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| want to say Einstein is wrong!

‘0 baolujiang@gmail.com

February 12, 2022 at 00:07

A website to disprove Special Relativity

e To: Teppei Katori

How to disprove Einstein’s theory
scientifically???

Special Relativity is Wrong

Latest Updates

This website is dedicated to proving that Special Relativity is Wrong.

Listed below are the major sections in our article:

armanettimaurizio@libero.it January 15, 2020 a

From Italy - OBJECT: here's how to overcome the speed of light.
To: Teppei Katori

o Why is Special Relativity wrong?
o What is Special Relativity?
e The two postulates

= Cosmin Visan

My theory of consciousness and meeting proposal
To: bozidar.butorac@kcl.ac.uk & 113 more

TO THE PERSONAL ATTENTION OF PROF. TEPPEI KATORI

The True Pattern of Magnetic Field looks nothing like we are used to!

OBJECT: here's how to overcome the speed of light.

CORRECT

BOGPANOV

| can demonstrate under scientific control and in a repeatable
the speed of light. The brain has the energetic power of instantar
the problem was to prove it scientifically, today it is possible, | cal

WRONG
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e 2022-10-22: Section 'On velocity
addition' is added to the end of th
main article.

e 2021-11-21: Several Q&As are
added.

-05: The main article is
January 13, 2024 at 22:28

24: Source Text™ for vi

Details

.18 Several QRAs are

N=h27m=m-r? ® c l

JL.c

w=2r-f=

the direction
of movement

f=2

Al
2

il
2

Eem =h-f=-C-U2+.L .12 the effect cross-section [ Ag =2r-d

25/01/15 3



Theory of Special Relativity

Einstein and Lorentz

ING'S
College
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Special relativity is a basis of both quantum field theory and
general relativity

Special relativity 1s based on Lorentz symmetry
Lorentz symmetry 1s 1sotropy of spacetime
If the universe has a special direction, space doesn’t have

Lorentz symmetry and Lorentz transformation 1s violated
—> Lorentz violation

All fundamental physics phenomena must be experimentally
tested including Lorentz symmetry

tkatori@cern.ch 25/01/15



Michelson-Morley experiment

The experiment tried to measure the motion of
the Earth relative to ather.

The experiment shows the speed of light 1s
constant regardless the motion of the Earth.

This result suggests the 1sotropy of spacetime,

and Lorentz symmetry. MIrror 1 e
beam
Lorentz symmetry is valid down to Ac/c~10 splitter
lamp v
> < >I mirror 2
v
I telescope
ING'S
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Nagel et al, Nature Comm., 6(2015)8174

Michelson-Morley experiment

The experiment has been
improved over 100 years. 107° F+°=
10710

107"
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https://www.nature.com/articles/ncomms9174

Nagel et al, Nature Comm., 6(2015)8174

Michelson-Morley experiment

The experiment has been
improved over 100 years. 107° F77=
10710
Technology shift 1011
(interferometer = optical o | [Tegend
C&Vit}’) around 2000s Q 10 Interferometer tests
3 10-13 Cavity tests
S
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ING'S Year
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https://www.nature.com/articles/ncomms9174

Nagel et al, Nature Comm., 6(2015)8174

Optical cavity experiment

Modern Michelson-Morley experiment

- Saphire crystal resonator

- Whispering gallery mode

- Vacuum insulation, liquid helium cooling to 4K
- Turntable to actively rotate

This experiment 1s sensitive to the anisotropy of
speed of light down to Ac/c~10-18

Why we keep testing this?

Why do we expect Lorentz violation?

Tilt control

ING’S
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https://www.nature.com/articles/ncomms9174

Proagress in Particle and Nuclear Physics 125 (2022) 103948

Quantum gravity

Searching Lorentz violation 1s well motivated quantum foam

Lorentz violation in Planck scale theories
- string theory

- noncommutative field theory
- quantum loop gravity

etc

Lorentz violation 1s seen as

- spacetime fluctuation

- background field in vacuum (EFT)
etc

Lorentz violating field
ING'S - background field of the universe (ather)

Logglggi\e] tkatori@cern.ch 25/01/15 9



https://www.sciencedirect.com/science/article/pii/S0146641022000096?via%3Dihub

Quantum gravity

Searching Lorentz violation 1s well motivated

Quantum field theory and general relativity are the

foundation of modern physics.

Lorentz symmetry 1s a basis for both quantum field
theory and general relativity

How to formulate Lorentz violation in our theories?

Lorentz symmetry

Lorentz symmetry could be spontaneously broken,
if so, this doesn’t violate existing framework of
modern physics

ING’S
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Spontaneous symmetry breaking

Searching Lorentz violation 1s well motivated

Nature has many examples of spontaneous symmetry breaking
- Condensed matter (magnetization, crystallization, etc)
- Phase transition in vacuum (Higgs mechanism, spontaneous Lorentz symmetry breaking)

Magnetization Higgs mechanism

ING’S Re(¢)
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Spontaneous symmetry breaking

Searching Lorentz violation 1s well motivated

Math 1s a good approximation of nature
There is no perfect symmetry in nature, all somewhat broken

So why spacetime symmetry 1s perfect?!

