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'PREFACE

This collectlon has been prepared for the 70th birthday of Aca-

demician Albert Nikiforovich Tavkhelidze, a theoretlcal physrcrst S

- of world recognmon The collection contains a short essay on the
life and actrvmes of the scientist, a full list of his scientific works -
together wrth Itheir classification in accordance with the respective

lines of research Of these numerous publications the. collection in-.

< cludes two lectures delivered by A.N.Tavkhelidze 35 years ago at
-the famous Semlnar on High- Energy Physics and Elementary Par-
~ticles (Trrestej International Centre for Theoretical Phy51cs (ICTP),
-3 May ~ 30 June 1965), where he was invited by the ICTP di-
- rector Professor Abdus Salam. In these lectures- presented for the-
first time was} the Bogohubov—Tavkhehdze dynamic approach to
the construction of hadrons from quasifree. quarks, possessing-a
- new quantumznumber ~ colour, that underhes ‘modern quantum
’chromodynamlcs : :
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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 theoretlcal methods based on the synthesis of 1nternal symmetry and
Space-symmetry properties have been extremely successful in the lnvestlgatlon ‘of elementary
particles properties.
, There are two points. of vrew in the appllcatlon of group theoretlcal methods in the
8 theory of elementary partlcles 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 propertxes (as quarks, trions, Schwinger model, etc.), and all physical
'jpartlcles are considered as bound states of these. The composite model, in the SU(6) frame,
is much like the ngner model of nuclear shells combining spin, mdependence and isotopic
- invariance of nuclear forces and classlfymg all nuclear. states by different representations of
the SU(4) group. The dlfference consists in that:we are not sure that particles representing
the fundamental representatlon of SU(3) exist at all. Ho ‘ever the plausibility of the 1dea 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 composrte particles, we shall first consider a nonrelatrvrstlc model where
the particles are regarded as bound states ‘of the quarks. '
Such a consideration may be justified by the following arguments. Exammatlon of the
relations predlcted by SU(6) suggests that the interaction, leading to formation of bound
. states, weakly depends on spm and a good agreement of mass formulae with experlmental
_ data confirms an idea that masses of fundamental particles are large compared to the symmetry-
" 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 consrder relativistic models of composite particles
and their electromagnetic torm factors.

i
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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. S

We denote the wave function of a quark by o = ¥i,A where i=01,21isa spin state
index and A = 1,2,3 is the SU(3) index. For zero encrgy quark we have

b = tAX
S (é) X2 = (‘1’)‘,. G [ ; L @.n
t4 denotes the S U (3)-triplet. Thus for each A we have a two-component function VYa.

The transformation property of antiquark wave function is giv{en by a conjugated repre-
sentation of SU(3) group. We denote the wave function of an antiquark by 1®, and for zero
energy we have Yid = XAy = e xk. , \ j 7

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 V. ' ‘

To get such an equation we use the following assumption:

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

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

Taking into account the remarks which we made above, in zero approximation, where -
spin and unitary spin ‘dependence is neglected, for the rh'erSQn‘sE we ‘may “write down the
quasipotential eqt;latiokn'whi'chr in the ‘c’en;re-of-maigl‘gy‘stemb‘hés;thbg folloWing form

(B2 - Ho(r)h(r) =0. (2.2)

Hy depends only on the relative co-ordinate 72 = (71 — )%

As H, 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 perturbat;ions:,.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. .« ... oo

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

HyiB = (B + §)Pl) + VIR + (5 + Gl + WA @3

The 6perators Sir §j are the spin operators for the quark andi antiquark, correspondingly.
We use the designation o " '

e
SlwiA = S: ‘w{IAr ) : ¥

‘ ' ' 2.4)
- iB ) . B )
SngA = S}W‘A .

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 t3 is different from those of ¢y



~and ty: :
1
m% =m + Am?63 = (mg + EAm2) — (Ag)aAm?,

The perturbation which could give such a splitting may be chosen by analogy with Eq.(2.5)
Hypg = W(r)[(ds)a + (e)slvg. 2.5)
?‘j‘The,matriqes (Ag)a act on the index A and ()\8)3 on the index B:

Me)a¥l = (Ne)4¥is,

‘ (2.6)
(Me)svl = (e)Buis
- Taking into account thc pérturbation terms (2.3) and (2.4), we get ' o .
(B* - Hoge = M)(S+8) +Vimwis +
| + )5+ 8)7 + Vi (nlwis +
+ WE[Cs)a + (s)sl¥lE. @7
For the unperturbed solution we have
WA () = pliv(r), @8
~ where p! f is independent of r. After separating the spin and unitary spin structures we get
‘ . VBXJ s=1
B A Ad y
= . 29
I {pﬁéf s=0, &9

- sisthe total spin of the system C

, Since ‘the perturbation’ terms conserve the total spin, Eq (2. 7) spllts into two equatlons
i one: for spin'1 and the other for spin 0. . :

* For the case of spin l§ we “have 9: vector mesons:

‘ W(P0+w) 1 p* If”’

v=1{ o (o —u) K*°

K*= .I{*O ¢I
 VE=pt, Vi=p.. (2.10)

Usmg Eqs (2 8) and 2. 9) we see that to find the mass correctlons to the vector mesons we
g must diagonalize: the quadranc form ' :

s (5 @\ oaons . Mopoa | o ; |
M2 = (mf - %) VEVE + S VEVE +a(V{VE + V3Vi). (2.11)



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

M2

(m?——) s YapTT N
St (m1+2 )[K*+K*+ v R KT+ ROKC + KR+

(mf - %) o'+ (ml —‘—a> ¢'¢' +

4

+ h—;(?.w’w’# 7+ VID' + VI S). - Ry
From this we see that ' o ‘
m2=m}-z, mk = (m% + %a) R @13)
If we put hy =0, we get i | |
m2, =m} and m§ +m,= 2my-. BN AT)

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

(m% - g) &'W (ml - —a> ¢ ¢ + = [2w'w' +4'¢ + \/—w ¢ A+ \/iq_ﬁ'w'] (2.15)

The eigenvalues of this form are glven by the equation

| ot - 1 '
mi-g 4o p o M =0. (2.16)
Zr, mi-ferhou| |

Excluding the parameters m?, a, and hy we obtain the well-known formula of Schwinger [3].

(m?2 — mf,)(mi 2) = —(mK. ——mz)(md> m? — 2mK.). Cees (2.07)
- : o ! : l : L
Now we would like to give a brief survey of the situation concermng pseudoscalar mesons.
To get the known mass formula it is sufficient to make replacements my — mo, h1— hg,
p—m K— K", w' — 7', ¢ — /. Then we have

i’

| . 2
mi:mg_ﬁ; m2 =ms + za. (2.18)
T3 3
From this follows the Glashow formula
my. =mi=mk —mZ. ? (2.19)

; : ; o - : b R
In order to avoid the mixing of unitary singlet and octet of .pseudoscalar mesons, we.
choose from 36-meson states only 35 states which satisfy 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 _ ~ : :
‘ v = ¥ CZ =0. . : : : (2.21)

= "I\‘his;'cy‘ondition may be satisfied if we take the perturbation matrix in the following form

FiA;i'A' A’ A (53(51 ke’ A’

jB:yB' = 9iB;j'B" — i 9ke;5' B

iq

~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,2, = -ém?( ot —2-m,2r

3. BARYONS

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

e , (E = Ho)Yape = 0. 3.1
We rcpsésent,th'e perturbation terms in:‘th_'e‘f‘())l_lo‘wing fo‘r‘m‘ R ‘ '
Hpape ‘=‘ (8 + §; + Sk)*w +vW2']d{iA;jB,kc“
T+ Wa(As)a + (A8)B + (As)c]Wabe - i -
+ Ws[(As)aPsc + (Ms)sPac + (/\s cPAB]d)m,;B kC: (3.2)

(e the functions W depend only on a relative dlstance between the quarks P4 p is the permutation
operator The third term carries on the exchange interaction for the octet.
- <y 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 umtary spin, 56 components.
: : However, if we assume that there are no additional ‘quantum numbers, the space functton
- 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 parastansucs [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 magnettc moments.
, Consider Eq.(3.1) with the perturbatlon @a3. 2) for the funcuons symmetric with respect to
" spin and umtary spin. " Lo : -

11
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The perturbation term’ (3.2) conserves the total spin-of the system and the equatlon for
the baryons splits into two equations: one — for spm 3/2 and the other — for spin 1/2.- In
the zero approximation, the baryons wave functlon can be represented in the form

Yapc(r,r2,m3) = o(r1,72,m3)daBc. | . (3 3)

For the octet particles we have @qi,bj,ck
1
p = 7 {#11,11,22 — P11,21,12}
1
r o= 7 {@21,21,22 — P21,11,22}5
1 - :‘ S
Tt = 7 {¢11,11,32 — $11,31,12} » i

1 !

