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Search for Uy from GRB: late-2007 — 2011

Overview:
e ANTARES data from Dec. 07, 2007 to Dec. 31, 2011
e 296 long GRBs, total Tgearch = 6.6 hours
e spatial Probability Density Functions (PDF):
Background: extracted from data
Signal: per—GRB Monte Carlo simulations

(NeuCosmA model, Himmer et al., 2010, — talk of M. Bustamante)

e Extended Maximum Likelihood Ratio search

e cut on reconstruction quality optimized per GRB
— maximize model discovery potential MDP for 30

— A&A 559, A9 (2013)

Neutrinos from GRBs with ANTARES


http://www.aanda.org/index.php?option=com_article&access=doi&doi=10.1051/0004-6361/201322169
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Sky map of selected 296 GRBs: equatorial coordinates

Fluence [erg cm™]

Neutrinos from GRBs with ANTARES
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Analysis in a Nutshell

background from real data — B(«)
small rate of upgoing events (~ 4/day)
— average over whole data-taking period
for GRB’s coordinates ©, @
— scale by time dependent factor c(t)

accounting for varying data-taking
conditions

1p(0, @) = (n(O, @))iate-07-11 - €(1)
simulation of GRB neutrinos — S(«)

Zni©,2) A>-6.0
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Search for Uy from GRB: late-2007 — 2011 — Results

—— no coincident v, were found
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expected events: 0.48 (Guetta), 0.061 (NeuCosmA — talk of M. Bustamante)

June 18,2014 | J.Schmid | Neutrinos from GRBs with ANTARES — A&A 559, A9 (2013)
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Search for Uy from GRB: late-2007 — 2011 — Results

—— no coincident v, were found
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expected events: 0.48 (Guetta), 0.061 (NeuCosmA — talk of M. Bustamante) — 90% C.L. limits (dashed)

June 18,2014 | J.Schmid | Neutrinos from GRBs with ANTARES — A&A 559, A9 (2013)
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Search for Uy from GRB: late-2007 — 2011 — Results

—— no coincident v, were found
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Neutrinos from GRBs with ANTARES — A&A 559, A9 (2013)
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Dedicated search for Uy from GRB130427
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Dedicated search for Uy from GRB130427

— expected signal events 6.2 - 1073 (NeuCosmA),
8.4 - 1072 (Guetta et al. (2004)) ,
1-1072

— background
— no coincident vy, were found
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Stacked search for Uy associated with GRBs with
extended Time Delays
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Stacked search for Uy associated with GRBs with extended
Time Delays

Overview

e models, e.g.: neutrino precursors or afterglows of GRBs,
Amelino-Camelia et al. (2013): possible delayed v signal from GRBs due
to Lorentz invariance violation (LIV) (Amelino-Camelia et al., 2013)

e GRB catalogue

e 5516 neutrino candidates from point-source search 07-12 (ANTARES
Collaboration et al., 2014) ﬂ

— search for spatial coincidences
e collect time delay T for each spatial coincidence
— Investigate distribution of T

Neutrinos from GRBs with ANTARES


http://adsabs.harvard.edu/abs/2014arXiv1402.6182A
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Analysis of time delays

for spatial coincident events — create histograms of
e generic:time delay T = t, event — IGRB
for ~ 10% of GRBs: redshift z known:
e different emission times: 7, = - (1 4 z)
e [V effects:

Aty = —(:|:1) -E/ My - D(Z)/C

— v = — t X + £ 1
LIV Eest -D (Z ) Eest MLIV - C

— calculate test statistics:

o ¥ = —10{logyo n! + Lk Nk 10919 Pk — 10g10 k]
for T, 7, & 11 v (— see van Eijndhoven, 2008)
e ratio n(t > 0)/n(t < 0)

Neutrinos from GRBs with ANTARES

(1)
(2)
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Pseudo Experiments: Test Statistics

for background:
e randomize events’ right ascension & time
e correlate GRBs and events

for signal:

e add 1 signal event at GRBs position with fixed time delay T = x - (1 4 z)
for a fraction of the GRBs

