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Abstract. Currently, in particle physics the phenomena are studied in flat space —time, starting from
Poincaré's group. In faa, the existence of anonzero value of the stressenergy tensor in aregion of the space
produces a deformation of the space—time, asagravitation effed, and thus it is necessary to discuss the
physical implicationsif the phenomena are produced in curved spaces.

In this contribution, starting from symmetry considerations, some possible phenomenadlogicd consequences
when the phenomena ae studied in the particular case of de Sitter space are discussed.
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PACS: 11.30.- Symmetry and conservation laws
04.50.+h Gravity in more than four dimensions
11.30.Cp Lorentz and Poincare invariance
11.30Er Charge mnjugation, parity, time reversal and other discrete symmetries

INTRODUCTION

Thetraditional view of particle physics holds that the microscopic world can be regarded as an
isolated system and forms a self-contained urit. In fact, the microscopic particle physics depends on the
coherent properties of the macroscopic world, the environments. These characteristics are represented by the
physical vacuum state. In the static situations the vacuum properties are averaged values, but each o these
vacuum averages appears as an independent parameter. In accord with general relativity a density of energy
inaregion o the space-timeis asource of gravitational field. Because the weak contribution of gravitational

field, their contribution is generally negleded in particle physics, but in some situation this contribution
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could be important and its effed is necessary to be estimated. Thusit is necessary to examine small er spatial
regions around the interadion vertex, or the situations when the fluctuations in the behaviour of the vacuum
arerelevant.

The easiest way to introduce dasscally the gravitation isto consider that gravity could be treated
just as ancther field, and thus the ideais to develop atheory of acurved spacetime. Feza Glirsey [1],
Christian Fronsdal [2], W. Fushchych [3] €. al. have pioneering papersin this subject. Thusit ispossbleto
put in evidence the differences in respect with the current formalism developed in aflat space-time.
The way used in the present paper to attain this scope is the use the laws of symmetry. But, in afundamental
paper, E. Wigner [4] learned that: " The approximate validity of laws of symmetry is, therefore, a very general
phenomenon — it may be the general phenomenon;” all symmretry properties are only approximate” .
In particle physicsthe theories are currently developed in Minkowski space-time starting from the Poincaré
group.
A space of constant curvature has a group of motion — de Sitter that, though it differs from that of aflat
space, has the same number of parameters and can permit some generalisations. A space of constant
curvature may be realised as a pseudospherein five dimensional spaces, and the group d motionisthe set of
pseudarotations that transforms this four-dimensional surfaceinto itself. Thus when the radius of the sphere
goesto infinity, the arvature tends to zero and we refund the Minkowski space and the group becomes the
Poincaré group.

In this contribution only some aspeds related to massand discrete symmetries are discussed.
de Sitter space - some group elements
In the following short review about the main elements of the de Sitter groupand in the discussion d their
physical consequences, we will use Glrsey’ s notations and arguments [1].
A four dimensional Riemannian space may admit a continuous group o motion with up to ten esential

parameters. The maximum number of parametersis realised only for a space of constant curvature. De Sitter

group is agroup of transformations which defines a four-dimensional curved spacewhich can be embedded

in afive-dimensional flat spacewith coordinates &; such that
$la =8+ +EHEHE =R @
Thefive coordinates &, and the four coordinates X, are cnrected by the formulae

&, = Cb(oz)xﬂ (2a)
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£ = Rd)(az)%— o’ E (2b)

4R?
or equivalently:
2
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R
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where d3(02)= + 2 5 =EEL+E—5E R being the radius of curvature of the "universe" and
4R 20 RL

2 _ — 2 2 2 2 — 2 _ 242
O° =X, X, =X +X; +X5 —X; =r°—-ct*.

Because ¢, ispureimaginary, thusratio %5 isreal and are possble two cases both £, and R arered or

both imaginary, defining de Sitter universe (charaderised by positive curvature) and anti de Sitter with
negative spatial curvature, anti de-Sitter universe.

The Poincaré groupis characterised by ten parametersthat are fundamental quantities. Each of them
is asociated with atype of infinitesimal transformation. They determine how all-dynamical variables are

affected by achange in the wordinate system. The generatorsare J,, and P, .

De-Sitter group is characterised also byten parameters. The homogeneous Lorentz group (depending on six

parameters) is asubgroup o the de Sitter group. The remaining four transformations of the grouprotate &

into Eu , and thus induce nortli near transformations of X, .

