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Why an unbinned test?
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since delay << flare/burst width want to probe maximum time resolution of events with unbinned
methods, define sensitivity of test as



Why a non-parametric test?

Much cleverer people than | can describe the intrinsic light curve shape & how much it gets
changed by propagation through the intervening cosmos...
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but there are just so many uncertainties to take into account.
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Table 2 | Limits on Lorentz Invariance Violation

Why an unbinned, non-parametric test?
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Methodology

At its simplest:

XWe do not know the intrinsic
shape/width/duration of the light
curve at origin.

vWe do know that for an energy

dependent dispersion a skewness is
introduced into the light curve shape.

Under the assumption of the high &
low energy photons being emitted
contemporaneously and co-spatially
we can “de-disperse” the lightcurve
until the low and high energy
lightcurves match again.
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Methodology

Apply an energy dependent correction g after B
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Methodology

Apply an energy dependent correction
factor T to the event arrival time

5t=—TE;

where « defines the energy scale and
«=1 is linear dispersion

that is robust to energy resolution
effects.

Here we merely assume that the low
energy events can describe the form
that the high energy lightcurve takes at
source.

If the high energy events are emitted
contemporaneously and co-spatially with
the low energy ones then their
cumulative distribution functions should
overlap
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Performance

Advantages of the Kolmogorov distance metric

It is a fit to the entire profile, but lends a natural weight to the most transient portion of the profile
Averaging twice means it is less susceptible to statistical fluctuations and so can work with a

small number of events
It is relatively insensitive to the energy resolution
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Performance

Relation to other cost functions For PKS 2155-304
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Performance

It is obviously going to be more sensitive to sharper flare/burst features, but it is definitely not
sensitive to the light curve shape — performing equally well to symmetrical, fast/slow and

slow fast rise/fall times.
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Performance
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Perfomance/Methodology
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It is relatively insensitive to the energy cuts until you start to run out of statistics



Performance

Recovering a Fixed Dispersion
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Whilst the RMS spread is larger than the expected dispersion for an individual flare when the
burst width is so much greater than that dispersion, with a statistically large sample of flares
the mean still appears to be an accurate estimate.




What can we expect from a big flare observed by CTA?

PHEZ1SS (250 3]

4 ., F . 2% = 75’53 "
2000 2002 2004 2006 2003 2010
date
o L FIoFE oS0
CTA Fiﬁlg?_@ _____________________________________ ;_EFELJTH_"
oo
:—‘ .::. B f GUHE:r
E ENE‘.?QS?
: q— L PHEE1SS (250 Q']
A L
. - [ -
= -*ﬂx ﬂ:. H

'-‘.:'; 1 1 1 1
0 1 o 3 4 5
current

generation
instruments on linear dispersion effects...



Forward & Backward in time? Fuzzy dispersion:
propagation through “foamy” space-time
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can be positive or negative

Amelino-Camelia & Smolin PRD 80, 084017 (2009).



A negative co-efficient implies
“superluminal”  propagation
can occur. If this happens as
many times as sub-luminal
then the lightcurve becomes
broader, but the net
displacement in the peak of
emission is zero!
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Summary

Unbinned tests are more sensitive when photon numbers are limited (e.g. short timescales)

A method that tried to minimise the number of assumptions about the light curve form has
been presented

the prospects for CTA to be able to place Planck scale limits on (at least linear scale)
Lorentz invariance violation effects are favourable.
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