INCS Fibonacci number and broccoli Golden ratio and seashell

College tkatori@cern.ch 25/01/15

LLONDON

12



Alan Kostelecky, Indiana University

Standard-Model Extension (SME)

Search of Lorentz violation 1s to find anomalous
effects due to the couplings of background fields and
ordinary fields (electrons, muons, neutrinos, etc)

SME 1s an effective field theory framework to look
for Lorentz violation
e.g.) vacuum Lagrangian for fermion

L =‘i1/7)/”(9“1/; — ml/jl/;' ey akp + Py -

2025 recipient, Norman F. Ramsey Prize

For the development of the Standard Model Extension and for its application
to, and inspiration for, a broad set of precision measurement tests across

various physical systems, some of which have reached Planck-scale

sensitivity.

Scientific American (Sept. 2004)

Axis of rot ation ——

! I
Standard Model couplings with background fields
Physics of Lorentz violation
- Spectrum distortion, \
- Sidereal time dependence, etc...
24h 00min 00sec: Solar day nobr? noon

ING'S - QG
College 23h 56min 4.1sec: Sidereal day Katori@eerm o

LLONDON
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Bluhm, Kostelecky, Lane, Russell PRL 2002
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Tests of Lorentz violation




EdtWash, PRL97(2006)021603 , PRL122(2019)231301

Torsion pendulum (electron)

Eric G. Adelberger, University of Washington, Seattle
2025 recipient, Einstein Prize

For outstanding contributions to experimental gravity using precision torsion-

balance measurements, which have profound implications for fundamental

Modern torsion balance physics.
AR

- AIN1Co: all magnetic field is from electron spin

- SmCos: electron orbital motion creates magnetic field
- Magnetize them to cancel magnetic field, so that the
pendulum has net electron spin

- Look for coupling between electron spin and
background field

-
f—

- 545CcM ——=
ING'S
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.021603
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231301

PRL105(2010)151604 and many others

Double gas maser (neutron)

The most sensitive magnetometer

- Optical pump for Rb, K

- Spin transfer to noble gas (Xe, *He), monitor *He precession

- Look for coupling between neutron spin and background field
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.151604

ZEUS, PRD107(2023)092008 and many others

Collider physics (quarks)

HERA p-e collider

- ZEUS deep-inelastic scattering data
- Monitor sidereal time dependence

- Similar tests are possible for other data
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092008

Neutrino physics

Neutrinos in the standard model
The standard model describes 6 quarks and 6 leptons and 3 types of force carriers.

Neutrinos are special because,
1. they only interact with weak nuclear force.

Vu H Vi Vi
W Z
d u u u
Charged Current Neutral Current
(CC) interaction (NC) interaction
“W-boson exchange” “Z-boson exchange”

2. mteraction eigenstate 1s not Hamiltonian eigenstate,
and propagation of neutrinos changes their species

(flavours), called neutrino oscillation.

ING’S
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Neutrino oscillation experiments

Neutrino oscillation 1s an interference experiment (cf. double slit experiment)

light source screen

uiayned
aoualaolul

For double slit experiment, 1f path v, and path v, have different length, they have different
phases and 1t causes interference.

ING’S
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Neutrino oscillation experiments

Neutrino oscillation is an interference experiment (cf. double slit experiment)

Vu o H
—

Neutrino flavour eigenstates are super-position of Hamiltonian eigenstates v, and v,

ING'S
College
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Neutrino oscillation experiments

Neutrino oscillation is an interference experiment (cf. double slit experiment)

Neutrino flavour eigenstates are super-position of Hamiltonian eigenstates v, and v,
Difference 1n velocities cause quantum interference

ING'S
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Neutrino oscillation experiments

Neutrino oscillation is an interference experiment (cf. double slit experiment)

Neutrino flavour eigenstates are super-position of Hamiltonian eigenstates v, and v,
Difference 1n velocities cause quantum interference
The detection may be different flavour (neutrino oscillations)

ING'S
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Neutrino oscillation experiments

Neutrino oscillation is an interference experiment (cf. double slit experiment)

Ve
VH
Ve
Background S
fields of universe
Vv
e
v \ Ve
- -—>
4

Neutrino flavour eigenstates are super-position of Hamiltonian eigenstates v, and v,
Difference 1n velocities cause quantum interference

The detection may be different flavour (neutrino oscillations)

Neutrino propagation may be affected by background fields
—> anomalous neutrino oscillation results

ING’S

Loggl(e)% tkatori@cern.ch 25/01/15
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Neutrino oscillation experiments

The Nobel Prize in Physics
2015

Neutrino physics > Home of anomalies
- Solar and atmospheric neutrino anomalies (Nobel prizes, 2002, 2015)

Super-Kamiokande detector

e
i Kajita

noto © Takaak
Takaaki Kajita

S N O d ete Cto r Prize share: 1/2 Arthur B. McDonald

Prize share: 1/2

The Nobel Prize in Physics

Raymond Davis Jr. Masatoshi Koshiba
Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics The Nobel Prize in Physics
[ <
(. J TN > [ CaS
AR. N

tkatori@cern.ch 25/01/15 25
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LSND, PRD64(2001)112007, MiniBooNE, PRL121(2018)22180

