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Scaled counts/bin

The spectral lags of GRBs

Most GRBs show positive lags at low energy scales
I.e, light curves at higher energies peak earlier than those at lower energies
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The spectral lags of GRBs

In contrast to the positive lags of low energy emission,
GeV photons are found delayed with respect to MeV photons (i.e, negative lags)

Long GRB 080916C Short GRB 090510
Abdo et al. 2009, Science 323, 1688 Abdo et al. 2009 Nature 462, 331
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Thanks to their short spectral lags, cosmological
distances, and very high energetic photons, GRBs have
been viewed as the most promising sources for studying

the LIV effects.

(Amelino-Camelia et al. 1998; Coleman & Glashow 1999; Schaefer 1999; Ellis et
al. 2003, 2006; Boggs et al.2004; Kahniashvili et al. 2006; Jacob & Piran 2008;
Abdo et al. 2009a,b; Biesiada & Pi" orkowska 2009; Xiao & Ma 2009; Shao et al.
2010; Chang et al. 2012, 2016; Nemiroff et al. 2012; Ellis & Mavromatos 2013;
Kosteleck” y & Mewes 2013; Vasileiou et al. 2013, 2015; Pan et al. 2015; Zhang &
Ma 2015; Xu & Ma 2016; Wei et al. 2016...... ).
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The intrinsic time delay problem

The first attempt to disentangle the intrinsic time delay problem was
presented in Ellis et al. (2006).

« The observed time lag:
Atobs — AlﬁLV =+ bsf(l =+ Z)
e Thetime delay induced by LIV:
AE [7 dz

A =y 5 )L G

 The intrinsic time delay: bsf

At-:)bs
) L aLyK + by

L —1 AE K = Z—
where aLV—Ho M 1+Z/o h(z)
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Disadvantages for the treatment
of Ellis et al. (2006)

They looked for spectral lags in the light curves between the selected
observer-frame energy bands 25-55 and 115-320 keV.

Note that the observer-frame lag does not directly represent the

source-frame lag.

It is not likely that different GRBs have the same intrinsic time lag.
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GRB 160625B As a New Probe

of LIV

Scaled counts/bin
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Scaled counts/bin
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GRB 160625B As a New Probe of LIV

« The observed time lag:

Atops = Ating + Atrv 10

« The time delay induced by LIV:
Aty =8 —th

1 nET - Eo/ (1+ 2 )nd2’

- 2Hq V(14 23 + Q4

At (s)

 The intrinsic time delay:

EN® /B \® T e e
At (E) =71 Kke\/) — (keV) ] s E (keV)

Wei, Zhang, Shao, Wu, Meszaros 2017, ApJL, 834, L13



GRB 160625B As a New Probe of LIV

the linear (n = 1) LIV term the quadratic (n = 2) LIV term
T o logEqa(GeV) T « logbEg(GeV)
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Prospects on testing LIV with LHAASO/WCDA

» WCDA: Water Cherenkov Detector Array with detection area of
104 m? (at ~100 GeV), ~ 10° LAT!

» Suppose:
v GRB spectrum dN (E) /AN x E=7, p~2.3
v ~10 photons with energies higher than 1 GeV detected by LAT

» The number of > 100 GeV photons detected by WCDA should be
10° x 10 x 1001 =7 ~ 6 x 103
» > 100 GeV light curves can be produced for bright HE GRBs.

» LHAASO/WCDA could set much more (1-2 orders of magnitude)
competitive limits on LIV.



Summary

» GRB 160625B, the only burst so far with a well-defined transition from positive
lags to negative lags provides a unique opportunity to put new constraints on
LIV.

» We consider the contributions to At.,.s from both At andAtv, and assuming
Atine has a positive dependence on the photon energy, we obtain robust limits
on LIV by directly fitting the spectral lag data of GRB 160625B.

» In addition, we give for the first time a reasonable formulation of the intrinsic
energy-dependent time lag.

» Future observations of GRBs with LHAASO/WCDA could improve the limits
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