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Big Bang history

t =15 billion years

Today t,
Life on earh
Solar sysiem

Quasars

Galaxy formation
Epach of gravilfional collapse

Recombination
Relic radiation decouples (CBR)

Matter domination
Onsel of gravitational ins tability

Nucleosynthesis
Lighielements created - D, He, LI

Quark-hadron transition
Hadrons form - protons & neufons

Electroweak phase transition
Elecromagnetic & weak nuclear

forces bacome ditierenlated:
SU(3)xBU(2)xU(1) -> SU(3)ul(1)

The Particle D eger
Axions, supersymmetry?

Grand unificetion transition
G -> H -> SU{3)xSU(2)xU(1)
Infialon, baryogenesis,
monopolss, cokmic sirings, eic?

The Planck epoch
The quantum gravity barrier
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The thermal history of the Universe

300,000yr 10,000,000,000yr

Hadron Era Lepton Matter Fru

The evolution of

the universe from the hig hang to l['ImH

the present time. The time and temperature

scales are marked. Each era corresponds to the

dominant form of energy in the universe at that time. The

GUT era is characterized by the unification of the strong, weak,

and electromagnetic forces. Prior to this era, our current theories
break down and we are lead to speculate on the unification of all the
fundamental forces of nature in the domain of guantum gravity.
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Antimatter globular cluster in our Galaxy — the
probe for the matter origin

¥

M.Yu. Khlopov *

Center for CosmoParticle Physics "Cosmion”, Miusskaya PLJ, 125047 Moscow, Russia
Institute of Applied Mathematics, Miusskaya Pl {4, 12507 Moscow, Russia
Moscow Engineering Physics Institute (Technical University), Kashirskoe Sh.81, 115409 Moscow,
Russia

Abstract

The existence of a globular cluster of antimatter stars in our Galaxy is shown to be
a probable signature of the mechanism of inhomogeneous baryosynthesis. The observed
gamma ray flux puts the constraint on the total mass of such anti- cluster. The expected
signatures in cosmic ray experiments are discussed.

1 Introduction

Baryon asymmetry of the Universe is considered as the one of the most important features of
the modern cosmology. It is commonly based on the statement that no macroscopic amount of
antimatter is present around us at least on the scale of the local supercluster of galaxies. The
staternent is generally supporied ; thie negative results of the direct searches for antimatter in
the vicinity of the Solar system and by the severe constraint on matter-antimatter annihilation,
following both from the observed gamma background and from the analysis of the influence of
annihilation in the early Universe on the spectrum of relic radiation and on the light element
abundance. However, the both types of evidences, definitely excluding the equal amounts of
matter and antimatter around us, do not exclude the principal possibility of the existence of
macroscopic amount of antimatter, putting only upper limit on its average density and possible
distribution.

The idea of antimatter probing the origin of the matter in baryon asymmetrical Universe
was first put forward in Ref. [1] (see also Ref. [2] ). It was shown (<ee for review Ref.[3] ) that
practically all the existing mechanisms of baryosynthesis Ref. [4] can under some condition lead
to antibaryon excess. In the other ‘words the idea of inhomogeneous baryosynthesis was put
forward in Ref. [1] and in Ref. [2]. From this viewpcint antimatter repreunts the high amplitude

*email: mkhlopovi@orc.ru
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GGlobular clusters

Distribubion of Galactic globulor clusters

Flane of
chsk

Galactic Lonatitude

Globular cluster population in our Galaxy consists
of 147 confirmed globular ¢lusters. In the spherical
component of Galaxy the globular clusters move

with velocity

E:: O] '[.si.:'~__-.. t could ~.11r'xi‘n il! th ‘E'n','||, 01

globular cluster at large galactocentric distancs







Antimatter pollution

® The integral efTect of antimatter globular clusters may be
estimated by the analysis of antimatter pollution of the galaxy by

that globular clusters (KMBelotzky, Yu.A.Golubkov, M.Yu.Khlopov, R.V.Konoplich,
A.S.Sakharov 1998)

® There are two main mechanisms of antimatter loss by the
globular clusters

I. The stationary mass loss by antimatter stars in the form of
stellar wind

M =~10"%M g, — per solar mass per year

I1. The antimatter supernova explosion M =107 M g, — per solar
Mass per year.

A. SakharovMucrosooploally leavge s 1N roglone In the anlvarse MoK hilopaon H wi Lo
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The model of galactic annihilation

e The pp annihilation cross section

0, (P <300 MeV/c)= T —cxpzt;ﬂ/v 3 (160 mb)

® The model of halo

it 2
ng(2)=nl® +A,(z); Ay(R)=—7"—; nhele =5.107 em™;

1+ (sz)’
e =lom 3 D=100pc;
90% of the halo mass is a non - baryonic dark matter

e For the p with velocities =10° kn/s (stellar wind) the
confinement time in the halo, starting from the distances z =2 kpc

is less then annihilation time (“two - zone” leaky box model)
In the gaseous disk the situation is opposite

e The 7 are collecting in the halo during the confinement time
~5:10° yrs increasing the gamma flux

® During the large confinement time the p are being spread over
the halo with constant number density not dependent on the
position of antistar cluster and under the usual acceleration

mechanisms in the halo their spectrum comes (o the stationary
form

AL Snkhorav Maorosoo gl
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Antipretons annihilation in the Galaxy
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Figure 3: Comparison of the calculated differential fluxes of v quanta from pp an-
nihilation with experimental data EGRET [20] on diffuse gamma background (a,b).
There is also shown the comparison of the charged multiplicity distribution in the
annihilation model described in the text with the existent experimental data (c).
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The uncertainty

The actual distribution of magnetic field in our
Galaxy.

