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IPEINCIIOBHE
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Lecture One

HIGHER SYMMETRIES AND COMPOSITE MODELS OF
ELEMENTARY PARTICLES
A. TAVKHELIDZE*
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY

1. INTRODUCTION

Recently, group theoretical methods based on the synthesis of internal symmetry and
space-symmetry properties have been extremely successful in the investigation of elementary
particles properties.

There are two points of view in the application of group theoretical methods in the
theory of elementary particles. According to the first one, all particles are considered as
equally elementary. Another point of view suggests that there are some fundamental particles
carrying all symmetry properties (as quarks, trions, Schwinger model, etc.), and all physical
particles are considered as bound states of these. The composite model, in the SU(6) frame,
is much like the Wigner model of nuclear shells, combining spin independence and isotopic
invariance of nuclear forces and classifying all nuclear states by different representations of
the SU(4) group. The difference consists in that we are not sure that particles representing
the fundamental representation of SU(3) exist at all. However, the plausibility of the idea of
composite models of elementary particles attracts attention of many physicists.

Our aim is to discuss the simplest dynamical model and to investigate in the framework
of this model the form factors and magnetic moments of baryons and mesons. This paper is
in fact a review of investigations performed by Bogolubov et al. [1]. In order to illustrate
the nature of the problems mentioned above, and as an introduction to the discussion of a
relativistic model of composite particles, we shall first consider a nonrelativistic model, where
the particles are regarded as bound states of the quarks. }

Such a consideration may be justified by the following arguments. Examination of the
relations predicted by SU(6) suggests that the interaction, leading to formation of bound
states, weakly depends on spin, and a good agreement of mass formulae with experimental
data confirms an idea that masses of fundamental particles are large compared to the Ssymmetry-
breaking perturbation.

We shall show also that the small Dirac magnetic moment of the quark nevertheless could
lead (due to the enhancement mechanism) to large moments of known baryons.

In the next part of our review we shall consider relativistic models of composite particles
and their electromagnetic form factors.

*Permanent address: Joint Institute for Nuclear Research, Dubna, USSR.



2. BOSONS

Consider a nonrelativistic model where the particles are regarded as bound states of the
quarks. The wave functions of the quarks are the fundamental six-dimensional representation
(sixtets) of SU(6). It is well known that the members of the sixtet are SU(3) triplets, each
member having spin 1/2.

We denote the wave function -of a quark by . = 35,4 where ¢ = 1,2 is a spin state
index and A = 1,2,3 is the SU(3) index. For zero energy quark we have

wa = tAXi
x1=(5) x2= (1), @.1)

t 4 denotes the SU(3)-triplet. Thus for each A we have a two-component function 1,.

The transformation property of antiquark wave function is given by a conjugated repre-
sentation of SU(3) group. We denote the wave function of an antiquark by v°, and for zero
energy we have b4 = x4yt = Ky .

Regarding a meson as a bound state of quark and antiquark, we denote the wave function
of meson by %%. The problem is to write down the equation for ¥g.

To get such an equation we use the following assumption:

(a) we assume that the interaction which leads to a formation of bound states is weakly
dependent on spin and unitary spin;

(b) the internal motion of a quark is regarded as nonrelativistic.

Taking into account the remarks which we made above, in zero approximation, where
spin and unitary spin dependence is neglected, for the mesons we may write down the
quasipotential equation which in the centre-of-mass system has the following form

(E? — Ho(r))ys(r) = 0. 2.2)

Hy depends only on the relative co-ordinate 72 = (7 — )2,

As Hy is a scalar function, the energy spectrum.for all 36 mesons is the same. In
general, the perturbation which removes this degeneracy may depend on spin and unitary spin
simultaneously. We assume that there are two types of perturbations: the first removes the
degeneracy with respect to spin and the other with respect to unitary spin. We neglect the
interference terms; they are supposed to be of second order in the perturbation,

The perturbation term which depends on spin may be represented in the following form

Hi9lB = (8 + 5)2Vi(r) + V{28 + [(Si + 55)2Va(r) + V3 (n)wls. (2.3)

The operators S, 5"]» are the spin operators for the quark and antiquark, correspondingly.
We use the designation '

Swly = Sivih,

(2.4)
g 3B 5 .3 B
Sjwa = *SJJ"WA-

In order to write down a perturbation eliminating the unitary spin degeneracy we use the main
idea of Zweig [2], viz., we assume that the mass of the quark ¢3 is different from those of ¢,



and ¢o:

1
m% =m3 + Am?63 = (mg + §Am2> — (Ms)aAm?.
The perturbation which could give such a splitting may be chosen by analogy with Eq.(2.5)

Hayl = W(r){(As)a +,(’\8)B]¢2' (2.5)

The matrices (Ag)a act on the index A and (Ag)p on the index B:

(Me)avl = ()i ¥ian
(2.6)
(Ae)s¥h = ()B4 -
Taking into account the perturbation terms (2.3) and (2.4), we get
(B2 - Ho)yt = [Vi(r)($i+S;)> + Vi(mlls +
+ [VB(r)(Si + 55 + V3 (mIwla + ,
+ W()(s)a + (Os)Blvls- @7
For the unperturbed solution we have
) = plfv(r), - : 2.8)

where p{f is independent of r. After separating the spin-and unitary spin structures we get

B _ VEx] s=1, 2.9
Pia pgéi 5 = 0’ .
s is the total spin of the system. :

Since the perturbation terms conserve the total spin, Eq.(2.7) spllts into two equations:
one for spin | and the other for spin 0. : :

For the case of spin I, we have 9 vector mesons:

L (po +w) ot K+
V= P~ 75 (po —w') K*°
K*~ K*O ¢I
VEi=p*, VE=p .. (2.10)

Using Eqs.(2.8) and (2.9) we see that to find the mass corrections to the vector mesons we
must diagonalize the quadratic form '

‘ hy
M2 = (m1 - §) VAVE + SVEVL + oV V3 + V3V, @.11)



Substituting Eq.(2.10) into Eq.(2.11) we get

ay e —
M? = (mz—g) 6tet +p7p7 0% +

4+ (m1+2 )[K*+K*+ K*—K*—- +I_{*OK*0+K*0R*O]+

+ (m% - g—) o'W+ (ml - —a) ¢ +
+ (T”’+¢¢«+¢‘LJ+VF¢¢) (2.12)
From this we see that
mf,=m%—-§-, m%. = (m%+§a). (2.13)
If we put by =0, we get
m2, = mf, and mi, + mf, = 2m%.. (2.14)

If we want to calculate the masses of real w and ¢ mesons, we must diagonalize the quadratic
form

(mf - g—) a'w’ (ml - —a) o+ 1[QLD’w’ + 8¢+ V2 + V2P ). (2.15)

The eigenvalues of this form are given by the equation

a 2h V2
mi—g+ gt —p Th

: h —0. (2.16)
\/Tzhl mi-3Sa+B—py

Excluding the parameters m2, @, and h; we obtain the well-known formula of Schwinger [3].

(mg

. 4 . . .
2y(, 2 2 2 2y, 2 2 2
—-mg)(my —my) = g(mK. —mg)(mg + m, — 2my.). (2.17)
Now we would like to give a brief survey of the situation concerning pseudoscalar mesons.
To get the known mass formula it is sufficient to make replacements m; — mg, hy — hy,
p—m K— K* W —17n,¢ — n'. Then we have

m;o‘rzm%—g; m3 =ms + Za. (2.18)
3 3
From this follows the Glashow formula
m%{. = m;z, =m% —m?2. (2.19)

In order to avoid the mixing of unitary singlet and octet of pseudoscalar mesons, we
choose from 36-meson states only 35 states which satisty the conditions '

“=0. (2.20)
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We also require that the perturbation-does not break this condition. For the perturbation
matrix I’ this requirement leads to o S
2:,‘,’ =0. S ; 2.21)

This condition may be satisfied if we take the perturbation matrix in the following form

A A A A oA ke Al
Tisie = 95558 ~ 5980 9y -

Then for the pseudoscalar octet we get

2 _ 2
m, =My +a.

which leads us to the Gell-Mann-Okubo mass formula

4 1
m,27 = §m%< - Emfr

3. BARYONS

In our approach baryons are regarded as bound states of three quarks Denote the wave
function of the baryon by 1/)abc In the zero approximation we write the following equation
for baryons

(E ~ Ho)babe = 0. G.1)
We represent the perturbation terms in the following form ' ' I
H¢abc = [(gl -+ g] + §K)2W1 -+ Wé]wiA,jB,kC
+ Wa[(As)a + (A8)B + (As)c]¥abe
+ Wi[(As)aPsc + (Xs)BPac + (As)c PaBlia,jBkcH (3.2)

the functions W depend only on a relative distance between the quarks, P4 g is the permutation
operator. The third term carries on the exchange interaction for the octet.

There are three types of symmetries for the wave function with respect to the permutation
of the unitary and spin indices: completely symmetric with 56 components, antisymmetric
with 20 components and the function transforming under the two-dimensional representation
of the permutation groups of three elements, 70 components.

As was shown in paper [4], a better relation between the magnetic moments is obtained
for the function symmetric with respect to spin and unitary spin, 56 components. ,

However, if we assume that there are no additional quantum numbers, the space function
must be completely antisymmetric which is impossible if the system is in the S-state.

A way out can be found if the quarks are supposed to obey parastatistics [5] or if
we introduce additional quantum numbers which antisymmetrize the total wave function.
Employing these additional quantum numbers we are able to make the quark charges integer
without violating the relations between the magnetic moments.

Consider Eq.(3.1) with the perturbanon (3.2) for the funcuons symmetric with respect to
spin and unitary spin.

11



The perturbation term (3.2) conserves the total spin of the system, and the equation for
the baryons splits into two equations: one — for spin 3/2 and the other — for spin 1/2. In
the zero approximation, the baryons wave function can be represented in the form

YaBc(ri1,r2,7m3) = @(r1,72,73)0ABC. (3.3)

For the octet particles we have @q; b5 ck
ey b112112)
P = —=A1{P11,11,22 — P11,21,12¢ »
V3
1
r = —={¢21,21,22 — Po1,11,22},
NG }

1
Tt = 7 {#11,11,32 — d11,31,12} ,
1

5 o= — - , 34
7 {¢21,21,32 — P21,31,22} (3.4)
1

o= {2 - - ,
\/3{ $11,21,32 ¢11,31,22’ $21,31,12}

1 4
A = 7—2‘{¢11,31,22—¢21.31,12},
{0 bararaz}, 0 = —= {darar1z ~ b11.91.02)
/3 Paaze — daanae}, 2= Tp {danaz — duanse}

The functions ¢ 4p¢ are normalized by the condition
lpaaall> =6, llgaasll®*=2, |lgascll=1.
Using the perturbation theory we obtain the following relations for the masses of baryons
myg —my=a+b, mz- —mny=2a—-b, mpy—my=a-b 3.5)

From this, follows the Gell-Mann-Okubo mass formula

3ma +
m=+my = —TP—\# 3.6)
For the decuplet particles we have
Mp — My« = My» — M= = Mz=- — M- = —a — b. 3.7

Thus, for the mass splitting in the octet and decuplet we get
ms — My = mx- — M. (3.8)

It is easy to write the perturbation which describes the electromagnetic mass splitting within
the isotopic multiplets

Hovope = {Il(ei + (’% + e?,) + IQ(GACB +esec + eB(fC)
+ I3(eaegPap + eaecPac + epecPpc)edabe} - 39

12



The first term represents the electromagnetic corrections to the proper effective mass of the
quarks; the second term, the direct electromagnetic interaction of the quarks; and the third
term, the exchange interaction. Noting that €% = % + %e 4 we write down the electromagnetic
perturbation as ~

Hy = {Ii(ea+ep+ec)+Ii(ea+en+ec)
+ I3(eaepPap + esecPac + epecPBc)} Yabe- (3.10)

Using this interaction we get

Mp— My = a+ﬂ+%'y, My+ — Mx- =2a+—§-'y,
mg- —Mzo = —a+f- %’Y,
Ma+ —Mp0 = Myt — Mx0 =a+ﬂ+%'y, 3.11)
MA- —MA0 = Mze- — MzZe0 = Myu~ — Myw0 = —a + 5+ ;7’
Mp++ —Ma+ = a+30+ %'y.
From this we find the electromagnetic mass splitting in the octet
Mp — My + My~ — Mg+ = Mz- — Mgzo. (3.12)

We also get the relations between the electromagnetic mass splitting in octet and decuplet
Mp — My = ~Mpa+ — Mao = —Ma- — MA0 = Mza+ — Mz-0. (3.13)

From SU(6) symmetry follow relations between the magnetic moments of baryons. This
is one of the important consequences of SU(6) symmetry. Using the formulae of quantum
mechanics for the relativistic composite model it is possible to calculate the magnetic moments
of baryons.

