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Abstract. In this talk we demonstrate the possibility of generatiofiridar polarization of the electromagnetic field (EMF)
due to the quantum effects of the EMF in in matter—antimadterihilation for anisotropic space of the | type according
to Bianchi. It has been established that matter—antimatteihilation generate linear polarization effects of tHdFEin
anisotropic Bianchi | type space caused by external gitiwital waves. We also ask whether the Universe can be a patkhw
consisting of distinct regions of matter and antimatter. d#enonstrate that, after recombination, it is impossiblawoid
annihilation near regional boundaries. We study the dyonami this process to estimate two of its signatures: a darttan

to the cosmic diffusg-ray (CDG) background and a distortion of the cosmic micnvaackground (CMB) too.
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INTRODUCTION

Neither the notion of a universe containing islands of aattar, nor the exploration of its observable consequences
are new. Indeed, the literature includes diametricallyag@ol views as to the viability of such models. The purpose
of this paper is to present a class of models (arguably, tret gemeral) for which the observable universe consists of
comparable numbers of domains containing either mattemtimatter. These models are parameterized by the typical
domain size todayy [1, 2]. Direct searches for annihilation radiation showt ttig> 20 Mpc, and future searches for
antimatter among cosmic rays may increase this lower bowurashorder of magnitude [1].

We have found constraints on a matter—antimatter univeism@ from phenomena taking place at cosmological
distances. The potentially observable signals are idedtids a distortion of the CMB radiation, and the production
of a relic flux of the CDG [1]. It was computed these signaldweibnservative assumptions and considerations based
on empirical evidence, but with as little theoretical poéfe as possible. We find that matter—antimatter encouaters
domain boundaries are unavoidable from recombinationdmtiset of structure formation. The flow of matter into
antimatter (and vice versa) is diffusive at langand hydrodynamic at low [1]. Furthermore, energy deposition by
the annihilation debris plays a crucial role, increasirgydhnihilation rate by up to two orders of magnitude relative
to what it would have been if this effect had been neglected.

Part of the energy released by annihilations at cosmolbdistances ends up as microwave photons that would
appear as a non-thermal correction to the cosmic backgrepectrum. However, it was found that measurements of
the CMB spectrum do not lead to a competitive constraint eBta: O universe [1].

High-energy photons produced by matter-antimatter afatibns at cosmological distances (most of which survive
to the current epoch) are redshifted to current energiesdgral MeV, thereby contributing to the diffugeray
spectrum. It follows that the detection &f> 1 antinuclei among cosmic rays would shatter our currenéetstednding
of cosmology, or reveal something unforeseen in the realastwbphysical objects [1].

An explicit cosmological model is also necessary to estnthe observable signals produced by annihilation.
Evidence of extended matter-antimatter annihilation siois(at 511 keV) from the Galactic Center [3] and of Galactic
nucleosynthesis processes [3] has been found. Furtherpaegization of high energy photons (>400 keV) emitted
from a strong source like the Cygnus X-1 has been clearly mmedg4]. We also refer to cosmic diffuse photons by
conventional names according to the current photon engrgynight sky, the CDG and the CBM refer to visible 1
MeV and microwave photons, respectively. We look for rgtiays from matter-antimatter annihilationin in the CDG
spectrum near 1 MeV too.

1 This work was supported in part by the R. M. Santilli Founalatand the Austrian Academy of Sciences.



There are two events took place at roughly the same time imicasistory: the transition from charged plasma
to neutral atoms (recombination) and the decoupling ofatémi and ordinary matter (last scattering). For our
fiducial cosmological parameters, these events occurredtamperature- 0.25 eV and at a redshifggr ~ 1100
(we usey = 14+ z=1/R(t) as a redshift parameter, and the conventianalhe transition to transparency was not
instantaneous, but evolved during an intemgat- 100 whose half-width is- 15 Mpc in comoving (current) distance
units. Thus, features at recombination of comoving sizdlemifan 15 Mpc cannot be discerned in the CMB.