The mechanism of cosmic-ray acceleration

The relative contribution of disc and halo particles
into the cosmic-ray spectrum

The acceleration of matter and antimatter cosmic
rays are similar

The contribution of antinuclei into the cosmic-ray

fluxes is proportional to the mass ratio of globular
cluster and Galaxy.
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COSMOPARTICLE PHYSICS

by Maxim Yu Khlopov (Centre for
Cosmoparicle Physics, "Cosmion”, Russial

Since the 19803 the oross-disciplinary,
multidimensional field of links between
cosmolegy and particle physics has been
widely recognised by theorists, studying
cosmalogy, particke and nuclear physics,
gravity, 2s well as by astrophysicists,
astronomerns, space physicists, experimantal
particle and nuclear physicists, mathematicians
and engineers.

This book outlines the principal ideas of the
muodem particle theory and cosmology, their
muhial relationship snd the nontrivial
comrespandence of their physical and
astrophysical effects,

“The relationship belween cosmolegy asd
particle physics s now one of the imporiant
topics of discussion at any scientific mesting
hoth on astrophysics and high energy physics.”

Contents: Thee Midden Sector of Particle
Theory; The Hidden Paramiters of the Modermn
Codmology: Cosmoancheoalogy of the Yery Early
Uiniverse; Primandial Particlis in the Pariod af
Big Bang Nucleosynihesis; Antiprotons In the
Liniverse After the Big Bang Mucleosynthesis;
Mon-Equilibrium Effects o the Probse for Naw
Physics: The New Physics in the Large-Scale
Structure Formation; Probes for the Dark Mager
Pamicles; Miror World in the Uiniverss,
Cotmoparticle Physics of Horizontai
Linification.

Readership: Astrophysiciss, asironomers, Spocs

physicists, mathematicians and enginesss

5%6pp Apr 1999
QET-02-3188-1 LISSHY £54

Please share this.
(bR e |

AN INTRODUCTION TO
SPECIAL RELATIVITY AND ITS
APPLICATIONS

by F N H Robinson (Owford)

[t ks noww nearly a century since special
elgtivity recanciled sevemeenth century
dynamics and ninstesath century
electromagnetism, yet physics students are
almast invariably introduced to the subject as
*MODERN PHYSICS” — and something of a
mysEn.

This book, instead, trests special relativity as &
useful branch of physics rather than as an
astounding novelty, The emphasis is on s
dyramical consetuences, its effect on quantum
mechanics (with all that this nplies for
chemistry and bialogy). the new insights that it
provides in electromagretism and s utility in
problems such as calculating radiation from
fast-moving charged partiches. To avold ghving
the impression that relativity somehcw
eliminates the distinction between time and
space, dvector notation is not usad umil the
latter part of the boak.

Contenls: Introduction; The Lotentr
Transtormation: Kinematic and Oplical Fifects;
Classhral Dymamics; Relativistic Dynamics |;
Relativistic Dynamics Il; 4-Vecton; Classical
Electromagnetivm; Electromagnetsm and
Refativity; Relutivistic Dynamics I1l; The
Principle of Least Action

Readership: Graduate and undergracuate
stusdents in general physics

196pp
B -2 249910

jan 19%:
LiS528 £20

- Book takes advantagie from
same iy

The theory af relativity is tackled directly in t
book, dispensing with the nesd 1o establish 1
insufficiency of Newlonian mechanles. This

World Sclentific Leciure Motes in Plwslcs - Vol 33
SPECIAL RELATIVITY
by U E Schriider (Linfv. Frankiurg

“Any textbook on modem physics contains a
least ane chapler on the theory of special
relativity, but textbooks dealing exclusively
with this subject from 2 modern paint of viev
are rare. Here we have one of them... this
excellent textbook ceriainly represent @
valuable tool in undersfanding special
relativity and teaching it in modern language
H Latal, Gr.
Few-Body Systems (Ausirial, 19!

“lix aim @ {o provide an introduction fo
special relativity for senior undergraduates o
beginning graduale students In physics or
related fields and it succeeds very well in thix
limited task in the chort space of about 200
pages . the hook should prove lo be very
usefil to English readers.”
Carl Bra
Mathematical Revie

This book provides a thorough discussion of th
concapsand main conteguences of special
redativity. Treated in detail ane the Lorentz
transiomations, their kinemalical comeguenct
fihe so-called paradoxes), medativistic mechanic
elecieodynamics s an example of a relathvistic
fleld theary, and the principal festures of
rolativistic hydrochmamics: The book olfers o
logical develppment of special relativity from
Finmians principle of relativity alone; arthees 2
thie esasntlal stutsrrents of the theory by a dire

—approach - this emphasi = different from fa

miost bBooks: and offers a cancise iintroduction
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