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The following GUT predictions are well known: the decay 
of proton, the n-ii oscillation, the value of sin Ow, the 
baryon asymmetry of the Universe, etc. We suggest a new pos
sibility of checking some GUT models on the basis of, at 
first,the analysis of their cosmological consequences and, 
secondly, on the experimental study of low energy p 4He 
interaction. We intend to show in this note, that the inves
tigation of p 4He annihilation may provide some useful infor
mation not only for nuclear physics, but also for checking the 
GUT cosmology owing to the restrictions on the parameters 
of GUT models. 

The obsetvational data of y -astronomy lead to the con
clusion that, at present, there is no antimatter on a macro
scopic scale. On the other hand, modern cosmology predicts 
that antimatter inevitably existed in the very early Universe 
(at t « 1013 s from the beginning) and the number of anti ba
ryons was comparable with the number of protons (n 8 .. nB .. ny, 
where n .. is the numher of ohotonsL However. the subsequent 
annihil~tion resulted in the practically full disappearance 
of the antibaryons and only the small excess of baryons 
should have been survived and just this excess is observed 
now 

I -8 ± 2 n8 ny -10 

But there is some GVT models, with spontaneous CP-breaking, 
which predicts the generation of the baryon excess in one 
place and the generation of the antibaryon excess in another 
place. That leads to formation of matter-antimatter domains 
in the Universe. The antimatter domains may survive for 
rather long time. 

There is another interesting possibility for the late an
nihilation (at t >> I0-3s) in the Universe. Some GUTs predict 
the existence of superheavy (M > 1ol1 GeV), metastable 
( r ~ w-18 s) neutral fermions. As is shown in 111, the presence 
of these·superheavy particles in the early Universe inevi
tably leads• to formation of primordial black holes (PBH). 
The evaponh. --· ,..& PBH results in creation of baryon-
antybaryon 
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The common important feature of all sources of antimatter, 
predicted by GUT, is the following: the annihilation proceeds 
only in the limited time interval. If the annihilation 
took place after t~e big-bfng nucleosynthesis (t >JOss), then 
the interaction ofp with He leads to creation of neutrons 
and light nuclei (d, 3H, SHe). Therefore, the presence of 
P in the Universe after t >JOss could have influenced abun
dance of light elements. One can obtain the restrictions on 
the amount of antimatter (and, consequently, on the parameters 
of GUT models which determi2e the sources of antimatter) 
knowing cross sections of P He annihilation and supposing 
that the annihilation in the early Universe could not create 
more D and 3He than their presently observed abundance. 

2. Let us now consider what restrictions on the relative 
average amount of annihilated antimatter in the early Universe 
R = Dji/n B can be obtained from the study of p4He annihi
lation. 

After the big-bang nucleosynthesis, the p 4He annihila
tion leads to disintegration of 4He resultini in the creation 
of free neutrons and nuclei-fragments (d, 3 H, He). As was 
shown in 121 free neutrons, being created during the period 
10 S s; ts tn (to =4. 5 ·10 8 0 sr/3 (s) , Ob =nB/n0 and n c is 
the critical density), succeed,before their decay, in combining 
with protons in the reaction n + P ... d + y and forming deute
rium. (Neutrons may form deuterium in this reaction earlier 
than I 0 3 s also, however, all the deuterium produced will 
be burned in successive thermonuclear transformations). When 
t > t 0 free neutrons produced in annihilation do not suc{:ed 
in forming an appreciable quantity of deuterium. The additi
<mal amount of D being created due to p4He annihilation is 

{ 

-n88 .(f0 +fn)·R Ano 
""nHe ,fD • R 

For 3 He it is, correspondingly, 

An 8 -nu .r3 .R. 
He e He 

10 3 S t S t D 
(I) 

(2) 

(3) 

The n8• in (I }-(3) is the concentration of 4He; f 0 • r0 and 
t 3H are the average numbers of n,D and 8He created in 
the 

8
annihilation. If we assume that AnD and An188 ~o not 

ex-c-eed the observed abundances of D and 3He the fo'1low1.ng 
restrictions on the value of R are obtained 
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2X 0 

l0 3~t~ tn (4) 

R s 
x~.<rn+fo) 

2Xo/(X4He f D) 
13 

tn<tStrec =10 s, (5) 

where Xn and X4He are the observed weight concentrations of 
D and 4He. 