Actually, choosing the magnetic moment operator in the form

i = 3u[(ed)a + (ed)B + (ed)c] - (314

one can easily show that the magnetic moments of the resonances are 3ey where e is the
resonance charge, and for the baryon octet we have

Bp =34, fm=2p, pp-=—p (3.15)
The magnetic moments of other particles follow from the unitary symmetry relations
Bp = ps+, Mo = 2p=0 = 2pp = —2puyo. (3.16)

In order to get the experimental value of the magnetic moment we must put u equal to
the nuclear magneton p = e/2m, where m is the mass of the bound states, that is, baryons.

13



Now we want to study a mechanism- providing for such an enhancement of the magnetic
moment of the quark.

Consider the bound states of the Dirac particle in the scalar field. We wish to calculate
the magnetic moment of Dirac particles which are in the bound states.

Let us write the Dirac equation

[M+V(r)+6a-(5—-el)u= Efu. (3.17)
We consider the case
_ 0 T>T
Vir) = { -M+a r<r’ (.18)
Representing the spinor u in the form
u= (“’) (3.19)
X
we get the following equation for ¢:
— . 1 . o
(]VI+V—E)<p+U(p—eA)M+E+Va(p—eA)c,, =0. (3.20)

Taking into account only the first order terms in the electromagnetic interaction, we obtain

the correction to the energy operator

AE =e5- A ! G-p+ed-p ! 5-A (3.21)

=ed - A————0F - ef - p————a - A. .
M+E+v?'P P+ ETV

Calculating the energy spectrum correction to the S-state, we arrive at the following expression

for the magnetic moment

2¢ [ g(r) dg

3 ) M+E+Vdr
0

3 dr, (3.22)

where the function W = rg satisfies the equation
W"” +(E? =M - V)W =0. (3.23)

Using the requirement that W(rg — 0) = W(ro + 0) we obtain the equation for the energy
spectrum of bound states

E-M L1 (W 1 (W (324
rE+M)E+a) E+a\W /)  E+M\W/) . 29

Later on, the calculations are made for the case A/ — oc. Here the energy spectrum equation
has the form
ro(E% — a®)Y? cotgro(E? — 6®)Y% =1 = ro(E + @). (3.25)

Integrating Eq.(3.22) and taking the limit A/ — oo, we get

_e 4FEry + 2arg — 3 3.96
#_62E2T0—2E()+0 (3.26)

14



for the case a = 0, numerical calculations give Erg ~ 2. Thus,

e b
nr~ 356 3.27)

If the proton is considered as a bound state of three quarks in the self-consistent field,
the energy of each quark is equal to E = m/3. Using then (3. 27) for the magnetic moment
of the proton we obtain a value for the nuclear magneton to be ug ~ 2.5. We have seen that
the effective magnetic moment of Dirac- partlcles which are in the bound states is determined
by the bound state energy.
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Lecture Two

ELECTROMAGNETIC FORM FACTORS IN COMPOSITE MODELS
OF ELEMENTARY PARTICLES (RELATIVISTIC MODELS)
A. TAVKHELIDZE*
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY

1. INTRODUCTION

In our previous review we have considered the simplest variant of the dynamical approach
to SU(6) symmetry. Using the assumption that the mass of a quark is large we write down
nonrelativistic SU(6) symmetric equations which reflect mass relations obtained in SU(6) and
relations between magnetic moments. In the simplest example of a Dirac particle scalar field,
the mechanism of the enhancement of the magnetic moment was shown.

It is of interest to write down relativistic invariant equations for composite particles which
describe the enhancement of magnetic moments and produce the true electromagnetic form
* factors of elementary particles™*.

Recently a number of very interesting results concerning form factors were given in the
theory of Salam et al. [1] based on SU12) symmetry. However, in order to calculate
electromagnetic form factors, a nonminimal electromagnetic interaction is introduced there.

In our papers**, we studied a dynamical model of composite particles, satistying re-
quirements of U(12) invariance as well as relativistic ones. In this model the minimal
electromagnetic interaction for the quarks is suggested, and electromagnetic form factors and
decay vertices for baryons and bosons are obtained.

2. RELATIVISTIC EQUATION FOR MESONS (1]

We consider the composite model of elementary particles in which all the particles are
regarded as bound states of three basic particles with spin 1/2. In a relativistic extension
of the SU(6) symmetry theory, the quarks must be described by 12-component functions
YA = Yo,q Where a =1,2,3 is the SU(3) index, and o = 1,2, 3, 4 is the Dirac spinor index.
The group SU(12) acting on the quark function 1) is generated by 144 matrices \,I’,., where
A; are the nine generators of U(3), and T, are the sixteen Dirac matrices which form 0(4).
We denote the antiquark wave function by ¢8 = 8?,

*Permanent address: Joint Institute for Nuclear Research, Dubna, USSR.
**See Ref. [1] of Tavkhelidze, A., Higher Symmetries and Composite Models of Elementary Particles, these
Proceedings.
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Mesons which are bound states of the quark and antiquark are‘described by a mixed
spinor of the second rank 4. The question is to find an equation for ¥B(z1,x2).

In order to study the bound states of the system one could resort to the methods employed
in quantum field theory, viz., to the Bethe-Salpeter equation. However, there are well-known
difficulties connected with a solution of this equation in the case of strong interactions.

We will therefore start from the relativistic-invariant equation for two particles admlttmg
solutions of the form

VB (21, 22) = d1(z1 = 22)¢5 (21 + 72), (2-1)

where ¢Z(zy + z2) is.a mixed spinor of the second rank which describes the motion of
the system as a whole, and ¢(z; — z2) is a scalar function descrlblng the relatlve motion
of particles. The simplest example of an equation invariant under a homogeneous group*
0(12) and describing the interaction of two particles is the squared Dirac equation with the
factorizing potential:

’Dﬁl (xl)ﬁg, (xz)iﬁg: (z1,x2) = —igW (x1 — z2) X
2.2)

x / da, dzyW (2, — 24)8(z1 + 22 — 7, — ) wB(), 2b),

where D(D) is the squared Dirac operator for the particle (antiparticle)

; X ’
A'(5), o~ n O
Dy 5y (@) (A1$zz'y )} [(]\Jzi:zzfy 5;;)] A 2.3)
n=0 g s o
and o o
YT Y = 29T, gt = g" =% = g% = -1

We require that the Fourier transform IV( 2} of the scalar funcnon W(zx) be real in the
Euclidean space. In particular, W (g¢?) can be taken in the form

V(g®) = Z = Nz 5 | (2.4)

The operators D and W do not act on the spinor and unitary indices. Thus, Eq.(2.2) is
invariant under U(12) in a trivial fashion. Before mcludmg into Eq (2.2) the symmetry
breaking terms we shall study it in more detail.

Performing the Fourier transform

YE(z1,22) = /1/)5(1)17172)8—"""_im”dm dp2
| (2.5)
Wier—an) = [Wigema =g
*{7(12) acts only on the discrete indices and does not affect the variables z.
B OB RRaat el TrrtuTyY :
5 CRILREX BCCSEI0an4R 7
? g ieR (g re T

- ——



we write Eq. (2.2) in the form

(02 — M2)(03 — M2)pB (py, p2) = ~igom* W (%) (p)

, 2.6)
p=p1+p2 q=3(p1—p2),
where
2w = [wis (E+a 5-a). @)

Assuming the quark mass M to be large (infinite in the limit) and taking into account only
the higher terms in M, we obtain in the zero approximation

B (P p_ - 2y 4B
Va (2 +a, 5 q) igW(q”")¢a (p)
2.8)
4
goT
I ME
Multiplying (2.8) by W(g?) and integrating over q we get
1= —z'g/W2(q?)dq. (2.9)

The function ¢ (p) describing the motion of the system as a whole remains undetermined.
Going over to the Euclidean momenta gy — ig4 and taking into account (2.9) we obtain the
real value for the charge

1= g/I'VQ(—q%;)qu, (2.10)

gg is the four-momentum in the Euclidean spaée.
In order to get equations for the function ¢&(p) we rewrite (2.6) as

1, 2\ B (P p 1 2.2y, B (P D
(QP +2¢ )wA (2+q, 5 q) = M +rip)v; (§+q, 5—«)
@.11)

4
.gom
+ z]u2

Multiplying Eq. (2.11) by W(q?), integrating over ¢ and using Eqs.(2.8) and (2.9) we get

W ()5 (p).

- m2)¢>f§_ (p) =0, (2.12)

where the meson mass is given by the expression

2202
2 . 21172 ( 42 JaEW?(¢i:)dae
=4i w dg = 45—, 2.13
m g/q (¢°)dqg W2 =q2)dus (2.13)
Later on we use the solution of Eq.(2.12) which satisfies the supplementary condition:
(%0 - P)a 64 () + (- P) 594 (P) = 0. (2.14)

18



This condition chooses the solutions corresponding to opposite signs of the energies for the
quark and antiquark. This can be easily seen if we rewrite (2.14) in the rest frame:

(10)4 65 + (1) 0% = 0. (2.15)

, We can require a simultaneous fulfilment of the Egs. (a) or (b):

(p-m)A'¢B =0, (p+m)E¢E =0, (a)

Since p? = m?

(2.16)

(+mi 8% =0, (p-mBeZ =0. ()

Further we shall use Egs.(2.16a). Note that the supplementary condition (2. 16) breaks up the
U (12) invariance. Indeed, in the rest frame ' = 0 (2.16a) reduces to (2.14) which is invariant
under the group SU(6).

We note that the condition (2.14) selects the mesons with a negative intrinsic parity.

Let us investigate in more detail the spinor and unitary structure of the functions qbf{'.
The mixed spinor of the second rank can be represented as

3 i g i i Lo
&8 = 168" +7°8 +iv" 1 Gl + 0L + 50 Bl M} (2.17)

where i = 0...8, o* = £(y*y” — v*¥*) and \; are Gell-Mann matrices.
Substituting Eq. (2.17) into Egs. (2.16) we get [2]
(2.18)
Pudls = —imes, p'eL, = —img),.
It follows from here the vector field should be transverse:

pnqéf‘ =0

R B
B= [(1 + %) (V55 + ’Ym%)}/‘ .

3. FORM FACTORS AND THE MAGNETIC MOMENTS OF MESONS

To calculate the form tactors of mesons, we consider Egs.(2.2) in a weak external
electromagnetic field. For this purpose we make the usual substitution

. d 0
’taxm ()—m+€A ( ) (31)

and write Eq. (2.2) in the form

DY (wy, A)DE (2, AW E (21, 22) = —igoW (zy — 72) X
S S (3.2)

X /dw’ld;v’QW(:L"l — xh)d(xy + 29 — ) — 2h)E(z], 2h),
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where

, v
Dﬁ'(x, A) = [(M - i'y"é% - efl(z)) (M + i'yna—in + efl(a:))] (3.3)

DL (z, A) =[(M - i'yné% + efl(x)) (IV[ + i'y"-éi—n + efl(z))] N
Here e is the matrix of the electric charge which is expressed in a certain way in terms of the
matrices A.
Retaining in Eq.(3.3) the first order terms in e and making use of the expansion in the
large mass of the quark M, wé get an equatxon describing the motion of the meson in a weak
electromagnetic field

(7 - m?)ph(p) = 2 / dk F(K*)p - A(K)[ed 6B, + eB.68 (o — k)] +

3.4
+2 [k J2) (A 65 (0 - )+ ADB0F (0~ L,
or, in the z-representation,
(Ox + m2)ox) = 20, 0) [ef 505 + e e ()] +
LA\ 04, \"
v 04y 4
+2i <e'y ~Y o u) 8. (z) - <e~/“’y m)y o5 (x)) , (3.4a)
Afz) = / e % f(k)A(K)dk
where f(k?) is determined in the following way
— kv
k) = fdqW (q 2) W(q) 35)

[dgW?(g)

Before calculating the form factor of mesons we consider the case of the constant magnetic
field. Using Eq.(2.16) one can see that for large components ¢ we obtain

and for the vector field 7 in the constant magnetic field the following equation holds
(p? — m?)G = 2ie|H - ), (3.7)

where e is the charge of the vector meson.
It follows from Eq. (3.7) that the magnetic moment of the vector meson is equal to e/m.
We make two important remarks: (a) the expression for the magnetic moment involves not
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the quark mass M, but the meson mass m; (b) the magnetic moment of the meson regarded
as a composite particle is twice as big as the normal magnetic moment of the vector meson
with charge e and mass m. Now we pass to a calculation of the meson form factors.

