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Time delays - overview

» Classical TD from interaction between gravity

and particles and fields !\\P]“““‘

-- Observed in Shapiro delay, graviational and %

cosmological redshift nl a

\)

-- Independent of the energy of the photons \\‘%
* Quantum Gravity TD from String theory, Loop !

QG, etc The Sun )

-- modified dispersion relations, i.e. dependent of Te

the energy of the photon

-- should affect all messengers (neutrino, GW,
photons)

e -- Strict constraints from GRBs (Eqc>7xEg,,
Vasileiou et al 2013, Eqc>0.5xEp Acciari et al
2020)

E T
E? = p*c? [15 (—) } .
P . én.EQG :

The Earth



Time delays iIn GRBs

Gamma-Ray Bursts

-- high energies (Eiss>10%erg)
-- high redshifts (z~9)

-- numerous observations

A perfect probe for TD but a lot of
difficulties

-- Progenitor model vs GRB light curve
-- Intrinsic vs propagational effects
-- What about the cosmology?
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To investigate cosmology, we combine combine
GRB TD data with other astrophysical sources

- CMB GRB BAO SN

NASA/WMAP Cruz deWilde / Swift / NASA BOSS

NASA/ESA/CSA WEBB

z~1100 z~6 z~2 )

For all, we solve the Friedmann equations:

H(z)/Hy = E(z) E(z)?=Q1+2)*+Qu(l+2)> + (1 +2)* + Qpe(2),




The DDE models we consider
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z=rqH(z)/c

BAO — ,standard ruler” in cosmology

Baryonic acoustic oscilations are periodic fluctuations in
the density of the visible baryonic matter of the universe.

Created by the intrerplay of gravity, radiative pressure and
the expansion of the universe

The distance at which plasma waves induced by radiation
pressure froze at recombination the sound horizon, r,

(Planck 2018: r,=147.5 Mpc, z,=1059, z,=1100)

Measured by looking at the large scale structure of matter
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The quantities we use
« SN/GRB 1g(2) — Mg = 5logy, [dr(2)] + 25,
TDA(2)
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The results - TD1
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The results - TD2
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In both cases - we see
deviations between DE
models
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TD1

The cosmology

TD1 and TD2 look very similar)

In both
cases
c/Horq~28!1!

TD2

Qm

Qm

BN pEDE
W FSLLI
I FSLLI
I |FB
0.4 | N LC
m BA
s CPL

EEE ACDM
0.3
0‘2— T T T T T T
24 26 28 30 32 34
c/Harg
5
BN pEDE
EEm FSLLI
N FSLLI
Il |PB
mm (C
0.4 mmm BA
0.3 -
02 :
24 26 28 30 32 34

I CPL
I FSLLI
Bl FSLU
m JPB
Il LC
Il BA

_12

—0.6

. CPL
N FSLLI
I FSLLI
I JPB
|_Jie
Il BA

-0.8

~0.6



I CPL

CPL
FSLLII
FSLLI

JPB

LC
BA

I FSLLI
I FSLLI
s JPB
I LC
Il BA
If we fix cosmology to
c/Horq~30
< TD1 TD2
—-0.6
I pEDE ‘ 7 049 Il pEDE *
|| -
||
|
||
|| 0.35
¢
0.30 A
28 29 30 31 32 28

C/Hof'd

—0.6




Or If we compare fixed cosmology
with non-fixed cosmology...
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The c/Horg parameter
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Conclusions:

Variation within the model larger than
variation between models!
Cosmology can account for at least 10% of ~ * ¢/Hora~27 —lower than pure DDE c/Hore~30

any constraint on LIV effects! * Lower than Planck's matter density
We need better understanding of intrinsic * Similar DDE parameters
effects!  Some limited preference for CPL, BA,
FSLLII

* TID1l Fy; > 5 x 107 GeV
* D2 p,on > 11 %107 GeV

 20%-60% deviation due to cosmology
e Consistent with previous results

,Effect of the cosmological model on
LIV constraints from GRB Time-Delays
datasets, DS, arxiv:2305.06504



https://arxiv.org/abs/2305.06504
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Datasets/Methods

* Two GRB TD datasets « MCMC with Polychord
(TD1-35pts, TD2-49  « Marginalized =~ " 7 "
Ps) SNand GRB =&

 CMB distance prior (2 pts) £=Y (AuCo E).

. BAO (15 pts)  DDE models Flzicmi

* SN (40 binned pts) * We remove o = 31 = V)

- GRB/Quasars (162/24 pts) Ho and rq! X%DZ?(&O(M )’

2 9 2 P 9 2 P
X~ = XBao T Xcus + Xsn + X7 (FXGRrE) (FX0ua)-
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