- = = - , ‘ 3.4
\/§{¢21,21,32 $21,31,22} | (3.4)
1

2 = {2 - _ ,
\/6{ $11,21,32 — $11,31,22 ¢21,31,12}

1
A = — — , P
\/5 {¢11,31,22 ‘¢21,31,12} f

(1]
|

= % {¢a1,31.22 — 21,3132}, E° = 71-5’{%1,3151; - ¢113132} i
The functions ¢4pc are normalized by thecﬁo}n_di‘tion . ; : 7
N@anallP =6, liganslP=2 Iléazcll=1.
Using the perturbation theory we obtain the following relations for; the masses of baryons
mz—mN=a+I;, mz- —my =2a—b, mA—’imN=a—-b. (3.5)
From this, follows the Gell-Mann——Qkubo mass formula b

. .f 7 'mgj+mN= 5 | : fj,\ (3.6)
For the decuplet particles we have ‘ gt
Thus, for t.hé mass splitting in the oictet and decuplet we get
~mz:—mN—mz:-—mo E  “”'(38')

. b
It is easy to write the perturbation Wthh describes the electromagnetlc mass spllttmg within
the lSOtOplC multiplets ! : DL

| / O
szabc = {Il(ei+e28+e2c)+12(eAeB+eAeC+eBec)
+ Is(esepPap +esecPac + epecPpc)etdabe} - (3.9

12



: ,The first term represents the electromagnetic corrections to the proper.effective. mass of the
kquarks the second term, the direct electromagnetlc mteractlon of the quarks; and the third
-term, the exchange interaction. Noting that €2 4 =3 Z4 e A we write down the electromagnetic
perturbatlon as » » '

Hy = {Ij(esa+ep+ec)+Ij(ea 1—}-63 +ec)?
+ Is(eaesPas + eaecPac +epecPpc)} Yabe. (3.10)

oE ' I3 . . 5 ’ . i
'+ Using this interaction we. get

. 1 ) 1 2
mp — My a+B+§'y, Mg+ — My~ = 20+ =7,

3 ,
: 1 '
Mmz- —mgo = —a+f~— 37
|
: 1
Ma+ —Ma0 = Mget — Mgeo =a+ﬂ+—§'y, : (3.11)
i : BN o 2 X
MA- — MA0 {= Mg — Mz.0 = Mg.— — Myeo = —a+ [+ §’y,
: 4
Ma++ —ma+ = a+30+ 37

From thls we find the clectromagnetlc mass splitting in thc octet
Mp = M + Mg — Mg+ = mz- —mgo. (3.12)
- We also get the relations bctwgcn the electromagnetic mass splitting in octet and decuplet

Mp — My = —Mp+ — Mpo = —mA; —MA0 = Mget — Mze0. - (3.13)
| 4

From 'SU(6) symmetry follow relations bctwcen the magnctlc moments of baryons. This

is one of the important Lonscqucnccs of SU(6) symmctry .Using the formulae of quantum

““mechanics for the rclatxvnstlc composite model it is possxble to calculate the magnetic moments.

of baryons

--Actually, choosing the magnctlc moment operator in the form

*7‘1;?'ﬁ'=3u[e<?A+(ec'f’)B+(e<?)] e

“one can easily show that the magnetic moments of the resonances are 3e,u where e is the
. resonance charge, and for thc baryon octet wc have

up =30, pm =24, pp-=-—p 315
The magnctlc morments of othcr particles follow from the umtary symmetry relations
‘ 1

' ,up‘g= US+y  Hp = 2;150 = 2;1/\ =‘,—2;tzo. L .o (3.16)
| :
. In order to get the expcnmental value- of the magnctlc moment we must put 4 equal to
the nuclear magneton p = e/2m where mn is the mass of the bound states, that.is, baryons,

¥

x
h

i
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Now we want-to study a mechamsm prov1d1ng for such an enhancement of the: magnetlc

moment of-the-quark. e : e .
Consider the bound states of the Dlrac partlcle 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 equat10n

[M+V(r)+ ﬂa (7 - eA)ju = Epu. (3.17)
We consider the case , , e E
B 0 r>T0 ‘ t o "

V(r)_{ M e (3.18)

Representing the spinor u in the form

u= (‘p) o , (3.19)
X :

we get the following equation for :

-

(M+V —E)p+6(p &'(13'— ed)p =0. (3.20)

eA)
)M +E+V
Taking into account only the first order terms in the electromagnetlc 1nteract10n, we obtaln
the correction to the energy operator’ : Y

1 . o 1 .+ .

m““”*’m" (3.21)

AE =e5- A

Calculatmg the energy spectrum correction to the S- state, we arrive at the followmg expresslon' ‘
for the magnetic moment

2 g(r) - dg s ‘
=— | ———— d 2 ]
FE3  MrEva T (3.22)
. 10
where the function W = rg satisfies the equation .
W' (B2 —M-V)W=0. . . .(323

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

_ B-M_ 1 (w1 (W 624

o E+ MY E+a) E+a\W /), o E+M\W/ .o '
Later on, the calculations are made for the case M — oo. Here the energy spectrum equation
has the form

ro(E? —a )1/2cotgr0(E2 —a?)/? =1 -ro(E+a). o (3.25)

4

Integrating Eq.(3.22) and taking the limit M — oo, we get Tt

€ 4Erg+ 2arp — 3
6-2E%ry - 2Ey +

'u,z

14

(3.26) .




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

e d
~— 3.2
F™~3E% (3.27)
7 CIf 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 pg .~ 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) o

A. TAVKHELIDZE*
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY

1. INTRODUCTION

In our previous review we have considered the simplest variant of the dynamical appfoach
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 partlcle scalar ﬁeld
the mechanism of the enhancement of the magnetic moment was shown.

It is of interest to write down relativistic invariant equations for composnc partlclcs which ‘

describe the enhancement of magnetic moments.and produce the true electromagnetic form
factors of elementary particles** ‘ '

Recently a number of very mterestmg results: concerning-form factors were glven in the-
theory of Salam et al. [1] based on SU(12) 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, satisfying 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 = Ya,qe, 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 ¢ is generated by 144 matrices A\;I';, where
)\; are the nine generators of U(3), and T, are the sixteen Dirac matrices which form U(4).
We denote the antiquark wave function by ¥ = 89 '

»

"'Permancnt 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. descrlbed by a-mixed
spinor of the second rank ¢§. The question is to find an equation for ¢ (.’121,.’1,'2)

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 admitting
- solutions of the form

‘ ¢£($1,$2) = ¢1(z1 — 22)$5 (21 + T2), ‘ (2 1)

‘Where ¢ a(z1 + 72) is a mixed spinor of the second rank which describes the motion of
‘the system'as a whole, and ¢(z; — - Tg) is a scalar functlon descrlblng the relative motion
of particles. The simplest example of an equatlon ‘inivariant under a ‘homogeneous group*
{/(12) and describing the 1nteract10n of two particles is the squared Dirac equation with the
factorlzmg potential: ;

D4 (1) DB (z2)v% (21, 22) = —iQW($1 — Tg) X
2.2)

X /dz'lszW(x'l ~ 25)8(z1 + 22 = T} — )W E (], zh);

‘where D(D) is the squared Dirac ()'peratdr for the particle (antiparticle)

e gralftr)] o

Ay +77*2g L gl =2 = g% =—9"=-1
~ We require that the Fourier transform W(q ) of the scalar functlon W( ) ba'réal_‘in the
‘Euclldean space. In particular, W(q?) can be taken in the form S

DA (B)(

W)=y —o——. . (2.4)
N

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 lncludmg into Eq (2 2) the symmetry
~ breaking terms we shall study it in more detail.