Let us rewrite Eq.(3.4) in a more compact form :

0° ~m93 = [k s [TF (o p)s 0~ 0 + TR T - K)], 3
where the notations are introduced

4 =2[p- Ak)e + ek - A4,
(3.9)
T2 =2[p-A(k)e +ed - k)E..

By definition the meson vertex is given by

T(p.p— k) = 2mJe - A% = GR(ITA (0, k)65, (0 — k) + GAT R (p, )65 (p— K). (3.10)

Substituting the spinor ¢4 in the form of Eq. (2.17) and using Eq. (2.18) we get the
electromagnetic vertex in the following form

o . k2 ~ 2
To =250 { (1 gz ) sl = (1+ oy ) aeli
2m?

v ]' V. = e k - - e
R = 305 |+ 1 upa Pl + @3.11)

" R
+We°5 Ppokol@aws — BsvplD,

where
(Pe)F = Fhol ed — g el i,
3.12)
(B0)5 = @0l el + ghed ol
From this expression we have
v ) k2 P k2

; 2e
95 = —5 f(K). gy = = f(k),

where J 1: is the electric form factor for the vector and pseudoscalar mesons respectively,
qA, is the magnetic form factor for vector mesons, and gQ is the quadrupole moment of
Vector mesons.,
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The last term in (3.11) describes the radiative decay of vector mesons. Substituting there
the known matrices for pseudoscalar and vector mesons, we get

1 _ _ . _
[Bs08]% = 3 [fr+p+ +7 p” +KTK* + K"K~ - 2K°K*° - 2K°K*°] +

e, 1 _0+\/§_0
3" \/ﬁn 3X

1
po + [——7?0 + —770] O+ (314

2 o 20,2 0| 0
+ 37r + 3 n -+ 3x w-.
For the physical particles w and ¢ we have
_ \/E N \/T
w = 30)0 3()00:
(3.15)
\/T \/5
=4/ =wo — \/ =¥o-
¥ 3o 39’30
The matrix elements for the radiative decay are given by the expression
’ 2e afop = [
M= —,9vpe PokpAa(Psps)bs (3.16)
where the radiative decay constants are equal to
: 3v3 3
Gurno = 3gp°7r° = \/ggpon" = 391(-+K+ = 391\""1\'— = 3\/§gwn” = ;ﬁgsﬁr]o = _5.(11\"”1\'“'
) (3.17)

Taking into account the mass difference between the mesons only in the phase space, we get
the following expression for the decay width

4 m%, —m? ’
v =a-my | ————=2 | 93, 3.18
Py 3V 2m3, Ivp: (3.18)
where « is the fine structure constant, my and m, are the masses of vector and pseudoscalar
mesons.
Now we write down the matrix element for the decay of a heavy pseudoscalar meson g
into the vector mesons:

2e -
M= E[—gx()véaaappakpAa@ﬁl‘pS' (3.19)

Here g,,v is the radiative decay constant of xo meson. We carry out calculations without
mixing xp and 79 mesons. We obtain

3 2
Ixopo = §gxr)w = g (320)
and
7712 — 7n2
Tyomvay = dad, | 22—V | g2 321
xo—V 4+~ 'a X( Qmi g)wV ( )

where m,, is the mass of pseudoscalar o meson.
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4. RELATIVISTIC EQUATION FOR BARYONS (1]

We apply the above developed method to obtain an equation describing the baryons. In
the quark model the baryons are regarded as bound states of three quarks. Thus, the wave
function of the baryon is a spinor of the third rank ¥ 4pc(z1, T2, 23).

By analogy with the meson case we consider the relativistic invariant equation for Y 4pc
which admits the solution of the form

Yape(z1,T2,23) = @(x1 — 3,22 — T3)daBc(x1 + T2 + T3), 4.1)

where ¢ 4p¢ is the spinor of the third rank which describes the motion of the centre of mass
of the bound system of three quarks, i.e., the baryon as a whole, ¢ stands for some scalar
function.

To get an equation describing the motion of baryons in a weak external electromagnetic
field we shall start from the squared Dirac equation

Da(x1)Dp(x2)De(x3)Yapc(1, 22, 23) = goW(z1, Z2,23) %
5 [ e W a2 )5+ s - -2~ S anolal ), @2)

where the operators D are given by the expression (3. 3), W{zy, x2,x3) is the scalar function
which satisfies the conditions

Wz, 2, 23) = W(z1 +a,22 + a,13 + a),
4.3)
I’V(l‘l,.’liz,l‘g) = LV(——.”L‘l, -7, —(L‘g).

The Fourier transform W (q;, g2, ¢3) of the scalar function W may be, for example, taken in
the form

Cn 1
W q1,42,43) = ; G " =57 X —. 4.4
( ) EN: [N2 — (g1 ~ q2)* = i€e][N? - (g2 — 43)%] " N2~ (q1 — g3)% — ie @5
To get the equation for the function
bavclar+artan) = [ Wiahzhal)vanc(el,ah,al)
X O(xy + 22 + T3 — T} — 7Y — x5)dridrhda (4.5)

we use again, by analogy with the meson case, the expansion in the large mass of the quark
M and retain the terms of the first order in the charge e. As a result, for the Fourier transform
of the function (4. 5).we get the following equation

(»* = mR)anc(p?) ’-’/dk' F*)A plea+ep +eclpapc(p — k) x

X
o
o
Eoud
“
—
o~
[
=
)
N
:-5>
~
-+
—_
]
T
s
~—
%
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©
x>
})
~
a2
Na
e
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where the nucleon mass my is determined from the equation similar to (2.13), while the
function f(k?) is given by

[ W (p1,p2,p3)W (p1 + k, p2, p3)3(p1 + p2 + pa)dp1 dpa dps

k?) =
F(k) [ W2(p1,p2,p3)6(p1 + p2 + p3)dp1 dp2 dps

4.7
From this, in particular, it is seen that* F(0) = 1. ; ‘

When the electromagnetic field is absent Eq. (4.2) is invariant under U(12) as the
operators D and W have no spin and unitary structure; the free equation

(p* —m*)papc =0 4.8)

is also invariant under I/(12). In order not to mix the solutions with positive and negative
energies in the free case, we use a supplementary condition

()4 ¢aBc = (B)B darmc = (D)E dascr. (4.9
We require that ¢ 4pc satisfy simultaneously the following equations
(p~m)adasc = (p —m)ppasc = (p — m)cpapc = 0. (4.10)

Conditions (4.9) and (4.10) break the invariance under the group U(12), conserving, at the
same time, the invariance under SU(6).

Consider the solution (4.8)—(4.10) corresponding to the symmetrical spinor of the third
rank. The symmetrical spinor ¢apc is a relativistic generalization of 56-plet in the non-
relativistic scheme SU(6).

The symmetrical spinor ¢ 4 pc may be represented as [2]

1
PABC = Dlap)(Bg)(vr) = \/;Daﬁvdpqr +

1
+ —= [N[aﬁ]'yqusB: + N[g.,,]aeqrsB; + N[.m],gerpsB;] 4.1
6v/2
where D, g, is the symmetrical spinor of the third rank, Njq3), is the spinor antisymmetrical
with respect to the indices o, 3, dpqr stands for the unitary decuplet, B{,’ is the unitary octet.
Using relations (2.17) one can obtain [2]

1
Doy = Yap(7uClay — %(mwu = Po¥n)ald"C)gsy, (4.12¢)

*To get form factors of mesons and baryons (3.8—4.6) we use the equation which contains the squared Dirac
operators 92, and the factorizable potentials. As Bogolubov has shown [3], these results remain unchanged, if we use
nonsquared Dirac operators for quarks and describe bound states with a Bethe~Salpeter-type equation. For example
Bogolubov’s equation for bosens has the form

{(él — MY(dz + M) - 7§5>7;5>w} ¥ =0,

where

W(z1,x2) = M? - u(x; — x3).
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[(13 + m)’)’s C]

N[cxﬁ]‘Y = m = Yy, (4.12b)

where C is determined by (7,C)ag = (Y4C)gar CT =_C."
The spinors 1 and v, satisfy the equations

(ﬁ - m)"/}u =0, 7“% =0, (4.13(1)
(p—m)yp=0, p'¢p=0, (4.13b)

p
aﬁ'y wpa |:( ;‘n") 7#C:| 5 .

Consider the baryon in a constant magnetic field. Retaining only the large components of the
spinor ¢ apc we get from (4.6)

(p2 - m2)¢ABC = 3[(65)A -+ (65)3 -+ (e&)C]ﬁfz)ABC- 4.14)

Here the spinor indices run from one to two. It can be seen from (4.14) that the effective
magnetic moment of the quark with charge e in the baryon is 3e/2m and the operator of the
baryon magnetic moment is

50:

ii= —é%[(e&)l + (e)2 + (e3)a]. .15)

Averaging (4.14) over the functions corresponding to the particles with spins 3/2 and 1/2
we get the well-known relations among the magnetic moments following from the SU(6)
symmetry [4].

It is rather interesting that the magnetic moment of the proton calculated by Eq.(4:14)
turns out to be equal to three nuclear magnetons. Thus, just as in the meson case, the
magnetic moment in the composite model is determined by the mass of the bound state, and
the composite particle possesses an anomalous magnetic moment.

Let us now study the electromagnetic form factors of baryons. We consider the vertex

3GABCTY 64 pe = 2mJ A%, 4.16)
where 3
O ) = (26 41+ 5008 e B (h)] 16

is the matrix of the electric charge.
Substituting (4.11), (4.12) into (4.16) we obtain

I = 3{ Pa (l-l- k= )(lp o) + Pa (k“k"—%g‘i”kQ) Dot

m

3kp - - o
+-§%mw—m%ﬁw%wmmﬁw-
k2 N 1
X {(1 + m) I:n (‘/ v)E ('»[”aw)sDJrzF} f(k2) +

+ _L}_ udﬂpl) k {l/)ﬂ wdl)qr‘(,l’ €pr qa (wwﬁ)é]qu' eP dp qr} f(k2) (417)

m?2
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Ta = Qea”pkpak,,’nys.
Here dpq, is the wave function of the decuplet, B} is the wave function of the octet, v, is
the wave function of particles with spin 3/2, and % is the wave function for particles with
spin 1/2. From (4.17) we have '
k2
3/2
GY? = eF(K?) (1 + W) ,

GY? = eF(k?) 1+k—2
E 2m2 i
Je

G = S F(), (4.18)
el = %F(kQ)u; p=3 pn=-2 pg-=-1
Gy = %

where Gs;j/z,1/2 are the electric form factors of baryons with spins 3/2 and 1/2, respectively

Gi,/lz'l/ % are the magnetic form factors, G?c’g/z is the quadrupole moment.
The last term describes the photoproduction and decay of resonances. The matrix element
for the radiative decay is given by the expression

be _
M = — Gapiy €77 pokp Aathis. (419

For the constants g4, we have [5]
| = = = ———2 g = 2g¢ =1. (4.20)
+p = 0y = J=o=0 = g% = $OA — 00 1. .
9a+p = gaon = gzoze = Jrezr \/g-Jz A ez

Taking‘imo account the mass difference only in the phase space, we get for the decay width

of resonances 5 )
2 2 2
m ms+m m
Tibyy = 3a# (—"———z—”> (1 + J) , 4.21)

b

where my is the mass of the baryon from the decuplet, and m; is the mass of the baryon
from the octet. We have seen that the interaction of the composite particle with an external
electromagnetic field is nonlocal.

Note that if we apply these results to the examination of vertices in quantum electrody-
namics we have to restrict ourselves to the first order of the perturbation theory, in order not
to deal with difficulties connected with violation of unitarity and causality due to the nonlocal
character of the interaction.

Now we discuss in more detail the symmetry properties of the wave functions of baryons.
The equation which describes the baryons admits a solution of the form

wABC(xﬂ 72) = 99(1'17 72)¢ABC(:E + Yy + 2)7 (422)

where ¢ is a scalar function which is symmetric with respect to the variables iz, y, z.
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In studying the form factors we have used the wave function which is symmetric with
respect to the permutation of indices A, B, C. So we choose the completely symmetric wave
function ¥4 ¢ to describe the baryon state.