If one assumes, for a rough estimation, that all annihi
lation channels for 4He have equal cross sections and 
uann =0.5 utot, then R~J0-4 .In the experiments one should also 
measure the output of the tritium (r 38 ) too, since subsequ
ent decay of the tritium, formed due to p 4 He annihilation 
in the Universe should increase the concentration of 3He. 

3. The estimation of R based on the experimental informa
tion on P 4 He annihilation, may lead to a number cf interes
ting concequences: 

a) The existence of strong density fluctuations in the 
early Universe could lead to the formation of primordial black 
holes (PBH) 13~ According to141PBH with a mass M may evaporate 
during the time tev =Io-27 M3(g), being sources of radiation 
with a temperature T=I0 13 (GeV)/M(g). PBH's with M <Io 13 g 
which evaporated by t < 1012 s have a temperature T _I GeV 
and therefore antibaryons should be present in their radia
tion spectrum. The density of antibaryons n- created due to 
-··--~--6-.!' -- -C T"'T'H'f • ·' ..... 191 B 
'- v u.t'...., .L u. ._.A. u u V J.. J. Ull W .L L..11 Utd ~,::, J."1 .1. t) 

a (M)r ii n Y a (M)t B n 8 

n B ~ (m PI' tev> 1!8 = ~ (~vfls)1/8 ( 6) 

where mp1=IO-&g, a(M) is the relative contribution of the 
PBH density to the total cosmological density a(M)=np 8 Jn c. 
fa-0.01-0.05 is the fraction of antibaryons in the radiation 
spectrum of PBH's· and n 8 ,ny are the densities of baryons 
and photons. In the radiation dominance era all antinucleons 
created by PBH must annihilate. 

As is seen from (6), one can obtain the restriction on 
the relative amount of PBH's with mass M. From an astrophy
sical point of view, the knowledge of a(M) can give informa
tion-about the spectrum of inhomogeneities in the early Univer
se and, in principle, about inhomogeneities appearing in '' 
the course of GUT phase transition, cf. /&/ 

Besides that, the knowledge of' ·a(M) allows one to obtain 
some restrictions on the parameters of superheavy particles 
predicted in the unified gauge theories. As is shown in 
refs. 11•81, the existence of any superheavy weakly interacting 
longlived particles inevitable leads to formation of PBH with 
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a definite mass spectrum, determined by the properties of 
these particles. An interesting example of such particles ~s 

represented by superheavy (M F -1011 GeV), metastable 
(rr-10~18 s) neutral fermions, predicted in some GUT's. In 
ref. 17 it was shown that the value of a(M) in this case 
depends on the lifetime of the fermions 'F and on the initial 
inhomogeneity 8 

a(M)= 8 13/2 (-M-)3/2 (~)112 for (7) 
m PI r F 

where t PI =I0-43 s. Superheavy fermions with Mr =(1-3) I013 GeV 
may form PBHs with masses 10 10 ~M ~ 10 11 g which evaporate 
during the time interval 10 3 5 t,S t 0 Then, combining (6) 
and (7) one can obtain 

R = f- a(M) (~)112 .. 10 9 8 13/2 
B rB M 

10 -to 112 
--) 

'F 
(8) 

h I S h f . . h I 12 . w ere r B"'lla ny • uper eavy erm~ons w~t M F- 0 GeV w~ll 
form PBHs with masses 10 11 < M < 1013 g which evaporate during 
the time' interval t0 .:5 t s; t r~o =I 0 13 s. Then 

R =1011813/2 (10-16/rF) 112. (9) 

One can see that the value of R depends strongly on the am
plitude of the density perturbations 8. Estimations of the 
value B lead to B .?: IQ-3 .If 8-10-2 and rF _1Q-18s, then 
-1=- ........... In'\ ............ .-.1-+--.! ......... D 1'\ -, ,.,'-~--&--- .! c ...._,_- - -- - r: ._, ,_..,.....,.,.... '""I ....,,.".._ '""""'""'.....,.._" ... ...- ... -..-...,•-"• .&.l.i...._..&....._.&.V.&.~, L..L. 1,..1.1~ o>U.W V.L l.11C 

average output r~ and r 0 in the p4He annihilation is grea
ter than 5· 10-8 ~that is very probable), then eqs. (6)-(9) 
practically exclude either the possibility of existence of 
su~erheavy fermions with ~ss 10~2.:5 Mrs; 1013. GeV or the 
ex1stence of the perturbat1ons w~th B > lo-2 1n the early 
Universe. 