Performing the Fourier transform

o VE(z1,32) = /¢£(P_1,P2)e—iplz'~;_'jp272~dpl dpz .
- (2.5)
Wier-a2) = [Wigeatn=mig
© 1 *U(12) acts only on the discrete inﬂdiéés and-does not affect the variables z.
) S FRETIRN| RaslaTyy 17
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we write 'Eq. (2.2) in the form :
(8 — M) M"‘)w,r(pl,pz)v—?—-zgow Wig )¢A< ) |
A o e e : (26)
| p=pi+p2 q—%(pr p2),
where s
P
p=[ W) s (2 rof-q). - 0D

Assumlng the quark mass M to be large (mﬁmte in the lrmrt) and taking into account only
the hlgher terms in M we obtam in the zero approxrmatlon

vi(E+at-q) = —igW(¢*)85 (p) :
28)
. ' g 7T4

Multiplying (2.8) by W(g?) and integrating over g we get
= —iQ/WZ(qz)dQ- S e

The function ¢ (p) describing the motion of the system as a whole remams undetermlned
" Going over to the Euclidean momenta do — iq4 and taking into account. (2 .9) we obtain the
real value for the charge ‘

1= / Ww2(— qu, ‘ (2.10) *

qe is the four-momentum in the Euclidean space
In order to get equations for the functron ¢53 (p) we rewrite (2.6) as

i p p R
<2P +2q )wA ( T4 3 q) = Mg(MLl'*'Ptpz)'/’A ( +4q, 5—(1) ’
' @i
. gO7T
Multiplying Eq. (2.11) by W (q?), integrating over ¢ and using 'Eqgs.(2.8) and’ (2 9) we get
(P> —m?)$3(p) = 0, (2.12)
where the meson mass is given by the expression ,

2= 44 / 2W2(q iq————E—ﬂ. 2.13)

Later on we use thersolution of Eq.(2.12) which satisfies the supplementary condition:

(1o D)4 85, (p) + (v P)B0% () = 0. - NN
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- This condition chooses the solutions corresponding to opposite signs of the energies for the
quark and antrquark This can be easily seen if we rewrite (2. 14) in the rest frame: -

()4 ¢4 + ()5 #3 =0. SR @15)

- Since p? = m?, we can require a simultaneous fulfilment of the Eqgs. (a) or (b):

(F-m)AeB =0, (p+mEeE =0, (@)
. o y T . (2:16)
B+m)AeB =0, (p-m)E¢% =0. (b)

Further we shall use Eqs (2. l6a) Note that the supplementary cond1t10n (2.16) breaks up the
U (12) invariance. Indeed, in the rest frame 7 = 0(2.16a) reduces to (2.14) which i is 1nvar1ant
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 ¢B A
The mixed spinor of the second rank can be represented as

L3

o 1
g = 6 +1°8% +iv*7° 8L + 8L + 0BG} 2.17)

Where i=0...8, 0" = £(y*y” — v*v*) and ); are Gell-Mann matrices. .
Substrtutlng Eq. (2.17) into Eqgs. (2.16) we get [2]

‘ pu¢5 = 1m¢p,57 ¢' =0, pu¢u - puqsi; = imqﬁiw,

(2.18)
) pu¢y5 =’;—zm¢)5, S T P ¢’ : 1m¢’
: lt follows from here the vector field should be transverse
p[.l.¢p, =0
P B
¢£ = [(1 + _> (75¢)5 + 7u¢u)]
m A

3. FORM FACTORS AND THE MAGNETIC MOMENTS OF MESONS

“To" calculate the form" factors of mesons ‘we. consrder ‘Eqs.(2.2) in a weak external

electromagnetrc field. For this purpose we make the’ usual’ substrtutron
i 16_.1,"7__{-‘6‘4'”('1) (3.1

and wrrte Eq (2 2) in the form

Dﬂ (z1, )DB,(zz,A)tbA, (z1,22) = —igoW(z) — z9) X

.

. o (3.2)
/aﬂ% (¢ - ah)o(@ + 72 = o — B (ahah) .
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where

- ’ g a X a R date i A' .
A _ . ’ .
DA (.’L‘, A) = [(M - 17"6_1‘7_1. - eA(.’L‘)) (M + 17"_6_:1:_7_1_ + eA(a:))] A (33)
DB (z,A) = |{ M - i’y”—g— +eAz)) (M+ i'y"—a-— +eA(z) .
oz" oz" B
Here e is the matrix of the electric charge Wthh is expressed in a certain way in terms of the
matrices A.
Retaining in Eq.(3.3) the first order terms in e and makmg use of the expansmn in the
large mass of the quark M, we get an ‘equation descrlbmg the motlon of the meson in a weak
electromagnetic field

(7 — m2)pB(p) = 2 / dk F(K2)p- A(R)e 6B +eBoB - R+
‘ ‘ (3.4)

+2 [ dk F02) (k) 85 (0~ k) + (ADE SR (0 = ),
or, in the z-representation,

N I a . a ; ' : Loy
(O, + m2)¢§(:r) = 2iA,(z) [eﬁ (_9:1:—“¢§' + egia:d)ﬁ, (IE)} +

.\ A . -~ \B

. J0A\ s LA\ '
+21 (e'y“'y 3:1:#) ¢§, (z) — (e'y“'y 3:1:#) oy (x)j, (3.4a)
A B ' .

Alw) = [ e (k) AGk)ak, :
where f(k?) is determined in the following way ‘ g

2y JAaW (a-5) W(a) '
' . f(k,.)“_ ~ Jdgwig) o (3.3)

Before calculating the form factor of mesons we consider the case of the constant magnetlc
field. Using Eq.(2. 16) one can see that for large components ¢ we obtain

’

o=a+d g 3.6)
and for the vector field & in the constant magnetic field the following equation holds
(p? — m?)@ = 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 cqual 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
w1th charge e and mass m. "Now we pass to a calculation of the meson form factors.

Let us rewrrte Eq.(3. 4) in a more compact form
‘ V(p2 -m?)¢f = / dk £(K?) [Fﬁ’(k,p)asﬁ, (- k) + T.(p, k)05 (p - k)] ,  (38)

where the notaitions are introduced
I"ﬁ, =2[p-A(k)e+e[Ac-A]ﬁl, .
' . . . (3.9)
B _ i 2B
-Tg =2[p-A(k)e+eA-k]g.

By definition the meson vertex is given by

J(pp—k)=2mJy A" = 4_53( T4 (p, )¢A’(p k) +¢BFB'(1” k)¢5 (p— k). (3.10)

- Substituting the spinor ¢'§ in the form of Eq. (2. 17) and using Eq (2. 18) we get the
electromagnetic vertex in the following form :

2

a= %f(k?){(l v ) (wpu) (1 + 4k 2) (Psps)F—

1 1 ' 'k p o
| ,2m2(k“k”—4g“”k2)(wpu)} P~ %mp+ @11

’{Si”

1
+-—-6°“""’pa p[cpacps - wscpﬁ]D,
- where

- e _ =p ’ _-p ’
(PO = Pqr G € — Por€q P

(3.12)
P (Be) = el €+ Fhed ol |
From this expression we have
gE =ef(k ) 1+W y 9g = f(]u ) 1+W T T (3.13)

) |
=S H0), gli= = F0R),

| where g E is the electnc form factor for the vector and pseudoscalar mesons respectwely,
' 91\1 is the magnetlc form factor for vector mesons, and gQ is the quadrupole moment of
vector mesons. : S

21



* The last termin (3.11) describes the radiative decay of vector mesons Subsmunng there .
the known matrices for pseudoscalar and vector mesons, we get : : :

1 ‘ »;:x
[¢5<Pﬂ]ep=§[7'r pt+77p +K+K++K K- KOK*O KOK*P]V+

1 2 1.0, 1
+[ 0+ f" —xo}po+[—ﬁ°+§ﬁ°]w°+ (3.14)

For the physical particles w and ¢ we have

w = \/,UJO + \/‘9007

H

‘ - (3.15)
_ \ﬁw _ \ﬁ
=\V3 1} 3<P0-
The matrix elements for the radiative decay are given by the expression
M= ——n;gw»e“”‘”’pakpAa(sassaa)"—D, Co B8
where the radiative decay constants are equal to ; ‘
133 3
Jun® = 3gpo.,ro = \/§gP°U° = 3gK-+K+ = 3gK.—K— = 3\/§gun” = ‘K/——Eg‘pm) = —-2—gK.nKn.
o P 3.17
Taking into account the mass dlfference between the mesons only in the phase space, we get
the following expression for the decay width .
oy 3
4 m2, —m? .
FV—"IH-'y = agmv <_2—7.n_€/_£ g%,pi ’ (318) :

where « is the fine structure constant, ny and'my, are the masses of vector and pseudoscalar
mesons. ,

Now we write down the matrix element for lhe decay of a heavy pseudoscalar meson Xo
into the vector mesons:

2e ;
‘ M= -ngovﬁ "pak AnBps.” ?: , S (3:19)

Here g,,v is the radiative decay constant of xp meson. We cany out calculations without
mixing xo and 7o mesons. We obtain

3 2 o ~
Ixopo = '2‘gxow = \/; (3.20)

m? — m3 '
.. = 4aM —— : 3.21
xo—V+7 Quivly me JMV (’ 21)

and

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

; We apply the above developed method to obtain an equation descrlbmg 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 Yapc(z1, T2, 23).