Cohen A.Get al. [1] concluded that matter-antimatter annihilation hasgligévle effect on the CMB temperature
Ty(y), which remains as it is in a conventional universe. Howetres, annihilation debris produce and maintain
virtually total ionization, as shown in [1]. Therefore therghilating fluid consists of photons, protons, antipra&on
electrons and positrofisThe proton and electron number densities coincide, exaepe narrow annihilation zone.

The generation of the photons in matter-antimatter aratibih proces and the polarization of the EMF also take
place in the external anisotropic gravitational field [5,768]. Here we consider the generation of the polarization
of the EMF in matter-antimatter annihilation proces undi=alized supposition that the medium is transparent and
there is only the CMB radiation before matter-antimatteriaitation. The result of the paper is the assertion that the
guantum effects of the EMF in the external gravitationalffiel the space of thé type according to Bianchi give
contribution to the degree of polarization of the EMF in thdrupole harmonics too. According to the results of the
papers [5, 6, 8], the moment of time when the quantum effdqtbotons switch on in matter-antimatter annihilation
proces can correspond to the arising of the anisotropy obablkeground of the initially isotropic matter and antimatte
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Formalism of the EMF polarisation

A useful way to characterise the polarisation propertiethefEMF is to use the Stokes parameters formalism [6].
For a nearly monochromatic plane electro-magnetic wavpagating in the direction,

Ex = ay(t) cosjant — 6(1)], Ey = ay(t) cosant — By(1)], 0
the Stokes parameters are defined by:
| = (&) +(af), Q=(a)) —(af), U= (2a@ycod6—8)), V= (2aaysin(6—8)), )

where the bracket§ represent time averages. The parameisrsimply the average intensity of the radiation. The
polarisation properties are described by the remainingmaters:Q andU describe linear polarisation, whil
describes circular polarisation. Unpolarised radiationratural light) is characterised by havitg=U =V = 0.
The EMF polarisation is produced through the photon quargifects (see below) which cannot generate circular
polarisation. Then, we can writé = 0 always for.

The Stokes paramete@@andU are not scalar quantities. If we rotate the reference frayna@nbanglep around the
direction of observatiorQ andU transform as:

Q =Qcog2¢) +Usin(2¢), U’= —Qsin(2¢)+U cog2¢). (3)
We can define polarisation vector P having:
(A2 2\1/2 1 (U
Pl = (Q°+U“)"", a = >tan (Q) (4)

Although P is a good way to visualise polarisation, it is not properlyextor, since it remains identical after a
rotation by T aroundz, thus defining an orientation but not a direction. Matheoally, Q andU can be thought
as the components of the second-rank symmetric tracednset:

5 1 Q —Usin@ 5)
®72\ _usine —qsirte |’

where the trigonometric functions come from having adoptegherical coordinate system.

2 We neglect the helium contaminatior { % by number) and those of larger primordial nuclei.



Formalism of the EMF radiation in anisotropic space of the | type according to Bianchi
model

Let us consider Maxwell equations for the free the EMF. Inrttegrics

3 :
ds —dt* 5 A7 () (aX)*, (6)
i=
they can be written as

where F,,, is electro-magnetic-field tensor arfdF)*V is adjoint magnitude, defined by the relatioaF ) =
ﬁ [aByn]Fyn, and[a, B,y,n] is completely antisymmetric tensor [0123]=1.
The solutions of these equations can be represented inrmeoficelectric- and magnetic-field vectors [5]

E(t,x) — /d?’ke”‘x [£9(tK)ea(t, k) + &% (1K)ep (1K)

H(t,x)

