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The highest energy particles

can be observed by human being are from SKY

Frontiers of human knowledge:
Cosmology, Astronomy, and Physics
» AstroParticle Physics

« Particles from the Sky:
Ultra-high energy comic rays (UHECRS) : 102%eV or higher
Cosmic photons from gamma ray bursts: 10~100 GeV or higher to multi-TeV

Cosmic neutrinos with much higher energy: ~TeV to PeV

New physics from cosmic photons and neutrinos:
Lorentz violation
CPT violation
Axion



New Physics Beyond Relativity: Lorentz Invariance Violation
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Searching for Lorentz Violation from Light-Speed Variation
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Phenomenological Studies on Light-Speed Variation
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LHAASO discoveries set strong constraints on superluminal Lorentz violation
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IceCube Neutrino Observatory
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IceCube Neutrinos
—results reported by IceCube

* |ceCube, Astrophys.J. 843 (2017) 2292
* Y. Huang, B.-Q. Ma, Comms.Phys.1 (2018) 62

More than ten years data taking: energies>30 TeV + 4
events of PeV

Associated GRBs: narrow time window=within -100->300 seconds,

some neutrinos compatible with backgrounds

Small flux to rule out fireball models.



Advantages: from photons to neutrinos

U. Jacob, T. Piran, Nat.Phys.3 (2007) 87
Y. Huang, B.-Q. Ma, Comms.Phys.1 (2018) 62

* Energy difference: photon < 100GeV, neutrino= TeV->PeV
* Time difference: photon=a few seconds
neutrino=a few hundred seconds -> months

* Intrinsic time difference: can be safely neglected.
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From photons to neutrinos

nature TICLE
astronomy PUBLISHED: 5 JUNE 2017 | VOLUME: 1| Q’ELE NUSIEiER: 01359

Invacuo dispersion features for gamma-ray-burst
neutrinos and photons

Giovanni Amelino-Camelia?*, Giacomo D'Amico"?, Giacomo Rosati® and Niccolé Loret*
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Extension of Time Window to Days
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Invacuo dispersion features for gamma-ray-burst
neutrinos and photons
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Reanalysis of TeV Events
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Reanalysis of TeV Events
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First Analysis of PeV Events
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Y. Huang, B.-Q. Ma, Comms.Phys.1 (2018) 62
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Lorentz violation from gamma-ray burst neutrinos
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Association of IceCube Neutrinos with GRBs

Y. Huang, B.-Q. Ma, Comms.Phys.1 (2018) 62

Table 3 The properties of PeV neutrino events with associated GRB candidates

E (PeV) c AW z Atops (103s) Sl (10%) K (10'8s - TeV)

event #14 104151 13.2°

GRB 110725A¢ 9.06° 4.87° 2.15b 1320.217 419.1 350.2
GRB 110730Ad 4.28° 5.6° 215b 907.885 288.2 350.2
GRB 110731A 0.0001° 13.14° 2.83 782.096 204.2 366.9
GRB 110808B 0.0693° 9.8° 0.5° 74.303 495 172.8
GRB 110905A 0.0314° 14.9° 2.15b —2309.121 —7331 350.2
event #20 1141813, 10.7°

GRB 111229Ad 0.0003° 18.9° 1.3805 384.970 161.7 355.4
GRB 120119C¢ 4.42° 36.9° 215b —1940.176 —615.9 383.9
GRB 120210A 5.51° 1.4° 0.5P —3304.901 —22033 189.4
event #35 2.001922 15.9°

GRB 120919A 0.0863° 1.0° 215b 6539.722 2076.1 6743
GRB 121229A4 0.0003° 12.1° 2.707 —2091.621 —564.2 7025
GRB 130121A¢ 114° 6.55° 2.15b —4046.519 —1284.6 6743
ATel #7856 26493 1

GRB 140427A¢ 23.26° 25.8° 2.15b 3827.439 1215.1 874.9
GRB 140516Bd 7.77° 8.63° 2.15b 2185.942 693.9 8749

The energy errors here are measurement uncertainties provided by the lceCube database. The column ¢ shows angular uncertainties of neutrino events and GRB candidates respectively. The angular
separation AW is calculated from the differences between RA and Dec angles. For every one of the four events, there exists a candidate marked by © that satisfies the strict time criterion and is consistent
with the regularity of the TeV neutrino. The mark ¢ represents another option with a strong correlation




CPT Violation from Cosmic Neutrinos:
Difference properties between neutrinos and antineutrinos.

20+
x10°
104
0
] ]
+
5 0 o g e L e
2
ZP 1 ! 4 TeV neutrino
104 120119C | ® PeV neutrino
i € PeV neutrino
] ] v PeV neutrino
130121A i B PeV neutrino
-20 i new fitting
T ; T T
-10 -5 0 5 10" 5 1020

Y. Huang, B.-Q. Ma, Comms.Phys.1 (2018) 62

https://astronomycommunity.nature.com/users/179714-bo-qiang-
ma/posts/39327-cpt-violation-from-cosmic-neutrinos



PHYSICAL REVIEW D 99, 043013 (2019)

Testing Lorentz invariance and CPT symmetry
using gamma-ray burst neutrinos
Xinyi Zhangl and Bo-Qiang Ma'**"
'School of Physics and State Key Laboratory of Nuclear Physics and Technology,
Peking University, Beijing 100871, China

2Collaborative Innovation Center of Quantum Matter, Beijing, China
Center for High Energy Physics, Peking University, Beijing 100871, China

® (Received 16 October 2018: published 25 February 2019)

* We find that different neutrino/antineutrino propagation
properties can be described with both Lorentz invariance
and CPT symmetry violation.