By analogy with the meson case we consider the relativistic- invariant equatlon for Yapc
whlch admits the solutlon of the form DR . '

¢ABC($1,1‘2,1‘3) = p(z1 — x3,T2 — T3)PaBc(T1 + T2+ x3), - .(4.1)

where ¢ apc 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. , o o o o

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

Dy ($1)DB($2)DC($3)¢ABC(1‘1,Iz,l‘s) goW(Il,l‘z,ﬂ?s) X
x/dx'ld:c'zdx;'; (x1, x5, 25)8(z1 + 2 + 3 — T] — 75 — T4)Yasc(T), 2h, T3), (4.2)

where the operators D are given by the expression (3.-3), W(.’L‘],.’L‘2,I3) is the scalar functlon‘
whlch satlsﬁes the conditions . ”

W(IE],".’EQ,.’E;}) =W(z1+a,z2 + a,z3 +a),
o | 43)
L W(.’l;‘kl,.’l,‘z,.’l,‘g)v;—‘—",w‘(—.’l,‘l, ~Tg,=x3).
Thé Fourier'transfofm W (q1,4q2,q3) of the scalar function W Ipay be, for example, taken in
the form

e : Cyn . 1
Wi(q1.q2,q3) = . X . (4.4
X :(11 .Iz q3) %: [N2‘_ (ql - q2)24—v ze][N2 — (q2 _ 43)2]‘ N2 — : (ql _ q3)2 — ze | )
" "To get the equation for the function -
dapc(ry +z2+123) = /W(:c'l,z'z,zg)';leBc(z'l,z'z,zé) X
X Oz + T2 + 23 — T — x5 — r4)dz)drhHdTy (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 Fourler transform
, of the function (4. 5) we get the following equation

(0* = mA)papc(p®) = 2/‘dk f(k")A-plea + ep + eclpac(p ~ k) x

x 3 [ Ak f0(ERA)n + (ehA)s + (R A)oTbanclp — k) (46)
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where the nucleon mass my-is determined: from' the equation: similarto (2.13), while. the
function f(k?) is given by

4

[ W2(p1,p2,p3)8(p1 + p2 +pa)dprdpadps .

From this, in particular, it is séen ihét"" F(O)‘_V='\1.‘ . b e et e e,
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 e.

@* —m®papc =0 - . . (4.8).
is also invariant under U (12). In order not to riix the solutions with pé‘siti'vé"and n;égative, :
energies in the free case, we use a supplementary condition e

B)Y basc = D) E damc =@)E bapc. 49)
We require that ¢ 4pc satisfy simultaneously the following equations
(p = m)adapc = (b —m)ppapc = (p— m)cpapc = 0. (4.10)

Conditions (4.9) and (4.10) break the invariance under. the group ‘(7 (12), cohserying, at the
same time, the invariance under SU(6). e e
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 ¢4pc may be represented as (2]

1
GABC = Plap)(Ba)(vr) = gDaﬁvdbqr + - .
] : .
+ 6_—\/§ [N[ag].yepquﬁ + N[g.y]aeq”B; + N[,mlgerpsB;] ,4:11)

where D+ is the symmetrical spinor of the third rank, N(ag]g, is the spiAhblr antisymmetrical
with respect to the indices a, 3, dpg- stands for the unitary decuplet, B} is the unitary octet.
Using relations (2.17) one can obtain [2] : R '

T
Dapy = Yau(1uC)py — Q_T;(puwu — Pou)a(c* C)py, (4.12q)

*To-get-form factors of mesons and baryons (3.8-4.6) we use the equation which contains the squared Dirac
operators 02, 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 Belhe—Salpéici-type equation. For example
Bogolubov’s equation for bosons has the form . - \ : ‘ -

{((’51 ~ M)(82 + M) - 7§5’7§5‘)’W} v=0,

where

W(z1,x2) = M? —u(z) — z2).
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[(ﬁ +m)7s

Tzlc]“ﬁzpm ' . (4.120)

Niagly =

where C is determined by (7C)as = ('yuC’)ﬁa, cT = -C.
The spinors ¥ and ¥, satisfy the equations

(p—m), =0, Y4y, =0,  (4130)
(p-m)yp=0, p'y,=0, - (4.13b)

ﬁ .
Dﬁ=¢a[(1+—)7c] .
aby = Yu m /) .

Consider the baryon in a constant magnetic field. Retaining only the large components of the
spinor ¢ 4pc we get from (4.6)

$0:

(p2 - 'm2)¢ABc = 3[(65),4 + (ed)p + (ea)c]H(bABc». “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 m the baryon is 3e/2m and the operator of the
_baryon magnetic moment is

z= fm"[(e&)[ + (ed)2 + (65")3]. ‘ (4.15)

Averaging (4.14) -over the functions corresponding to the particles with spins 3/2 and 1/2
we-get the well-known relauons 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 composlte particle possesses an anomalous magnetic moment.

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

3¢4BCT4 parpc = 2mJL A%, (4.16)

rwhere g :
TH0) = 2 A+ oM B 1)

is the matrix of the electric charge.
Subsmutmg 4. ll) 4. 12) mto 4.16) we obtam

Jo = ”3{_%(1+ ) Gy 25 (= g2
3k - o '
b B g - .wm)} 0Py F(R) x
k2 a ~_> 1 ] . . -
x {<1+W> e (50)% - gz Frasosar 1) + |
+ n?: aaap {¢ﬁ¢(1pqrepepqs (z/)z/)g)cpq’B’epdpqr}f(kQ) “@.1n
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Ta = 26272 Dok yn s

Here dpg, is the wave function, of the decuplet, B} is the wave function of .the octet, 1, is
the wave function of particles with spin 3/2, and w is the wave functlon for partlcles with
spin 1/2. From (4.17) we have

2
GY? = eF(k?) (1+k—)

4m?
GY* = eF(k?) 1+—k2—‘ | .
2m2 )’ .. o
3
e, . 27‘; (k2), PR 9 1)
Gt = %F(kz)#; pp=3 pn=-2 pp-=-1
2/2  _ € ) e
63" = o

where G3/ 212 are the electric form factors of baryons with spms 3/2 and 1/2 rcspcctxvcly
G3/2 /2 are the magnetic form factors, GQ is the quadrupole moment.

The last term describes the photoproductlon and decay of resonances. The matrix c]ement
for the radiative decay is given by the expression E

M=— gdﬂ,,,L.,eaﬁ?Pp,k,,Aawwg; o o (4.19)
For the constants ggp we have [5] -

ga+p = gaon = gzozo = ggex+ ?_“ﬁ!]im =2ggopo =1. " (4-20)

Taking iﬁto éécoﬁnt the mass difference only in the phase space, we get for the decay width

of resonances g ) :
2 2 '
m2 (m%+m mg ;
Tymbpy=3a—2 [ —2—2b) (1+—] , 4.21)
d—b+y = me ( 2mj ’ ma ( ‘ )

where mq is the mass of the baryon from the decuplet, and my 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 exammatlon of vertices in quantum electrody- i
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. g
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

Yapc(@,y,2) = ¢(z.v, 2)panc(z +y + 2), o (4.22),:,5

where ¢ is a scalar function which is symmetric with respect to the variables z,y, 2.
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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
' fifunctlon Y apc 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 antlsymmetrlc with respect to the
“ permutation of all quantum numbers of true quarks. Here we meet a contradrctron 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 ¥ aBc(Z, ¥, 2) = YaBC;abc(T, Y, z) Where a
runs from one to three. For the baryon wave function we have

¢ABC( T,y,2) = ¢ABcabc($ Y, 2)

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

1
w_A__B_Q(zv Y, z) = %fabcw(xy Y, Z)d’ABC(}x: yr Z)a (4.23)

where €5 is the totally antisymmetric tensor. The presence of the tensor €qp. guarantees the
. antisymmetric property of the baryon functions, if the function Y4pc{z,y, 2) is completely
symmetrlc

“"The relativistic invariant equation which-allows the solution of the form (4.23) will be
obtamed by a strlct generahzatron of Eq (4 2) It has the form - : :

D“D DE’/’AQQ(J«' 4,2) = LgearcW (2,9, 2) X
xfda:’dy’d/W(x y,b) (x+J+4.—x —y —2)e “bchBcafb'c'(x y',2'), (4.24)

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

0y — 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) concermng the form factors remains unchanged 1f we treat three
triplets-on the same footmg = L : '

, We deﬁne the charge operator in the followmg form

e ed =ef el - BRNCED
_The operator eﬁ acts on the umtary index and has the form '
fE2 0 0\ o ‘
A 1 '
ey =10 -3 0 ]. . , (427
0 -2 .

