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* Antimatter: the Cosmic Mistery -
« Fundamental Laws and Antimatter C«.__ )
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 Gravitational Measurements and positronium Ortho-Ps (parallel spin states) 142 ns lifetime
Para-Ps (antiparallel spin) 125 ps
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Antimatter: the Cosmic Mistery

Known fundamental particles
(and their interactions)

The Standard Model of Particle Physics
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Cosmological ingredients
Dark Matter, Dark Energy
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Fundamental (2024)
Physics and the Universe

Not fully confirmed A-CDM Model

«Standard Model Quantum Physics
*Friedmann Models (General Relativity)

Inflation (new Physics)




Matter-Antimatter CP Violation in the Standard Model

Asymmetry Generation « Baryogenesis
* Leptogenesis

e+
Generally accepted Baryogenesis scheme £

e+

e Baryon Number Violation
e CP Violation £ 4
e Qut of Equilibrium
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Sakharov conditions *
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Fundamental Laws and Antimatter

Laws relating Particles (Matter) to

Antiparticles (Antimatter)

Einstein Equivalence
Principle (EEP)

« Weak Equivalence Principle
* Local Position Invariance
« Strong Equivalence Principle

In a classical theory of Gravitation

« Lorentz-invariant QFT
» Flat spacetime

CPT Theorem

Only a Quantum meaning

Black hole

R=2GM /c*

Quantum particle

A=hc/E

log (size)

N
>

log (Mass-energy)
Planck length ~10-3% meters >

Quantum spacetime

|
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Quantity |Expression| Metric value| Name
Length | RG _35 Planck
(L) lP — ? 1.616x10 m length
Mass B he T e Planck
(M) 3 G 4 S mass
Time g hG 5 39110~ Planck
(T) P=V & ke . time
Temperature | hed Planck
4§ 32
(©) I \./ Gkg? 1.417x10 K temperature|
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Fundamental (2024) Physics

Curvature scalar R
Metrics g(x)
(Classical Matter Fields)

Hierarchy Problem
Cosmological Constant Problem

Lack of SUSY (DM?) Particles

29/08/2024

L= L+ L
EH SM
General Relativity || Standard Model

/

Quark, Lepton fields
Gauge Bosons Fields
Higgs Field
(in a fixed g = n)
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Standard Model Extension g — gEH + %M + %_IV

Main mechanism: Lorentz Invariance Violation (LIV) - CPT and GR Violation

Classical

LIV=GRV

Greenberg Theorem

Is Lorentz Invariance Violation reasonable? - Yes, based on general properties of Planck scale
How? - Typically by means of static background fields due to the presence of a non-trivial vacuum state
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*But this [view of Aristotle] is completely erroneous, and our
Einstein Equiva|ence Principle view may be completely corroborated by actual observation
more effectively than by any sort of verbal argument. For if you
let fall from the same height two weights, one many times
heavier than the other you will see that the ratio of the times
required for the motion does not depend [solely] on the

(old equivalence principle, Galileo)

weights, but that the difference in time is very small. ...
(Wikipedia)
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John Philoponus (c. 490 — c. 570), also known as John the
Grammarian or John of Alexandria.

He was a Byzantine Greek philologist from Alexandria, Aristotelian
commentator, Christian theologian and an author of a considerable
number of philosophical treatises and theological works.
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LIV - Spacetime operators (parametrized as a power of the mass)

g:gEH-I_%M-l_g

LIV

A fermion in the (flat spacetime) SME :

CPT & LORENTZ

/ VIOLAT
(iy*D, — m, — ‘ai'y‘”‘ —b,ysy"
— ZHE o’ +ic,,y*D" + id,,,ysy*D”

\

D. Colladay and V.A. Kostelecky, PRD 55, 6760 (1997)
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ION

)¢ =

LORENTZ
VIOLATION

LIV terms up to some
mass dimension
If d<5 2> mMSME

Standard Model + LIV, no
gravity, a fermion

LIV coefficients depend
on the specific particle!




Gravitating Matter/Antimatter Systems 1 + G + &
in the Standard Model Extension Lipw = E m; + ? m,m,
T test particle S Sun

In the Isotropic Parachute Model of the SME (Sun coordinates)

Hydrogen, This model overcomes several «objections» to theories with
Positronium different gravitational couplings between matter and antimatter

B=T,S w: different particles

av CPT-odd

m? =m +Z (N" +N")m“c"

cW CPT-even

mg; =m +Z[(NW+N "IM*c” +2a(N"™ + N )a]
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m? =m +Z (N" +N"Y)m"c"

m; =m +Z[(NW+N "IM" c" +2a(N" + N )a]

L o
a=—MC
3

m,=m, (matter)

Anti-Hydrogen

Positronium

]
g

2 ( W 1 WW)
—Z aa”+=-m"c
m < 3

4 _
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The proton (antiproton) system is mostly made
up of color field, so the parameters do not
directly address constituent masses
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Gravitational Measurements

Tests of the Weak Equivalence Principle
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Year of experiment

Antimatter ?

Anti-Hydrogen

Antimatter

-~ antihydrogen
atom

www.nuclear-power.net
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Positronium

Muonium (Mu-atom, please)

™
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First anti-g measurement

Talk by G. Bonomi

Observation of the effect of gravity
on the motion of antimatter

Nature 621, pages 716—722 (2023)
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Antihydrogen gravitational coupling (0.75 * 0.13 (statistical + systematic) &= 0.16 (simulation)) g

Most likely excludes the hypotesis of ANTIGRAVITY
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HpGe detector Emulsion detector

QUPLAS : Positron Interferometry and a
Positronium Gravitation

@ + See all authors and affiliations

Science Advances 03 May 2019:

@ Vol. 5, no. 5, eaav7610
DOI: 10.1126/sciadv.aav7610
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|
QUPLAS LMT — Mach Zehnder Interferometer Ag=k. gT?

L q33,

! 5m
rad=12 ns'!
3 1351 | < >
3 P2{r§i‘§=89 s |
———33p, i n=2 n=2,3 n=2
_33p0 E v Electrodes
: y4 E—
1312.2 nm, o* ! “x ®
: — —
23S, (1a7=1.14 pus) ! (rli% Detector
18.25 GHz, o* | i i | i
— 23P2 i @
—23|:w1 ! uv MW MZ n=3
— o3P 12"=0.1 msi Excitation Excitation Interferometer lonization
Olr=¢=3.2ns | Stage  Stage Laser System Stage
243 nm i
Classical and Quantum Gravity 40 (2023) 205024

29/08/2024

XXIII ICNFP Conference




A conclusion Research on Antimatter at Low Energy :

* Deals with Fundamental Laws
» Has several aspects which | could not cover (CPT tests)

« Studies the interplay between Quantum Physics and Gravitation

» Could (help to) solve a Cosmic Mistery...and...
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A conclusion Research on Antimatter at Low Energy :

 Deals with Fundamental Laws
» Has several aspects which | could not cover (CPT tests)
« Studies the interplay between Quantum Physics and Gravitation

 Could (help to) solve a Cosmic Mistery...and...

Two things fill the soul with ever new and growing admiration and
veneration, the more often and steadily one reflects about them:

cosmology above me, and quantum physics within me.

(M. Giammarchi — but not totally original!)
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