Neutrino oscillation experiments

Neutrino physics = Home of anomalies

- Selar-and-atmespherteneutrino-anomalies (Nobel prizes, 2001, 2015)

- OPERA Neutrimo-faster-than-Speed-of-Eight (detector problem)
- LSND excess

- MiniBooNE excess

LSND excess
17.56 386
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2. If these anomalous neutrmo oscillation data are due to Lorentz MiniBooNE excess
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801

LSND, PRD72(2005)076004, MiniBooNE, PLB718(2013)1303, TK, MPLA27(2012)1230024

Neutrino oscillation experiments

Neutrino physics = Home of anomalies

- Selar-and-atmespherteneutrino-anomalies (Nobel prizes, 2001, 2015)

- OPERA Neutrimo-faster-than-Speed-of-Eight (detector problem)
- LSND excess

- MiniBooNE excess
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.076004
https://www.sciencedirect.com/science/article/pii/S0370269312012592?via%3Dihub
https://www.worldscientific.com/doi/abs/10.1142/S0217732312300248

Tests of Lorentz violation — Summary

Limits of SME parameters are summarized in tables
https://arxiv.org/abs/0801.0287v17

Table D32. Neutrino sector, d = 4 (part 1 of 13)

Combination Result System Ref.
. . . . . (4)) > —4x 1071 IceCube [275]*
So far, there 1s no compelling evidence of Lorentz violation ), <7.1x10-° SNI9STA time of light [18]*
? <14 x107* Fermilab time of flight [18]*
B (c)p  —84+1.1712x 1075 OPERA time of flight [18]*
Table D15. Photon sector, d = 3 ” ~1.8+1.0x10~4 MINOS time of flight [18]*
Combination Result System Ref. (D) (=1 to 4) x 1017 IceCube [275]*
(4) = : .
|k§ ool (7.32£2.94) x 10~%5 GeV  CMB polarization 131, 132 (%)l SEd .10 [SNIGSRA Hme offlieht (18"
|k(v)00| < 1.54 x 10~ GeV " [133]*
|kAF| < T74% 1074 GeV ” [133]* wble D12. Neutron sector, d = 3,4 (part 2 of 2)
|kaF| < 1. 03 x 10726 GeV  Satellites [134]* Result System Ref.
kZ -~ N2 ~ -~ —— A o~ Fa * _14 . "
ﬁF Table D10. Proton sector, d = 4 (part 2 of 2) ]* < (3+£27+27)x10 Macroscopic matter [123]
| <1x10~® Binary pulsars [75]*

(3) Combination Result System Ref. * —11 » *
|k§‘,)10| | <1x10 [75]
|k$V)11I [ <1x10~% Binary pulsars [75]* |* E—‘ll i 615; X ig_: Gravimetry Ezi}:

3) & <1x10-11 7 75)% * ST BT
k)i |j’°| L L [75) l, [138] (-1+£1)x 105 7 [124]*

|_CQ| <2x10 G"’_‘g Relativistic Li ions [72] (—~1.8+2.2) x 101 GeV  Quartz oscillators [125]

. crT (024 + 030) x 10 Nuclear blndlng energy [76] (11 + 14) x 10~% Nuclear bmdlng energy [76]

ING’S 7 (—3.3+3.5) x 107%  Cs interferometer [77] (7.6 £6.7) x 107¢  Cs interferometer [77]
Loggl(e)gls ¢Q (—0.3+£2.2) x 10722 GeV  Cs fountain [105] v (4.8+4.4) x 107%° Ne/Rb/K magnetometer [107]
bl é— (—1.8£2.8) x 10725 GeV ” [105] X (—2.84+3.4) x 10729 g [107]



https://arxiv.org/abs/0801.0287v17

When do we find Lorentz violation???

Lorentz violation 1s motivated by Planck scale theories, so it 1s suppressed with the power
of Planck mass (~101° GeV)

() e
~ ) , eLc
Mp; \Mp,

In effective field theory, non-renormalizable operators are the signature of new physics,
dimension analysis guides target sensitivity to look for Lorentz violation.

dimension-5 LV operator, a®® < 10719 GeV 1 Steven Weinberg
dimension-6 LV operator, c(®) < 10738 Gel/ 2 (CERN Courier Nov. 2017)
ete | A “We don t know anything
=% LR about non-renormalizable
These numbers can be used as a ) 4 N, physicist [P
guidance to design new experiments ’

swear they are there!’
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https://home.cern/resources/courier/physics/cern-courier-november-2017

Tests of Lorentz violation — Astrophysics

Terrestrial experiments
- controlled, high-precision
- various systems (optics, pendulum, gas, particle physics, etc)

So far, no compelling evidence of Lorentz violation

Astrophysical and cosmological experiments

- not controlled, low-precision

- extreme systems (highest energy, longest distance, etc)
- more sensitive to nonrenormalizable operators

ING’S
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Tests of Lorentz violation in
Astrophysics