Neutrinos from GRBs with ANTARES



.~

(47

IIII“II

|

i
'lllllllll
THTTT

Analysis Inputs

e adjusted angular search cone dmax With satellites’ error boxes Ay
minimum <+ ANTARES detector angular resolution

e maximum angular cone
contribution of worst GRB < 10X contribution at m*~j;> >~
keeps almost ~ 70% of GRBs (563) I |

e maximum time delay Tmax to probe 0
from maximal LIV-delay — Tmax = 40d w

w10

Neutrinos from GRBs with ANTARES
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Sensitivity and Detection Power

Sensitivities: P(> median background)
1.0 w ‘ :

1.0

0.8 0.8}
0.6 0.6}
/E\ R, Y _,-_--_.;’9;"-
b ,__- Y54
‘;:’ 0.4¢ 1 0.4+ il 1J?LI\fag 1
?1"')2-50'
m(y) =73.3dB ratios,
0.2} m(#.)=0dB 0.2} o
m(Yyry) =0dB S
Vs 30
m(?“) =1.0 ratio,,
0.0 : ‘ : 0.0 —
10° 102 107 107
fraction of GRBs with 1 signal event fraction of GRBs with 1 signal event

With a 50% chance, we can identify a signal
in ~ 1% of all GRBs at 3¢ !
in ~ 2% of all GRBs at 50!

Neutrinos from GRBs with ANTARES
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Results
all GRBs GRBs /w z
Neoinc IP Neoinc sz lPLIV
(dB) (@B) (dB)
median background 44 73.3| 0.7 0 0
measurement 0 0 0 0 0
P(bkg > meas) 98.7%  98.7% | 48% 48.6% 48.6%

e measured under-fluctuation P = 1.3% of background!
e sensitivity was 0.6% of all GRBs

Neutrinos from GRBs with ANTARES
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Summary

e searches for coincident GRB neutrinos with ANTARES:
full data 2007—2011 & dedicated GRB130427

e for the first time optimized for 2nd-generation numerical model
— ho excess over background found

— expected neutrinos from GRBs still compatible with
non-observation

e search for time-shifted neutrino signal from GRBs (2007-2012 data)
— no spatial coincident neutrino candidate with GRB sample in =40 days
— observed under-fluctuation wrt. background
with a sensitivity for a signal in 0.6% of all GRBs

% Bundesministerium
22 fiir Bildung

und Forschung

Neutrinos from GRBs with ANTARES
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GRBs: Error Radius
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Neutrinos from GRBs with ANTARES

red: distribution of N(Aerr) X Fy

black: cumulative



Pseudo Experiments: Test Statistics
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Pseudo Experiments: 7, and 1y v vs. redshift z

(1 +zh|d . Ly =iy ] e, le—4

Neutrinos from GRBs with ANTARES
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Number of Coincidences — Expected

102

maximum time window

107 10°
(fixed) search radius 4,

Average number of expected coincidences from randomized background

Neutrinos from GRBs with ANTARES

1102

110t

expected number of coincident events (n,,;,.)
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Number of Coincidences — Measured and Expected

Teut §CUt ncngfizlja“s: ”anc ncngfizlja“s: Z nszir;c Z
@ ©
40 0.4 0 1.3 0 0.4
40 0.7 0 4.4 0 1.2
40 1.0 2 10.1 0 2.7
40 2.0 32 40.6 9 10.8
40 5.0 235 253.5 59 67.5
40 10.0 981 10121 257 269.6
60 0.4 1 2.0 0 0.5
60 0.7 2 6.6 0 1.8
60 1.0 9 15.2 1 4.1
60 2.0 55 60.9 14 16.2
60 5.0 350 380.3 86 101.3
60 10.0 1489 15181 368 404.5
80 0.4 1 2.7 0 0.7
80 0.7 2 8.8 0 2.4
80 1.0 10 20.3 1 54
80 2.0 77 81.2 14 21.6
80 5.0 470 507.0 116 135.1
80 10.0 2028 2024.2 497 539.3
100 0.4 2 3.3 1 0.9
100 0.7 5 11.0 2 29
100 1.0 15 25.4 3 6.8
100 2.0 97 101.5 19 27.0
100 5.0 581 633.8 141 168.9
100 10.0 2489 2530.2 611 6741