* Aviable way on testing the CPT symmetry violation between
neutrinos and antineutrinos is suggested.



PHYSICAL REVIEW D 99, 123018 (2019)

Y. Huang, H.Li, B.-Q. Ma, PRD 99 (2019) 123018
Consistent Lorentz violation features from near-TeV IceCube neutrinos

Yangi Huang,' Hao Li,' and Bo-Qiang Ma"*?"
'School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University,
Beijing 100871, China
*Collaborative Innovation Center of Quantum Matter, Beijing, China
SCenter Jor High Energy Physics, Peking University, Beijing 100871, China

M (Received 31 January 2019; published 21 June 2019)

Previous association of 60 TeV to 2 PeV IceCube neutrinos with
GRBs indicates Lorentz invariance and CPT symmetry violation.

We find that another 12 northern hemisphere track events satisfy
the same regularity at a lower energy scale around 1 TeV.

Such a consistency over four orders of magnitude in energy
provides a strong support of the revealed regularity.
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IceCube Neutrinos near 1 TeV & GRBs

Y. Huang, H.Li, B.-Q. Ma, PRD 99 (2019) 123018
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12 IceCube neutrinos near 1 TeV

as new support to the TeV+PeV regularity
Y. Huang, H.Li, B.-Q. Ma, PRD 99 (2019) 123018
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CPT Violation from Cosmic Neutrinos:
Difference properties between neutrinos and antineutrinos.
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Y. Huang, B.-Q. Ma, Fundamental Research 4 (2024) 51, arXiv:2211.00231

Lorentz Violation of Cosmic Neutrinos:
Association of IceCube Neutrino Events with GRBs

x10% 204

150 4 x10°
n100 )l ?10 ) ATel #7856
2 50 =
¥ ¥
T ol Ew 0
£ 3
-] =
-501 * shower
h 104 A track
41001 Pl 1
150
. . H : : -20 ‘ ‘ T T
. i -10 5 0 10
100 50 . (;ITeW 50 xﬂ;gﬂ oK (s-ToV) x10%
® \We associate IceCube TeV and PeV neutrino events with gamma-ray bursts (GRBs).
® Among these 24 neutrino “shower" events above 60 TeV, 12 events are associated with GRBs.
® Track events are also associated with GRBs under the same Lorentz violation of neutrinos.
® The results support the Lorentz violation of neutrinos, indicating new physics beyond relativity.
FondamentalRescareh e () s ABSTRACT
Contents lists available at ScienceDirec
i e e Based on the recent association of IceCube TeV and PeV neutrino events with gamma-ray bursts (GRBs) by
considering the Lorentz violation of neutrinos, we provide a new estimate on the GRB neutrino flux with a more
S ————————————————————————— significant result compared to the previous constraint by the IceCube Collaboration. Among these 24 neutrino
Article “shower” events above 60 TeV, 12 events are associated with GRBs. Such a result is compatible with the prediction
Ultra-high energy cosmic neutrinos from gamma-ray bursts from GRB fireball models. Analysis of track events provides a consistent result with the shower events to associate

high energy cosmic neutrinos with GRBs under the same Lorentz violation features of neutrinos. We also make a
background estimation and reveal GRBs as a significant source for the ultra-high energy IceCube neutrino events.
Our work supports the Lorentz violation and CPT-violation of neutrinos, indicating new physics beyond relativity.

Yangi Huang, P!




C.Li and B.-Q.Ma, PLB 835 (2022) 137543, JHEP 03 (2023) 230

The string theory model of space-time foam:
Lorentz- and CPT-violating neutrinos from string/D-brane model

We show that the space-time foam model from string/D-brane
theory predicts a scenario in which neutrinos can possess linearly
energy dependent speed variation, together with an asymmetry
between neutrinos and antineutrinos, indicating the possibility of
Lorentz and CPT symmetry violation for neutrinos.