" *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: ;. :.°

D TN R T e
T N R SR ol

el = 0% O )i o v S (4.28)
0.0 =%/

Then the charge of the quark is integer.

L T R T VTRP TS (LSS
s, e IR A 123 o . = : _— T
s e s e e e 0 T ©(4.29)
2001 : ‘ '
RRR; SEERDA B § HEN § SR (RS R

Takrng into account that the operator el is dragonal and Sp es =0 we get

S PSSR

et e = 0. o @30

Therefore, -we have the identity '
H , ,’1 . F N - ] L ‘ j
eg = gelab?,(eg + ?g ) €a'be- ) o (4.31) ;

Letus consrder Eq.(4. 26) where the charge, operator e has the form e% = eA -l—e Retamrng
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 equatron descrrbmg the motron of the baryon in a weak electromagnetic
field Lo : :

- mpanct) = [dks) [fi',+1“_%i'+i€}¢dlgg<p b

432

F%’ = [2A_-pe+3(efcﬂ4)'z‘/.
For the »norrperturbed solfution we have |
- ¢§§’}3c‘w ; éabc¢,4'3?¢-(h): A (4.3:35

Substrtutmg (4 33) mto (4 32) after averaging over the functlons 7-505,: and takrng mto :

account (4.32) we arrive again to Eq:(1:2) which'was'our goal. .
* Assrgnmg a new quantum number, we may construct 3 types of mesons r/JA 1, r/zf 3,",?;

i/) The charges of these mesons comclde with the charge of the known mesons.  The
mesons are constructed by the triplet 1 with charge (100) ‘the mesons l/JA > — ‘for the’ trrpleta ;

2 with charge (100) and 1,[)A 5 are constructed by the triplet 3 witht charge (0 -1 -1).
- In order that the meson form factors remamed unchanged it is sufficient that the zero
approximation solution take the form

-
wf o= 7—0? V- _ , .34
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Such a solution selects the mesons in which the states ¥}, ¥3, ¢3 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 dccay vertex.
Indeed, taking the charge operator in the form é — €+ ea we get

" [psesly — [‘PSSOB]F
; 4.35)
[Bswslp. —  [Bswslp +2€eaPsvs,

~ where e, = 1/3 for the mesons 9], ¢2, 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 | %}, 92 93
“po — ToYY 1/3 1 -1
Ny 1/3 1 -1
k0 = KOy —-2/3 o | -2
w— w0y 1 1 2
p—omoy | V5 0 | 2V}
ooy | VI | V| =V
xo—wr | -3VE | 0 | -2vE
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SHORT ESSAY ON THE LIF E AND SCIENTIFIC ACTIVITY
OF ACADEMICIAN AN.TAVKHELIDZE '

Albert Nikiforovich Tavkhelidze was born on December 16, 1930 in Tbil-
isi. He grew up in a friendly hospitable family of rich traditions; very musical,
revering cultured and educated people. -

In 1948, A.N.Tavkhelidze graduated from TblllSl hlgh school No. 8 for
boys, and in 1953 from Tbilisi State University in «theoretical physics». The
thorough preparation acquired in the university together with the recommen-
dations of academicians I.N.Vekua and N.I. Muskhelishvili made it possible
for him to undertake a postgraduate course at the V.A. Steklov mathematical
institute of the USSR Academy of Sciences (MIAS). His scientific supervisor
was Academician N.N.Bogoliubov. In 1957, A.N.Tavkhelidze presented a
thesis to the MIAS Scientific Council and successfully obtained his scientific
degree of Candidate of Physics and Mathematics*.

In 1956, A.N. Tavkhelidze received an invitation for work from N.N. Bogo-
liubov and A.A.Logunov, and his scientific activities started at the Laboratory
of Theoretical Physics of the Joint Instltute for Nuclear Research (LTP, JINR),
the international physics centre that had just been created in Dubna. The
elevated scientific, extremely helpful and friendly atmosphere that reigned in
JINR encouraged creative scientific research.

A.N. Tavkhelidze worked in Dubna for the Ij'eriod from 1956 to 1970, he
started as scientific researcher and became Deputy Director of the Laboratory
of Theoretical Physics. 'In 1963, A.N.Tavkhelidze presented his dissertation
to the JINR LTP Scientific Council and received a degree of Doctor of Physics
and Mathematics. In 1965, he was conferred the title of Professor. Together
with academicians N.N. Bogoliubov and A.A.Logunov he devoted much time
to preparation of the younger scientific generation, and attracted the most
talented students and postgraduate students to the Laboratory of Theoretical
Physics.

Significant credit should be given to A.N.Tavkhelidze for organizing and
holding in Dubna and in other places a whole series of symposia, schools,
conferences, etc. Especially notable are the informal seminars held regularly

*Ph.D. in Western Countries.
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in.1966-1971 jointly by JINR and CERN (the European .Centre for Nuclear
Research in Geneva). ‘The purpose of these encounters was. the drscussron of
the most prospective lines of research in high energy physrcs The d1rectors of
nearly:all world nuclear centres participated.in the work,of one such seminar,
,that took place in Thbilisi in 1969. P

2> During -his work.at LTP, A.N. Tavkhelidze actrvely partlcrpated 1n the
| ‘,screntrﬁc and organizational work of other physics institutions. == -

-+ In 1965-1970, A.N. Tavkhelidze, on invitation of Academrcran AA. Logu-
nov, took ‘part in organizing a sector. of theoretrcal physics at the Institute of
High Energy. Physics.(Protvino) and was its: first supervisor. In 1967, the Jornt
‘efforts of N.N. Bogoliubov and-A:N. Tavkhelidze resulted in the establishment
in Kiev of the Institute of Theoretical Physics (presently the N.N.Bogoliubov
. ITP), where A.N.Tavkhelidze was. Head -of the Department of Elementary
;fff:‘Partrcle Physics (1967-1971). . Cie
~7.:In 1967, in close collaboratron with - academrcrans N N Bogohubov and
M A. Markov, he succeeds in convincing the Government to adopt a decision
~to issue the USSR AS journal «Theoretical and Mathematical Physrcs» Trll
e 1991 A.N.Tavkhelidze was Deputy Editor-in-Chief of this journal. . :
e;«ln 1970 ‘A:N. Tavkhelidze was appointed .by. the Presidiumof - the USSR
cademy of Sciences director of the newly created Institute of Nuclear Re-
- search (Moscow)," and entrusted ‘to-develop the structure .and to. form the
- ‘scientific subject- matter of this centre." Discussions: with prominent scientists-
o experts together with.decisive support by.Academician M.A. Markov resulted
~ in two main lines of research being established in the INR, USSR AS: particle
-~ and'nuclear .physics, and neutrino astrophysics. Construction was planned of
- base ‘nuclear-physics experimental installations of the Institute: the Moscow
~ ‘meson: factory-(in Troitsk) and. neutrino. observatories with appropriate neu-
_.trino telescopes, -underground. near the- Elbru (Baksan Neutron Observatory)
~‘and underwater.in lake Baikal.- Actually, the subject-matter. of , the Institute
g“;represented a'sole new line of research — - particles and cosmology. -

