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LHAASO discovery of PeV photons

-
LHAASO J2226+6057 '«
"URTAN

LHAASO J2018+5157 *

LHAASO J1929+1745 &

\.‘ LHAASO J1908+0621

LHAASO J1849-0003 @

« LHAASO J1843-0338
LHAASO J1839-0545 +

, LHAASO J1825-1326

CEE Iatiiudta_ (deg)
)

186 185 184
Galactic longitude (deg)

183



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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See also, e.qg.,

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



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



C.Liand 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
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



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.
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.



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

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



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

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



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

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

J.R. Ellis, N.E. Mavromatos, M. Westmuckett, Supersymmetric D-brane model
of space-time foam, Phys. Rev. D 70 (2004) 044036, https://doi.org/10.1103/
PhysRevD.70.044036, arXiv:gr-qc/0405066.

J.R. Ellis, N.E. Mavromatos, D.V. Nanopoulos, Derivation of a vacuum refractive
index in a stringy space-time foam model, Phys. Lett. B 665 (2008) 412, https://
doi.org/10.1016/j.physletb.2008.06.029, arXiv:0804.3566.

T. Li, N.E. Mavromatos, D.V. Nanopoulos, D. Xie, Time delays of strings in D-
particle backgrounds and vacuum refractive indices, Phys. Lett. B 679 (2009)
407, https://doi.org/10.1016/j.physletb.2009.07.062, arXiv:0903.1303.

Contents lists available at Sciencel Direct

Physics Letters B

www.elsevier.com/locate/physletb

Light speed variation in a string theory model for space-time foam
Chengyi Li?, Bo-Qiang Ma®>-¢*

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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Table 1: 398TeV — 1PeVEH/ 5 AGN ) JCEL

AGN name RA1 DEC1 Event time RA2 DEC2 E(TeV)| d

RGB J0136+391 24.1354  39.1 | 58949.37555302 25.33 38.93 454.97 | 0.94

HESS J1943+4-213 295979 21.3022 | 59089.51884009  296. 21.12  568.38 | 0.18

398TeV — 1PeVEHMF H5AGNI IR . A =512 KEKFIAGN I L FX(AGN name)5
I #E (RAL, DEC1), #4215 -LHIRFHAFRIE A (Event time). {7 & (RA2, DEC2)5
ReE(E)VEE, BE () NFFS5AGNRAERE. HphiE 58 (RAL, DECI,
RA2, DEC2, d)[NEBANEE, HAEMRIEAMID, -G BN TeV.,
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Table 2: 100 — 398TeVEHA; 5 AGN ] Bk

AGN name RA1 DEC1 Event time RA2 DEC2 E(TeV)| d
1ES 00334595 8.82 59.79 | 59155.76583021 9.2 59.59  155.57 | 0.28
1ES 14404122 220.813 12.0031 | 59130.19028049 221.08 11.88 135.93 | 0.29
1ES 2344+514 356.767 51.7136 | 58991.00424211 357.04 51.74  129.78 | 0.17

H 17224119 261.268 11.8708 | 59123.33355175 261.17 11.72 145.36 | 0.18

IC 310 49.1792  41.3247 | 59068.93742090 49.27 414 108.58 | 0.10

M 87 187.697 12.3975 | 58948.56822079 187.65 12.39  102.86 | 0.046
MAGIC J2001+435 300.315 43.879 | 58861.20711016 300.66 43.83 118.54 | 0.25
Markarian 501 253.468 39.7603 | 58882.90036784 253.85 39.73  105.53 | 0.30
NGC 1275 49.9504 41.5117 | 58904.50013662 50.15  41.68  105.56 | 0.22

OT 081 267.887 9.6502 | 58967.78222011 267.9  9.57  140.21 | 0.081

PGC 2402248 113.361 51.8983 | 58868.66202317 113.6  52.06 100.26 | 0.22
PGC 2402248 113.361 51.8983 | 59179.96747670 113.07 51.68 152.52 | 0.28

RBS 0413 49.9458 18.7617 | 59133.66266330 50.04  18.67 142.45 | 0.13

S3 1227425 187.559 25.3019 | 58895.92179841 187.76 25.12  142.85 | 0.26

TON 0599 179.883  29.2456 | H8883.96276228 179.78 29.38 131.38 | 0.16

TON 0599 179.883  29.2456 | 59023.61919995  180. 29.01  120.88 | 0.26

W Comae 185.382  28.2331 | 59005.48300778 185.42 2799  127.99 | 0.25
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2.2.7 Markarian 421

Markarian 421, AR 5(166.079, 38.1947)(J2000), £L#£0.031. {32
FHW/NAFE, BAGNTEL0-20TeV I H N H 2 6EBOH HEE R H &, oA
NA P RIER . 7E20TeV LA b Al REAT T g5 H (K18) .