Neutrinos from GRBs with ANTARES

NB: underfluctuation in innermost +40days!

fixed dcyi!
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Artificially shifted GRB times

Algre
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NB: sample of GRBs not adjusted — move GRBs out of events’ time windows

Neutrinos from GRBs with ANTARES

— less coincidences expected!
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Number of coincidences for background-only PEs
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Expected Number of GRB Neutrinos for KM3Net

NeuCosmA Guetta

GRB J Y Tsearch Hs Hg
(10 erg/ cm®) (s)

11091889 750 73.376 1.0 6.1

all 296 GRBs 3254.3 23785.7 3.4 36

late-07—-10

13110886 36.5 23 0.2 0.7

13042732 2462 264.5 0.41 5.5

Neutrinos from GRBs with ANTARES
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GRB Parameters for GRB130427

ra=173.14° dec = 27.70° Aerr = 1arcsec
© = 108.31° ® = 101.66° 07:47:06 UTtigger
Tgo = 138.2425 Tsearch = 264.5s  z = 0.3399

F =0.002462ergcm ™2 Epip = 0.01 MeV  Emax = 1 MeV

a = 0.789 B =3.06 Epeak = 830keV

e coordinates: GCN 14450
http://gcn.gsfc.nasa.gov/gen3/14450.gcn3

e spectrum: Fermi GBM Catalog
http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html

e all GCN: http://gcn.gsfc.nasa.gov/other/130427A.gcn3

e IceCube non—detection: GCN 14520
http://gen.gsfc.nasa.gov/gen3/14520.gen3

Neutrinos from GRBs with ANTARES
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GRB models: Comparison

2
v

F,(E,) [GeV cm™?]

1072

1073

107

107 -

NeuCosmA 2011 revised:
Himmer et al. (2012); He et al. (2012)
Guetta et al. (2004)
Himmer et al. (2010)
Guetta
analytical approximation
full numerical p — 7 interaction
NeuCosmA
\
AN
//4~.___
. .\
/ Numerical calculation \
/ (WB A—approx) \
A revised Guetta
10* 10° 10° 10’ 108 10°

E, [GeV]

Neutrinos from GRBs with ANTARES

Guetta: A approximation, y at break energy
Revised: full - distribution, full A width, E loss of
secondaries, E dependency of p mean free path,
still A approximation

NeuCosmA: Monte Carlo simulations based on SO-
PHIA, full p—y cross section, multi-r and K+ pro-
duction
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Effective Area for muon neutrinos, late-2007 — 2011

L I L L L L I L L L L I L L L L 1 L L L L 1 L L L L
3 4 5 6 7 8

IoglO(E/[GeV])

Neutrinos from GRBs with ANTARES
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Background Calculation

(O, @) = (1(O, P))aliruns - Ci - Cperiod = 1.9
(™" 5
i Zj n;

with ¢; =

o (11(O,®))aruns: average event rate
max of average and central value of 10° cone around GRB position
(©, )
e ¢;: correction factor for run /: ratio of event rate (all directions) in this run (/)
to average event rate for all runs.
® Cperiod: COrrection for long periods with stable conditions ~ 2...3 months
e 1.5: width of nest/ Nmeas

Neutrinos from GRBs with ANTARES
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Signal PDF fit

log

o

log, (dN/dQ)

oA b NS O kN
'l

llll‘ lllllllllllllllllllllllllllllllllllll

S NS NS U S S -,

3 : - :
) PN IR EFEPEPEE RPN PP NI I B -

-2 -1.5 1 -0.5 0 0.5 1 15 2
log, , (a/[°])

dN(6)

dQ)

S(5)

- {23 (1-eoxn (

dN(@S) _ dQ dN(5)

if logd < logdg

_('09‘5_'0950)2)) if logé > log d

202

= 27t sin(J)

do

do

dQ)

