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Liost evidently this correliation can be seen in the renorm-~
clizetion group equations where the running Yukawe coupliig
coustant of the t-quarks with the Higgs field h(qf)(rnt=}1uf)q
n is the Higgs field vacuum expectation value) is comnected
with the running self-interaction constant J\(qz) of this
field ( m’:', =4.7t(q,2)112 , T =175 GeV),

Therefore, it is no mere chance that the renormalization
croun approach to the problem of determination of restrictions

on nlt and MMy and correlation between thern has been attract-

irg: - ttention for a long time.
Here one can clearly single out two approeches that differ
ir the assumptions concerning the regimes of ultraviolet beha-:
vicr of the standerd model ruaning constants.
The first approecn which goes beyond vhe standard model
amd vhnich can be called a scheme of nonperturbative unificetion
.2 based on. the idea that the low-energy coupling constantg
«ffectively are close t¢ the posgible infrarec stable fixed
paints of the renormalization group equetionc [3] . In this
. . 3n the scule of this "aouperturbative" imnification /\2’q
<iic atrois-coupling rezime is inevitably realiised, ‘tnd the low-
wioorcy ,eyiices is independent of theory details on the scales

i so.i g scheme, dve to the Large number of fermions =nd

HIN b:consz) one cx) obtain [3,4] a satisfacsory descriptio:n

t.is yrnropriaste %o mention that this approach has close
sorsie ztion with 1.D. Lendaufs idea [5] abort the posuiniiity
to c¥plain the smaliness of the fine-structure constant ty
e e number of fermdens 1if toling the P) inck mess o«
oS ultenvioles cuiefs A in OED,



3>f gome parameters of the standard model and applying this idea
to h(qz) and J\(q,z) obtein restrictions cn the heavy quark
messes and the Higgs bogon mess.

This approach seems to be nontriviel and interesting in
view of the "new physica” manifesteticns; however the necessity
to have a large number of the generations of quarks and leptons
"Ng = 8-5) and Higgs bosons { Ny = 3) [6] as well as the.
regtriction to the lowest loops when studying the evolution of
the coupling constents rrom the strong-coupling region (q Z=A)
to Cvz 102 Gev feduce the value of the model.

The other approecii to the restriction on heavy quark and
liggs boson masses is by the definition perturbative, so here
one has no difficulties with the highest ( > 2) loops. Besides.
here one has not to introduce artificielly a large number of
generations of fermions (and. Higgs bosons). We mean the "triyial"
grand unified models in which the ssymptotic freedom is pre-
served to the end and which make practicel sense precisely for
the r2ason that all interaction constants in them includirg h
and + remain small up to the My -—unificution scale. cust
on such a way, demanding thougn the smallness of h cnd A

in the region CL:.: n only, the restriction on My ,
my, ( £ 1 TeV) was determined for the first time [ ] .

One should beer in mind that the Higgs self-actirn .7(5:4
introduced in the renormalization group equations m: .es them,
generally speaking, unstable., From this point of vi:ow, the
requirement that A would be small up to Myx iving o resseric
tiop on My implies that the renormalization grrup equations

ire stable in the whole energy region from Tl to My ( the
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"ereat desert® hypothesis).

In Ref, 8 the akcve-mentioned idea weas succeasively resal-
ized with ihe reaulting interesting restrictions on the stan-
dard medel parameters, in particular on m, sand My

In the present paper we alsc use ihe approaches of that

pioneer work and apply them to some unifiea models,

2., The Study of the Renormalizaetion Group Equations

for the Minimel Model

We are considering the renormalization group equations for
the gauge, Yukawe and Higgs coupling constents in the standard
model based on the gauge group SU(B)C x SU(2), > U(1)Y .

As distinct from Refs [8,3,4] where only the .case with one
scalar field doublet contecied with SU(2), x U(1)Y breaking
was considered, we are studying here also the case with two
scalar doublets.