The generators of the de Sitter group are the rotation gperators J_,, a,b=1+5in E;.
Putting

©)
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They obey the commutation relations

i

_g[JKA’J[M]: 5K/\‘J/\u _5K/JJ/\V +5/\HJKV _5/\VJK/J (6&)
[

—;[I‘IA,JW]=5MFIV 5,1, (6b)
i 1

—%[ny,nv]:—?\]yv (60)

Thefirst two relations are identical with thase of the Poincaré group. In the zero curvature limit

limn u = Py and thus [Pu, P, J = 0, refundng the commutation relation characteristic for the Poincaré
R- o

group. De Sitter group urites the linear momentum four-vector and the anguar momentum six-vector into

one geometricd entity.

For afreeparticle with massm, the classcal anguar momentum 10-vector associated with the de Sitter

group is defined as:

Ay =ik, Lo g, e fL cong @)
- ds ds

generalising thisway the aurrent conservation laws of momentum and angular momentum.

The usual observables are;

Aw =X, P, =%, Py (8a)
1 m[ dé dé o? Xy X,
m,o==A, =—&.—&- %a =1 - + £ 8b
HORTH R%S ds Sy ds% % 4R? ED“ R P (60)
o . . dx,
In the limit of flat space the ejuation (8b) becomesin usual form: 77, - p, = md—.
R- o T

The mass, the vacuum and its contribution to mass
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In the Poincaré group, there exist two quadratic invariant (Casimir) operators, which commute with all its

generators. These are
I, = PHP“ = p? (99

and

I, =W,W* =W? (90)

1
where WH = 28“"”"J P, and " isametric tensor in four upper indices.

The eigenvalue of the first Casimir invariant operator is associated with the rest massand consequently itis

an invariant.
[, - m? (10a)

Thus, the concept of masshasits origin in the @mnstancy of speed o light in all inertial referentials [5].
The second operator has an eigenval ue associated with (mass x spin)? of the system.

I, » —m?s(s+1) (10b)
In the de-Sitter group thefirst invariant operator becomes:

1 1

Il:_ﬁ\]ab‘]ab:_HHHH_WJHVJHV (11&)
with the eigenvalue:
— 2 2 1 XVX 2 /\px/\px
=M=’ - EEKV ore U Ap A, =m e (11b)

o that the de Sitter invariant rest mass (M )is acombination of the Poincaré rest mass and the anguar

momentum of a particle. Evidently, for aflat space, R — o, andthus, M ? — m?. In the concrete equation

associated to Casimir operator, the second term is associated with the presence of gravity. In the de Sitter

space, the significance of the second Casimir invariant operator is not completely established.
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The environment effed is assciated with the vacuum. In Minkowski space-time the vacuum state is build
into QFT formalism supposing that it isinvariant under Poincaré group. In this case the accderation creates
particles, phenomenon known as Unruh-Davies effect; so the true vacuum stateis correctly determined only
for inertial (non-accel erated) observers. The vacuum isnat invariant under time trandations. Poincaré
invarianceis not symmetry fulfilled by the vacuum state (of the various quantum fields) in the acua
universe. This conclusion is obtained if the vacuum state isimplemented in the cosmology: in uriverse, the
vacuum energy is envisaged to change during phase transitions, so the vacuum is clearly not invariant under
time tranglations.

The gravitational field being the source of curvature in GR; also, it is expected that thisfield wil | produce
particles, and thus obscuring the mncept of vacuum as a state with no particles.

The cosmological constant A, is a dimensional parameter with units of (length). From the paint of view of
classical general relativity, thereisno preferred choicefor what the length scale defined by A might be.
Einstein determined the cosmologica constant by the criterion that the equations of genera relativity should
correspond to Newtonian theory in the limit for weak gravitationa fields and small velocities. At the present

time, from galactic observations and in Solar system, the upper bound on the A —termis [A £10™>°cm™|.

Particle physics, however, brings a different perspective to the problem. The cosmological constant turns out
to be ameasure of the energy density of the vacuum — the state of lowest energy and thus could gve alink
between quantum vacuum energy and cosmologica constant that permits to obtain some numerical

evaluations. Thus,

A
= = 124
p vac p A G ( )

and thisequivalence isthe origin d the identification of the cosmologica constant with the energy of the
vacuum. In what follows, | will use the terms “vacuum energy” and “cosmological constant” esentially
interchangeably. If this boundisinterpreted as abound on the vaauum energy density in QFT, it correspords
to

|Pyad <1072 / ,010%GeVv* 010° €Y .
cm cm

in the actual Universe.