Neutrinos from GRBs with ANTARES
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GRB Parameter Catalogue: late-2007 — 2011

condensated from

e Fermi': best photon spectrum

o Swift?: best localization

e grbweb?®: fill up missing parameters (Aguilar, 2011)

Default parameters:

x = 1 B=ua-+1 €peak = 200 keV
z =215 Ligo = 10%erg/s

[ =316 € =0.1 eg = 0.1
fo=01 {(Xpr) =02 tiar = 0.01s

same as in Aguilar (2011)

"http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html
’http://swift.gsfc.nasa.gov/docs/swift/archive/grb_table.html
Shttp://grbweb.icecube.wisc.edu

Neutrinos from GRBs with ANTARES
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Selection of Gamma Ray Bursts: late-2007 — 2011

(exclusion percentage)

e either spectrum or fluence measured (3%)
e duration given (2%)
e long GRBs (15%)
e below ANTARES horizon (47%)
e ANTARES taking physics data (29%)
e whole GRB in data taking run & stable conditions (19%)
1108 GRBs in total — 296 GRBs in selected sample, ~ 27%.

Neutrinos from GRBs with ANTARES



Model Discovery Probability

oo

MDP = i P(ns\ys)-/ hno(Q)

thres
nS:O Qp

ns: injected signal events in pseudo experiment
P (ns|us): Poisson distribution for signal rate ps
hn,(Q): Distribution of Q-values for given ns
Qires: threshold value of Q for given significance

maximum of MDP — optimal quality cut

Neutrinos from GRBs with ANTARES



Results of Pseudo Experiments

probability to make a discovery at signal rate us for GRB110918, background i, = 3.7 - 10~4

n 177"
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0.5
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Reconstruction Quality A

l0g Lmax
Nhits — 9
with the maximum likelihood value £ max

Nhits — 5: number of degrees of freedom of the fit
Ncomp: how often the fit converged to the same track result

A= + 0.1 (Ngomp — 1) (3)

Neutrinos from GRBs with ANTARES
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Final Analysis Parameters
Optimization results for the 10 most promising GRBs
GRB Acu’f Hb .ugl euCosmA ‘uguetta <“> 7-search Otot
(°) (s)
11091889 | -5.5|3.7.10~* 3.5-1072 1.7-10' | 0.32 73.4
08060725 | -5.4 | 5.5-107* 6.51072 1.4-1072 | 0.33| 164.3
11100892 | -5.5|3.6-107% 2.2.107% 2.6-1072 | 0.35 75.4
10101417 | -5.1 | 4.1-107% 1.2.107° 1.7.1072 | 0.89 | 723.1
10072809 | -5.6 | 2.0-10°* 9.6-107* 1.4.1072 | 0.49| 268.6
09020174 | -5.4 | 5.4.10~% 7.0-107* 241072 | 0.39| 126.6
11122048 | -5.2 | 1.4-107* 6.2.107% 1.2.1072 | 1.13 66.5
09082967 | -5.4 | 1.7-10~* 39-10~* 5.7-107° [1.02| 112.1
11062215 | -5.4 | 1.7-107% 4.3-107* 951073 | 1.42| 116.6
08100914 | -55|1.3-10~% 3.510°% 1.9-10°° | 0.94 70.2
all GRBs: 30
mean | -541.7-107% 2.0-107% 161073285 80.4
sum 511072 6.1-1072 4.8-10°" 2.4-10%

fixed B < 1°, reconstructed events < 10° from GRB’s coordinates
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Analysis in Numbers: late-2007 — 2011

e Search radius dmax = 10°

Simulations

Signal S§(9) pseudo experiments
4 -10° vy, tracks 1.1 - 10" background PEs
150 shower events 10° PEs for each ng
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Check for optimal Subsample Nggrg: late-2007 — 2011

MD

thick: extended maximum likelihood method,
thin: binned analysis with fixed cuts A > —5.5, f < 1°.
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	Search for  from GRBs: late–2007 — 2011
	Dedicated search for  from GRB130427
	Stacked search for  associated with GRBs with extended Time Delays
	Backup