Progress in Particle and Nuclear Physics 125 (2022) 103948

Contents lists available at Scie rect

Lorentz violation in Astrophysics il

journal homepage:

Review

Quantum gravity phenomenology at the dawn of the
multi-messenger era—A review

Highest energy particles — ultra-high-energy cosmic rays
Longest propagating waves — gravitational waves, cosmic microwave background
High-energy and long propagation — gamma-ray, high-energy neutrinos
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https://www.sciencedirect.com/science/article/pii/S0146641022000096?via%3Dihub

Stecker, et al, PRD91(2015)045009, and many others

Cut-off in high-energy cosmic ray spectrum

Lorentz violation = media in vacuum wt ve+ 70 1ie: e
- Attenuate high-energy cosmic rays Ve ‘Z_ V; Ve, €
E?2 =p%24+m? 4+ a®FE3 4+ cOF* 4 ... Vi

Vacuum pair emission Neutrino splitting
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.045009

Auger, JCAP01(2022)023, and many others

Cut-off in high-energy cosmic ray spectrum

Lorentz violation = media 1n vacuum
- Attenuate high-energy cosmic rays

E?2 =p?+m?+a®E3 + c©F* + ...

A=1
2<A<4
Bb<A<2?2

23<A<38
39< A< 56

20

18.5 19 195 20.5
log, (E/eV)

Without LV

20 205
log_ (E/eV)

ING'S Auger UHECR spectrum
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/01/023

Amelino-Camelia et al, Nature 393(1998)763, LHASSO PRL133(2024)071501), and many others

Time-of-flight of high-energy cosmic rays

Tests of quantum gravity from

Lorentz violation = media 1n vacuum observations of y-ray bursts

- Anomalous time dependent effects

G. Amelino-Camelia, John Ellis, N. E. Mavromatos,
D. V. Nanopoulos & Subir Sarkar

Gamma Ray Bursts Nature 393, 763—765 (1998)
- Energy dependent light curve distortion
5U~Ek(()%) +E? C(()g) + ..

Lorentz
violation

low energy photon
# %

high energy photon
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https://www.nature.com/articles/31647
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.071501
https://www.nature.com/articles/s41550-023-01993-z

Huang and Ma, Communications Physics1(2018)62, Amelino-Camelia et al, Nature Astronomy 7(2023)996 and many others

Time-of-flight of high-energy cosmic rays

Could quantum gravity slow down neutrinos?
Lorentz ViOIation - media ln vacuum Giovanni Amelino-Camelia &, Maria Grazia Di Luca, Giulia Gubitosi, Giacomo Rosati
- Anomalous time dependent effects & Giacomo DAmico

Nature Astronomy 7, 996-1001 (2023) | Cite this article

Gamma Ray Bursts

- Energy dependent light curve distortion

- Neutrino time-of-flight (a(®=CPT odd)
Sv~Ea® +E? c¢(® + ...

A neutrino
photon
s-K(s-TeV)
ING'S lceCube-GRB coincidence candidates with Lorentz violation
CO//€g€ tkatori@cern.ch 25/01/15 36
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https://www.nature.com/articles/s42005-018-0061-0
https://www.nature.com/articles/s41550-023-01993-z

Gravity sector

Lorentz Violation ~ quantum gravity phenomenology
- New focus (EFT 1s difficult for gravity)

LIGO-VIRGO
- Gravitational waves Lico. vireo. Fermi, INTEGRAL. 2017 ApJL 848 L13
- Michelson-Morley interferometer riszsicoion

Cosmic rays
- Gravitational Cherenkov radiation ps 749 o15) 551

Terrestrial experiments
- Matter wave interferometer prri002008)031101 and many others

tkatori@cern.ch 25/01/15 37



https://iopscience.iop.org/article/10.3847/2041-8213/aa920c
https://dx.doi.org/10.1016/j.physletb.2016.08.001
https://www.sciencedirect.com/science/article/pii/S0370269315006619?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.031101

PHYSICAL REVIEW LETTERS 125, 221301 (2020)

Vacuum birefringence

New Extraction of the Cosmic Birefringence from the Planck 2018 Polarization Data

Yuto Minami®
High Energy Accelerator Research Organization, 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan

Lorentz violation = media in vacuum
-> Additional source of polarization

Eiichiro Komatsu®"

GRB polarization PRL110, 201601 (2013) and others
- Strong sensitivity on higher dimension operators

Optic axis
CMB polarization PRLI25 (2020) 22. 221301

- The longest distance

- Strongest sensitivity to dimension-3 operator
- Mild tension? (2.40)

arallel polarization <. ™,

erpendicular polarization <.

