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LHAASO discovery of PeV photons
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C.Liand B.-Q.Ma, PRD 104 (2021) 063012, arXiv:2105.07967

LHAASO Observation of Cosmic Photons
versus

Lorentz Violation

Highest energy photon (E=1.4 PeV) observed by human being
Strong constraint on superluminal Lorentz violation
Permission for subluminal Lorentz violation

Towards a string theory model for space-time foam



Model independent LV photon dispersion relation
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C.Liand B.-Q.Ma, PRD 104 (2021) 063012, arXiv:2105.07967

Strong Constraint on Superluminal Lorentz Violation

* Photon decay due to superluminal LV
v —et+e
* Constraint from LHAASO discovery of E=1.42 PeV photon
ES™ > 9,57 x 10°% eV (%)3
N
ESYP) > 974 x 10%* GeV

e Stringent constraints on certain LV theories

 Support for the space-time foam prediction: no photon decay
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Strong Constraint on Superluminal Lorentz Violation

 Constraint from LHAASO discovery of E=1.42 PeV photon
BERY 2 9.57 x 103 eV (i—’{[)

N
ES™) > 9.74 x 10%* GeV

 More detailed analysis of data by LHAASO Collaboration
LHAASO, arXiv:2106.12350
* Similar analysis on LHAASO data by
Chen et al., arXiv: 2105:07927, CPC published



Energy limitation of cosmic photons
from standard special relativity

cosmic photon annihilation with CMB
Y+ Vemsg € +€°
4Ee, ~(2m,)° E ~4x10" eV

Attenuation of above threshold E=411 TeV photons

H.Li and B.-Q.Ma, JHEAP 32(2021)1, arXiv:2105.06647
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Threshold Anomalies of Cosmic Photons
due to Lorentz Violation

Case | Optical Transparency, 0 < fc_l = Ey < 4.5 x 10%° GeV
Case Il Reappearance of UHE Photons, 5(_-_1 = Ejy >4.5x 10%% GeV
Case Il Threshold Reduction, &1 = Ejy < 0
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Threshold Anomalies of Cosmic Photons
due to Lorentz Violation

Photon annihilation is forbidden due to subluminal Lorentz
violation.
Y+ Ve 2 € +€

We predict optical transparency of cosmic photons for
subluminal LV scale less than &, ' ~ 4.5 x 10** GeV

Any observation of above threshold E=411 TeV photons from
extragalactic sources can be considered as signals for new
physics beyond special relativity.
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Breakthrough: LHAASO discovery of PeV photons

Observation of photons with energies above the threshold
of photon annihilation process
Permission for the subluminal Lorentz violation:
an upper bound with ES™ < ¢! ~ 4.5 x 10*° GeV
are compatible with the observation of PeV photons
The sources for the above threshold photons:
galactic or extragalactic?

Further studies are necessary to identify sources for PeV
photons

C.Li, B.-Q.Ma, PLB (2021) 136443, arxiv:2105.06151



Energy limitation of cosmic photons
from standard special relativity

cosmic photon annihilation with EBL (extragalactic background light)
Y7y = e e”
4Ee, ~(2m,)° E ~4x10" eV <= C™MB

et

EBL: Attenuation of above threshold E=260 GeV photons

H.Li and B.-Q.Ma, JHEAP 32(2021)1, arXiv:2105.06647
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New GRB: 160509A
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e H.Xu, B.-Q.Ma, Phys.Lett.B 760 (2016) 602

New GRB: 160509A

we find evidence

to support the prediction for a linear form modification of light speed

WE)=c(l —E/ELy)

Eiy = 3.60x 10" GeV

ABSTRACT

It is postulated in Einstein’s relativity that the speed of light in vacuum is a constant for all observers.
However, the effect of quantum gravity could bring an energy dependence of light speed. Even a tiny
speed variation, when amplified by the cosmological distance, may be revealed by the observed time
lags between photons with different energies from astrophysical sources. From the newly detected long
gamma ray burst GRB 160509A, we find evidence to support the prediction for a linear form modification
of light speed in cosmological space.
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J.Zhu, B.-Q.Ma, Phys.Lett.B 820 (2021) 136518

New GRBS: 2010204, 2010208, 201021¢

® Work by Xu&Ma
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Predictions of LV features from space-time foam

Linear energy dependence of light speed variation

Subluminal Lorentz violation

Photons are stable, no photon decay

No birefringence for photon propagation in vacuum

Predictions are consistent with all current observations including
a subluminal light speed variation
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The string theory model of space-time foam

is consistent with current observations
including a subluminal light speed variation around Planck scale
and the LHAASO discovery of cosmic PeV photons
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Summary

High energy cosmic photons provide opportunity to study the
Lorentz violation of photons.

The LHAASO observation of 1.4 PeV photon puts strong
constraint on superluminal Lorentz violation.

Subluminal Lorentz violation permits the above threshold
(E=410 TeV) photon events:

LHAASO event of E=1.4 PeV=1400 TeV

Combined with the suggestion for a subluminal light speed
variation from analyses of GRB data, we predict the optical
transparency of cosmic photons .

Our prediction of optical transparency of cosmic photons can
be tested by LHAASO observation of any above threshold
photons from extragalactic sources.