- In 1986, when A.N.Tavkhelidze was elected President of the Georglan
- “Academy of Sciences, all:preliminary. work -was nearly completed at the In-
f}stitlite' and abroad international collaboration was initiated with ‘scientific
~ centres of Italy, the USA and other countries; the: first experiments: were
started.” Theoretical and experimental studies’ performed by physicists of this
~Institute were already well known to the broad scientific community. - At the
Institute of Nuclear Research, A.N. Tavkhelidze: still.continues to work. fruit-
- fully: as Head of the Department of: Theoretical Phy51cs and screntrﬁc leader
--of INR:: ’ : « : : : :
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~ Starting from 1969, once every two years, mainly on the basis of INR, -
RAS ‘and the Georgian AS, A.N. Tavkhehdze holds 1nternat10na1 conferences
devoted to quark physics. - .
‘In 1970-1986, A.N.Tavkhelidze is- professor -of 'the M.V. Lomonosov
Moscow State University, which doubtless played an important role in forming
of the well known in the sc1ent1ﬁc world Department of Theoretlcal Physms
of INR,RAS. = : S ;
* During his work in Moscow the ties between A:N. Tavkhelidze and TblllSl
State University and the Georgian Academy of Sciences strengthened. In
1971, ‘with the - support - of Academician® N.L Muskhelishvili, a. Department
of Theoretical Physics was organized at the’ A.M:Razmadze Mathematical
Institute, the staff of which was entirely made up of young scientists trained
in Dubna.. A.N. Tavkhelidze became Head of this department. - '
In 1980, on the basis of the problem laboratory of high energy physics

of the physical faculty of Thbilisi State University (TSU), the staff of which
‘consisted mainly of :physicists that grew up in Dubna and that had scientific -
connections with it, the TSU Institute of High Energy Physics was created
A.N. Tavkhelidze entrusted to be scientific leader of the Institute. L
The contribution of Georgian scientists to the development of high energy
physics was highly appraised, and in 1976 with the support: of the Georgian
government Tbilisi hosted the XVIII ‘Rochester Conference on hlgh energy[;;
physics, in which nearly 1500 physicists took part. '
In 1967, A.N. Tavkhelidze was elected corresponding member and in 1974 ‘
full member of the Georgian Academy of Sciences. ,
In 1986, A.N. Tavkhelidze was elected President of the Georgian Academy

of Sciences on recommendation of the Georgian Government and with support
of the USSR Academy of Sciences. In 1993 and 1998, the General assembly of
the Georgian Academy of Sciences again confirmed his authority as President.
The contribution of the Academy of Sciences to the scientific and intellectual
life of Georgia was duly appraised.- In June 1999, the Georgian parliament |
adopted the Law on the Academy of Sciences of Georgia submitted by the
country’s president. The Law establishes the Status of the Georgian Academy
of Sciences, ‘determines its tasks and the guaranties of its: legal property, :
organizational and financial activity. ’ :
In 1986, A.N.Tavkhelidze becomes Editor-in- Chlef of the journal «Com-r
munications of the Georgian Academy of Sciences», which at present is pub-
lished both in the Georgian and English languages. ’
Since 1995, he is Director of the Institute of High Energy Physms of .
the I.A. Javakhishvili Thilisi State University. The knowledge and experience
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accumulated - at. the institute .made it possible :to:create an-Internet: network
~ within the Georglan Academy of Sciences and other Georglan state institutions
'ij-'of higher. education.. L e ; e

: AWN.Tavkhelidze is- author of over .two’ hundred sc1ent1ﬁc pubhcatlons
f}whlch are characterized by a high quotation index. Many of ‘his:co-authors
 were beginning. scientific researchers, and:today they are promment scientists,
~well known in the world, organizers of science. AT s

~=* For his: ‘outstanding contribution ‘to science AN. Tavkhehdze was elected
féfcorrespondmg member of the. USSR Academy of:Sciences in' 1984, :and -in
1990 full member- (academlclan) of the USSR AS (Russ1an Academy of SGI-
" ences since 1991). Lxp

- A.N.Tavkhelidze is the USSR State prize winner (1973) for the Jomt re-
~ search on «Photoproduction of = mesons on nucleons». The joint series of
_ investigations entitled «New quantum number — colour and establishment of
" regularities in the quark structure of elementary particles and atomic nuclei»-
~ won the Lenin prize in 1988. In 1998, A.N. Tavkhelidze, together with staff
~members of the Institute of Nuclear Research, was awarded State prize of the
- Russian Federation in sciencé for «creation of the Baksan neutrino observa-
 tory and research in neutrino astrophysws elementary particle and cosmic ray
~physics». :

-~ In 1987, the dlscovery «Matveev—Muradyan—Tavkhehdze rules for quark
-counting» was registered in the USSR State register for discoveries.

In 1996, A.N.Tavkhelidze was awarded the N.N. Bogoliubov prize of the
. Ukrainian National Academy of Sciences. In 1998, the International Associ-
“ation of Academies of Sciences awarded a Gold medal to A.N. Tavkhelidze,
“taking into account his significant contribution to the strengthening of in-
_ternational scientific collaboration. For his active participation in the work
~of the World Federation of Scientists, and in connection with celebration of
~the 2000th Christmas, Pope John Paul II presented A.N.Tavkhelidze with a
-memorial badge. ‘

In 1987-1990, A.N. Tavkhelidze was Deputy of the Supreme Soviet of the
Georgian SSR and member’ of the Presidium of the Supreme Soviet of the
- Georgian SSR. In 1989, he was elected the USSR People’s Deputy.

. AN.Tavkhelidze has a number of State decorations of the USSR and of
T‘the Russian Federation. He is a member of several foreign academies, he
jipartlclpates in the Pugwash movement of scientists for peace.

~ In his autobiography Albert Nikiforovich himself characterizes his path in
~science: «I developed into a physicist in the school of N.N .Bogoliubov, my
~mentor and teacher. During my long path of scientific and science-organizing
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activity I collaborated closely and associated with outstanding scientists, states-
men and administrators of high stature. Most of them were unique personah- .
ties, individuals with enormous life experience; encounters- and contacts ‘with
them were extremely. 1mpresswe and greatly influenced the formation.of my :
own personality». . 1

A:N. Tavkhehdze and hlS W1fe Maya Meunargla have a- daughter Nato and -
son Noshrevan, as well as grandchildren Maiko and Nika... :

Everyone who knows ‘Albert Nikiforovich well always notes such quahtles
as his devotion to the ideals of science, his enormous will-power, his remark-
able capacity for work, and his ability to rally people for ach1ev1ng a set goal,
his dependability in frlendshlp and his kindness.
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WORKS OF ACADEMICIAN AN.TAVKHELIDZE REFLECTING THE
MAIN LINES OF HIS SCIENTIFIC ACTIVITY ‘
(with brief commentarles)

1. DIspersion Relations (DR) and Approximate Equations
in Quantum Field Theory (QFT)

. By generalizing Bogoliubov’s DR method for inelastic processes and processes involving
*a variable number of particles in QFT, A.Tavkhelidze, together with A.Logunov, first ob-
- tained DR for the amplitudes of 7-meson productlon on nucleons.” On the basis of DR data,
singular integral equations of the N. Muskhelishvili type were obtained for partial photopro-
duction amplltudes in the two-partiole unitarity approx1mat10n (together with A.Logunov and
L. Soloviev). The meson-nucleon scattering amplitude is the kernel of these equations, and
- the non-uniform part represents the photoproduction amplitude in the one-nucleon approx1-
"}"'matlon These results were conﬁrmed experlmentally

- On the role of bound”states‘ i the photoproduction processes // Dokl. Acad. Nauk. 1957.
. V.112. No.l. P.45-47. Bibl.: 2. '
= Co- authors CAA. Logunov B.M.Stepanov.
- Dlsperslon relations for ‘photoproduction reactions of m-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.

Photoproductlon processes and dlspemon 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. l958 V.120. No.4.-P.739-742. Bibl.: 2.

*Co-author: A.A.Logunov. : =

« Some problems encountered in the theory of the dmperslon relatlons / Nucl Phys 1958
V8. P.374-393. Bibl.: 8. S
:Co-author: ‘A.A.Logunov. S : ’ .
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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 dlspcrsmn re]atlons JINR preprmt P-143, Dubna, 1958. 30 p.
Bibl.: 8.

Co-author: A.A. Logunov

On the question of the inverse dlspersmn 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. No4. P. 769-772. Bibl.: 7.

Co-authors: 1.T.Todorov, N.A .Chernikov.

Majoration of Feynman diagrams // Dokl. Akad. Nauk. 1960. V.135. ‘Nod. P. 801 804.
Bibl.: 5.

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

Application of the N.I.Muskhelishvili ‘methods for the solution of smgular 1ntegral equa- :
tions in quantum field theory // Problems ~of Continuum Mcchamcs M, 1961. P.45-59.
Bibl.:

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 II // 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. A

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. 3

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-bady problem 11 // JINR preprint E-1659, Dubna, 1964. 10 p. Bibl.: 5.
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Quasr potent1a1 character of the scattermg amphtude A JINR preprmt D-1191,- Dubna",j
1963. 9 p. Bibl.:

Co-authors: 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.:
Co-author: D.Stoyanov.