By contrast, theoreticd estimates of various contributions to the vacuum energy density in QFT exceed the
observational bound by at least 40 orders of magnitude. This large discrepancy constitutes the cosmological
constant problem. Until now, an accepted explanation does not exist [6], [7], [8], [9], [10], [11]. Bludman

and Ruderman [12] suggest that the small or zero value observed for the cosmologicd constant can be the
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conseguence of some supersymmetry or new gauge-invariance or may simply be another fundamental

constant.
If Eisanenergy scale of avirtual processcorresponding to alength scde | = h%z , then the gravitationd

self-energy density will be of the order of:

(/ )2 _GE° _E° 1 Cerg C
St B (nc) e E (129)

If the requirements of spherical symmetry, dominant energy condtion for a source term, regularity of density
and finiteness of massare realised [13], thus the metric of de Sitter spaceis:

i S
ds? = é_%ﬁzdtz _é r_ZE r? —r’dd* —r?sin’dd¢’ (13)

3c?
8rnGp

with R? =

In arigin, at r =0, the stressenergy tensor is T, = pczgw .Inthismodel p isthe massdensity at the

origin and shell isidentified with energy scale of the process In acerd with Einstein [14] we can interpret
an elementary particle as the regular solution of nonlinear field equations located in the mnfined region
where field tension and energy are particularly high.

Mansouri [15] has generalised Einstein's massenergy relation for de Sitter space aonsidering also a
non-vanishing vacuum energy. In these hypaheses, the rest massof a particlein de Sitter space(M )
becomes:

2
M2 =m? 3mE‘2’a°+ Vj‘°(2+s—52) (14)
c c

where m isitsrest massin Minkowski space and Sisthe spin.

If the aurrent theories of particle physics based on sporntaneoudy broken symmetries and phase transitions
are rrect, thus different energies <ales will produce relevant modifications of space properties. For
energies of the order of 200 GeV, corresponding to the eledroweak phase transition, the vacuum energy is

20TeV 1@V at 20 TeV. Its eff ect must

vac

abou EEY 10 eV andthe vaauum energy could attain avalue E

vac
be relevant in the immediate neighbouhoodof the interaction vertex, espedally for light particles, asthe
neutrino for example.
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Discrete symmetries

In de Sitter spaceall knew discrete symmetries, associated with P, T and C inversions exist. Dueto
the existence of a supplementary dimension, consequence of the curvature and implicitly of the existence of
gravity, anew discrete symmetry could be defined, which consists in the transformation:

®) &, =-¢,, (15)

where a=1+5.

Thus, the inversions could be explicitly written as:

— 2
9: X, = 2?‘ ==X, 4R2 (16a)
1-58 g
R
og? 4R?
IR? o2 (16b)

Thisinversion consists essentially in asociating to ead point another point on the opposite site on the
hypersphere. The number of particlesis douled, the symmetry being the mnsequence of the presence of
gravitational field. How can be interpreted the existence of this sipplementary symmetry?

We suggest that this scond set of particles could be associated with the existence of (predicted)
mirror particles.

a. In the present theories, the symmetry of the Nature is broken. Thistheoretical edifice cannot be
considered complete. Analysing this stuation, T. D. Lee commented: “ All present theories are based on
symmetry, but some symmetry quartum numbers are not conserved, suggesting that missng symnetries
exist.” [16].

E. Majorana proposed first the idea of symmetry of the Nature. Lee and Yang, in the last two
paragraphs of their paper about mirror refledion [17], originally discussed the existence of mirror matter as
an alternative symmetry posshility. They suggested that the transformation in the particle space
corresponding to spaceinversion X — —Xshould nat be the usual transformation P, but PR, where R
corresponds to the transformation of a particle into areflected state in the mirror particle space. Later, after
the observation of parity nonconservation, Landau assimed that R = C, i.e. he suggested the identification

of antiparticleswith mirror matter. The idea of existence of mirror matter has later been dscussed by Salam,
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[18], Kobzarev, Okun and Pomenranchuk [19], Glashow [20], Pavsi¢ [[21] and others which extended and
gave mathematicd support to thisidea. In the last yeas Foot, Volkas and co-workers devel oped the model of
symmetry of parity in more pulications, seefor example[22], [23], [24].