ING'S
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.201601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.221301

IceCube, Nature Physics 18(2022)1287

Anomalous neutrino flavour

Lorentz violation = media in vacuum
- MSW-like effect in vacuum

Sensitive to the target signal region of Lorentz violation,

(< 10738 GeV ~2 for dimension-6 operators)

No Lorentz violation
discovered

Sensitivity 1s neutrino
production model
dependent

. source flavour ratio (z : 1 —xz: 0)g

tkatori@cern.ch

25/01/15

39


https://www.nature.com/articles/s41567-022-01762-1

IceCube, Nature Physics 18(2022)1287

High-energy, long propagating neutrinos %;zim

o2 AT

-
\’"”a

i %
, © IR

Q. N ' Lower dimension operators = searches by tabletop experiments eV

orsi Higher dimension operators => searches by astrophysical observations
orsion

pendulum - m? Astrophysical neutrino

flavour mixing

H~— + a(B) —F . C(4) + EZ . a(s) — E3 . C(6)
2F

method type sector limits

. a CMB polarization astrophysical photon ~ 10743 GeV
OptIC8| He-Xe comagnetometer tabletop neutron ~ 10734 GeV
resonator torsion pendulum tabletop electron ~ 1073 GeV
muon g-2 accelerator  muon ~ 10724 GeV

neutrino mixing astrophysical neutrino ~ 1072% GeV
GRB vacuum birefringence astrophysical photon
Laser interferometer LIGO photon
Sapphire cavity oscillator tabletop photon
Ne-Rb-K comagnetometer tabletop  neutron
trapped Cat ion tabletop electron

neutrino mixing astrophysical neutrino ] )

X “GRB vacuum birefringence astrophysical photon o - ! Weak interaction

vacuum ultra—high—epergy.c.osmic ray astropilys%cai : ’ ] + Small mass
) . neutrino mixing astrophysical neutrino g
birefringence GRB vacuum birefringene astrophysical photon ~ 10731 Gev—2 ) t Quantum m_|X|ng
ultra-high-energy cosmic ray  astrophysical proton ~ 10742 to 1035 GeV = Mmacroscopic quantum

gravitational Chelenkov radiation astroph 51ca1 Tavi system you cannot disturb
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Tests of Lorentz Violation in Astrophysics — Summary

Astrophysics has a high potential to look for Lorentz violation. But there are many
unknowns;

- Energy spectrum

- Production time

- Source information
- Foreground

etc

So far, astrophysical neutrino data are low statistics and further data are needed to
search Lorentz violation...
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Hyper-Kamiokande, ArXiv:1805.04163

Hyper-Kamiokande

Hyper-K
construction.
IS ongoing

Super-Kamiokande

.
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https://arxiv.org/abs/1805.04163

lceCube-Gen2, J.Phys.G48(2021)060501

lceCube-Gen2

New international neutrino astronomy projects around the world

Summer 2024-2045 IceCube team

lceCube

Gen2-Optical (~8 Gton)

DeepCore (>7 GeV)
IceCube-Upgrade (>3GeV)

:2’- lceCube-Gen2: the future of HE v astrophysics

B. Clark (IceCube-Gen2, #409)

Gen2-Radio » Gen2-Optical » ® IceCube sk IceCube Upgrade The fi rSt Stage Of Gen2
SR T (lceCube upgrade) is ongoing
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https://iopscience.iop.org/article/10.1088/1361-6471/abbd48

Bluhm, Kostelecky, Lane, Russell PRL 2002
Conclusion

e
P

>

Lorentz violation 1s motivated from Planck-scale theories ~

e
There 1s a worldwide effort to look for Lorentz violation, using various state-
of-the-art techniques, but so far no i )

¢
'u)lvtools to look for Lorentz violation

|

% hank you for your attention! &
K ot
tkatori@cern.ch 25/01/15 NS 44

ellingevidence of Lorentz violation

Astrophysical observations-are p




ING'S
College

LLONDON

Backup

tkatori@cern.ch

25/01/15

45



Models of Lorentz violation

String theory, Kostelecky and Samuel. PRD39 (1989) 683

Ultra-light dark matter, Graham and Rajendran. PRDSS (2013) 035023

Quintessence, Ando. Kamionkowski. and Mocioiu. PRDS0 (2009) 123522

Loop quantum gravity, Gambini and Pullin. PRDS9 (1999) 124021

Non-commutative field theory, caroll. Harvey. Kostelecky. Lane, Okamoto. PRL87 (2001) 141601

Hotava-Lifshitz gravity, pospelov and Shang. PRDS5 (2012) 105001
Lee-Wick theory, Myers and Pospelov. PRL90 (2003) 211601

and many more!

Effective Lorentz violation (spontaneous Lorentz symmetry breaking) is compatible with Riemann
geometry, however, Intrinsic Lorentz Violation is not

Finsler geometry kostelecky and Li. PRD104 2021) 044054 got lots of attention recently, to go beyond Riemann geometry
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.39.683
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.035023
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.123522
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.59.124021
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.87.141601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.105001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.211601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.044054

Lorentz violation tests with neutrinos
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Spectral distortion

Sidereal variation

Suer—Kamiokade

R
L

[ = M

2005)076004

MiniBooNE

PRD91(2015)052003 . . =
s
P s
/s B =9 ‘f
- i MINOS ND
)‘ PRL101(2008)151601
3 W
“&=/ | AMANDA lceCube
7 By,
PRD79(2009)102005 IceCube
_ g
Nature Physics mmwlm - PRD86(2013)112009
14(2018)9611
PRD82(2010)112003
IceCube
SNO