/d?’ke”‘x (79t K)ea (t,K)+79 (t, K)es (1K)
where
_ e ind 2 _sing & — _sing 2 &
€y = COSB; cosgy AL + cosh sing; A smetAs, € sing AL + cosgy A

are the orthogonal vectors forming together with

. €1 . . () €3
= SinG cosp; — + sin6 sing; — + cosG —
& 6 cosgy AL +sing sing A + cosi A

the tetrad unit basis in the momentum space. The ar@jlasd ¢; are related with the spherical coordinates in the
momentum space introduced via the relation
(k1,kz,k3) = Kk(sinB cosg, sinf sing, cosb) ,

using the formula

(sin@ cosdy, sinG sindx, cos) = - <sin9 cos¢, sind sing cose> 7

Aq Ao Az
where

2 siffcof¢ sitOsitg coso

AL A A
The componentg?, £¢, #?, % can also be written as follows [6]:
1 U a 1 u d _
&0t k) = ——(y" &9 (t,k) = —(y" - 8
( ) ) \/5(27_[)3/2(_9)1/4 b]_/z (y +Yy )a ( ) ) \/5(27_[)3/2(_9)1/4 b]_/zk dt (y y )a ( )
1 1 d
AOK) = STy ), k) = - e 0 Y ).

V2(2m)3/2(~g)Y/4 b2 V2(2m)%/2(~g)t/4 b2k dt

where

b— \/% (A3cos ¢ +AZsir?¢) ,

and the functiong™ = y" satisfy the equation

L b B _.d . . _ cosBsin2p
y'_Byf+[k2u2+rkA]y’_0, A=b(a/b); a—ﬁ(Az—A%)- ©)



Quantum generation of photons in matter—antimatter annihiation

Assuming that at the time mometjf on the background of the initially homogeneous and isotrgpavitational
field in the Universe with Friedman metrics there arises thradgeneous anisotropic perturbation in accordance with
matter-antimatter annihilation so that as a consequerecentitrics can be represented as in Eq. (6). Let us assume
also that at < tj, the state of the EMF can be described with the density maithx mon-zero occupation number of
the photons in the mod®(vp) corresponding to the black-body radiation. The latterristly constant at < tj, and
constant in the zeroth in respect to the anisotropy paramapgroximation at > tj,:

7}

= =0.

5t0(vo)

The frequencyy is considered to be independent of time and equal to thetradiiequency in the current epoch.
With the frequency at any time momarit is related as follows

VoA(to) = V(DA(Y), (10)

whereA(t) is the scale factor in the Friedman model attj, andA3 = (A;AxA3) att > tiy.
The external gravitational field of the anisotropic Univelsings about the increase of the photon number [6, 8].
The particle number in the mode at the time moment;, satisfies the relation [6]

n(t,vo,0,9) =no(vo) + Ny (t,vo,0,¢)+ng(t,vo,0,9). (12)
Here

nl(t7V07ea¢):nO(VO)é(tv\/Ovea(p)v (12)

where |d] < 1 is the correction, describing the anisotropic distribatover momenta which arises due to the
anisotropic expansion of the photons already existingedithe moment;,. As to the quantity

r—+1

nq(t,V0,9,¢) 2< Z |Br (t7V0795¢)|2> (2”0(V0)+1), (13)

it is the additional number of photons which arose due tortgeneration by matter-antimatter annihilation in the
non-stationary gravitational fiel@" is the coefficient of the Bogoliubov transformation at thensition to the time-
independent operators of the generation-annihilationhaftgns bringing to the diagonal form the instantaneous
Hamiltonian of the quantised the EMF at the time momntem the operators of the generation-annihilation, in terms
of which the Hamiltonian has the diagonal form at the initiale moment;, ; |B'(t,vo, 8,¢)|? is the density of the
probability of the generation of a photon with a certain frencyvy, direction of the wave vectd, ¢, and the spin
projectionr on the direction of the wave vector.

Let us generalise the relations (11) — (13) to the case whemttiter of interest is the particle number in the mode,
which polarisation vector is oriented along a certain diogcin the coordinate frame connected with the wave vector
of the photon. Then by analogy to Eq. (4) we can introduce yn#elic vector [6]

1 C3 I(taVan7¢)+Q(taVan7¢)
n(t,vo,0,¢) = > oAt I (t,v0,0,9)—Q(t,v0,60,9) |, (14)
Vi) U (t,v0.6,6)
wherel,Q,U are the Stokes parameters of the EM radiation. By analody®dt (11),n can be represented as
1
n(t,vo,0,¢) =no(vo) +n1(t,vo,6,9) +nq(t,vo,0,¢), no(vo) =no(vo) | 1 |, (15)
0

which corresponds to the isotropic nonpolarised radiatiorthe case when there is no scattering of the photons on
the electrons of the cosmic plasnmma,can be represented as [6]

Ny (taV0a97¢) = nO(VO) (U(t,Vo)a(e,d))+E(t,VO)5(9,¢)), (16)
1 1
a = (1) (co§9%>, 5:% é (1—cog6)cosp.