However, if we consider the quarks to be Dirac particles which can be also in free states,
we must require that the wave functions of baryons be antisymmetric with respect to the
permutation of all quantum numbers of true quarks. Here we meet a contradiction. Choosing
the completely symmetric wave function for the baryons we get good agreement between the
theoretical and experimental results, although such a choice contradicts the Pauli principle. In
order to avoid this contradiction we assign a new quantum number to the quark*. We assume
that, besides the spin and unitary index, the quark is characterized by the quantum number a
and the quark wave function will be denoted by Yapc(z,y, z) = YVaBC;abe(Z, Y, 2) Where a
runs from one to three. For the baryon wave function we have

YaBc(T,y,2) = YaBcabe(T, Y, 2)

We determined that the equation which describes the baryon allows a solution of the form

, 1
¢M($7y, Z) = %Gabc%‘(% y,Z)TPABC(iC,y’Z), ’ (4.23)

where €44 15 the totally antisymmetric tensor. The presence of the tensor €44 guarantees the
antisymmetric property of the baryon functions, if the function Y apc(x,y, z) is completely
symmetric.

The relativistic invariant equation which allows the solution of the form (4.23) will be
obtained by a strict generalization of Eq. (4.2). It has the form

AI Bl Cvl
D3 D Do vapc (2,y,2) = $9€abcW (T, Y, 2) %
x [da'dy'dz'W(z',y/,2")o(z +y+z -2~y — z’)ealblcripABc,a/b/c: (z',y,2"), (4.24)

where D is the squared Dirac operator. In order to describe the baryons in an electromagnetic
field, we must make a usual substitution

i0y — 10, — eA(z), (4.25)

where e is the charge operator. We suppose that the charge operator acts not only on the
unitary index but it acts also on the additional quantum number. Such a generalization of the
charge operator leads to an integer value for the quark charge. We want to emphasize that
the prediction of Eq.(4.2) concerning the form factors remains unchanged if we treat three
triplets on the same footing.

We define the charge operator in the following form

ed =el +e. (4.26)

The operator e’} acts on the unitary index and has the form

0 0

AI
A

Wi
| o
wito

4.27)

Il
o Owin

*This possibility is also discussed in the recent paper by Nambu [4].
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The operator eg' acts on the additional quantum numbers and is of the form

’ £ 0 0
e2=|10 3% 0 |. (4.28)
2
- 0 0 -3
Then the charge of the quark is integer.
a
A 1 2 -3
1 11 0. : (4.29)
2 0 0 -1
3 0 0 -1

Taking into account that the operator eg' is diagonal and Sp eg' =0 we get
e e4rpe = 0. C(430)

Therefore, we have the identity

| R
ef = et (eﬁ +ed ) €arbe. @31)
Letus con51der Eq.(4.26) where the charge operator e has the form eA = eA +e . Retaining
in this equation the first order terms in e and making use of the expansion in the large mass of

the quark M, we get an equation describing the motion of the baryon in a weak electromagnetic
field

I

(p* = m?)¢apc(p) /dkf k) r +TE +TS ]q‘n o (p—k)

(4.32)
r4 = [24-pe+3(ck-A).
For the nonpert‘urbedrsolution we have
¢k = °1_5abc¢7ABC(p)~ (4.33)

Substituting (4.33) into (4>.32) after averaging over the functions —\/‘—_ﬁ-_eabc and taking into
account (4.32) we arrive again to Eq.(1.2) which was our goal. ,
Aselgmng a new quantum number, we may construct 3 types of mesons x/;A - :/zfj

1/) A’3. The charges of these mesons coincide with the charge of the known mesons. The
mesons are constructed by the triplet 1" with charge (100), the mesons 'zpfﬁ — for the triplet

2 with charge (100) and wi’g are constructed by the triplet 3 with charge (0 -1 -1).
In order that the meson form factors remained unchanged, it is sufficient that the zero
approximation solution take the form

1 s
Yt = —\/_Eo,, B, (4.34)
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Such a solution selects the mesons in which the states 11, 12, 13 appear with equal weights.

Now I want to discuss briefly a possible test of -the hypothesis that the mesons are
constructed with three triplets.

From the expression for the electromagnetic meson form factors it is easy to see that
assigning the new quantum number we change only the radiative decay vertex.
Indeed, taking the charge operator in the form é — € + e, we get

[Bswsly — [Bswslp
4.35)
(@sesly - —  [@s08]p + 2€a@s98,

where e, = 1/3 for the mesons 1}, 12, and —2/3 for the mesons 3.
The results of calculations for the radiative decay constant are given in the Table.

Table. RADIATIVE DECAY CONSTANTS

Decay Quark models | i, ¢2 3
pPo — o7y 1/3 1 -1
k*E o kty 1/3 1 -1
k"0 — KOy -2/3 0 -2
w— w0y 1 1 2
w — 1%y e Vel -7
@ — N0y V3 0 2v/%
Xo = poY -V3 -Vi | —V3
Xo = wy -3V3 0 | -2v3
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KPATKHH OYEPK XW3HU U JEATEJIBHOCTH
AKAJEMHKA A.H. TABXEJIH/I3E

Anp6epr Hukundoposuy Tasxenumse pomwics 16 nexabpa 1930 r. B Tou-
nucu. OH pOC B APYXKHON TOCTENPUMMHON cembe ¢ GOraThIMM TPATHLIMIMH,
OYEHb MY3bIKAIPHOH, WIyOOKO IOYMTABLIEH mMIOfed KyAbTYpHBIX U oOpa-
30BaHHBIX. ‘

B 1948 r. A.H.Tasxenunsze OKOHYMI 8-10 MYXKCKYI CpENHION IIKOIY
r.T6wiucu, a B 1953 r. TOuMHUCCKUI rocyRapCTBEHHBIM YHHBEPCHTET IO Clie-
HUATBHOCTH «TeopeTudecKas u3uka». ITonydeHHas B yHHBEPCHTETE OCHOBa-
TeJIbHAs TIOATOTOBKA M pekoMeHnauuy axkagemukos H.H. Bekya u H.H. Mycxe-
JUIIBWIK JaJTd eMy BO3MOXHOCTb ITPOHTH 0OydeHHe B acliupaHType B MareMa-
THyeckoM uHcTUTyTE UM. B.A. CrexnoBa Akagemun Hayk CCCP. Ero HayuHBIM
pykosonuteneM Obul akaneMuk H.H. boromo6os. B 1957 r. Ha Yuenom coserte
MHAH A.H.Tasxenunze ycnemHo 3aluTW KaHAMJATCKYI0 NUCCEpTALHI0 Ha
COMCKAH{E Y4eHOU CTeneHu KaHauaara (pU3UKO-MaTeMaTHYECKHX Hayk.

C 1956 r., no npurnamenuo H.H. Boromo6osa u A.A.JloryHosa, A.H. Tas-
XeJu3e Havajl CBOIO HayyHyIO AeATesbHOCTh B JlabopaTopuu TeopeTudecKoit
tpusukn OOBbeIMHEHHOTO HHCTUTYTa aiepHbIX uccrnemosanuil (JIT® OUAH),
TOJILKO 4TO CO3laHHOro B JlyOHe MexXayHapooHOro (pU3H4ecKoro LeHTpa. Bbi-
COKas HayyHas, MCKJIIOUHMTENbHO OnaronpusaTHasd M RoOpoxesnarenbHasd aTMo-
cepa, unapuswas B OMSIH, cnocoGcTBoBaa TBOPYECKOMY HayuHOMY
TIOUCKY. \

B Iybone A.H. TaBxenuase paboran B nepuon 1956-1970 rr. u npouien nyte
OT Hay4yHOIrO COTpYIHHKa [0 3aMeCTHTess aupekropa Jlabopatopuu TeoperH-
yeckoit usuku. B 1963 r. A.H. Tasxenunsze na Yuenom cosete JIT® OUAU
3AIMMATHI AMCCePTAlMIo HA COUCKaHUE yYeHOH CTefneHH NOKTOopa (PU3NKo-Mare-
MaTU4ecKuX Hayk. B 1965 r. emy Obu10 npucBoeHo 3BaHue npodeccopa. Bme-
cre ¢ akagemukaMd H.H.Boromo6oBsiM 1 A.A.JIOryHOBBIM OH MHOTO BHH-
MaHHUs yHeNs MOArOTOBKE HAayYHOH CMEHbI, NpHUBIeKas Haubosee ogapeHHBIX
CTYIEHTOB H aclupaHTOB B JIabopaTopuio TeOpeTUYeCKOH (PU3HKH.

A.H. TaBxenunze npuHamiexuT Oobllas 3aciyra B OpraHu3alvu U rpose-
neHuu B [IyOHe U 3a ee mpemeslaMH LEOro psna CUMIIO3UYMOB, LIKOJ, KOH-
teperuuit U np. Ocobo ciefyeT OTMETHTL HehOopMasibHblE CEMHHApHI, pe-
rynsipHo nposoaupiiect B 1966-1971 rr. OMSHW u LUEPH (Esponeiickum
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LIEHTPOM siIepHBIX HccrlenoBaHuit B XKenese). Llenbio ®Tux BcTpey 6bu10 06-
cyxneHue HanbGojiee MEPCreKTHBHBIX HAMpPaBICHHH HCCIeNoBaHHH B obmactu
¢husnKkH BBICOKMX 3Hepruil. B paboTe omHOro M3 TakKHX CeMHUHApOB, IPOXO-
muBwero B Touwiucu B 1969 r., npuHUMaIM y4acTHe TUPEKTOpa MOYTH BCEX
ANEPHBIX LIEHTPOB MHUpa. ’

B nepuon pa6ots B JIT® A.H. TaBxenuase akKTUBHO Y4acTBYeT B HAyYHOH
¥ Hay4YHO-OpPTaHH3alMOHHON pabore Apyrux (PU3HYECKUX UHCTHTYTOB.

B 1965-1970 rr. A.H. TaBxenuase no npuniamieHuo akageMiuka A.A. Jlory-
HOBa IPHHST YYacTHE B OpraHU3allMy ceKTopa TeopeTHdyeckoi ¢usvku MHcTH-
TyTa (pU3MKU BbICOKUX 3Hepruid ([IpoTBHHO) U ObUT €r0 MEpBBHIM PYKOBOAUTE-
neM. B pesynsrate coemectHrix ycunuii H.H. Boromo6osa u A.H. TaBxenunse
B Kuese B 1967 r. 6bu1 OTKpHIT MHCTUTYT TeopeTHuyecKoil (PHU3HKU (HBIHE
Hocamwmit ums H.H. Boromo6osa), rne A.H. TaBxenmuaze paboran 3aBenyronum
oTaenoM (PU3MKH 37eMeHTapHbIX yactul (1967-1971 rr.).

B 1967 r., B TecHoM coTpyaHuyectse ¢ akageMukamu H.H. Boromo6oBsmM
1 M.A.MapkoBbM, OH H0OHBaeTCs TMpPABUTEIILCTBEHHOTO pellleHus o0 u3na-
HuH xypHana AH CCCP «Teoperuueckas u MareMmaruyeckas ¢usuka». o
1991 r. A.H.TaBxenuaze ABIICA 3aMECTUTENIEM IVIaBHOTO pENaKTopa 3TOro
KypHaIa.

B 1970 r. npe3sunuym Axkanemuun Hayk CCCP yreepaun A.H. TaBxenunze
B JO/KHOCTU JUPEKTOpa BHOBb cO3laHHOro MHCTUTYTa smepHBIX HCCIERoBa-
Huil (MockBa), ropyyuB eMy pa3pabOTKy CTPYKTYpbl M (hOPMHpPOBaHUE Hayd-
HOH TeMaTuku atoro ueHrtpa. Ilocne guckyccuii ¢ ygacTHeM BHIHBIX YYEHBIX-
9KCIEPTOB, NpH pemianouieil nogaepxke akagemuka M.A.Mapkosa, B UAHU
AH CCCP chopmupoBanuch 1Ba OCHOBHBIX HayYHBIX HarpaBieHus: (pU3UKa
4acTHIl M aTOMHOTO spa U HelTpuHHas acTpodusuka. brulo 3aruannpoBaHo
cosgaHue 0a30BbIX SAEPHO-(H3MYECKUX ycTaHOBOK MHcruryra: MockoBckoi
Me30HHOH (pabpuku (B r. Tpoulike) U HEHTPUHHBIX OOCepBaTOpUil C COOTBET-
CTBYIOLUUMH HEHTPUHHBLIMH TEJIeCKONaMH, NMoa3eMHbIMH — B Ilpuanpbpyche
(bakcanckaa HeilTpuHHas oOcepBaTopHst) M TONBOAHBIM Ha o3epe baiikar.
daxTuyecky TeMaTHKa MHcTUTyra mpencrasnsna coOoH OIHO HOBOE Harmpa-
BJIEHHE — YaCTHLBl H KOCMOJIOTHSI.