Flavor ratio

Nature Physics, 18(2022)1287

Seasonal variation

PRD98(2018)112013
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Snowmass21, EPJC83(2023)15, Snowmass, JHEA36(2022)55, COST Action CA18108 PPNP125(2022)103948

High-energy, long propagating neutrinos

High-energy astrophysical neutrinos e A”’@e
. . 9 G
- Long baseline accumulates new physics effect @%Q Tk,
. X o;
- High energy enhances new physics effect @q’rg’ g
2 & Kcts r ropagation) 1@
m ] / // )ﬁg propag ) 2
H~— + V(new physics), P~V (new physics) - L ' < P product'on)// % / Dvtohroctin

DE-v interaetion

2F
. . Lorent +CPT violation
- Energy spectrum, arrival time, flavor are affected oy ol Newbios decar

DM annihilation, ° -ra elntera

by production, propagation, detection of neutrinos o) Secre wmtera

Neutrino — dark
Long range force

Neutrino — dark : ,
matter interaction 7

energy interaction

Quantum
decoherence

Lorentz violation Superluminal v

(Acts(at Neteckjon)

Y h s ’.’{/
N
High-ener Neutrino %s
g gy yy

Astrophysical objects detector

ING’S

College New physics

LONDON IceCube, Nature Physics(2022), (2024), Klop,Ando, PRD97(2018)063006,Arglielles,Kheirandish,Vincent, PRL119(2017)201801, Bustamante,Agarwalla, PRL122(2019)061103,
—_— Amelino-Camelia, ,Di Luca, Gubitosi, Rosati, D’Amico, Nature Astronomy (2023)
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https://link.springer.com/article/10.1140/epjc/s10052-022-11049-7
https://www.sciencedirect.com/science/article/pii/S2214404822000416?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0146641022000096
https://www.nature.com/articles/s41567-022-01762-1
https://www.nature.com/articles/s41567-024-02436-w
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.201801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.061103
https://www.nature.com/articles/s41550-023-01993-z

Kowalski, TeVPA 2017

High-energy astrophysical neutrinos

Above ~100 TeV, neutrinos are only particles pointing to their high-energy sources

radio/microwave infrared/optical gamma-rays neutrinos cosmic-rays

cosmological max of star formation opaque to photons;
transparent to neutrinos

nearest blazar

nearest galaxy

Qo
Q.
=,
®
QO
c
(O
-—
2
()]

galactic center

10¢ 10° 10® 10™ 10 10" 10" 10"  10%
Energy [eV]
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lceCube, PRD104(2021)022002

High-energy astrophysical neutrinos

60TeV- 2PeV astrophysical neutrinos are observed by IceCube Neutrino Observatory
high-energy starting event (HESE) sample

Northern Sky (up-going)
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IceCube-Gen2, J.Phys.G48(2021)060501

lceCube event morphology

Track
v,CC
Vy+ N-opu+X

Cascade Double cascade

veCC, v.CC, NC v.CC (L~50m-E/PeV)
Vet N >e+X v+ N->1+X
v+N->1+X T-X

Vy tN-ov, +X
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Kostelecky and Samuel,PRD39(1989)683

Spontaneous symmetry breaking (SSB)

vacuum Lagrangian for fermion |, = ilpyﬂ 9Lak)

SSB

In the Standard Model, a phase transition of a
scalar field gives nonzero field value 1n vacuum
¢

_ 1 2 1 ., 1,
L=5(0,0)" -5 u¢? — 72
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.39.683

Kostelecky and Samuel,PRD39(1989)683

Spontaneous symmetry breaking (SSB)

vacuum Lagrangian for fermion [, = il/j]/”aﬂ (2 —mlﬁl/J

SSB ¢
A
In the Standard Model, a phase transition of a
scalar field gives nonzero field value 1n vacuum ‘ ’
\jv "

Particle acquires
mass term!

_ 1 2 1 ., 1,
L=5(0,0)" -5 u¢? — 72
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.39.683

Kostelecky and Samuel,PRD39(1989)683

Spontaneous Lorentz symmetry breaking (SLSB)

vacuum Lagrangian for fermion [, = il/j]/ua“ (2 —mlﬁl/J

SSB ¢
o, o A
In the Standard Model, a phase transition of a
scalar field gives nonzero field value 1n vacuum ‘ ’
>0
In String Theory, a vector field can be frozen in W

vacuum by spontaneous symmetry broken
stsB , ¢

BNV

_ 1 2 1 ., 1,
L=5(0,0)" -5 u¢? — 72
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.39.683

Kostelecky and Samuel,PRD39(1989)683

Spontaneous Lorentz symmetry breaking (SLSB)

vacuum Lagrangian for fermion [, = il/j]/ﬂa“l/J —mlﬁl/) +1/3yua” (1),

SSB ¢
o, o A
In the Standard Model, a phase transition of a
scalar field gives nonzero field value 1n vacuum ‘ ’
>0
In String Theory, a vector field can be frozen in W

vacuum by spontaneous symmetry broken

SLSB , ¥ e

A7
Lorentz symmetry ‘ ’
is spontaneously - > ar
broken!