This corresponds to the start of the dependence on angesnisotropy, in the distribution of the photons over
momenta. The coefficients anda characterise the degree of the quadrupole anisotropy @@ radiation.

The quantityng describes the contribution of the quantum effects in mattgimatter annihilation process. In the
linear with respect to the anisotropy parameters appraigmaf the metrics (6) it can be represented in the form:

2na(vp)+1 ¢ ( QM(t,v0,6,9) ) an

_ _(ann
nq (t7 Vo, 9; ¢) - 2 hvg(t) ZUQann((tt: \\j:: 99:1)))

The quantitied@"", Q3™ U3 agre the annihilation Stokes parameters (ASP), evaluatetthéocase when the initial
state of the EMF at the time of the matter-antimatter anaitoiht;, was only the CMB radiation.

POLARIZATION OF PHOTONS DUE TO THE QUANTUM EFFECTS IN
MATTER-ANTIMATTER UNIVERSE

In general (i.e. not in the linear approximation) the Stgkasameters are related with the polarisation density matri
of the quantum effects of the EMF in matter—antimatter Urseeintroduced in [5] as a new characteristics of the
latter, as usually (see [6]):

1 [ann_ Qann yann_jyann
J¥ = E ( yann_ jyann |ann7Qann ) ) (18)
where
1 hk A A
abann abann abann abann a b
— Ky = Z——— (O k k ).
J Japann 4 gabamn - gavannt k) 3 1(L.6.9) (O, | Nt [é" (t,x, k), &P(t, X, )} O,,)

Hereé:’a(t, X, k) are the components of the spectral component of the vecebectiic field (8), multiplied by ex@kx).

The calculations, carried out in [6], have shown tl&™ = 0, i.e. according to the common interpretation [7], the
generating photons do not have an admixture of the circalkarisation.

The symmetric part of the polarisation tensor could be esqwe via spectral components of the averages of the
operator of energy-momentum tensor

TN = [ dpabsing [ dKo(tk,0.9) T (1.k.6,9), Kolt.k.6,9) = ckyu(t.6.6).
as follows

ab __ ~ab Tann
3 = G Tamn

The specific form of the componelﬁﬁ, has been evaluated in [9]. Also in [9, 6] is given the explioitm of the
spectral componemﬁf\'}r‘. So the APC can be presented as follows [6] :

3
(lann7 Qann,Uann,Vann) — ﬁ Z (2§, ul’7 r.[l'70) , (19)
v r=+1
where the functions’, U', 7" satisfy the set of the equations [6]
§ =Wy 4%y,
U =W (28" +1) — (rW+2cKo) 17, (20)
T =rW (28 + 1)+ (rW+ 2cKo) U,
(U2 4+ (12 =48 ( +1)
with the initial valuess' (ti,) = U' (tin) = 1" (tin) = 0. The quantitieyV andW in the metrics, linear in respect to the
anisotropy parameters of metrics (6) are as follows:

W:(1—c0§9)AH+%(1+c0§9)cos:¢, W = —cosfsin2¢AH, (21)



where
1 )
AH :HfE(HlJer), AH = Hi —Hy, H3:(H1H2H3), Hi = A /A

(the parameter8A, AA, A could be introduced similarly).
The set of the equations (20) plays the part of the transfeateans for ASP. Let us analyse the expressions (19),
solving (20) via expansion of the functions in a power senagspect to small parametemhich is introduced as

AH — hAH, AH —hAH,  AA—hAA, DA — hAA.