K 1986 r., xorna A.H.Tasxenuaze 6bu1 u3bpaH npesuneHToM AKageMHH
Hayk I'pysun, B MHcTHTYTE OBUIa MOYTH 3aBepllieHa BCH NMpeBapuTesbHas pa-
00Ta, pa3BepHYTO IIUPOKOE MEXIYHAPOAHOE COTPYAHHUUECTBO C HAYUHBIMH LIEH-
Tpamu Hrtanuu, AMEpHMKH U ApYrMX CTpaH, Ha4yaThl IEpBble 9KCIIEPHUMEHTHI.
Teopernueckue M 3KCNEpUMEHTATbHbIE HCCIEN0BAHUA COTPYIHHKOB atoro Un-
CTHTyTa OBUIM YXE XOpOUIO HM3BECTHbI IUMPOKOH HayyHO#l OOHIECTBEHHOCTH.
B Hucruryre apepueix uccnemoBaHuit A.H.TaBxenunze mpomonxaer IUIONO-
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TBOPHO paboTarh MO Ceil JeHb, ABJIAACh 3aBEYIOIIUM OTAEIOM TEOPETHYECKOH
(pu3UKH — Hay4yHbIM pyKoBoauresaem VISIH.

Hauunaga ¢ 1969 r., pa3 B aBa roga, B ocHopHoM Ha 6aze MSIM PAH wu
AH I'py3un, A.H.Tapxenumse npOBOOUT MEXIyHApOIHblE KOH(EPEeHUHH, MOo-
CBSIILEHHBbIE (QU3UKE KBAPKOB.

B 1970-1986 rr. A.H. Tasxenun3e — npotpeccop MoCKOBCKOTO rocynap-
CTBeHHOro ynuBepcurera uMm. M.B.JloMoHOCOBa, 4YTO, HECOMHEHHO, CHITPao
BaXHYI0 pojib npu (POPMHPOBAHUM IIHPOKO H3BECTHOIO B HAyYHOM MHpeE OT-
nena teoperudeckoit ¢usuku VSIH PAH.

B nepuon pabotsl B Mockse akrususuposanvck cBi3u A.H. Tasxenunze c
TOWIMCCKUM TOCYIapCTBEHHBIM YHUBEPCUTETOM U Akanemued Hayk ['pysuu. B
1971 r. npu nognepxke akagemuka H.M. Mycxenumsuwiy B MarematuueckoM
HHCTUTYTE WM. A.M. Pa3smanse Obul co3gaH OTHEN TEOpPeTHYECKO# (H3MKH, He-
JIMKOM YKOMIUIEKTOBAHHBIH MOJIOABIMH YYE€HBIMH, MPOILEAIMMH CTaXXHMPOBKY B
Hy6ne. PykoBoacteo otaenoM Obuto nopydeHo A.H. TaBxenunze.

B 1980 r. Ha 6aze mpobnemHoi J1aGopaTopu (PH3HKU BBICOKHX 3HEp-
ruii, cymecrBoBaBiieil npu usznueckoM pakynbreTe TOMIMCCKOrOo yHUBEp-
curera (TT'Y), rae pabotanu B 0oCHOBHOM ¢H3UKH, Bhipociiue B [yOHe u nop-
AepKUBaIOIMe ¢ HEW HayuHple cBA3W, ObuT co3naH WHCTUTYT u3HKH BBICO-
kux sHepruft TI'Y. HayyHoe pyKOBONCTBO HMHCTMTYTOM OBUIO BO3JIOXEHO Ha
A.H. Tasxenunse.

Bkag rpy3MHCKHX Y4YEHBIX B pa3BUTHE (PH3UKH BBICOKUX BHEPrHH ObLT MO
IOCTOUHCTBY OLieHeH, U B 1976 r., npu GonbIoi nofgepXKe NpaBUTEIbCTBA
I'py3un, B Tounucu cocrosnace X VIII Pouecrepckas KkoHgepeHUUs no gusuke
BBICOKHX 3HEPIUil, B KOTOpo#l yyactBoBano noutd 1500 du3ukos.

B 1967 r. A.H. Tasxenunze Opu1 u3bpaH 4IeHOM-KOpPPECHOHICHTOM AKa-
gemuu Hayk I'py3uu, a B 1974 1. — ee OeHCTBUTE/ILHBIM YJIEHOM.

B 1986 r., no pexoMeHmalUMu NpaBUTENbCTBA Ipy3uH W NpH MoamepxkKe
Axanemun Hayk CCCP, A.H. TaBxenuase Ob11 H30paH npe3uaeHToM AKaleMHH
Hayk I'py3sun. B 1993 u 1998 rr. Obuee cobpanue AkageMuu Hayk [py3uun
BHOBb MOATBEPAMIIO €ro MOMHOMOYHS Kak npe3uneHta. Bknan AkageMust Hayk
B HAyYHYI0 U WHTEIUIEKTYaIbHYIO XU3Hb [ py3unt noayynn fonxHywo oueHky. [lo
NIPEACTABJICHUIO NIpE3nieHTa CTpaHsl napiamMeHT I'pysun B uione 1999 r. npunsin
3axoH 06 AxkaneMum HayK I'py3uH. 3aKOHOM YCTRHOBJEH rOCYJapCTBEHHBIH
craryc AKageMHu HayK I'py3un, orpeneseHsl ee 3afa4d ¥ rapaHTHH NPaBoOBOH,
HUMYLIECTBEHHOH, OpraHu3auMOHHOH U (PUHAHCOBOH JeATeIbHOCTH.

C 1986 r. A.H. TaBxenuase ABigeTcs [NIaBHBIM pefakTopoM xypHana «Co-
obwenus AkageMud Hayk [py3uu», KOTOpPBIN B HacTos1Iee BpeMs M3AeTCst Ha
TPY3UHCKOM M aHIIMHCKOM 43bIKax.
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C 1995 r. ou pupexkrop HHcruTyra ¢u3HMKH BBICOKMX SHeprui TIY
oM. M. A JIxaBaxumBwiy. HakoruieHHBIC B MHHCTHTYTE 3HaHHA H ONBIT CHENAIH
BO3MOXHBIM (hopMupoBanue cetu Uureprer B AH I'py3un U rocynapCTBeHHBIX
BBICHIUX y4eOHbIX 3aBegeHusix ['pysum.

A.H.TaBxenmumze — aBrop Gojiee ABYXCOT HayyHBIX NyOJMKaimi, KOTO-
phi€ XapaKTepU3YIOTCS BHICOKHM HMHIEKCOM LUTHpyeMOocTH. MHOIHE U3 ero co-
aBTOPOB ObUIM HAUYMHAIOMIUMHU HAayYHBIMH COTPYIHMKAaM{, a CETOMHS OHM —
NpU3HaHHBIE B MUpPE KPYIIHBIE Y4YEHbIE, OPTaHU3aTOPHl HAYKH.

3a Boimaromuiica Bkyan B Hayky A.H.Taexemunse B 1984 r. 6nu1 uzbpan
yieHoM-KoppecrionaeHToM Axanemun Hayk CCCP, a B 1990 r. — peficTBu-
tenbHbIM wieHoM (akameMukoM) AH CCCP (c 1991 r. — Poccuiickoii akane-
MHH HayK). '

A H. TaBxenum3e — naypear I'ocymapcteennoit npemuu CCCP (1973 r.),
KOTOpOi ObUT OTMEYEH IIMKJI COBMECTHBIX paboT «DOTopoxaeHHE T-ME30HOB
Ha HyKJIoHax». LKy coBMecTHbIX HccnenoBanuii «HoBoe KBaHTOBOE YHCIIO —
LBET M YCTAaHOBJIEHHE AMHAMMYECKHX 3aKOHOMEDHOCTEHl B KBAapKOBOH CTpYyK-
TYpE 3JIEMEHTAPHBIX YacTHIl M aTOMHBIX Aaep» B 1988 r. 6bu1 ynocroeH JleHuH-
ckoii npemu. B 1998 r. «3a coznanue bakcanckoil HEHTPHHHONA 06cepBaTOpHH
¥ HCClefoBaHus B 001acTU HEHTPHUHHOM acTpo(hH3UKHU 37IeMEHTAPHBIX YaCTHLL
H KOCMUYECKHX Jyueit» A.H.Tapxenumse, coBMecTHO c coTpyaHHKamu HH-
CTUTYTa SAEPHBIX HCCIENOBaHUii, Oblna npucyxneHa ['ocynapcTBenHas npeMus
Poccuiickoit denepaunm.

B 1987 r. B T'ocynapcrBenHoM peectpe otrkpbiTuii CCCP Oputo 3aperu-
CTpupoBaHO OTKphITHE «IlpaBuna kBapkoBoro cueta MarseeBa—MypandHa—
Tasxenunze».

HanuonanbHas akageMusi Hayk YKpauns! B 1996 r. npucyawia A.H. Tasxe-
nmumse npemuo uMenn H.H. Boromo6osa. MexnyHaponHas accouuanus aka-
JIeMHH HayK, NpHMHHMas BO BHuUManue Oompmiod BkiIang A.H. TaBxermnse B
YKPEIUIEHHE MEXIYHAapOAHOIO HAyyHOro COTpyAHHYecTBa, B 1998 r. Harpa-
IMIa ero 30JI0TOR Medanbio. 3a aKTHBHOE ydyacTue B paborte BcemupHoii de-
JepalHH ydeHbIX M B CBA3H ¢ npasnHoBaHueM 2000-nerus Poxpecrsa Xpu-
croBa Ilana Pumckuit Hoann Ilasen II Bpyumn A.H.Tasxenupze namsrHbli
3HaK.

B 1987-1990 rr. A.H.Tasxenunse 6pu1 menyraroM BepxosHoro Copera
I'pysuu u uienom Ilpesnauyma BepxosHoro Cosera. B 1989 r. on Gbut u36pan
HapoaHbsM nemyratoM CCCP.

A.H.Tasxenumse uMeeT paa BhICHIMX rocymapcTBeHHbIx Harpan CCCP u
Poccuiickoit @enepanuu. OH WieH HECKOBKUX HHOCTPAHHBIX aKaleMHId, y4acT-
HUK [laryomckoro gBHXeHHS yueHBIX 3a MHP.
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Cam Ams6eptr Hukudoposuu B aBrobuorpaduul Tak XapakTepusyeT CBOH
nyTh B Hayke: «Kak ¢u3uk 4 Beipoc B mkone akagemuka H.H. Boromo6osa —
MOEero HacTaBHHKa W yuuTend. Ilpoiing GosblIoi MyTh Hay4yHOHl M HayyHO-
OpraHH3alHOHHON NeSTENbHOCTH, TECHO COTPYAHHYA] U OOLIAICS C BbINAIOLIH-
MHCS YYEHBIMH, TOCYIapCTBEHHBIMH M XO3SHCTBEHHBIMH [EATENSIMH KPYIHOIO
MacmTa6a. BorbIIHHCTBO U3 HUX — HENOBTOPUMBIE JIMYHOCTH, JIIOAH C OTPOM-
HBIM XH3HEHHBIM OIBITOM, BCTPEYH M OOIIEHHE C KOTOPbIMU OBUIM BEChMa
BIEYATISIOIUMHA H OKa3aIH ‘Oonplioe BIHsSHUE Ha (POPMHUpPOBAHHE MOEH U4~
HOCTH>». ‘ . ) '

A.H.Tasxenunse u ero cynpyra Maiia Meynaprua uMetor nour Haro u
ceiHa HompeBaHa, a Takxe BHyKoB — Maiiko 1 Huky. . .