“1 2 1 ., 1,
L=5(0u0)" -5 120% — 72
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Particle and Observer Lorentz transformation

P(x)y,a"¥(x)
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Particle and Observer Lorentz transformation

P(x)y,a"¥(x)

hypothetical background moving particle
vector field

Einstein
(observer)
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Particle and Observer Lorentz transformation

Under the particle Lorentz transformation:

UW(x)y,a"®(x)U!
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Particle and Observer Lorentz transformation

Under the particle Lorentz transformation:

P(x)y,a"W(x) = U[¥(x)y,a" P(x)U™"
= W(AX)y,a" W(Ax)

Lorentz violation is observable
when a particle is moving in the
fixed coordinate space

y

Lorentz violation!
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Particle and Observer Lorentz transformation

Under the particle Lorentz transformation: Under the observer Lorentz transformation:
P(x)y,a" W (x) = U[P(x)y,a" W (x)U" ¥(x)y,a" ¥(x)
= W(AX)y,a" W(Ax)

Lorentz violation is observable
when a particle is moving in the
fixed coordinate space

y
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Particle and Observer Lorentz transformation

Under the particle Lorentz transformation: Under the observer Lorentz transformation:
P(x)y,a" W (x) = U[P(x)y,a" W (x)U" ¥(x)y,a" ¥(x)
= WU(AX)y,a" W(AXx) X — A'x

Lorentz violation is observable
when a particle is moving in the
fixed coordinate space

y
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Particle and Observer Lorentz transformation

Under the particle Lorentz transformation:

W(x)y,a" W(x) = U[W(x)y,a" ¥(x)U" P(x)y,a"¥(x)

= W(AX)y,a" W(Ax)

Lorentz violation is observable
when a particle is moving in the
fixed coordinate space

y

ING'S
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Under the observer Lorentz transformation:

P(A 'x)y,a" W(A'X)

Lorentz violation cannot be generated
by observers motion (coordinate
transformation is unbroken)

all observers agree for all observations
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IceCube, Nature Phys. 18, 1287 (2022)

High-energy, long propagating neutrinos

muon neutrino

Astrophysical neutrino flavor physics

- Flavor triangle

- Spectrum integrated flavor ratio (ve: Vy: vr)

- Standard production models include v, and v,

(0
fau & &P TP LT LD Jelectron
neutrino Fraction of ve neutrino
High-energy Neutrino

Astrophysical

\ e Flavor mixing

?2?7? detector

63
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https://www.nature.com/articles/s41567-022-01762-1

IceCube, Nature Phys. 18, 1287 (2022)

High-energy, long propagating neutrinos

muon neutrino

Astrophysical neutrino flavor physics 1 9=(0:1:0)
- Flavor triangle @ =(1:2:0)
- Spectrum integrated flavor ratio (v,: /% V) o 2 = : :g(?g)O)
- Standard production models include v, and v, .Of 70 6%% o
- Flavor ratio observables on Earth 1s different P s o Al possible
- Deviation from this “island” is new physics signal ~ % o4 =  flavor
= ratios at
Earth
\./0 01
tau S o> v S5 Y B S N W

SRS

VT OO S ~ electron
Fraction of v, neutrino
High-energy

Neutrino Ve : Uy : Vr at source — on Earth:
Astrophysical B 0:1:0 —» 0.17 : 0.45 : 0.37
IEMENS L. ??? deteCtor ® 1:2.0—0.30:0.36:0.34
8‘0//ege Flavor mixing A 1:0:0 > 0.55: 0.17 : 0.28
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https://www.nature.com/articles/s41567-022-01762-1

IceCube, Nature Phys. 18, 1287 (2022), IceCube, PRD104,(2021)022002, EPJC82(2022)1031

High-energy, long propagating neutrinos

muon neutrino

Astrophysical neutrino flavor physics 1.0 lceCube

- Flavor triangle 2 AN d?ta
. . D ) contours
- Spectrum 1ntegrated flavor ratio (ve: Vy: vr) &% v .0 P
- Standard production models include v, and v, & 2 T %
. .. O 06
- Flavor ratio observables on Earth is different & % g

05 9;_ All possible
=

- Deviation from this “island” 1s new physics signal < VA TAVAVAY A | ; flavor

AVA . \VAVAVAN
2 VV’“‘?&!A‘AVA ~— ratios at

[I-N

. N Lor7 Earth
Data contour covers most of flavor triangle X/ 0.2
- New physics cannot be discovered from current dat ¥

AV ;
208 7R / 0.1
12

i NN N N N NN g
Limits are set on vacuum operators U S YD B 58N 5SS
VT QO S O o ~ electron

o
O
a

neutrino Fraction of v, neutrino

High-energy Ne — HESE with ternary topology ID 1, : v, : v, at source — on Earth:
Astrophysical det % Best fit: 0.20 : 0.39 : 0.42 0:1:0 — 0.17 : 0.45 : 0.37
TS o ?7?7? © Global Fit (IceCube, APJ 2015) e 1:2:0—0.30: 0.36: 0.34
‘éo//ggg Flavor mixing Inelasticity (IceCube, PRD 2019) A 1:0:0 > 0.55:0.17: 0.28