In doing so,

s = n;ﬁ”é,'], u = n;)ﬁ”u[], T = n;)ﬁnrrﬁ. (22)

The expansions oV andW are given with (21). Further we shall keep in the expansi@) @ly linear terms in
respect tch. In the zeroth approximation in respectftdt follows from (20), (21), taking into the account the iaiti
values, that

=Uy=T15=0.

This means that there are no photon quantum effects in {@otaase. In the linear approximation the set of the
equations fos;, Uy, T} is

§ =0 U =W-2vt], T1]=rW+2vu]

(in the zeroth approximation in respect fioko(t,k, 8, ¢) = ko/A(t) = v(t)). Solving this set, one can obtain the
expressions for ASP in the linear approximation:

2hV3 Wit/ / / '
(1am e yanny — W[ Wity Wit')) cos(2(Q(t) — Q) dt!,  Q(t) = /dtv(t). (23)
tin .

Such a distribution of the ASP quantum effects in the anigutrgravitational field is unusual from the viewpoint of
the classical electrodynamics [10]. The reason is the sireof the vacuum energy-momentum tensor of the EMF
in the external gravitational fiel@eldovich andStarobinsky [11] have remarked that quantum effects of the material
field in the external anisotropic gravitational field bringpat the breaking of the condition of the energy dominance
of the energy-momentum tensor (EMT) of these fields.) This $hows itself in different dependence of the EMT
components on the anisotropy parameters of the metricad@)ely:

O~h2  Tk<h k=123

The fact that EMT does not satisfy the condition of the englgyinance means that it contains both the contribution
from the really generated particles and the contributiothef EMF in matter-antimatter annihilation process. It is
impossible to divide the energy-momentum tensor into tleeesentioned contributions as it has been indicated in
[6].

Let us bringng to the form analogous that of;, singling out explicitly the dependence on the anglemnd¢. To
this end we use (21) and (23), then

o(t10,6,9) = 220D (Bt vo)b(@.6) + Bt v0)B(6.6) (24)

here

= / AH (') cos(2(Q(t) — Q(t'))) dt’. (25)



The expression foﬁ?q can be obtained from (25), substitutiAgl for AH. Vectorsb andb are defined via the relations
(analogously as was defined in [12] by Basco and Polnarev):

1 3 (1+cog0)cos2p
b(-l)(lco§e), b= ( )
0

—(14co€6)cos 2
Assuming thahg > 1 and substituting (16), (24) into (15), we obtain

NI =

4cosf sin2p

Nn=ng+nNg [aa+qu+55+§cﬁ]. (26)

The quantitiesBy and 34 are related with the degree of the linear polarisation of EMF in matter-antimatter
annihilation. The relation (26) is similar to that derived[iL2] under the solution the radiation transfer equation
taking into the account Thomson scattering of the photorthemlectrons of the cosmic plasma.

The quantities which undergo the measurement in the cotiseperiment are the Stokes parametef3 andU.
Let us evaluate, for example, the Stokes paran@iarthe Heckman-Schiking model [6]. According to Egs. (14) an
(26) we have

3
Qlt.vo,6.9) = 25D n0(vo) (1~ c0F 0) y(t vo).

The dependence @ on the timet is determined with the quantif (25). Let us transform it to more clear form. To
this end let us temporarily change in the integral (25) thegration variabl& as follows:

X = (14x)"%  BH=2AHo(1+ ) = AHo/X®,
1 dy 2.2 2

d = ———=2_— = —XdX, v({t)=w(1 = yoX
wherelAHg, Ho, Vg are the current values of the corresponding parametershiBglhange of variable the integral is
brought to the form

X
Bo— AHo / cosA (X —X')
9" Ho . X'4

in

dx’, (27)

whereA = 4vg/Hp ~ 10%is a large parameter. Estimating (27) asymptoticall} jave obtain

_ AHg

Bq= H—OWSM(A (X —=Xin)) - (28)

Let us change in the last formula from the current variabl® the synchronous timeaccording to the relation