Qur further consideration is based on the assumption thraet
between the scale 1} = 175 GeV ard some scele A>7  the
stendard model of electrowesk aud gtronzg interections remains
a correct theory. The scale A may coincide with the grand
unification scale or with *the Planck mass., This scele may lie
considerably lower on the energy scale if the new physice is
cornected, say, with the emergence of new gauge degrees of
freedom ¢f tae type of SU(?)L x SU(2)g x U(1) or additional
U{1).-Here we assume that sll coupling constants in the enexgy
renge from 17} 1o A are relatively small, i.,e. we sssume ihe
valldity of the perturbation theory in thias energy range. Pre-~

cisely this condition enables us to obtein some bounds on
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>article messes, These bounds are interesting due in particular
to the fact that they allow to obtein informstion on the struc-
ture of interactions at E »17 . Thus, if some relations de~
rived for particle masases at A = 10'4 GeV are not confirmed
experimentelly, this will speak in favour of the existence of
new interections in the region between 11 end 1014 GeV.

We shall consider in what follows that the number of fer-
mion generations is three or four, In this case the smallness
of the gauge coupling constants o, , &, , &3 in the energy
range from n to grand unification scale (1014 - 1012 GeV)
and higher in accordance with the renormalization group equa-
tions is guarenteed. And the perturbetion theory validity con-
dition for the Yukawa and Higgs coupling constants =nablaes us
to obtain restrictions on fermion and Higgs bosor. masses.

At first, we'll consider the cas= when the electroweak
group is broken by the vacuum expectation walue of only one
doublet of Higgs fields., Then, as 1s well known, after sponta-
neous syrmetry bresking there arises one neutrel scalar field.

The part of the Legrangian that describes the interaction
>f the scalar particle doublet ¢ with the fermions and with
itself 1s of the form:

L=-A(9t ?_72)2+ "'ij‘ibl <30uRJ- +
. . (1)
*9ij 90 fory t fy Lui FeRi

where L ’ j denote the number of generations of quarks and

leptons:




g v
%1:((’1)1,7 Ly=(€),, Up=Ug, dri=de,

e ~ - (2)
emi=Cr, 9=(%"), $=v"e, &=(77;

The behavior of the coupling constants A h,-_j » 9ij flJ ,
Ay , o, 4 Az 1s given by the renormaelization group equations.
It is reasonable to study for three gersrations of fermions

the energy behavior of the Yukawsa constant ht only, because

of the large (compared to other guarks and leptons) mass of

the t-quavk. For the same reason, the contribution of othex
Yukawa coupling constants may be disregarded in the equations

for A either. In this case the one-loop renormalization

group equations are us follows:

dg; 3 .
semtgdh= gl (i=1,2,9)
dhz 2
- 2
3ot o+ h* (9hs 1633 ga -1.7g;)

(3)
320° da = 2428+ 12ah, - Eh:-'.z(égf +9gs)+

9 4 2 2 2 3 4
+ 5 (2% * 599 *5%9)),

8= ( N'F+O1) ﬁ‘%?:—ih‘f-g_ 7B 11_%Nf7
where N f is the number of quark generations.

In cur notation the gquantity -7‘-/91 mey be regarded a para-~
meter of expansion in A , and hi /45; - 1a hy . This means
that for the perturbation theory validity iu the energy range
from q tc /‘. these pargmeters mu3t be smaller than 'mity,



Besides, the vecuum stability condition is important; in the
given case it is simply A >0

Lquations (1) were studied in Refs [3,4,8] s where on the
bagis of the velidity condition of the perturbation theory in
the region from q to the grand unification scale the bounds
on the region of variation oy peremeters h, and A and
hence on My} = htfl and mf, = 4.7““2 were obteined.

Here we are inveatigating the renormalization greup equae-~
tlons for the coupling congtants in the itwo-loop approximation.
On account of awkwardness, we present here only a two-loop
equation. for ht [9~12] :

2
32q? dht 2 9
= Oh, - 1Bgs ~ 295 ~ 1.7
h:  dt R g *

1 223 2
'63[2 [ 24ht * eht ( 86 31

+

(4)
135 2y 2 2
5 92 ’583)+5ht(883 +

9 241728y, 1205 4 g 22 18 2 2_
* % 9:*2091) 505 9 " 2099 T 15 §1 93

+

- %3— 9 + 99597 ~108% + 227 ~ 3ah; .

Now we turn to the analysis of the two-luop equations for
the coupling constants.

I+ we believe that the grand unixicstion scenario ie
'realiz,ed without intermediate symmetries, than we must take
A = 10" gev (e, o.g, [12] ), which corresponds tc the
grand unificetion scale, The same validity conditions of the

pertirbation theory provide us with bhounds on m,,: and My ,
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’ig. 1 shows the rezion of admissible values of these masses.
The results differ little from the consequences of one=loop
aepproximation.