IBONYDION @ 3v-mixing 3o allowed region


https://www.nature.com/articles/s41567-022-01762-1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.022002
https://link.springer.com/article/10.1140/epjc/s10052-022-10795-y

IceCube, Nature Physics18(2023)1287

HESE 7.5-yr flavor Lorentz violation search

60 HESE events in 60 TeV — 2 PeV

IceCube data start to explore quantum gravity-
motivated signal region for some parameters

1
c® < ———~10738GeV 2

Planck

dim coefficient limit (BF> 10.0)

dim-

6 new physics operator limit

3 Re@?) 2x1072 GeV
4 Re(éY) 2 x 1073

5 Re@@®) 2x107% Gev™!
6 Re(?) 3x104 GeV~?
7 Re@”) 3x10% GeV~?
8 Re(®) 2x1072 Gev™
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1()‘3’- \ -- BF > 10 — BF > 31. 6 —G
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| || / i =
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v | ; Quantum Gravity - v _l é;l.:é
| | Motivated Re 1_,1()11 - —
| > |\ _2 C%
| i N 2
= <~ W
| o - \\\ oh
e T 6
= e
10~46L -
0.0 0.2 0.4 0.6 0.8 1.0
x, source flavour ratio (z: 1 —z : 0)g
[ New Physics (N.P.) ) Key
N |
pe— R(( ‘((z)) e Re(c "') | (6)
) e | AN Re(c,,;) atm. limit (90%)
m— R (G Re
( (ll) ( /1/1) : logm(c”)XE )
R o(6) R o(6)
| =—Re@)  m=Relly) )
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https://www.nature.com/articles/s41567-022-01762-1

Mewes and Kostelecky, PRD85(2012)096005

Flavor new physics search with effective operators

Standard Model Extension (SME) is an effective field theory to look for Lorentz violation

Standard Model 1| New physics

L= it/jyﬂaﬂt/) — ml/?l/)i:p:y“aﬂ Y+ I/jyucwavlp

Effective Hamiltonian can be written from here

1
' New physics i higher dimension operator
Standald Model i (renormalizable) | (non-renormalizable)
I I
1
N +r72 .() (4) i 2(5)_ 3.(6) .
heff 2EUMU+ B ECB-I_E ﬂ ECa’B . . .
AN Coo)  Cop  Cro
Py =y o
IceCube 1s sensitive to higher dimension operators © & O
Cre [.L‘L' Crr
dimension-6 operator natural scale: ¢(®)~ ~10738GelV 4
MPlanck
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.096005

lceCube, PRL114(2015)171102, Astro.J.809:98(2015), PRD99(2019)032004, EPJC82(2022) 1031

lceCube
1st flavour ratio result
(0.0:0.2:0.8)

Confidence Level Exclusion (%)

lceCube I
. ractlon OI Ve
2" flavour ratio result -
—— HESE with ternary topology ID v, : 1, : v; at source — on Earth:
(0.5-0.5:0-0) Y Best fit: 0.20 : 0.39 : 0.42 B 0:1:0— 017: 045 : 0.37
Global Fit (IceCube, APJ 2015) e 1:2:0030: 0.36: 0.34
Inelasticity (IceCube, PRD 2019) A 1:0:0 —055:0.17 : 0.28
o e 3v-mixing 30 allowed region ¢ 1:1:0—-036:0.31:0.33
% 100
lceCube . s l 2018 flavour ratio measurement
31 flavour ratio result | .. ., y T - Likelihood is very shallow and fit often
% — =
‘0 - )\ g confuses between v. and v
(0.0.0.2.0-8) A-;mng - L35 % 1 ) el h T
| v "‘@% ol S -'F .aV01.1r ratio result has some power to
JIN[EN P I== distinguish v, and v,
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.171102
https://iopscience.iop.org/article/10.1088/0004-637X/809/1/98
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.032004
https://link.springer.com/article/10.1140/epjc/s10052-022-10795-y

lceCube-Gen2, J.Phys.G48(2021)060501

Energy dependence of flavor ratio

O .

o Flavor ratio at source )
e 1:2:0
m 0:1:0
A 1:0:0

Muon neutrino increases at higher
energy

Future higher-statistics flavor
measurement

=
(@)
]

o
(@)]
1

v, fraction at source
o
o
1
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https://iopscience.iop.org/article/10.1088/1361-6471/abbd48

Pseudo-Dirac/ 0.0 [ X1 ]10]6)
Decay 0. 1.0 (11216

e Complete

New physics flavor ratio predictions ™7

Rasmussen, Lechner, Ackermann, Kowalski, Winter, PRD96(2017)083018

0.3

New physics models have different flavor ratios s
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Effective operator o e
Stenlt(e: neutrino 0.0 10 .ge"ftﬁﬁeé'lﬁ
===Complete g 4 .

propagation

- It includes Lorentz violation

- Assuming all possible standard production
models, (vq:v,:v,) = (x:1-x:0), 1t covers 2/3 of the
phase space.
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