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

Quasi-potential approach in quantum field theory // Proc X1 Int. Conf on Hrgh Energy :
Physics (Dubna, 1964). M., 1966. V.1. P. 222—224 Blbl k
Co -authors: A’A.Logunov, R.N.Faustov. o

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

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.

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

Three-dimensional formulation of relativistic two-body problem /I Topics in Elementary
Particle Theory Proc:. of the Int. Semmar (Varna, 1968). P2- 4050 Dubna 1968 P. 173—-196
Bibl.: 35. :

Co-author: V.G.Kadyshevsky. : ‘

Relativistic quasipotential model of partrcle scattermg at hlgh energles v/ Phys Létt. ’
1969. V.29B. No.3. P.191-192. Bibl.: 7 ' ‘
Co-authors:: V.R.Garsevanishvili, V.A.Matveev, L.A.Slepchenko. : B

Quasipotential method in relativistic two-body problem // Problerhs of Theoretical Physics: -
Collection Dedicated to the 60th Anniversary of N.N.Bogolyubov. M 1969. P.261-277-
Bibl.: 44. T
Co-author: V.G.Kadyshevsky. ‘ -~

-Straight-line particle path approximation in the description of high energy hadron scat-
tering in quantum field theory // J. Teor. Mat. Fiz. 1970. V.5. No.3. P.330-342. Bibl.: 43.
Co-authors: B.M.Barbashov, S.P.Kuleshov, V:A. Matveev V.N.Pervushin, A.N.Sissakian.

-Exchange:quasipotential for the high energy n¥ p-scattering and the problem of a lmearlty
of -the Regge trajectories //-Proc. XV Int: Conf ‘on High' Energy Physics (Kiev, 1970):
Abstract of contributions. Kiev, 1970. V.2. P.514. Bibl::’4; JINR preprmtE -2- 5226 Dubna :
1970. Bibl.: 4. .
Co-authors: V.A.Matveev, L.A.Slepchenko.

* Dynamics of two-body and quasi-two-body processes at high energies // Proc. XV Int.
Conf. on High Energy Physics (Kiev, 1970): Rapporteurs talks. 5454, Dubna 1970 V 1
P.487-490.

Quasipotential theory of high energy hadron scattering // Phys.- Rev.'1971. V.4D. No. 3 5
P.849-861. Bibl.: :
Co-authors: V.R. Garsevanishvili V.A.Matveev, L.A.Slepchenko. ,

Corrections to eikonal approximation in- quasi-potential approach // J. Teor. Mat. Fiz. -
1971. V.6. No.1. P.36-41. |
Co-authors: V.R.Garsevanishvili, S.V.Go]oskokov, V.A.Matveev, L.A.Slepchenko.
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The problem of quasi-potential smoothness in quantum field theory models // Nuovo Cim.
1971. V.4A. No.1. P.182-186. Bibl.: 13.

_ Co-authors: B.M. Barbashov S.P.Kuleshov, V.A. Matveev A.N.Sissakian.

On the representatlon of the scattering amphtudes in the form of the continual integrals
in quantum field theory // J. Teor. Mat. Fiz. 1971. V.9. No.l. P. 44—59 Bibl.: 30.

- Co-author: V.A.Matveev.

Quasr potential descrrptlon of b1nary hadron reactions at high energies // Proc. Int.
Seminar. «Brnary Reactrons of Hadrons at High Energres» (Dubna 1971) Dubna 1972:
’P440—465 Bibl.: 31 ‘

Co-author: V.A.Matveev.

Straight-line path approxrmatlon in quantum field theory // Fiz. Elem. Chast. Atom.
Yad. 1974. V.5. No.l. P.1-62. Bibl.: 37. . _— .
Co-authors: S.P.Kuleshov, V.A Matveev, A.N.Sissakian, M.A. Smondyrev

Method of straight- lme paths and the eikonal problem // J. Teor. Mat. Fiz. 1974. V.18.
No.2. P.147-160. Bibl.: 10. :
Co-authors: S.P.Kuleshov, V.A Matveev, AN. Srssaklan, M.A. Smondyrev ;

The eikonal problem and the asymptotic quasi- potentlal v/ Phys Fennica. 1974. V.9.
P.151-165.

Co-authors: S.P. Kuleshov V A Matveev A N. Slssakran M A. Smondyrev

Straight-line path method in quantum field theory // Report Series in Physics, Univ. of
Helsinki. 1974. No.80. .

Co authors: S.P.Kuleshov, V.A Matveev, A.N.Sissakian, M A. Smondyrev

. Twisted e1k0nal graphs and structure. of the qua51 potentlal /I 3. Teor.. Mat. Fiz. 1974
V.21. No.l. P.30-36. Bibl.:

Co-authors: S.P.Kuleshov, V. A Matveev A N. Slseaklan, M A Smondyrev

Relativistic form factors of composlte partlclee /I J. Teor. Mat. Fiz. 1975. V.23. No.3.
'P.310-321. Bibl.: . :

Co- authors V.R. Garsevamshvrll A N. ermkhrdze, V A. Matveev R. N Faustov.

Scattering of composite particles and quasi- potentlal approach in quantum field theory //
J. Teor. Mat. Fiz. 1975, V.25. No.l. P.37-42. Bibl.:

Co-authors: V.R.Garsevanishvili, A.N.Kvinikhidze, V. A Matveev R.N. Faustov

Spectral and projecting properties of the two-time n-particle Green functions in the null-
plane quantum field theory // J. Teor. Mat. Fiz. 1976. V.29. No.l. P.3-17. Bibl.: 7.
Co-authors: A.N.Kvinikhidze, V.A, Matveev A.A.Khelashvili.

Inclusive processes with large transverse momenta in the composite particle approach //
Fiz.-Elem. Chast.-Atom. Yad.:1977. V.8. No.3. P.478-543. Bibl.: 64.

Co-authors: A.N.Kvinikhidze, A.N.SissaKian, L.A.Slepchenko.

Power falloff behaviour of the high-pr inclusive cross sections // JINR preprlnt E2-11581,
Dubna, 1978. 23 p. Bibl.: 25. ‘

Co-authors: N. S.Amaglobeli, A.N. Kvmrkhldze V. A Matveev AN. Srssakran LA. Slepchenko
Yu.V.Tevzadze. .

Discrete eigenvalues w1th posmve binding energles in: quantum ﬁeld theory " Preprrnt
TMIP-07-1991, Thilisi, 1991. 24 p.: Bibl.: 13. Co-authors:  A.A.Khelashvili, L.G.Vachnadze.

Light-front formalism in quasi-potential approach in quantum field. theory //.Fiz. Elem.
Chast. Atom. Yad. 1999. V.30. No.3. P.613-659. Bibl.: 49,

Co-author: V.R.Garsevanishvili. :
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" 3. Finite-Energy (FE) Sum‘Rules and Duality

A.Tavkhelidze, together with A.Logunov. and L. Solovnev obtamed FE sum ruIes for‘
the meson-nucleon scatterrng amplltude and on their basis established the property of global',
duahty 1ntegral relations between the resonance part of the scattermg amplitude and Regge
parameters. The property of global and local (Venziano) duality served as the basis for
formulatmg the string model of. .hadrons. Further, in_collaboration with N, Krasmkov and
K. Chetyrkln ‘the method of . FE sum rules was generallzed to the case of quantum chromo-
dynamlcs with the use of the property of asymptotic freedom, characteristic of this theory ;

FE sum rules represent a nonperturbative method wrdely applled for calculatlons m‘
quantum. chromodynamlcs , . e ° '

Dispersion sum rules and SU(3) symmetry 1 Phys Lett 1966 V 23 No 2. P. 146 148
Bibl.: 3. ERE Y Sl
Co-authors: V:A. Matveev ‘B.V. Strumlnsky ol sl Pese sl

Dispersion sum rules and high energy scattermg /I Phys. Lett. “1967.: V.24B: No.4.
P.181-182. Bibl.: 11. S o S
Co-authors: A.A. Logunov L.D. Solovrev SR : o

Adler-Weisberger relation and dlspersron sum rules in the theory of strong interactions //
Nuovo Cim. 1967. V.48A. No.l. P.132-139. Bibl.:
Co-authors:-N.N. Bogolyubov, V.A.Matveev. .