Markarian 421, z=0.031
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2.2.12 S3 0218+35

S3 0218-+35, AR A(35.2729, 35.9372)(J2000), £LF#£0.954, HAGNTE12-
20TeV. 20-30TeV. 30-40TeVISF I, 40TeVEL B A B (E13). 1
IR0 2N .. EEBIXNAGNAB UL K, RA T Hess Higit
2R ) 45

53 0218+35, z=0.954
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53 0218+35, z=0.954

S3 0218+35, 12~20 TeV

1 2 3 4 5 6
S30218+35, 30~40 TeV

1 2 3 4 5 6

S3 0218+35, 20~30 TeV

TeV J0218+359 simzap @

1000
TeVCat Name:
800 Common Name:
Other Names:
1 Discovery Date:
600 Source Tags:
Wavebands:
400 Other Catalogs:
TeVCat Subcatalog:
200 Seen By:
Position Info:
0 ,i ) 2' 3' 4 ' '5‘ é RA(HHMMSS): &
Dec (DD MM SS): B
$3 0218+35, 40~100 TeV cfomsy: |8
Gal. Long. (des): =
40 Gal. Lat. (deg): B
Distance Info:
Redshift:
30 — [Show Comment] [Show Cite]
Morphology Info:
20 Source is extended?:
Flux Info:
Source is variable?:
10 Flux (Crab %)
Energy Thresh (GeV):
Spectral Index:
0 . 1 1 1
0 1 2 3 4 5 6

TeV J0218+359

53 0218+35

B2 0218+35, QS0 B0218+357
2014-05-14

Default Catalog
MAGIC

0221055 + NoD

+355614 +
142.6018
-23.4867

false

false
30.000

100

3.8 + 0.61



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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1ES 00334595, z=0.467/

1ES 0033+595, 10~12 TeV 1ES 0033+595, 12~14 TeV 1ES 0033+595, 14~16 TeV
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1ES 0647+250, 10~12 TeV

1ES 064 /7+250

1ES 0647+250, 12~14 TeV

1ES 06474250, 14~16 TeV
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1ES 1727+502, z=0.055

1ES 17274502, 10~12 TeV
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B2 1811+31, z=0.117/
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B3 2247+381, z=0.1187/

B3 2247+381, 10~12 TeV B3 2247+381, 12~14 TeV B3 22474381, 14~16 TeV
3000F 20007 -
AT T T T T T T T e [ S o I 1200t | |
2500 — o T
1500 10000 | [ | [ {1 | | [T
2000
800
1500 1000
600
1000 400
500
500 200
0 0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4
B3 2247+381, 16~18 TeV B3 2247+381, 18~20 TeV B3 2247+381, 20~40 TeV
s00l = R — T 1000—
e I R e L 800 B
600 T TH T T T T T
300 600
400
200 400
200
100 200




GB6 J1058+23817

GB6 J1058+2817, 10~12 TeV CB6 J1058+2817, 12~14 TeV GB6 J1058+2817, 14~16 TeV
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Markarian 421, z=0.031

Markarian 421, 10~12 TeV Markarian 421, 12~14 TeV Markarian 421, 14~16 TeV
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0J 287, z=0.3056
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PG 1553+113, z=0.5

PG 1553+113, 10~12 TeV PG 1553+113, 12~14 TeV PG 1553+113, 14~16 TeV
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RXJ1136.5+6/37, z=0.1342

RX J1136.5+6737, 10~12 TeV
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52 0109+22
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53 0218+35, z=0.954
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53 1227+25, z=0.135
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TXS 0506+056, z=0.3365
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H.Xu, B.-Q.Ma, Phys.Lett.B 760 (2016) 602

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

® 160509A by Xu&Ma
V¥ 201020A
@® 201020B
A 201021C
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Correlation of MAGIC TeV event with

IceCube near-TeV events
Y. Huang, H.Li, B.-Q. Ma, PRD 99 (2019) 123018
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GRB190114C, PRL125 (2020) 021301
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MAGIC event accompanied by pre-burst photon and neutrino events
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