X= (3Hot/2)1/3. The timet is synchronous cosmological time, counted from the singuld et us divide it into two
summands as follows:

t=to+t, ' < to,

wherety = 3—,20 is the time counted from the beginning of the expansionesponding to the current epoch, ahis
the current time, for example, the period, during which theesvations take place. Then

2hv3 i

Q(t,v0,0,¢) = —2ng(vp)(1—cos 9)% Xin sin(2vot’ + A (1—Xin)) -
c3 Ho A
Let us discuss the possibility of experimental measurinQ.ofhe power of the polarised component of interest for

us of the EMF radiation, hitting the aerial of the radio-selepe, with the directivity diagraf (6, ¢ ) and the effective
area of the surfacBes per unit frequency band is defined as follows [13]:

1
W(t) = EAeff

| [Qt.vo.6.9)Pu(6.9)d0) . 29)
Q



Separating the dependence on angle, we bring (29) to the form

2hv3
W(t) = ?OHO(VO)Qlef

BQ(tv VO)

The quantity¥V/(t) is the instantaneous power of the signal in the aerial. Ototiof the aerial the voltage is induced,
the square of which is proportional to the instantaneousgposo that the current at the output of the detector is as
follows [13]:

Q 2 / q 2hv§
igert) =KUZ(t) = KW(t) = KQ ?no(vo) Bq(t, Vo)

After averaging over time, we obtain

ol 2hv3 AHg X2 2
iQ, =K (Qgﬁ) ( 030 no(vo)) H—O)\—'“ =

Similarly, measuring the Stokes paramdtar the zeroth approximation with respect to the anisotragrgmeteAH,
we arrive at

T 2|"IV3
ihee=K (Q¢) (?Ono(vo)) .

The observable degree of polarisation turns out to be

p_ ider _ 2 9 Mo x @)
i!ﬂet T[QIeff Ho A

Thus, the degree of polarisation of the EMF due to the quasedfimets in matter-antimatter process turns out to be of
essence only in the case, when the anisotropy of the meagmianifested itself sufficiently early.

DISTORTION OF THE CMB

Measurements of the CMB, being much more precise than thfdbe €DG, might be expected to provide the most
stringent constraint on th@= 0 universe. In this section, we use A. G. Cohen et al. [1] dat@n of the annihilation
rate to estimate the distortion of the CMB spectrum. In penfag this calculation, A. G. Cohen et al. made several
approximations that somewhat overestimate the effectelhambess, the consequent distortion lies well below the
observed limit, and provides no constraint at all.

Annihilation produces relativistic electrons and endgehotons. Annihilation electrons have a direct effectioa t
CMB by scattering photons to higher energies, thereby sikgttie CMB spectrum. Moreover these electrons heat the
ambient plasma. The heated plasma produces an additiatiadnhspectral distortion. (The energetic photons from
neutral pion decay have energies too high to have much effettte cosmic microwave background.)

To compute the direct effect, we must determine the numb&nB photons scattered from energyto ws by a
single electron. This functiom®N(ws, @) /dws da, is computed in [1]. The electron multiplicity pep annihilation
is similar to the photon multiplicity, measured [14, 15] te ¢~ 3.8. The number of annihilation electrons made
per unit volume and time igJ/d, where ¥d = y/dy is the average domain surface-to-volume ratio at egodthe
spectral distortiouy(w) (energy per unit volume and energy) satisfies a transpostio1]:

d 9 _ wgd(y) d°N(v,w) d°N(w,v)\
<ya—y+w%3) ouy(w,y) = W/dv< e dviw ) =Aw,y) . (31)

We have ignored absorption of UV photons by neutral hydrdigrause th8 = 0 universe is largely ionized.
The direct contribution to the CMB distortion is the solutito Eq. (31) evaluated at the current epodhy(w) =
ouy(w, 1). Itis given by [1]:

5“)/(‘*’) = /y:s %A(wya y) ) (32)



where it has confined the source to 119§ > 20, the era of unavoidable annihilation [1]. To evaluateittiegral
we use the annihilation ratecomputed in [1]. Where it displays the result for a currenndm size of 20 Mpc. Note
that|duy(w)| is always less than 8 10~3 cm™3 ~ 1.8 x 1076 T3. The limit set by COBE-FIRAS [1, 16] on rms
departures from a thermal spectrunjdsl,(w)| < 7.2 x 10*6T03 throughout the energy rangg < w < 10Tp. This
upper limit is four times larger than computed signal in [} the minimum domain size. Because larger domains
yield proportionally smaller results, we have no constramtheB = 0 universe.