Initially, the concept of symmetry has only a geometrical significance. Matej Pavsi¢ [21] extended
the @ncepts of symmetry and mirror particles. He introduced the idea that the particles are not geometrical
points, they arered physicd objects, and thus they must have an internal structure which must be considered
and which could have some dfeds on the global space time behaviour of the particles. The physical system
is usually composed of sub-systems, at different levels of complexity and thus, it is necessary to consider
also internal symmetry.

Classcally, the so-call ed internal symmetries give concrete forms of the conservation laws and the dynamics
of particlesin terms of apparently non-kinematicd properties of symmetries. In fact, if we consider that the
system (particle) has an internal complexity, the concept of internal symmetry must be generaised, in the

sense that it is necessary to consider non-kinematicd properties, as additive quantum numbers generically
named (@ ), but, also, it is necessary to introduce and internal space-time coordinates i = i (X, T) .

b. If for internal space coordinates the physical significanceis clear, what is the significance of the
internal time variable? Could this variable be different for different physical systems and different
behavioursin respect to time inversion?

For instance, in the description of an elementary particleit is necessary to consider that the state vector must
be expressed in amore general form, as. dD(F,t, S,i ()( r), 0{) for example.
Thus, spatial and temporal inversion operators are introduced, correspondng to internal and external

inversions. They transform the state vector of the system in the following way:

P i(x1)=i(x.1)=i'x1) (173)
T i) =i (er)=i () (17b)

P.: o, tia)- o tia)=0(-7tia) (183)

Teo: o tia)- o (t,ia)=oF tia) (180)

The main dfficulty isrelated to the significance of internal time inversion, becaise in quantum theory the
internal time variable isn't used.

To understand the problem that results from internal time inversion, apossble way is represented by
Stueckelberg’ s relativistic quantum mechanical theory [25] (that isthe generalisation of Einstein's theory of
relativity), completed by Feynman's contribution [26] and new developments from recent years by Horwitz
and Piron[27].
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Thus, the parameter T describes the evolution of the system and therefore, it plays the same role as three-
dimensional spacein Newton’s theory, that is not an doservable, in contrast to t, which isthe geometricd
time, which is an observable. The parameter T was interpreted as proper time of the particle by Stiickelberg
and Feynman and as historical time by Horwitz and Piron. For afreeparticle & rest, the proper time and
geometrical time can beidenticaly, but, for a ompound system in interadion, the proper time for each of
the mnstituent particles canna also be the proper time of the centre of massof the system, contrary to the
geometrical time. As Stueckel berg demonstrated, theinversion T — —T imposes automatically the
transformation @ — —a , because proper time reversed relative to “rea” time transform a particlein

antiparticle. Consequently, theinternal inversion ¥ — —x transforms a particle in the corresponding mirror

particle, and T — —T represents the transformation of a particlein its antiparticle.

In order to put in accord the predictions with the observed interadion properties, only particles of the same
kind have dtractive interactions and gve bound states (particle — particle, mirror particle —mirror particle,
etc.), otherwise they give non-bound states. All interadions between the mirror particles must be the same as
between our particles, with but all this would be in fact unobservable, becaise the only interadion that
conrectsthemis gravitational only in rest, will exist different propagators associated to particles and mirror

particles, respectively. Thus, the complete image of the Nature could be:

particle only gravitational mirror particle
o, (F.t,si(x,7)a) interactions o (F.t,si(-x,7)a)
are posshle
O O
all interactions all interactions
are posshle are posshle
O O
antiparticle only gravitational mirror antiparticle
o, (F.t,si(x,-1)-a) interactions @, (F.t,s5i(-x,-1)-a)
are posshle

The status of our present theoretical group structure of the nature considering the known interactions

is sImmarised as follows:

SU(3), QCD (strong interadion),
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SU(2)xU(2) Theory (eledro-weak),
General Relativity (gravitation). It isnot included in the current standard
model

and a set of minimum 17 parametersis needed, al of unknown origin. This group must be modified by the
presence of corresponding mirror particles: So, two terms must exist in the Lagrangian, one for the known

particles, and the other term for their mirror particles:
[sU@). 0 su)ou@]o|suE): osu@)"ou@").
The Higgs mechanism, for example, can furnish two vacua, and in respect to the vacuum expected values,

the parity can be broken or untroken. This fact can be dso a clue to understand the low value for

cosmological constant.
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