As can be seen from Fig. 1, the value of the t-quark mass
is limited: M4 < 233 GeV, The upper curve in Fig. 1 refers to
the validity condition of perturbation theory A <J . The
lower curve corresdponds to the vacvum stability condition. The
upper boundary on [M; corresponds to the smallness condition
of the Yukawa coupling constant hat < 49 i

More strong restrictions on m, and my, can be obtained
if we assume that the standard model and the perturbation the~
ory ere velid up to the Planck mass. The corresponding region
of values of My , My is given in Fig. 2 (curve 2).

Now we consider the case when the standard model abandons
being valid up to the grand unification scale. In this case we
obtain weaker restrictions on My and My . The rezgions of
their admissible values for A = 10° GeV are prezented in
Pig, 2 (curve 1).

Vig. 3 shows the upper ligit on m, ee s function of =scale

A after which the new physics begins to display.

A questlon mey arise here: how much strong is the dependence
of the obtained resulte on the very quantities of maximelly
admissible values of coup.ing constents? This dependence is
rather weak. Thua, for the upper limit of the t-quark mess for
the case h:/q_ﬁ< 2y 1y 1/2 we cbtain respectively 235, 233,
229 GeV for A = 104 cev.

10




3. Minimel Model with Four Generations

Now we pass to the study of renormalization group equations
for four generations of fermions, We should tale into account
that in this case the contribution to the equetions comes from
the Yukaws coupling constants of the Higgs field not only with
quarks but with leptons too, because the Z’! leptun (2 fourtih
charged lepton) may have a large mass. Then the cne-loop re-
normeligation group equations for the coupling constants ht ’

h

can be written down as follows:

f' ’ hg/ » htl

3242 dhi 2 2 he op? et 4 2 4708
———zght+6htl+6 g'+dhf’—'593——2—32 -31

2
ht dt

2
32qa® dhy 2 2 2 z
S S = 6hy v 9n, +3hg. +2he, ~164] - 591 - 17g;
: |
(5)

s2q1® dhg, 2 2 2 2 g2 802 1 2
2 g = 6hetBhy +Ghetehe T3, 8" 30
B'

P4
32q® dhy 2 2 2 _,2 9 2
,:‘2—- 'a‘.t—— = Bht+ Bh‘t" +5hg:+ Dht;" 2 92 "'2"‘91
tl
In (5) we have made an essential assumptior that the

mixing sngles tetween the third and the fourth generations wor-

be ignored. If we believe that 2ll Yukewa coupling constenteo

11



2 2 2 2
up to 10" GeV are smail (hf, ht'? hg:, ht/ <4% ), then we'll
obtain the following restrictions on the masses of 8' end T ! :

Me: < 220 GeV, Mg, < 180 GeV,
As for the t'~-quark, one sheould distinguish two possibili-

ties: a) my = My end b) my < mt' » In the first case we
obtein mt ’ m’c‘ < 175 GeV, In the second case for M, =100 GeV
we have m*n < 215 GeV, and for My= 125 GeV My < 205 GeV,
One can see that with increasing mt the upper limit on My

is reducing; in other words, st large values of t~quark masses

( ‘m% > 125 GeV) the t- and t'~-quarks may be rather close in

mess.

4, Two~Higgs~Bosgoi Case

Now we pass to the possibility when SU(2), x U(1), is
broken with the use of two scelar field doublets, In this case

the situation is considerably complicated, The interaction po-
-] L
‘ontial of scelar fields ¥= ( g-) and E-‘- (é_) is of

the form:

VIS8 = A, (9P 9-a®) + A, (E+E -89 +
+ 225 (FE)(PTEY) + 225 (Pte-a®) (kT E-BD)+  (6)
+ 284 (9*g-ab)(g*¥-ab) +
+ Agf(9*§ -ab)® + (£t - ab)?]

where we assumed the presence of symetry Y~ =¥ and §—-F.
The minimum of potentisl (6) is attained at < ¥°>=d ana

12



<t°>=F (for simplicity we assume that O and 6 are
real numbers), a’+8%= T[Z .

After spontaneous symmetry breaking there remain three
neutral and one charged scalar fields. Their masses are given

by the following formulae:
2 2 2
M- = 2457, Mye = 2(A4-26)T,

1)

M2, o = 2(,a0+ 0,87 + (A ¥ Ag)(a°+B7)
Hz ,H3 !