The indirect contribution to the CMB distortion results i@ temperature difference— T, between the heated
ambient fluid and the CMB. It may be described by the SunyaeldeXich parameter [17]:

Y:/%;TV)CH , (33)
MeC

where the integral is along the photon pdth= —cdy/yH (y).

To computer, A. G. Cohen et al. [1] used the higher temperature profileifiesult isY < 9x 107, which is over
an order of magnitude below the COBE—FIRAS limit [16]6f < 1.5 x 10~°. We conclud@that current observations
of the CMB spectrum yield no constraint on tBe= 0 Universe.

THE DIFFUSE GAMMA-RAY SPECTRUM

In this section, we use A. G. Cohen et al. [1] conservativeudation of the annihilation rate to determine a lower
bound to the CDG signal. They obtained that annihilation & & O universe produces far mogerays than are
observed.

The relic spectrum of-rays consists primarily of photons fronf decay. Let®(E) denote the inclusive photon
spectrum inpp annihilation, normalized tg, the mean photon multiplicify The average number of photons made per
unit volume, time and energy 8(E) J/d. These photons scatter and redshift, leading to a spectxadflannihilation
photong- (E,y) (number per unit time, area, energy and steradian) saigsfie transport equation:

7} 7} 1 cJ
— +E——-2])F(E,y)= ———®(E) — +R(E,y) . 4
The first term on the RHS is the annihilation source and thersmés a scattering sink. If we slightly underestimate
F(E,y) by treating all scattered photons as effectively absorlvetthis case:

R(E,y) — CO—V|(_|E()yr)]e(y)

with gy, the photon interaction cross section andy) the electron density. For the relevant photon energiesaiters
little whether photons encounter bound or unbound elestron
Integration of Egs. (34)—(35) gives the photon flux todafE) = F (E, 1):

| Rely) B(EY) Yoy 1 dy
FE) = [y exp{ A WQ(E’/’”} AY)YS (36)

This conservative lower limit to thgray signal conflicts with observations by several ordermagnitude and over
a wide range of energies, for all valuestaf< 10° Mpc, comparable to the size of the universe. It could be afdjuet
the satellite data excludes even larger domain sizes, hbdltd be soon run into questions of the precise geometry
and location of these nearly horizon-sized domains.

F(E,y) =9(E,y)F(E)y), (35)

3 An additional contribution t& arises as CMB photons pass through transitional regiomsjlveiionized, but is two orders of magnitude smaller
than the effect we discussed.
4 The measured photon spectrum can be found in [14, 15] andtiefudiscussed in [1].



CONCLUSIONS

The Universe contains lots of light (some 400 microwave gaesknd photons per cc), a little matter (a few baryons
and electrons for every billion photons) and practicallyamtimatter, at least in our neighbourhood. Various baloon
and satellite-borne detectors have observed cosmic-rsifr@as and antiprotons. Their flux is compatible with the
expectation for the secondary products of conventionatt@rjacosmic rays impinging on interstellar matter (gas and
dust). Thep/p ratio is expected to diminish precipitously below a kinetitergy of a few GeV: at the high energy
required to produce these secondaries, the productionlofwagsis unlikely. The cosmic-ray flux of many different
nuclei is well measured in a domain of kinetic energy (per@mt) extending from a few MeV to circa 1 TeV. But
for a small fraction of anti-deuterons, one does not expeatlzservable flux of antinuclei, for the energy required
to make these fragile objects in matter—antimatter coltisiis far in excess of their binding energy. No convincing
observation oZ > 2 antinuclei has been reported. It is often emphasized higadbhservation of a single antinucleus
would be decisive evidence for an antimatter component@flUhiverse: it is likely thaHe would be the result of
primordial antinucleosynthesi€; would presumably originate in an antistar. Galaxies appssed to have undergone