b) The GUTs with spontaneous breaking of CP-parity predict 
the existence of domains of antimatter. These are created 
due to a phase transition in the early Universe according 
to the following scenario. Assume that a 1 is the constant 
phase of CP-breaking ("hard violation") which provides for the 
total baryon asymmetry of the Universe and a 2 is the phase 
corresponding to the spontaneous breaking of CP ("soft viola
tion"). When a 2 > a1 , in the region where the phase transi
tion takes place to the state a1 -a2 , subsequent nonequilibrium 
processes involving nonconservation of the baryon charge lead 
to the generation of an excess of antibaryons. The excess of 
ba?sons is generated in the regions with a 1 +a2 • As is shown 
in at,. dense walls are formed on the boundaries of these re
gions but, according to 191 , with the decrease of temperature 

.\ 
\/ 

a 2 ... 0 and the walls disappear. The value R =(a 2- a 1 )/(a 2+a1) 
in the period of generation of the baryon and antibaryon ex
cess (when a2 f. O), determines the relative amount of created 
antinucleons. The number of antibaryons in a domain Ni de
pends on the scale of the domain. Serval mechanisms of in
flation of the scales in GUT phase transitions exist 110•111. 
This inflation may be induced by a succession of transitions 
in which anomalous (symmetric) vacuum dominates, so in each 
transition the scale is enhanced by a factor No - ·.(A/T 0 ) 

3 , 
t.Jhere A is an energy scale of the grand unification - 10 14 -
10 15 GeV and T 0 is the temperature at which transition to 
the ordinary vacuum occurs. In a specific model1111 kinetics 
of transition leads to exponential growth of scales: 

N ii = r B • R • N 0 ex.p (3 · H · t) , ( 1 o) 

where ra= .na/ny, H-A2/mPl' The duration of the stage 
of exponential growth is determined by the temperature T0 • 

According to 112 ,13/, the diffusion of antineutrons and posit
rons limits the possible scale of domains annihilating at 
10 3 s; t ~ t reo : 

- 62 67 
r ... R-10 <N-<1.6·10 ·ru·R. 
.. - B-

(II) 

Therefore, if the fraction of annihilated matter R is known, 
~h~~ ~n~h;~;~o fin\ ~"~ (11\ nn~ ~~n nh~~in ~h~ TPR~rir~inns 

~~-~he-d~~;~i_~~ ~f~~h~-st~ge, of exponential growth and ulti
mately on the temperature T0 at which the phase transition 
occurs. Besides, as we mentioned above, the knowledge .of 
a-provides information about the relationship between phases 
of CP-breaking a 1 and a 2 . Note, that intensive burning of 
domains (II) starts only in the period immediately preceding 
the recombination of hydrogen. Therefore, the burning of 
antimatter domains may lead to a distortion of the spectrum 
of background radiation. 

4. In conclusion, the study of annihilation of antiprotons 
with 4He may provide a) limits on the possible amount of 
antimatter in the early Universe, b) limits on the probabi
lity of formation of PBHs, c) restrictions on the GUT para
meters determining the properties of domains of antimatter. 

We are very grateful to V.A.Kuzmin, A.D.Linde, R.A.Sunyaev 
and A.S.Ilyinov for interesting discussions. We wish to 
thank B.Pontecorvo for his constant interest on this work 
and G.Pontecorvo for valuable remarks. 
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E2-82-386 
KaK npoBepKa KOCMOnOrHH BenHKOrO 06~eAHHeHHH 

llpeAnaraeTCH HOBaH B03MO~HOCTh AnH npoBepKH npeACKa3aHHH 
HeKOTOphl& MOAeneH BenHKoro 06~eAHHeHHH, KOTOpaH OCHOBaHa Ha 
aHanH3e HX KOCMOnOrHqecKHX cneACTBHH, a Ta~e Ha 3KCnepHMeH
TanhHOM H3yqeHHH p4He B3aHMOAeHCTBHH, 

Pa6oTa BbinOnHeHa B J1a6opaTOPHH HAepHbiX npo6neM mum. 

Chechetkin V.M. et al. Antiproton Interaction E2-82-386 
with p4He as a Test of GUT Cosmology 

A new possibility of checking some GUT models is suggested, 
basing on the analysis of their cosmological consequences and 
the experimental study of p4He interaction. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 
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