' v
;{[2(.’&,&2-.7[252)"(.14*.15)(02-82)]2"' 4a’B¥ (R, +Ag* 315)2} :

The vacuum stability condition imposes restriction on the
potential so as at large values of < ¥°> and <§°> the po-
tential V(Y,E) would be positive. This implies that con-

stants A; must satisfy one of the following conditions:
A0, A2>0 A3+ A4 + A5 >0 (8a)

31>01 4220, .23+ﬂ4*.7(5<07 JIJ?)(A:‘)‘"‘;[#'*‘ZG)% (81b)

Begides thess conditions, ‘Zi. » certainly, must satisfy the
conditions following from the mass positivity'reqdirements
Ma- + Mg

Now we proceed with the analysis of the renormslization
group equations, First, we notice that in the case of two Higgs
doublets we have two possibilities to avoid in a natural way
the occuxrrence of strangeness-changing neutral currents in the~
ory: I - the ¥ doublet interacts with upper quarics only,

and g - with lower quarks only; II - only the ¥ doublet

'3



interacts with querks, and § ~ does not, The one-loop re~
normalization group equationa for the coupling constants

and hg are of the form:

3oq® dh: 2 2 2 9 2 2
e dtt =Ghy + hg - 18Bg; - 59,- 179,
t

2 . (9)

32a2 g _ 2 @ g 2 1 2

-z Tl hy + Ghg - 18g, - 59, - = 91 9

where h (1) = Mysq s  hg(n)= Mg in the case I, and
ht(q) = mt/a . hg("l) = mg/u in the case II. Equa~
tiona (2) enable us to obtain e reatriction on the t-quark mass

verzus the quentity B/q . Just as before, we'll believe thet:
the coupling constants hy , hg in the renge from 1 to A
ere small: hi ; h; < 49,

The restrictions on My that result from (3} in the case
I are given in Fig. 4 for A = 162, 10™%, 1.2 + 1019 gev
versus O/f . The general restriction on M, is m; < 225 GeV
for A = 10'% GeV. It differs little from the upper 1limit tnat
was obtained by us in the one-Higgs field case. One can ses
ti.:t in this case the ratio of the Higge fields vacuum expecta-
tion values a/g is also lim’ted: d/@ < 53.

The cese II can be analyzed similerly. The result is pre-
sented in Fig. 5. In this case the quantity (/8 is not 1i-
mited, and the restriction on my remains practically
unchariged.

The coincidence of the ugper vound offmt in cages I end
11 and in the one--Higgs case is due to the fact that in the
renormalization group ejuation fox h PR hg the Higgs tieids
make nc sontribution in the first loop, and in the second loop

14



their contribution is negligible.

How we pass to the analysis of the restrictions emexgent
on Higgs field messes. To do that, it is necessery to conszder
along with (9) also thz remormalizetion group equetions for the
coupling constants li
sene ST = 4[62] + (As A+ (Ag*As) + 25 ] *

+‘2-R1hz - Sh:' - 3a1(392+8a2)+ _83_(294+(32+g,2)2)

d
3oq® = 4[625+ (A3+ Q) +(a3+15)~’-+a5] + 1222 hg -

'6hg _ sﬁz(sga,rg:a) + %(23‘*+ (g-‘:“_ 9,2.)2‘)

2 16
3287 825 42+ 26 ¢ 25+ (i A) (3200 + A5 ]+ o)

-]
+ 5(;1:’ + hag) - 313(3924.9/2) + g (294+(92+g.e)2)

+ 6.1"_(‘1 + h ) 3.l4'(39 + 812\

3231-2@_5 =4[2a5 + A+ e +2Ayt4N3] A5t

dt
+6ﬂ5(hi + h%) - 325 (3g%+9'%)
:-yc::rra"m =[16A3+62 A1+ A2) +
at 3 4+ 4 (A1+ A2)

+6(h} + he) ~3(3g°+g") ]2
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Analysia of these equations shows that the coupling con-
stants behave differently with energy veriation., The constants
A, , Ay et relatively smell ( 0.2 # 0,3 ) (depending on the
value of My ) initiel (et My ) values of A, , &, grow with
energy. Wheress the constants A, , As , Ag fall off with
energy at lerge initial velues ( 1 + 3 ) and negative Az .
The constant JAz at large in magnitude (-1 + (=3)) initial
values grows with energy. It is worthy ¢f note that the con-
atants ﬂi (it = 3,004y 5) enter the right-hand side of the

equations for A, , A2 in the form of the expression:

