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LHAASO discovery of PeV photons

Nature  594 (2021) 7861



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

C.Li and B.-Q.Ma, PRD 104 (2021) 063012, arXiv:2105.07967



Model independent LV photon dispersion relation 

See also, e.g.,
H.Xu, B.-Q.Ma, APP 82 (2016) 72, arXiv: 1607.03203
H.Xu, B.-Q.Ma, PLB 760 (2016) 602, arXiv: :1607.08043
H.Xu, B.-Q.Ma, JCAP 1801 (2018) 050, arXiv: 1801.08084

L.Shao and B.-Q.Ma, MPLA 25 (2010) 3251

s=1 subluminal case;        s=-1 superluminal case 



Strong Constraint on Superluminal Lorentz Violation

• Photon decay due to superluminal LV

• Constraint from LHAASO discovery of E=1.42 PeV photon

• Stringent constraints on certain LV theories

• Support for the space-time foam prediction: no photon decay

C.Li and B.-Q.Ma, PRD 104 (2021) 063012, arXiv:2105.07967



Strong Constraint on Superluminal Lorentz Violation

• Constraint from LHAASO discovery of E=1.42 PeV photon

• 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      

C.Li and B.-Q.Ma, PRD 104 (2021) 063012, arXiv:2105.07967



Energy limitation of cosmic photons
from standard special relativity

cosmic photon annihilation with CMB

  eeCMB
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Attenuation of above threshold E=411 TeV photons

H.Li and B.-Q.Ma, JHEAP 32(2021)1, arXiv:2105.06647



Threshold Anomalies of  Cosmic Photons
due to Lorentz Violation

  eeCMB H.Li and B.-Q.Ma, JHEAP32 (2021)1, arXiv:2105.06647



Threshold Anomalies of  Cosmic Photons
due to Lorentz Violation

• Photon annihilation is forbidden due to subluminal Lorentz 
violation.

• We predict optical transparency of cosmic photons for  
subluminal LV scale less than 

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

  eeCMB

H.Li and B.-Q.Ma, JHEAP32(2021)1, arXiv:2105.06647



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            < 

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 and B.-Q.Ma, PRD 104 (2021) 063012 & Science Bulletin 66 (2021) 2254

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



Predictions are consistent with all current observations including
a subluminal light speed variation

C.Li, B.-Q.Ma, PLB 819 (2021) 136443, arXiv:2105.06515

• Linear energy dependence of light speed variation 

• Subluminal Lorentz violation

• Photons are stable, no photon decay 

• No birefringence for photon propagation in vacuum

Predictions of LV features from space-time foam



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

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

C.Li and B.-Q.Ma, PRD 104 (2021) 063012 & Science Bulletin 66 (2021) 2254



Energy limitation of cosmic photons
from standard special relativity

cosmic photon annihilation with EBL (extragalactic background light)                  
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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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cosmic photon annihilation with EBL (extragalactic background light)                  
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H.Li and B.-Q.Ma, JHEAP 32(2021)1, arXiv:2105.06647
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注释：

• 直方图的含义是把事例与AGN的距离按照 1/距离的权重填充至直方图，横
坐标为事例与AGN的距离，单位为度，纵坐标为填充数，单位 1/度；

• 在背景近似为空间均匀分布的情况下，在小角度若无信号，则直方图应该
为平直的，当事例与AGN有关联时，原点附件会有超出；

• 在这种填充方式下，与AGN非常靠近的事例的贡献会很大，这种填充方式
会放大与AGN特别靠近的事例的信号，但特别靠近AGN的背景可能会造成影
响，这里筛选的AGN在各个能量范围都有超出以排除可能的背景影响

• 这种判别方式是一个快速而又粗糙的检验手段，有可能会误判，需要专业
手段进一步检验。
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New GRB: 160509A

• H.Xu, B.-Q.Ma, Phys.Lett.B 760 (2016) 602



New GRB: 160509A

• H.Xu, B.-Q.Ma, Phys.Lett.B 760 (2016) 602



New GRBs: 201020A, 201020B, 201021C

• J.Zhu, B.-Q.Ma, Phys.Lett.B 820 (2021) 136518



Correlation of MAGIC TeV event with
IceCube near-TeV events 

MAGIC event: E=1.07 TeV, z=0.4245, t=T0+73.6 s
GRB190114C,   PRL125 (2020) 021301

Y. Huang, H.Li, B.-Q. Ma, PRD 99 (2019) 123018



MAGIC event accompanied by pre-burst photon and neutrino events 

J.Zhu, B.-Q.Ma, Phys.Lett.B 820 (2021) 136546