a phase of recollapse onto themselves, after they laggeddtite general Hubble expansion to become objects of
fixed size, at a redshift of a few. This recollapse is reckdnedix and virialize the galactic material, and to re-ionize
its ordinary matter. If this process could occur in a galaggtaining matter and antimatter it would annihilate the
minority ingredient, or blow the galaxy apart. Nonetheldiss search for ordinary or neutron antistars is of intefest
they may not “belong” to our galaxy, but be intruders fronrafdnese objects would accrete interstellar gas and shine
yrays. The “photonic” astronomer cannot determine whethaobanother galaxy is made of matter or of antimatter.
But galaxies in collision are often observed. An encoumtenlving a galaxy and an antigalaxy would be spectacular.
The background of this paper constitutes the idea, whielmgdts to explain some linear polarization of the EMF in the
Universe as produced by quantum effects in matter-antamnattnihilation process. The peculiar feature of Eq. (29) is
that B4 parametrically depends on the time momgnwhen the anisotropic perturbations have arisen on theailyiti
isotropic space-time background of the Universe. The ingpae of the EMF polarisation concerning the physics of
matter-antimatter annihilation in the early Universeeglon the fact that scalar fluctuations and the photon quantum
effects can produce only linear polarisation and no cincptdarisation. A measurement of the circular polarisation
could therefore be interpreted as the detection of grawitat waves caused by matter-antimatter annihilation sThu

it turns out that in the case of the transparent medium wherretis no scattering of the photons, the EMF radiation
in the homogeneous anisotropic and non-stationary Urevieesomes linearly polarised due to the quantum effects
of the photon generation by matter-antimatter annihifatibis remarkable that the angular dependence of the photon
number is quadrupole and completely coincides with thatragiunder the scattering of the CMB photons on electrons
in the epoch of the recombination or the secondary ioniratio

REFERENCES

A. G. Cohen, A. D. Rujula, and S. L. Glasho¥gtrophys. J. 495 539-549 (1998).

R. M. Santilli,Clifford Analysis, Clifford Algebras and their Applications 3, 1-26 (2014).

G. Weidenspointner, and et alature 451, 159-162 (2008).

P. Laurent, and et alScience 332 438 (2011).

S. S. Moskaliuk, and et aPhys. At. Nucl. 58, 1744-1747 (1995).

S. Moskaliuk Phys. Rev. D 68, 084023 (2003).

S. S. Moskaliuk, “Propagation of Polarized Cosmic Micas® Background Radiation in an Anisotropic Magnetized ia&a%
in Proceedings of the 4-th Gamow International Conference on Astrophysics and Cosmology after Gamow and The Sth
Gamow Summer School (17-23 August, 2009, Odessa, Ukraine), edited by S. K. C. et al., AIP Conference Proceedings 1206,
American Institute of Physics, New York, 2009, pp. 64-78.

8. S. MoskaliukUkrainian Journ. of Phys. 5, 636643 (2010).

9. A. Sagnotti, and B. ZwiebacPhys. Rev. D 24, 305 (1981).

10. V. N. Lukash, and I. D. NovikovThe very Early Universe, Cambridge Univ. Press, Cambridge, 1983, 1 edn.

11. Y. B. Zeldovich, and A. Starobinsk$pv. Phys. JETP 34, No.6, 1159-1166 (1972).

12. M. M. Basco, and A. Polnaregstron. Journ. 57, No.3, 465 (1980).

13. J. D. KrausRadio astronomy, McGraw-Hill, New York, 1966, 1 edn.

14. S. Ahmad, and et aPhys. Lett. 152 135 (1985).

15. L. Adiels, and et alPhys. Lett. 182, B 405 (1986).

16. D. Fixsen, and et alAstrophys.J. 473 576 (1996).

17. Y. Zeldovich, and R. Sunyaeip. Space ci. 4, 301 (1966).

NookrwnE



