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B Strong bounds on photons' dispersion relation
see exempli gratia arXiv:0908.1832

B Very weak limits on neutrino deformation parameters
(low energy neutrinos from SN1987A)
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B Strong bounds on photons' dispersion relation
see exempli gratia arXiv:0908.1832

B Very weak limits on neutrino deformation parameters

(low energy neutrinos from SN1987A)

B No conclusive detection of GRB neutrinos, contradicting some

influential predictions

IceCube collaboration:
arXiv:1601.06484v1
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B No tests on Quantum Gravity effects on neutrino propagation !!
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GRB SURVEY

Za TN
4 2V N
i 2 b
—\ |
[
(2 >
& Y
¥/ 4

I_ceCube

SOMEWHERE AT

I1<z2<6

0.




locac-l.odgi)

CelIDE

Laboratory

Digital Optical Module
DOM

86 strings

5160 optical sensors

1450 m

L ]
®e
L
L]
.'.... o
‘e
S
.

2450 m
2820 m

bedrock

i
®sy

PSSttt et henanes s asis sen et a St Re L1 IR IR B

.I’ ‘
y.

Amundsen-Scott
South Pole
Station

A Antarctica

Eiffel Tower 324 m




We focus on the class of scenarios whose predictions for energy (E)
dependence of At can all be described in terms of

SYSTEMATIC FUZZY
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We focus on the class of scenarios whose predictions for energy (E)
dependence of At can all be described in terms of

SYSTEMATIC FUZZY

CE s

Al = —1) + 0y ——
X3 (2) XMPD(Z)

The distance they come acros depends on the redshift as

i (1+¢)
Diz) = /0 dCHD\/Qﬁ + (1 + Q)30
Observable t*
A = mD(Z) At* = nx MPD(l) + d0x MPD(l)
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- Higher significance - Low significance

- Worst angular discrimination - Lower bound on neutrino energy

- Good angular discrimination



SHOWER EVENTS TRACK EVENTS

Generated mostly by v_ Generated by v,

- Higher energy - Lower energy

- Higher significance - Low significance

- Worst angular discrimination - Lower bound on neutrino energy

- Good angular discrimination

No tracks, at least for now... -




_ 0+

Probability density function

<
g
=
+~
g
1 _wzifuufc:ﬂ_[ﬂ i=
PDE(y, GRB) = =€ 202 3
2o -
N N NN N S TN AN SR TN TN N
100 150 200
Angular distance in the sky °Right Ascension (a)

1,[)2(3‘:'1,, Tarp) = arccos (cos(d, ) cos(dgrp) cos(ay, — agrp) + sin(d, ) sin(dgrp))

Angular uncertainty

- 2 2
& = \/UGRB T g,




IceCube collaboration
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Ice Cube sygnal-like probability




11 TeV neutrino PDF

3.4 TeV neutrino PDF

“34TeV neutrino PDF

“3.8TeV neutrino PDF
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Ice Cube sygnal-like probability:
We set our angular threshold to:

This will let some noise in, but we'll discuss about it later

IceCube collaboration:
arXiv:1601.06484v1
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We use the 109 TeV neutrino studied in [Amelino-Camelia, Guetta, Piran
arXiv:1303.1826] as a prior to inspire a choice of the temporal window.
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We use the 109 TeV neutrino studied in [Amelino-Camelia, Guetta, Piran
arXiv:1303.1826] as a prior to inspire a choice of the temporal window.




E[TeV|| GRB |z At* [s]
1Co | 63.2 |110503A]1.613 | 50227
1c19] 715 1112294 [1.3805 | 53512

131117A | 4.042 5620
[C421 76.3 |121118A [ 1.497 *| -98694
131119A | 7 |-146475
IC11]| 88.4 |110531A |1.497 *| 124338
1C12] 104.1 | 110625B | 1.497 *| 108061
100604A | 7 10372
102 1 117.0 1 00605A | 1.497 * | -75921
100606A | 7 |-135456
1C40| 157.3 | 130730A | 1.497 * | -120641
120219A | 1.497 * | 153815
10261 210.0 1 o004 | 7 |_117619
1C33| 384.7 | 121023A | 0.6 * |-289371




LONG GRB SHORT GRB

0.0 0.5 1.0 15 2.0 2.5
Z

- The long-GRB distribution contains the 68% of the sample within an interval of
~1 around z~1.5.