Bcee, xTto xopowo 3HaeT AnsGepra Hukudoposuua, Bcerma oTMeuawT Ta-
KM€ €ro KauecTBa, KaK NpeJaHHOCTh HiealaM HayKH, OTPOMHYIO CHIIy BOJIH,
penKyio paboTocrnocobHOCTh H YMEHHE CIUIOTHTD JIIOAEH Wid JOCTHXEHHUS MO-
CTaBJIEHHOM 1ieJid, HalleX)XHOCTh B pyx0e 1 KoOpoTy.
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TPYIbl AKAJEMHKA A.H. TABXEJII/EI[?,E IO OCHOBHBIM
HAITPABJIEHUAM ET'O HAYYHOMH JEATEJIBHOCTH
(c KpaTKUMH KOMMEHTapHAMH)

1. dIucnepcuonnsie coorHowenus (JIC)
U npUOIMKeHHbIe ypaBHeHHA B KBaHTOBOi Teopuu noia (KTII)

O6o6was meron JIC H.BoromwGoBa and HeEynpyrux NHpoLECCOB M IPOLECCOB C mepe-
 MenumM unciom uactuu B KTI, A.Tasxenume comectHo ¢ A.JIOryHOBLIM BrepBbie Tony-
upn IC ana ammntyn GOTOpOXOeHMS 7-ME30HOB Ha HykioHax. Ha ochose panubix [C
B NpuOAMKEHHH ABYXUACTHYHOW YHHTAPHOCTH OBUIN TOJIyYE€HBl CHHTY/ISpHBIE. HHTETpasbHbIE
ypaBHeHHs, THNA ypaBHeHHWid H.Mycxenuusunu, g napUUalbHBX aMIIMTYA (POTOPOXAEHHUA
(coemecTHo ¢ AJloryHoBsiM u J1.ConoBbeBbiM). SIpoM 9THX ypaBHEHHIl 4BJETCA aMIVIMTyAa
Me30H-HYKJIOHHOIO paccesHusl, 2 HEORHOPOJHAA YacTh MpelacTasnseT coboil 3HaUYeHHEe aMNIu-
Tyl GOTOPOXIEHHS B OOHOHYK/IOHHOM MpUOMHXEHUH. DTH pe3yabTaThl MONYYHIN 9KCHEPH-
MEHTAILHOE NOATBEPXAEHHE.

On the role of bound states in the photoproduction processes // Dokl. Acad. Nauk. 1957.
V.112. No.l. P.45-47. Bibl.: 2.
Co-authors: A.A.Logunov, B.M.Stepanov.

Dispersion relations for photoproduction reactions of w-mesons on nucleons // JETF.
1957. V.32, No.6. P.1393-1403. Bibl.: 5.
Co-author: A.A.Logunov.

Dispersion relations for meson-nucleon scattering processes in the static nucleon approx-
imation // Bull. Georgian Acad. Sci. 1957. V.18. No.l. P.19-24.
Co-author: A.A.Logunov.

Photoproduction processes and dispersion relations // Nucl. Phys. 1957. V.4. P.427-452.
Bibl.: 9.
Co-authors: A.A.Logunov, L.D.Solovyev.

Approximate equations for the amplitude of photon scattering on nucleons // Dokl. Acad.
Nauk. 1958. V.119. No.4. P.690-693. Bibl.: 5.
Co-author: V.K.Fedianin.

The analytical properties of the amplitude of a process involving a variable number of
particles // Dokl. Acad. Nauk. 1958. V.120. No.4. P.739-742. Bibl.: 2.
Co-author: A.A.Logunov.

Some problems encountered in the theory of the dispersion relations // Nucl. Phys. 1958.
V.8. P.374-393. Bibl:: 8.
Co-author: A.A.Logunov.
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On the dispersion relations for the reactions with the variable particle number // Zeitschrift
fiir Naturforschung. 1958. V.13A. No.8. P.642-644. Bibl.: 3.

Co-authors: A.A.Logunov, N.A.Chernikov.

Generalized dispersion relations / Nuovo Cimento. 1958. V.10. No.6. P.943-952.
Bibl.: 6.

Co-author: A.A.Logunov.

On the theory of dispersion relations // Nuovo Cimento. 1958. V.10. No.6. P.953-964.
Bibl.: 6. :

Co-authors: S.M.Bilenkij, A.A.Logunov.

On the renormalization group in the problems with fixed source // Nauchn. Dokl. Vys.
Shk. 1958. V.2. P.169-172.

Problems of the theory of dispersion relations. JINR preprint P-143, Dubna, 1958. 30 p.
Bibl.: 8.

Co-author: A.A.Logunov.

On the question of the inverse dispersion relations // Bull. Georgian Acad. Sci. 1959.
V.23. No.2. P.149-156. Bibl.: 5.

Co-author: M.A.Mestvirishvili.

The spectral properties of Green’s functions in a meson field model with a fixed source //
Dokl. Akad. Nauk. 1959. V.129. No.4. P.769-772. Bibl.: 7.

Co-authors: L.T.Todorov, N.A.Chernikov.

Majoration of Feynman diagrams // Dokl. Akad. Nauk. 1960. V.135. No.4. P.801-804.
Bibl.: 5. '

Co-authors: A.A.Logunov, I.T.Todorov, N.A.Chernikov.

Application of the N.I.Muskhelishvili methods for the solution of singular integral equa-
tions in quantum field theory // Problems of Continuum Mechanics. M., 1961. P.45-59.
Bibl.: 8. ‘

Co-authors: N.N.Bogolyubov, B.V.Medvedev.

The asymptotic behaviour of the scattering amplitudes and the renormalization group
method // Phys. Lett. 1962. V.2. No.3. P.150-152. Bibl.: 8.

Co-authors: B.A.Arbuzov, A.A Logunov, R.N.Faustov.

Regge poles and perturbation theory I // Phys. Lett. 1962. V.2. No.7. P.305-306.
Bibl.: 2. :
Co-authors: B.A.Arbuzov, A.A.Logunov, R.N.Faustov, A.T.Filippov.

Regge poles and perturbation theory Il // Phys. Lett. 1963. V.4, No.5. P.272-273.
Bibl.: 6.

Co-authors: B.A.Arbuzov, B.M.Barbashov, A.A.Logunov, Nguen van Hieu, R.N.Faustov,
A.T Filippov.

The Regge poles-and Bethe-Salpeter equations // Dokl. Akad. Nauk. 1963. V.150.
No.4. P.764-766. Bibl.: 4.

Co-authors: B.A.Arbuzov, A.A.Logunov, R.N.Faustov.

Regge poles in quantum electrodynamics // Nucl. Phys. 1963. V.44, P.275-279. Bibl.: 4,
Co-authors: A.A.Logunov, Nguen van Hieu, O.A.Khrustalev.

Regge poles and perturbation theory // Nucl. Phys. 1963. V.49. P.170-176. Bibl.: 7.
Co-authors: A.A.Logunov, Nguen van Hieu, O.A Khrustalev.

On an investigation of the analytic properties of the scattering amplitudes in the non-
relativistic three-body problem 11 // JINR preprint E-1659, Dubna, 1964. 10 p. Bibl.: 5.
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An investigation into the analytical properties of the scattering amplitude in the non-
relativistic three-body problem // Dokl. Akad. Nauk. 1964. V.158. No.6. P.1302-1305.
Bibl.: 7.

Co-authors: 1.Sh.Vashakidze, R.M.Muradyan, G.A.Chilashvili, V.P.Shelest.

On an investigation of the analytic properties of the scattering amplitude in the non-
relativistic three-body problem // Proc. XII Int. Conf. on High Energy Physics (Dubna,
1964). M., 1966. V.1. P.386-387. Bibl.: 8
Co-authors: 1.Sh.Vashakidze, R.M.Muradyan, G.A.Chilashvili.

Cuts in the complex [-plane and inelastic cross sections // Yad. Fiz. 1968. V.7. No.l.
P.166-169. Bibl.: 5.

Co-authors: Dao vong Duc, Nguen van Hieu.

Application of the N.I. Muskhelishvili methods in the theory of elementary particles //
Proc. Symposium on Continuum Mechanics and Related Problems of Analysis (Tbilisi, 1971).
Thilisi, 1973. V.1. P.5-11.

Co-authors: N.N.Bogolyubov, V.A Mescheryakov.

2. Keasunorenuuanbusiii merox 8 KTII

A.Taexenuuze cosMecTHo ¢ A.JloryHOBbIM npemtoxun Tpexmephyio opmynuposky KTII,
B PaMKaxX KOTOPOIi JUl OMHCAHHS CHCTEMbI ABYX B3aHMOAEHCTBYIOLINX YaCTHL IOy4EHbl pesid-
THUBHCTCKHE TPEXMEPHBIE KBa3UNOTEHHATILHBIE YPaBHEHHs, H3BECTHBIE B JIMTEpaType KaK ypas-
neuns Jlorynopa-TaBxenunse. Bein pazsuT pery/nspHbiii METOA NOCTPOEHUS KBa3UMOTEHLHaNa
(KIT) na ocnose nsyxuactuuHoit pyHkunn I'puna. bnaropaps BKnagy MHOro4acCTHUHbBIX NpoO-
MEXYTOUHBIX COCTOAHHIT KBa3HNIOTEHUHAN ABNAETCA KOMIIEKCHON (PyHKLHEH SHEPrHH. YCTa-
HoBiebl anauinTHieckue csoiictea KI1 no sneprun.

Ypasuenus JloryHosa—TaBxenuase ¢ ycrnexoM NMPUMEHSIOTCS /11 BBIYHMCIIEHHS CBEPXTOH-
KHX NOMPaBOK K HEPrHH aToMa BOAOPONRA, PHEPTHH CBS3aHHBIX COCTOSHWIA KBapKoOB W T.I.
MhuorouacTHyHble KBa3HMOTEHLMANbHBIE YPaBHEHMS, 3allcaHHble B NEPEMEHHBIX CBETOBOIO
dponTa, ynobuo Hcnonp30BaTh A aHANH32 KBAPKOBO# CTPYKTYpPHI AAPOHOB U saep, N3yueHus
npoueccos npH GonbWHX Nepeaayax UMITybca.

B paGorax, senonHenusix cosMectHo ¢ B.[apcesanuiusuny, AKBHHuxmBe, B.Mar-
BeesbiM, A.Cucaksnom n J1.Cnenuenko, Ha 6ase onucaHus pefIITHBUCTCKHX COCTaBHBIX CHCTEM
B [EPEMEHHBIX CBETOBOTO (PPOHTA M3YHEHH! MPOLECCH MHOXKECTBEHHOro o0pa3oBaHud YacTHll
H BIIEPBbIE CTPOTO YCTRHOBJIEH ACHMITTOTHUECKHI 3aKoH P 4 1% MHKTI03MBHOTO 0Gpa3oBaHHs
aJpoHOB ¢ GOJNIBLUIUMHI MONEPEYHBIMH HMIYLCAMHU.

Quasi-optical approach in quantum field theory // Nuovo Cim. 1963, V.29. No.2. P.380-
399. Bibl.: 8.
Co-author: A.A.Logunov.

Quasi-optical model and asymptotics of scattering- amplitude // JETF. .1963. V.44. No.4.
P.1409-1411. Bibl.: 4
Co-authors: B.A.Arbuzov, A.A.Logunov, R.N.Faustov, A.T.Filippov.

Quasi-potential character of the Mandelstam representation // Phys. Lett. 1963. V4.
No.6. P.325-326. Bibl.: 2.
Co-authors: A.A.Logunov, O.A.Khrustalev.
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Quasi-potential character of the scattering amplitude // JINR preprint D-1191, Dubna,
1963. 9 p. Bibl.: 6.

Co-aunthors: A.A.Logunov, L.T.Todorov, O.A.Khrustalev.

Lectures on quasipotential method in field theory // Proc. Summer School in Theoretical
Physics (Bangalore, 1963). Bombay, 1963.

A relativistic three-body problem // Phys. Lett. 1964. V.13. No.1. P.76-77. Bibl.: 4
Co-author: D.Stoyanov.

Quasi-potential method in quantum field theory // Proc. Int. Winter School in Theor.
Phys. (Dubna, 1964). Dubna, 1964. V.2. P.66-79. Bibl.: 2

Quasi-potential approach in quantum field theory // Proc. XII Int. Conf. on High Energy
Physics (Dubna, 1964). M., 1966. V.1. P.222-224. Bibl.: 7.

Co-authors: A.A.Logunov, R.N.Faustov.

Relativistically covariant equations for two particles in quantum field theory // JINR
preprint E2-3498, Dubna, 1967. 24 p. Bibl.: 7.

Co-author: V.A.Matveev, R.M.Muradyan.