A=40 A+ Ault + (A3 +Ag)2+ A5 ). (1)

This means that the initial values of Ag , Azt A, , Azt A
cannot be too large; otherwise -21 ’ -Zz will grow intensely
with energy and will rapidly go out of the validity limits of
the perturbation theory. Thus, if we believe that the validity
condition of the perturbation theory must hold up to 1014 GevV,
then theae ] (A3 + Ay ], lﬁa + A5| must be smaller

han 0.5,
It follows from the ebove-said that if we impose on the

magnitudes of A the reatriction |A;| < f , then for

2 2
masses M- MH‘,’ , MH; wa shall heve:
2 . 2 2 ‘
My- 5 My ) Myg < 291 (12)

If a weaker condition lli‘<2ﬂ is imposed on A; , then +the
2

upper limit of M~ in (12) will also increase by a factor of

two. We can say that the renormalization group equations prac-

‘l::i.ca.ll.v~ zive no restrictions on masses of these iliggs fields:

16




the restriction {12) 1is the validity condition of the pertur-

bution theory at energies of the order of My .
Now we turn to the study of restrictions on the mass of
H: -field., The expression for the muss of this field can be
somewhat simpliried if we consider three limiting cases:

() A»8 |, (p) a«B , (c) a=B . we'il obtain:

Mp = 42ea’ + 2(Aet Ac)6° -

(12e)
Ay + Ag t 2x3  _,
- >
Aq,i-.“s‘eﬁ‘l i a>6
2 — ,
MH: = 4 2,8° + 2(A+ Xe)a®- (13b)
) Ay + Ag + 243 o i¢ a<«B
Ay + Ag - 2A2
2
M 2 = [A;+ A2+ 2(Az+ A4)] 712 (13¢)
it a=6
A, *2x3 <0

One can see from (13) that M:é‘ cannot teke large values
because the quantities A, , Az , Agt Ay are gmall,

It should be emphasized that the analysis of equations (1C)
can be carried out also for the case when the initiel conditions
on the coupling constants A arve imposed not at the point My i
as we had done hitherto, Lut at the point A , Then at suffi-
ciently large values of constants Az , Ay , As (> 1) at
some point E (M, < E < A) an infrared pole arises: the

17




constants incresse unlimitedly when approaching that point.
Presumaebly this implies that in this case only one Higgs field
gurvives" at low energies of the order of h4W'. It 1s not
excluded that the presence of this scale E corresponds to
gome additional irtermediate symmetry.

Concrete numerical solution of renormelization group equa-
tions for constants A; (L = 1,..., 6) from My to 10°% Gev
gives ihe restriciions from ecbove oa the mess HZ that are
gimilar to the one~Higgs field case we have considered, These
regtrictions are given in Fig. 6.

¥e can conclude that the renormelization group equatinns
both for one and two Higgs fields give practically the same
upper bounds on the mess of one vf the neutral Higgs fields.
Thus we can claim that if the standard model and thé perturba-
tion theory work up to the grand unification energy of
1014 GeV, then the mass of one of the neutrel Higgs filelds does
not exceeq 150 - 220 GeV depending on *the t-quark mass and
irrespective of the value of mass of the other Higgs bosons.

1f m; < 180 GeV, then this mass too must be leass than 180 GeV,

5. Supersymmetric Generaiizetion of the Two Higgs

Doublet Model

Our consideration can be generalized also for the supei~
symnetric case when the model conteins two Higgs doubliets.

Gquctions for the coupling constents in this case are as

follows:

i8




d
s2a? 29 < 13,29?

dt
dga - 00>
seq* = = 2g;
(14,
2 *
3212 dia ——633
dh 2 26 2
32ﬁaaT_h [12h + 2hg - 9 - 69,~ 7591
PR 2 _382 2 . 2 14 2
322 2:‘ =hg [2hy * 12hg = 3793 769, ~ 75 §+ ]
We'll consider as before that constants hy = Mg/ ,
hg=rmegp 5 ( a®+ 8% = 12 ) satisfy the conditions
h? <1, hz 49l <{ in the whole region from My to A .