- The average of the measured redshifts (1.497) for the long GRBs in our sample,
could be a reasonably good estimate of the redshifts of the other long GRBs.

- The short-GRB distribution contains the 68% of the sample within an interval

of ~0.4 around z~0.6. -
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CORRELATION FALSE ALARM PROBABILITY

BEST Zlong — z Zlong — 2 Zlong ;2 Zlong ;’2
Zshort = 0.5 0.958 0.953 Zshort = 0.5 0.03 7% | 0.04 %
CORRELATION Zshort = 0.6 0.951 0.960 Zshort = 0.6] 0.03 % | 0.02 %
SELECTION Zehort = 0.7 0.941 | 0.964 Zonort = 0.7] 0.04 % | 0.01 %
WORST Zlong = Z|Zlong = 2 Zlong = Z|Zlong = 2
Zshort = 0.5 0.844 0.869 Zshort = 0.5 0.7 % 0.6 %
CORRELATION Zshort = 0.6 0.803 0.849 Zshort = 0.6 1.0 % 0.6 %

SELECTION Zshort = 0.7| 0.751 | 0.822 Zohort = 0.7| 15 % | 0.8 %
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CORRELATION FALSE ALARM PROBABILITY

Zlong — z Zlong — 2 Zlong — z Zlong — 2
Zshort = 0.5 0.958 0.953 Zshort = 0.5] 0.03 % | 0.04 %
Zshort = 0.6 0.951 0.960 Zshort = 0.6 0.03 % | 0.02 %
Zshort = 0.7 0.941 0.964 Zshort = 0.7 0.04 % | 0.01 %

~ 0.86 ~ 0.12%

Zlong = Z|Zlong = 2 Zlong = Z|Zlong = 2
Zshort = 0.5 0.844 0.869 Zshort = 0.5 0.7 % 0.6 %
Zshort — 0.6 0.803 0.849 Zshort = 0.6] 1.0 % 0.6 %
Zshort = 0.7 0.751 0.822 Zshort = 0.7 1.5 % 0.8 %
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Probability Density Function to obtain
14 points from 21 events, with

n points from the model

N-n random neutrino-GRB pair
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14 points from 21 events, with

n points from the model

N-n random neutrino-GRB pair

Probability Density Function to obtain
14 points from 21 events, with

n points from the model
N-n random neutrino-GRB pair

With correlation > 0.8 -



Bl DATA SELECTION: NO tracks, 60TeV < E < 500TeV, £3 days, 20 (not so
selective this one...)

B FALSE ALARM PROBABILITY: ~ 1% for some 9 random points to reach our
worst correlation ~ 0.8
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selective this one...)

B FALSE ALARM PROBABILITY: ~ 1% for some 9 random points to reach our
worst correlation ~ 0.8

B PARAMETERS OF THE MODEL: evaluated with a Markov chain Monte
Carlo technique

B NOISE we payed our lage angular acceptance with some noise that we were
able to quantify as ~ 1/3 of our dataset.




Bl DATA SELECTION: NO tracks, 60TeV < E < 500TeV, £3 days, 20 (not so
selective this one...)

B FALSE ALARM PROBABILITY: ~ 1% for some 9 random points to reach our
worst correlation ~ 0.8

B PARAMETERS OF THE MODEL: evaluated with a Markov chain Monte
Carlo technique

B NOISE we payed our lage angular acceptance with some noise that we were
able to quantify as ~ 1/3 of our dataset.

WE NEED MORE DATA
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