(−→ see Adrián-Martínez et al., 2013b, arXiv:1307.0304, accepted for publication in A&A)

2β: reconstructed angular error estimate, Λ: quality parameter of the particle track fit
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Sky map of selected 296 GRBs: equatorial coordinates
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Expected Neutrino Fluences
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NeuCosmA and Guetta spectra NeuCosmA simulations: P. Baerwald

thick: sum of the 296 individual spectra
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Generation of Signal Distribution

Monte Carlo Simulation→ Reconstruction
→ Signal Probability Density Function S(δ) = dN/dδ
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−→ median angular resolution: 0.32◦ only events ≤ 10◦ around GRB
−→ expected number of events: 0.034
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Background Estimation from Data

small rate of upgoing events (∼ 4/day)
→ average over whole data-taking period

for GRB’s coordinates Θ,Φ
→ scale by time dependent factor c(t)

accounting for varying data-taking
conditions

ANTARES telescope Relativistic magnetic monopoles Neutrino oscillations Dark matter Outlook

Detection principle – Background rejection

Event rates:

∼ 106 atmospheric muons per
day

∼ 5 atmospheric neutrinos per
day

??? cosmic neutrinos

⇒ Selecting only well reconstructed
upgoing particles

Centre de Physique des Particules de Marseille C. Rivière Status and results from the ANTARES neutrino telescope 5/26

µb(Θ,Φ) = 〈n(Θ,Φ)〉late-07–11 · c(t)
−→ B(δ) = µb · 2π sin(δ)

background components: atmospheric ν and misreconstructed atmospheric µ from Cosmic Rays
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Optimization of Λcut

for each Λcut:
• Pseudo–Experiments (PE) draw events

from background distribution B(δ)
with ns = 1, 2, 3, . . . signal events injected from S(δ)

• for each PE: calculate extended maximum likelihood ratio

Q = max
µ′s∈[0,ntot]

(
ntot

∑
i=1

log
µ′s · S(δ) + µb · B(δ)

µb · B(δ)
− (µ′s + µb)

)
a priori knowledge of background rate µ̂b

→ model discovery potentialMDP for each quality cut Λcut

⇒ find Λcut that maximizesMDP
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Optimization of Λcut

for each Λcut:
• Pseudo–Experiments (PE) draw events

from background distribution B(δ)
with ns = 1, 2, 3, . . . signal events injected from S(δ)

• for each PE: calculate extended maximum likelihood ratio

Q = max
µ′s∈[0,ntot]

(
ntot

∑
i=1

log
µ′s · S(δ) + µb · B(δ)

µb · B(δ)
− (µ′s + µb)

)
a priori knowledge of background rate µ̂b

→ model discovery potentialMDP for each quality cut Λcut

⇒ find Λcut that maximizesMDP
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Final Analysis Parameters

Optimization results for the 10 most promising GRBs

GRB Λcut µb µNeuCosmA
s µGuetta

s 〈α〉 Tsearch σtot
(◦) (s)

11091889 -5.5 3.7·10−4 3.5·10−2 1.7·10−1 0.32 73.4
08060725 -5.4 5.5·10−4 6.5·10−3 1.4·10−2 0.33 164.3
11100892 -5.5 3.6·10−4 2.2·10−3 2.6·10−3 0.35 75.4
10101417 -5.1 4.1·10−4 1.2·10−3 1.7·10−2 0.89 723.1
10072809 -5.6 2.0·10−4 9.6·10−4 1.4·10−2 0.49 268.6
09020174 -5.4 5.4·10−4 7.0·10−4 2.4·10−2 0.39 126.6
11122048 -5.2 1.4·10−4 6.2·10−4 1.2·10−2 1.13 66.5
09082967 -5.4 1.7·10−4 3.9·10−4 5.7·10−3 1.02 112.1
11062215 -5.4 1.7·10−4 4.3·10−4 9.5·10−3 1.42 116.6
08100914 -5.5 1.3·10−4 3.5·10−4 1.9·10−3 0.94 70.2
all GRBs: 3σ

mean -5.4 1.7 ·10−4 2.0 ·10−4 1.6 ·10−3 2.85 80.4
sum 5.1·10−2 6.1·10−2 4.8·10−1 2.4·104

fixed β ≤ 1◦, reconstructed events ≤ 10◦ from GRB’s coordinates
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Search for νµ from GRB: late-2007 — 2011 — Results
−→ no coincident νµ were found
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expected events: 0.48 (Guetta), 0.061 (NeuCosmA)

−→ 90% C.L. limits (dashed)
Grey: first ANTARES limit, 40 GRBs in 2007
Black: IceCube IC40+59 limit, 300 GRBs (Abbasi et al., 2012)

(−→ see Adrián-Martínez et al., 2013b, arXiv:1307.0304, accepted for publication in A&A)
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Search for νµ from GRB: late-2007 — 2011 — Results
−→ no coincident νµ were found
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(−→ see Adrián-Martínez et al., 2013b, arXiv:1307.0304, accepted for publication in A&A)
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Search for νµ from GRB: late-2007 — 2011 — Results
−→ no coincident νµ were found
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(−→ see Adrián-Martínez et al., 2013b, arXiv:1307.0304, accepted for publication in A&A)
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Dedicated search for νµ from GRB130427



‘Burst of the (quarter) century’: GRB130427

Fermi γ-Ray sky, Credit: NASA/DOE/Fermi LAT Collaboration
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‘Burst of the (quarter) century’: GRB130427

Fermi γ-Ray sky, Credit: NASA/DOE/Fermi LAT Collaboration
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‘Burst of the (quarter) century’: GRB130427

• photon fluence F ∼ 2.5 · 10−3erg cm−2

‘3rd brightest GRB ever detected and the brightest in 29 years’3

• most energetic Fermi-LAT photon reached 94 GeV
• redshift z = 0.34

see GCN4 and Fermi GBM Catalog5

‘If this GRB were a puddle, I’d wallow in the awesomeness’
(Don Alexander)2

• no neutrinos found by IceCube (GCN 14520)4

• also in the ANTARES field-of-view!

3http://cosmoquest.org/forum/showthread.php?143754-GRB-130427A-burst-of-the-(quarter)-century
4http://gcn.gsfc.nasa.gov/other/130427A.gcn3
5http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
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Dedicated search for νµ from GRB130427

optimized reconstruction quality cut for 3σ ‘detection’

Λcut µb µNeuCosmA
s µGuetta

s 〈α〉 MDP Tsearch
-5.9 0.010 0.0062 0.084 0.37 0.0086 264.5 s

−→ no coincident νµ were found
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PRELIMINARY



Summary
• 3 GRB searches with ANTARES:

2007 (construction phase) & late-07 – 2011 (full detector)
& dedicated GRB130427
→ no excess over background found

• put most stringent limits on Southern Hemisphere bursts
• for the first time optimized for numerical NeuCosmA model
→ predicted fluxes ∼ 10 lower than analytical models
→ expected neutrinos from GRBs still compatible with non–observation!

⇒ Current & future neutrino telescopes may soon probe numerical
GRB neutrino emission models
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