Relativistically covariant equations for particles in quantum field theory // JINR preprint
P2-3900, Dubna, 1968. 20 p. Bibl.: 3.
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3. Koneunosuneprernueckue (K3) npasmia cyMmM 1 AyaJbHOCTH

A.Tasxenuase coMectHo ¢ A.JloryHoBbiM 1 J1.ConoBbeBbiM nonydyensl KO npasuna cymm
i aMIUIMTYABI ME30H-HYKJIOHHOTO paccesHust ¥ Ha MX OCHOBE YCTAHOBJEHO CBOMCTBO [IO-
OabHOM AYaIBHOCTH — MHTErpa/ibHblE COOTHOLUEHUA MEXIY PE30HAHCHON YacThiO aMIUTUTYbI
paccesHusl ¥ peaxeBCcKumy napamerpamu. Csoilctsa rnofanpHoil u nokansHoil (Beneuunano)
AyanbHOCTH MOCIYXHIN OCHOBO#H s (hopMyNHpPOBKHM CTPYHHON MOZlenH aapoHOB. B nanbueit-
weM coBMecTHO ¢ H.Kpacuukossm u K. Hernipkunnim meton K3 npaswn cymm 6bin 06o6iien
HA Cnydail KBaHTOBOH XpOMOIMHaMHMKH ¢ MCIOJIb30BaHHEM XapaKTEPHOro IS 3TOH Teopuu
CBO{iCTBa aCUMIITOTHYECKOH CBOOOILI.
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4. Maccs! ()epMHOHOB H ABJIEHHE CHOHTAHHOTO HAPYIUEHHS CHMMETPHH

Mukpockonuueckas TeopHs CBEPXTEKY4ecTH U cBepxnposoaumocti H.Borono6osa ocHo-
BaHa Ha OTKPHITOM MM fABJIEHHH CIIOHTAHHOIO HApYLUEHHS CHMMETPUH OCHOBHOIO COCTOSHMS.
A Tapxenuase ognum U3 nepsbix (coBMecTHo ¢ B.Apby3osbiM 1 P.daycToBbIM) YCTaHOBH/ BO3-
MOXHOCTb BO3HHKHOBEHHA MacChl (PepMHOHOB 3a CYET CIIOHTAHHOIO HAapYLIEHHS CHMMETPHH B
apymepHoii monenn KTIL
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5. Ksanropoe unciio user. ®usnyeckas Moaeb aApOHOB
KaK CBA3AHHBIX COCTOSHHH LIBETHBIX KBapKoB

B 1965 r. A.Tasxennase coBmectHo ¢ H.boronobossiM u b.CTpyMuHcKuM, He3asHCHMO OT
Ham6y u XaHa, BLIABUHYN TUIOTE3Y O HATMYKMU Y KBApPKOB HOBOrO KBaHTOBOIO YMCHa, Ha3Bah-
HOTO BriocnedcTBHH «LBeToM». CorlacHO 3TOi THNOTe3e KaXablil THI KBapKOB ¢ JaHHBIM apo-
MATOM MOXET HAXOOUTLCA B TPEX YHHUTAPHO 3KBUBAJIEHTHBIX COCTOAHUSX, COOTBETCTBYIOLIHX
TpeM 3HauyeHuAM useta. OnHoBpeMeHHO Obl1 chopMynHpOBaH NpHHUMI 0TOOpa (H3HYECKHX
COCTOSHUIL KBAaHTOBBIX CHCTEM, ONMMUCHIBAOUIMX HabnlogaeMbie Me30HB M OapHOHBI, KOTOPHIHA
oTBeyaer TpeGoBaHHIO OECLBETHOCTH aIPOHHBIX COCTOAHHIL. BBUIO OTMEUEno TakXe, YTo uBeT-
Hble KBapKW MOTYT MMeTb Kak ApoGHble, TaK M LIENIOYHCIIEHHbIE 3/EKTpHYeCKHe 3apsisl. B
MoCNeHeM Cllydae LIBETOBad CHMMETpHsS fomxhna Owina Ol HapyliaThcs No- Kpaiineil Mepe B
9/IEKTPOMaruuTHeiXx (OM) B3aMoneicTBHIX.

B ornuuue ot mopgenu kBapkos lean-Mana n Ligseiira B amnamuueckom nopxone Boronio-
6oBa~Tapxenuase LUBETHbIE KBapKH pacCMaTpPUBAINCh KaK (bu3HuecKHe (pynuaMetTaibHble Ya-
CTHUUB — (PepPMHOHBI, HAXOALIMECA B alpoHaX B KBa3ucBOOOAHOM cocTosHHU. Bhlunchensie
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B paMKax 3Toro nomxona DM- u cnabsle hopMbaKTOPE! aIpOHOB, WHPHHE DM-pacnancs Me-
30HOB TIOMYYWIHN 3KCIIEPUMEHTANIBHOE TIOATBEPXKICHHE, YTO ONPABAANO 3al0XKEHHYIO B OCHOBY
AWHaMHYECKOH MOJENN TMIoTe3y KBa3sHCBOGOAHBIX KBapKOB.

B pamkax mozenu KBa3HHE3aBUCHMBIX KBAapKOB ObUIH MONY4YeHbl NpaBwila «KBAPKOBOTO
cueta MarseeBa—MypansiHa—TaBxenna3e», COMIACHO KOTOPHIM MPH GONMBLIMX SHEPrUAX W Te-
penauax MMIYIbCAa HMEET MECTO CTeneHHOe HoBeleHUe Mo GONbILOMY MMINYILCY AMIUTHUTYABI
ynpyroro paccesnus 1 ¢opmdakropos aapoHos. IIpu 3ToM roxasaTens CTENEHH BBIPaXaeTcs
yepe3 MOJIHOE YHCIIO KBapKOB, H3 KOTOPBIX COCTABJICHBI YACTHLB], YYACTBYIOLIME B PEaKLUsX.
O6o61eHne opMyn KBapKOBOrO cueTa Ha JpYrHe MPOLECCHl ¢ YYacTHEM apOHOB M Jien-
TOHOB M MX 3KCHEpPUMEHTa/IbHAS NPOBEPKa ABMSETC] CYLUIECTBEHHBIM 3TanoM B NMOHHMaHHM
thu3nyecKoil NpUpob! LBETHLIX KBAPKOB M KBapKOBO# CTPYKTYpHI allpOHOB.

Junamuueckas KBapKoBad MOJENb a[POHOB JIeNIa B OCHOBY IOMCKOB DESITHBUCTCKOIO
o606wenns SU(6)-cuMMETPHH 3/IEMEHTAPHBIX YaCTHL M NpUBEna K (POpMYIUPOBKE PeNsTH-
BUCTCKH-KOBapUAHTHBIX YPAaBHEHHIi WISl CBA3aHHBIX CUCTEM YacTHL B KBAHTOBOI TEOPHH NOJA
(coBmecTble pabotel ¢ B.Kansiuerckum, P.Mypananom, Hryen Ban Xvey, H.Tonopossim).
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Co-authors: V.G.Kadyshevsky, R.M.Muradyan, 1.T.Todorov.
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6. Macurraﬁnaa HHBAPHAHTHOCTD [IPOLIECCOB NPH BBICOKHX 3Heprmrx
g IHpuHuun aBTOMOAETBHOCTH

B umnkne paGot A Taexenuase, BLINOTHEHHBIX COBMECTHO ¢ B.Marseesmm u P.Mypansnom,
BbUIBUHYT MPUHLINN ABTOMOAENBHOCTH -B:(hH3HKE BbICOKUX 3HeprHii (1969 r.) u Ha ero ocHoBe
Pa3BMT eniblil TOAX0I K ONHCAHMIO SBIEHKIT MACIUTAOHO-HHBAPHAHTHOIO. IOBEAEHMS pa3m1q-
HBIX NIPOLIECCOB NYOOKOHEYNPYroro B3aMMOLEHCTBHS JIEMTOHOB: C aIpOHAMH.

[Ipenckasano mMacirabHO-HHBApHAHTHOE MOBENEHKE NPOLECCOB 06pa3oBatus Nap MIOOHOB
B CTOJIKHOBEHHAX AIPOHOB NPH BBICOKMX YHEPrHAX B.00nacTH GONBLIMX MHBAPHAHTHBIX MACC
AUMIOOHOB (Ha3BaHHBIX no3aHee npoueccaMu dpenna—fua).
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Hano o6ob1eHre NpHHLMITA AaBTOMOAENBHOCTH U1 MPOLECCOB CHIILHOrO B3aMMOREHCTBHSA
agpOHOB NPH BBICOKUX SHEPrUiX, B YACTHOCTH, /UK MPOLECCOB HHKIIIO3UBHOTO 06pa3oBaHms
aPOHOR ¢ GONBIIMMU [ONEPEUHBIMI UMITYIBCAMH. :

B coeMectHbIx pa6otax ¢ H.Borono6ossiM u B.Bnamumuposeim (1972 r.) B paMKax o-
K&JILHOH KBAaHTOBOI TEOPHHM MONA HAHO CTPOroe 0GOCHOBAaHME CYLIECTBOBAHMS ABTOMORCIS-
HoIX (MacwTaGHO- HHBapnaHmmx) ACHMIITOTHK [NyGOKOHEYNPYTHX NPOLECCOB M YCTaHOBIEHa
TOYHasd B3aUMOCBS3b CTPYKTYPHBIX (yHKIMiT 3THX MPOLIECCOB C NOBEASHHEM KOMMYTaTopoB
NIOKaJILHBIX TOKOB B OKPECTHOCTH CBETOBOTO KOHYCA,

B nocneaywoumx paborax (coemectHo ¢ D.Buuopekom, B.Marseesrim u [1.PoGamexom)
InaHo 06001EeHHe 9THX PE3YAbLTATOB IS HEAHAroHaBHbIX MaTPUUHBIX 371eMeHToB T-npousse-
JeHUl JIOKATBHBIX TOKOB M aMIUIMTYI BHE MacCOBOH FIOBEPXHOCTH.
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Co-authors: V.A Matveev, R.M.Muradyan.
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7. CTpyKTYypa OCHOBHOIO COCTOAHNA U HecoxXpaHeHHe (hepMHOHHOTO
M DapHOHHOTO el B KATHOPOBOYHLIX TEOPHAX

B umkne pabor A.Tasxenuase, BRINOJHEHHBIX cOBMeCTHO ¢ B.Martseesbtm, B.PyGakoBbim,
B.TokapeBbiM, M.111anolHHKOBbIM, BIIEPBEE B PAMKaX CTAHIAPTHOII TEOPHH N1EKTPOCTabbix
B3aMMOZEHCTBUH NOCTaBNeHa M pewleHa npobiema HecTabMILHOCTY HOpMAaNbHOH GapHOHHON
MaTepHH B 3KCTPEMANILHBIX YCIOBHSX CBEPXBBICOKMX IIOTHOCTER. B aTiX paboTax 6bi10 noxa-
3aHO, YTO KJTIOUEBLIM CBOIICTBOM KanuOpOBOUHBIX B3aUMOZEHCTBHI, eKalli¥M B OCHOBE BbIBOIA
0 HecTabUILHOCTH CBEPXIUIOTHOMH GapHOHHOM MaTepHH, ABIAETCs CMOXHAA CTPYKTYpa Bakyyma
U CBA3aHHOE C. HEeH CHJIBHOE HecOoXpaHeHHe (PePMUOHHBIX KBAaHTOBBIX YHCEN.

TIPHHLMNMATIHO BaXHBIM PE3yNBTATOM 3THX HCCIENOBaHMIl ABNAETCA BHIBOA O BO3MOXKHO-
CTH CYLIECTBOBAaHHA B NPHPOME NPOLECCOB MHTEHCHBHOIO pacllala HOPMaIbHOIO BEIIECTBA B
KOHTaKTe C Kaniel CBEepXIUIOTHON (epMHOHHON MaTepHH C MOLUHBIM BBIIENEHHEM DHEPIUH.
B nocnepHee BpeMs BO3MOXHOCTH NMOJOOHBIX SBIEHHH aKTHBHO OOCYXIAIOTCA B CBA3M C 3a-
MIYCKOM HOBOTO MOKOJEHMS KOJUIANepoB CO CTAIKUBAIIMUMHUCS PEISTHBUCTCKUMH ApaMH, a
TaK:XKe B CBA3M C NOHCKOM «TeMHOM» Matepun Bo Beenennoid.

OOHUM M3 XapaKTepHbIX MPOABAEHHI CIOXHOI CTPYKTYphl BaKyyMa B TEOPHH KanuGpo-
BOUYHBIX HOJeil sIBlsieTCs NMPOAEMOHCTPHPOBAHHOE B 3TOM LIMKJIE paboT Ha mpuMepe TOUHO
pemaeMoii Monenu lllBunrepa -—— 2-MepHOH KBaHTOBOH 3MEKTPOAMHAMHKH — BBIPOXIEHHE
BaKyyMa 110 (pepMHOHHOMY YUCIYy H KHPaTbHOCTH NPH YHETE TOMOMOTHYECKH HETPUBHATBHBIX
KoH(urypauuii Kau6poBoUuHBIX Mojeil (Tak Ha3biBaeMblil 1BOIHOI #-Bakyym).