.The aupersymmetry breaking effects are assumed to be of the
srder of My .) This, as before, gives a restriction on the
ness M, . The results for A = 10°, 10'%, 1.2 « 10" eV’
arz presented in Fig. 7. One can see that in the supersymmetric
case ws obtain stroager restrictions on m; and 0/6 .

Thus, our anelysis of the renormalization group equations
allows onz to obtain definite restrictions for particle maszes
if the standard model and the perturbation theory hold up to
grand unification energies M, , The :ase with the symuetries

“n+tarmediate between My, and My will be considered elsewhere.

19




In conclusion, the authors are thankful to A.G, Sedrakyan

for the useful discussion. +
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Fig.
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4.

Figure Captions

The region of admissible values of mt s My
for A= 10"% gev.

The regions of admissible values of rnt s My
for A= 107 GeV (curve 1),

end A
Restriction on rnt versus the values of Eg A/ GéV.

1.2 « 101° GeV (curve 2).

The region of admissible values of the t-quark msass
for case I versus a/g for A = 10° GeV (curve 1),
for A = 104 qev (cucve 2), A = 1.2 - 1077 GeV
(curve 3).

The region of admigsible velues of c¢he t-quark mass
for case II versus d/f for A = 10° GeV (curve 1},
A = 10" Gev (curve 2), A = 1.2 + 10'7 ceV (curve 2J.
The region of admissible values of my , My

in the two Higgs doublets case for A = 1014 Gev,

The region of admissible velueg of the t-quark mass
in the supersymmetric case for A = 10° GeV (curve 1),

A = 107 GeV (curve 2), A= 1.2 « 1012 Gev {curve 3j.



I

REFERENCES

Abe P, et al, Phys.Rev,Lett., 1990, V.64, P.142.

Langacker F. Phys.Rev.lett., 1989, V.63, P.1920;

Ellis J., Fogli G. Phys.Lett., 1989, V.232B, P.139.

Meiani 1., Parisi G., Petronzio R, lLiucl,.Phys., 1978,
V.,5136, P.115; Grunberg G. Phys.Rev.Lett,, 1987, V,58,
P.1180. '

Pendleton B., Ross G.G. Phys.,Lett., 1981, V.98B, P.291,
Landau L.D, In Book: "iliels Bohr and the Development of
Fhysics", Pergamon Press Ltd., London, 1955,

Kapetarekis D.,, Zoupanos G., MPT-PAE/TH/85/89,

Lee B.W., Quiqq C., Thacker H.R. Phys.Rev., 1977, V.D16,
P.1519; Veltman M. Nuci.Phys., 1977, V,B123, 3.89;

Vel tman M. Phys.Lett,, 1977, V.79B, P.253.

Cabiblio W,, Maiani L,, Parisi G., Petronzio R. Nucl,Phys.,
1979, V.B158, P.1245.

Machacek M.E., Veughn M,T. Nuzl,Phys,, 1984, V.B236, P,221.
Fischler M., Oliensis J. Fermilah-Pub-83/24-THY, 1983.
Mechecek M.E,, Vaughn M.T. Nucl.Phys. 1983, V.B249, P.70.
Langacke: P. Physics Reports, 1981, V.72, P.187.

The menuscript was received 20 May 1990



M ACATPnH,A.HJIOAHHUCHA ,,C . T ATAHAH
JEZHOPMIPY.IICBHE ACCAELOBAHMA MACC THHENHX KBAPXOB U
{HTTCOBCKEX BOROHOB

(Ha aHIIL1%CcKOM f3uKe, NepeBoZ Acrauad 3.H.)

Pegaxron Ji.ll.Myrasne
TexHuuecKm, pezaxTop A.C.AGpamsan

Noznucaro B neyars ~I/YI-90r. Eo- 03612 Qopuar 60x84/16
Ogcerna.: nevars Yy.uoz.n.J,0  Tupax 29¢ sns. .19 K.
Bak.mun. ke 189 WHAGKC 364S

OtnevaraH” B LpeBaHCKOM (U3MUECKON LHCTUTYEE
“peBal 35, ya.bparpes Amuxauaf, 2



T T

The address for requests:
Information Departrnent
Yerevan Physics Institute
Althhanian Brothers 2,
Yrevan, 375036
Armenia, USSR



st

HHAEKC 3649

EPEBAHCKUA O®U3NYECKWUA UHCTUTYT