‘w’f’".é:;’% Contents lists available at ScienceDirect
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Testing Lorentz invariance of electrons with LHAASO observations of m
Light speed variation in a string theory model for space-time foam ) PeV gamma-rays from the Crab Nebula e
Chengyi Li?, Bo-Qiang Ma ™" <* = Chengyi Li®, Bo-Qiang Ma "<

C.Li, B.-Q.Ma, PLB 819 (2021) 136443, PLB 829 (2022) 137034,
PLB 835 (2022) 137543, JHEP 03 (2023) 230



H.Li, B.-Q.Ma, PLB 836 (2023) 137613

Speed variations of cosmic photons and neutrinos
from loop quantum gravity

Physics Letters B 836 (2023) 137613

Contents lists available at ScienceDirect

Physics Letters B

journal homepage: www.elsevier.com/locate/physletb

Speed variations of cosmic photons and neutrinos from loop quantum
gravity

Hao Li¢, Bo-Qiang Ma & b.c*

# School of Physics, Peking University, Beijing 100871, China
b Center for High Energy Physics, Peking University, Beijing 100871, China
¢ Collaborative Innovation Center of Quantum Matter, Beijing, China

A consistent understanding of Lorentz violation features
of cosmic photons and neutrinos from loop quantum gravity



Theoretical Studies on Lorentz Violation of Photons and Neutrinos
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'\%j{/\é Remarks: neutrinos

We first associate all 4 IceCube events of PeV
neutrinos with gamma-ray bursts (GRBs).

We unveil a regularity of these energetic neutrinos
indicting Lorentz violation.

We find different propagation properties between
neutrinos and antineutrinos.

The result indicates the CPT violation between
neutrinos and anti-neutrinos.



Newly observed GRB221009A
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» Triggered by Fermi and Swift
» Very bright GRB with very short distance
z=0.1505 (2.4 billion light years)

» LHAASO observation: 64000 high energy events with energies larger
than 200 GeV including photons with energy larger than 10 TeV.

202210 H9H, LHAASOH 55 & BRAMN3E 2 HH 10TeVHI Y6 F 341

LHAASO, Science 380 (2023) 1390, June 8, 2023, arXiv:2306.06372



Newly observed GRB221009A

—e— Original spectrum

— 2z =10.1505
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» Within standard model, extragalactic background light
(EBL) could absorb cosmic photons severely and the
flux is too weak to be observed.

» We suggest that Lorentz invariance violation induced
threshold anomaly of 1 —e¢¢* process provides a
candidate to explain the LHAASO observation of 18
TeV event.

H. Li and B.-Q. Ma, arXiv:2210.06338, APP 148 (2023) 102831
See also, H. Li and B.-Q. Ma, arXiv:2210.05563, EPJC 83 (2023) 192



Newly observed GRB221009A
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See also:

H. Li and B.-Q. Ma, arXiv:2210.05563, EPJC 83 (2023) 192

H. Li and B.-Q. Ma, arXiv:2306.02962 , JCAP 10 (2023) 061

H. Li and B.-Q. Ma, arXiv:2307.14256, Mod.Phys.Lett.A 39 (2024) 04
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» Within standard model, extragalactic background light
(EBL) could absorb cosmic photons severely and the
flux is too weak to be observed.

» We suggest that Lorentz invariance violation induced
threshold anomaly of 1 —e¢¢* process provides a
candidate to explain the LHAASO observation of 18
TeV event.

H. Li and B.-Q. Ma, arXiv:2210.06338, APP 148 (2023) 102831
See also, H. Li and B.-Q. Ma, arXiv:2210.05563, EPJC 83 (2023) 192



Chinese Physics Letters 40, 011401 (2023)

Axion-Photon Conversion of LHAASO Multi-TeV and PeV Photons

Guangshuai Zhang(5%3¢0M)! and Bo-Qiang Ma( 5 {f56) 123

» The axion-photon conversion allows extragalactic
multi-TeV and PeV photons to propagate in the
Universe for being detected on the Earth.

» The axion-photon conversation can serve as an
alternative mechanism for the very-high-energy
features of the newly observed gamma ray burst

GRB 221009A.

G. Zhang, B.-Q. Ma, arXiv: 2210.13120, CPL 40 (2023) 011401
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Chinese Physics Letters 40, 011401 (2023)

Axion-Photon Conversion of LHAASO Multi-TeV and PeV Photons

Guangshuai Zhang(ik 3 i)! and Bo-Qiang Ma( D {f5i ) 123+

» The axion-photon conversion allows extragalactic
multi-TeV and PeV photons to propagate in the
Universe for being detected on the Earth.

» The axion-photon conversation can serve as an
alternative mechanism for the very-high-energy
features of the newly observed gamma ray burst

GRB 221009A.

G. Zhang, B.-Q. Ma, arXiv: 2210.13120, CPL 40 (2023) 011401



L. Wang and B.-Q. Ma, arXiv:2304.01819, PRD (2023) in press

The picture of photon-axion conversion
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L. Wang, B.-Q. Ma, arXiv: 2304.01819, PRD 108 (2023) 023002

Axion-Photon Conversion from GRB221009A
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Check New Physics with GRB221009A

The high energy features of GRB221009A need to
be carefully examined to constrain possible new
physics such as:

Lorentz violation
Axion-photon conversion
Sterile neutrino



Summary

High energy cosmic photons provide opportunity to study
new physics: Lorentz violation or axions

Subluminal Lorentz violation permits the above threshold
photon events:

LHAASO event of E=1.4 PeV=1400 TeV
LHAASO event from GRB 221009A of E=18 (12.2) TeV

Photon-axion conversion serves as an alternative mechanism

for the observation of above threshold photon events

Our prediction of optical transparency of cosmic photons due
to Lorentz violation or axions can be tested by LHAASO
observation of any above threshold photons from
extragalactic sources.