Ha ocHoBe TOYHOro onepaTtopHOro petneHHsi ypaBHEHUH 9TOH Moaenu HailoeHo u3Mue-
CKOE TIPOCTPAHCTBO ¥ TNOCTPOSHO OCHOBHOE COCTOSHHE CHCTEMBI, KOTOPOE He HMeeT ofpe-
meneHHbX (EPMUOHHOIO M KMPANbHOrO 4MCEN M XapaKTEpu3yeTcs OByMsi NPOH3BOJIBHLIMH
yIIOBBIMH NIapaMeTpaMH. YcioBue KoHcaiHMEHTa B JaHHOI Mofenu cBopurcs K TpeGoBa-
HHIO ofpalielys B Hy/lb B IPOCTPAHCTBE (DH3MYECKHX COCTOSHMI ONMepaTopa KaluGpoBouHoro
(3neKTpHUYECKOrO) 3ap5mé1. , ~

Bo36yxxaeHns cHCTEMBl OMMCHIBAIOTCA CKa/IIPHBIM HEHTPaTbHBIM NOJIeM X, 4718 KOTOPOro
YCTAHOBIIEHA CBA3b C IPAJHEHTHO MHBAPHAHTHBIMH JIOKAJILHBIMM TOKaMM, TNOCTPOEHHBIM W3
thepMUOHHBIX U KanHOpoBouHbiX noneil. Pewena npobnema U(1)-anomannu. Usyuen kak me-
XaHW3M HECOXpaHeHus aKCHIbHOrO TOKa, TaK M ero CIIEACTBHS, B YaCTHOCTH, [OSBIEHHE
KBapKOBOro Koumexcata (Y) = 0 u Henynesoil Macce ckanaphoii E-vactuust. [lokasano,
4yTo Y-yacTHLA JOMYCKaeT anbTePHATHBHOE NMpeacTaBneHHe NHO0 Kak KBapK-aHTUKBAPKOBOE
COCTOsHHE, MO0 KaK COCTOSHUE MCEBROCKATIPHOrO IMI0OHHS.

B paborax, BeinonneHHsix coBMecTHo ¢ B.TokapeBbiM, MeToa Uenouek ypaBhennii H.Bo-
romoGoBa MCMONB30BAH WIS MCCNEROBaHMIT cBoiicTB ¢hyHkumii ['puna KanuOpOBOYHO-HHBA-
PUAHTHBIX COCTaBHBIX OnepatopoB B Mouenu LLBunrepa, M Ha 3TOii- OCHOBE YCTaHOBJIEHa
CTPYKTYPa OCHOBHOTO COCTOSHHS MOZE/H.

A.Tasxenumse (cosmectHo ¢ H.Kpachukosoim u B.KyssmunsiM, 1977 r.) B pamkax Te-
opHii «Benukoro oObEeAMHEHHI» MpeanoKeHa MoAenb KanuOpOBOYHOTO B3AWMOAEHCTBHA CO
cBepxcnabeiM C P-HapylleHHEM, TO3BONSOIIAS ONMCATL ORHOBpeMeHHOo Kak d(ext CP-
HapylueHus B pedkux M K -pacnamax, Tak W BO3HHMKHOBenWe GapHouHoil acuMmerpuu Bce-
JIEHHO.

Does one need the additional heavy quarks for the explanation of the observed behaviour
of R(s)? // Pisma v JETF. 1977. V.25. No.9. P.456-459. Bibl.. 12.
Co-authors: V.A.Kuzmin, K.G.Chetyrkin.
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Co-authors: N.V .Krasnikov, V.A.Matveev, V.A.Rubakov, V.F.Tokarev.

Structure of ground state in two-dimensional massless quantum electrodynamics // J.
Teor. Mat. Fiz. 1980. V.45. No.3. P.313-328. Bibl.: 18. »
Co-authors: N.V.Krasnikov, V.A Matveev, V.A.Rubakov, V.F.Tokarev.

Double-6 vacuum structure and the functional integral in the Schwinger model // Phys.
Lett. 1980. V.97B. No.l. P.103-106. Bibl.: 11.

Co-authors: N.V.Krasnikov, V.A.Matveev, V.A Rubakov, V.F.Tokarev.

Problem of P- and CP-conservation in gauge theories // Proc. Int. Conf. on Nonlocal
“Theories (Alushta, 1979). Dubna, 1979. P.137-147. Bibl.: 13.
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On the operator product expansion in QEDy // J. Teor. Mat. Fiz. 1984. V.60. No.2.
P.199-205. Bibl.: 10.

Co-authors: A.A.Pivovarov, V.F.Tokarev.

The ground state structure and properties of the Green functions of colourless operators
in the Schwinger model // Fiz. Elem. Chast. Atom. Yad. 1985. V.16. No.5. P.973-1004.
Bibl.: 29.

Co-author: V.F.Tokarev.

Stable anomalous states of superdense matter in gauge theories // Phys. Lett. 1985.
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AKAJEMHKA A.H.TABXEJIHUI3E

Poaunca B r. TOwnucH.

OxoHunn TOUNHCCKYI0 MYXCKYIO cpenHioto mkomny Ne8.
Oxonunn ¢usuuecknit daxynsrer TOMNUCCKOTO rocymapcTBEHHOrO

' YHHMBEpPCHTETA.

OKOHYMI acnnpamypy MareMaTH4eCKOro MHCTHTyTa
uM. B.A. Crexnosa AH CCCP (Mockaga).

Pa6oran B O6benMHEHHOM MHCTHTYTE S1epHbIX uccnenosanuii (IyoHa)
Hay4HbIM COTPYAHHKOM, HauyaJbHUKOM OTHENa, 3aMECTHTENIeM AHUpPEK-
Topa JlaGopaTopumn TeopeTnieckoil (pu3nKu.

B Maremarnyeckom uuctutyTe HM. B.A. Crexnosa AH CCCP 3auwm-
THJI KaHIMAATCKYIO AUCCEPTALHIO Ha TeMy «DOTopoXIEHHE T-ME30HOB
Ha HYKJIOHax».

B O6bennHeHHOM WHCTHTYTE SAEPHBIX MCCIENOBAHHH 3allUTHII JOK-
TOPCKYIO AMCCEpTalMIoO Ha TeMy «KBasunmoreHuualbHbi noaxoa B
KBaHTOBOH TEOPHH MOJI».

[To cosmecTuTenscTBy paboTan pykoBOAMTENEM CEKTOpa TeopeTuye-
ckoil usnku MHcrtutyra dusuky Beicokux aHepruit (TTpoteuno).

ITo coBMmecTuTenbCTBY 3aBEdyOILMIT OTaENOM (PU3MKH 3seMeHTap-
HbIX yacTull MHcTUTyTa TeopeTHueckoii puznku um. H.H. bBoronwo6osa
AxaneMmun Hayk Ykpaunsl (Kues).

H36pan uneH-koppecnoHaeHTOM AkaneMun Hayk I'pysun.

Unen Beicweit arrectaunonHoii komuccuu npu Cosere MuHucTpos
CCCP.

3amectutens rmaBHoro pemaktopa xypHaia AH CCCP «Teopetnue-
cKad U MaTeMaTHuYecKas (pU3HKa».

Hupexrop Hucturyra anepHsix uccnegosanuii Akagemun Hayk CCCP
(Mockga).

[Tpoceccop  MOCKOBCKOTO ~ rOCYyHapcTBEHHOTO  yHHMBEpCHTETa
M. M.B. JIomonocoga.

Pykosoaurens otnena teoperndeckoii pu3uky MateMaTH4ecKoro uH-
ctutyra uM. A.M. Paamanze AH I'py3un (TGunucu).

Harpaxznen oppenom Tpynosoro Kpacxoro 3uameHu.

*Io nacrosiee Bpems.
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Vnocroen T'ocymapcreennoit npeMun CCCP 3a nMkn MccnenoBaHHiR
«DOoTOpOXAECHHE T-ME30HOB Ha HYKJIOHAaX».

N306pan neficTBUTENbHBIM ueHoM AKanemuH Hayk [pysuu.

Unen Komurera no Jlennnckum 1 TocynapcTBeHHEIM NPEMHSIM Tpu
Cosere Munucrpos CCCP.

Harpaxunen opunenom OxTa6pbckoit Pesonmouun.

YnocroeH 3saHus «3acnyXeHHbIR gestenb Hayku [pysuHckoi CCP».
H36pan uneHoMm-koppecnoHaeHToM Axagemun Hayk CCCP.
Tpesunent AkameMum HayK I'pysum.

Ipencenarens KoMutera no TocynapctBenubniM npemusiM ['py3un B

ofnacTi HayKH M TEXHUKH Npu npe3ugexte [pysun.
InaeHbiii pepakTop XypHaia «Coollenns AkageMuu Hayk [pysuu».

3apenyoMil OTAENOM TeOpeTHYeCKOoH (PH3HKM — HaydHbll pyKo-
BoauTens MHcTuTyTa AnepHeIX uccnepoBanuii Poccuiickoil akagemun
HayK.

[lpodheccop ~ TOGunHcCKOro  rocynapcTREHHOrO  yHHBEpCHTeTa
M. M. A. JIxxaBax MLLIBHIIN.

B T'ocymapcrsenHoMm peectpe otkpbiThit Coserckoro Corw3sa 3ape-
ructpuposato otkpeiTie «[lpaBuna kBapkoeoro cuyera Marseesa—
Mypangna—-Tasxenunze».

Henyrar Bepxosnoro Cosera I'pysunckoit CCP omunHanuaroro co-
3piBa 1 uneH [lpesnanyma BepxosHoro Cosera I'pysunckoit CCP.

Ynoctoen Jlennnckoit npemMun 3a umki uccneposannii «Hosoe kBaH-
TOBOE YWCIO — LIBET M YCTAHOBIEHHE AWHAMHYECKMX 3aKOHOMep-
HOCTEH B KBAapKOBOiH CTPYKType 3JIEMEHTApPHBIX YacTHL W aTOMHBIX
spep».

H36pan napoausim penyratom CCCP.

H3bpau [EHCTBUTENbHBIM  UTTEHOM (akageMHKOM) AKaeMHH Hayk
CCCP (c 1991 r. Poccuiickoii akageMiy Hayk).

Ynen peakosnerun xypHana OGbeMHEHHOTO HHCTHTYTa SEepPHBIX MC-
cnefgoBatuil «PH3NKa 3/IEMEHTapHBIX YacTHLL H ATOMHOIO AOpax.

Pyxosomurens rpynnst Flaryowckoro asuxenus B Ipysun.

Unen VYuenoro cosera OOBEAHHEHHOTO MHCTUTYTAa  SOEPHBIX
HcceqOBaHHH.

Hunpekrop Wncturyra ¢u3uKy BhICOKMX 3Hepruit TOunmcckoro rocy-
agapcTBennoro ynusepcutera uM. H.A. [IxxaBaxuiupunu.
Hupekrop I'pysunckoro otaenenns BeemupHoil denepaumu yueHsix.

Yaoctoen npemun wM. H.H. BorontoGosa HaunonansHo#t akagmemuu
HayK Ykpauusi.

*TTo HacTosee BpeMs.
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Ynoctoen Nocynapereennoit npemun Poccuiickoit ®enepauuu B o6na-
CTH HayKM M TEXHHKM «3a co3gaHue bakcaHckoii' HelTpuHHOI 06-

- CEpBATOPUM M HCC/IEOBaHUS B 00IaCTH HEHTPHUHHON. acTpohu3UKH,

(pu3NKKN dAEMEHTapHBIX YaCTHL U KOCMHYECKHX Jydeii».

MexnyHaponHoii accounaLdell akageMHuil HayK HarpaxieH 30J10TOi
Menanbio 3a OonbILOH BKJIAj, BHECEHHBIH B YKpENIeHHe MeXIyHapod-
HOTO HAYYHOTO COTPYXHHYECTBA.

Harpaxnen opaenom [Ipyx6er (Poccuiickas Denepanus).
Vnocroen 3sanus «IloyeTHblii NOKTOp OGBeIMHEHHOrO MHCTHTYTA

ANEPHBIX HCCIENOBaHUIl».
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Uspareisckuii oraen OO0beANHEHHOTO HHCTHTYTA SACPHBIX HCCAEA0BaHUH
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