"To the problem of drspersron sum rules // JINR preprmt P2-3198, Dubna 1967 11 p-
Bibl.: 10. (ST
Co-authors: V.G.Kadyshevsky; R:M. Mn-Kasrmov

Dispersion sum rules and hlgh energy N scatterlng // Phys Lett 1967 V. 258 No 5
P.341-343. Bibl.: 13.
Co-authors: V.A. Mescherlakov K.V. Rerrkh V 1.Zhuravlev. : )

Dispersion sum rules in the theory of strong interactions-// Krev preprlnt 1967 JINR :
preprint P2-3118, Dubna, 1967. .57 p. Bibl.: 45.
Co-authors: V.A.Matveev, L.D.Soloviev, B.V. Struminsky, V.P. Shelest

Veneziano’s representation and- perturbatlon theory 7/ JINR preprint E2- 4844 Dubna
1969. 8 p. Bibl.: 6. ‘ : :
Co-authors: -V.A.Matveev. : ‘ , ‘

Perturbation theory, finite-energy sum rules and a'generalized Venezrano representatlon //
Phys. Lett. 1970. V.32B. No.l. P.61-64: Bibl.: 13. ‘ : : '
Co-authors: V.A.Matveev, D.Ts.Stoyanov.: : ‘

Coherent state method in the problems of hlgh energy hadron interactions // JINR preprint -
E2-5141, Dubna, 1970. 24 p. Bibl.: 35. =
Co-author:- V.A.Matveev. :

! Duallty and finite energy sum rules // J. Teor. Mat. Fiz, 1970. V.4, No 1. P ll 17.

Bibl.: 16. Co-authors: - V.A:Matveev, D.Ts.Stoyanov.

A method of coherent states and diagram techmque for dual amphtudes // JINR preprlnt
-E2-5182, Dubna, 1970.:24 p. Bibl.: 16. T SR
Co-authors: A.N.Kvinikhidze, B.L.Markovski, D.Ts.Stoyanov. S

*Method of coherent states and factorization of dual.amplitudes // J. Teor. Mat. Fiz. :

1971. V.6. No.2. P.166-179. Bibl.: 15.
Co-authors: A.N.Kvinikhidze, B.L.Markovski, D.Ts.Stoyanov.
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On- approximate '~s- mvarlance in the strong interaction’ theory /B Dokl Akad. - Nauk. -
1962. V.142. No.2. P317—-318 Bibl.: 4. :
Co-authors: A.A.Logunov, V.A. Mescherlakov

Oscillatory levels of a particle as a result of strong interaction with the ﬁeld // JINR
preprint E2-5850, Dubna, 1971. 35 p. Bibl.:-13.

Co-authors: E.P.Solodovnikova, O.A.Khrustalev.

The Bogolubov transformation in strong couplmg theory // JINR preprmt E2- 5976 Dubna
1971. 29 p. : :
Co-authors: E.P. Solodovmkova O.A. Khrustalev

N.N.Bogoliubov’s transformation in the strong couplmg theory (I /1 J. Teor. Mat. Flz
1972, V.11. No.3. P.317-330. Bibl.: 8. 5
Co-authors: E.P.Solodovnikova, O:A .Khrustalev.

The Bogoliubov transformation in the strong couplmg theory (III) /A J Teor. Mat. -Fiz.
1972. V.12. No.2. P.164-178. Bibl.: 4.

Co-authors: O.A.Khrustalev, E.P.Solodovnikova.

Two-body problem in the adiabatic and strong coupling // J. Teor. Mat. FIZ 1974 V. 21
No.1. P.13-29. Bibl.: ,
Co-author: E.P. Solodovmkova

Construction of effective potential in quantum field theory at finite temperature / J. Teor
Mat. Fiz. 1976. V.26. No.2. P.172-174. Bibl.: 5. crd
Co-authors: N.V.Krasnikov, V.A.Matveev, K.G.Chetyrkin.

Spontaneous symmetry breaking in the case of ‘massive scalar partlcles // INR preprmt
I1-0057. 1977. 5 p. Bibl.: 3.

Co-author: N.V.Krasnikov.

5. Quantum Number Colour. A Physical Model of Hadrons as
Bound States of Coloured Quarks

In 1965, A.Tavkhelidze, together with N. Bogoliubov and B. Struminsky, independently -
of Nambu and Han, put forward a hypothesis suggesting the existence of a new quark quantum
number, subsequently termed «colour». According to this hypothesis each sort of quarks with
a given flavour may be in three unitarily. equivalent states corresponding to. three: colour
values. At the same time, a principle was formulated for the selection of: physical states
of quantum systems, describing observable mesons and baryons, that is consistent with the
requirement that hadron states be colourless. It was also noted that coloured quarks may have™
both fractional and integer electric charges. In the latter case colour symmetry should be
violated, at least in electromagnetic (EM) interactions.

Unlike the Gell-Mann~Zweig quark -model, coloured quarks within the Bogoliubov— .
Tavkhelidze dynamic. approach were considered to be fundamental physical particies —
fermions existing inside hadrons in a quasi-free state. The calculated within this approach
EM- and weak form: factors of hadrons, the' EM-decay widths of mesons were confirmed
experimentally, which justified the hypothesis of quasi-free quarks underlymg the dynamic
model. -

Within the framework of the model of quasi-independent quarks, formulae were obtained
for the «Matveev—Muradyan-Tavkhelidze rules for quark counting», according to which at
large energies and momentum transfers the elastic scattering amplitude and hadron form
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factors exhibit a power behaviour in the large momentum. The exponent, here, is expressed
in terms of the total number of quarks composing the particles that participate in the reactions.
Generalization of the formulae for quark counting to other processes-involving hadrons and
leptons and their experimental test is an essential stage in the understanding of the physmal
nature of coloured quarks and of the quark structure of hadrons. »

The dynamic quark model of hadrons served as the basis for attempts at relat1v15t1c
generalization of the SU(6) symmetry of elementary particles and led to the formulation of
relativistically covariant equations for bound particle systems in ‘quantum field theory (joint
works with V.Kadyshevsky, R. Muradyan,’ Nguen Van Hieu, 1. Todorov) o

For the question of the composite models in the elementary part1cle physrcs Vi JINR
preprint D-1968, Dubna, 1965. 12 p. Bibl.: 5.
Co-authors: N.N.Bogolyubov, B.V.Struminsky.

Relativistic invariant equations for the composne partlcles and form factors (@ // JINR
preprint D-2075, Dubna, 1965. 15 p. Bibl.:

Co-authors: N.N,Bogolyubov, Nguen van Hleu D. Stoyanov B.V. Strummsky, V.P.Shelest.

Hrgher symmetries and composite models of elementary part1cles // Proc. ICTP Seminar
«High Energy and Elementary Particles» (Trieste, 1965). Vienna, 1965 P753—762 B1bl 5.

Electromagnetic form factors in composite models of elementary partlcles (relat1v1st1c
models) /. Proc. ICTP Seminar «High Energy and Elementary Particles» (Trieste, 1965).
Vienna, 1965. P.763-779. Bibl.: J.

Magnetic moments of - relativistic quark models of elementary partlcles / Phys Lett.
1965. V.17. No.3. P.331-332. Bibl.

Co-author: H.J.Lipkin.

Some effects in quark model // JINR preprmt P-2524, -Dubna, :1965. 10 p. Blbl
Co-authors: V.A.Matveev, B.V.Struminsky.:

Relativistic invariant equations for the composite partlcles and form factors an-/ JINR
preprint D-2141, Dubna, 1965. 10 p. Bibl.: 5.

Co-authors: N.N.Bogolyubov, V.A.Matveev, Nguen van Hieu, D.Stoyanov, B.V. Strumlnsky,
V.P.Shelest.

SU(6)-symmetry and its possible generallzatrons /1 JINR preprrnt D-1929, Dubna, 1965
9 p. Bibl.: 18. , o
Co-authors: V.G.Kadyshevsky; R. M Muradyan, 1.T. Todorov

SU(6)-symmetry and hlgher angular momenta // Phys Lett 1965: V.15. No.2. P.180-
182.°Bibl: 13... , .

Co-authors: V.G.Kadyshevsky; R. M Muradyan LT. Todorov i o

. Relativistic .generalization ot SU(6) symmetry // Phys. Lett. 1965 V.15. No.2. P. 182—
184. Bibl.: 14. ,

Co-authors: V.G.Kadyshevsky, R.M. Muradyan I.T.Todorov.’

On the unitarity ‘of the S-matrix in the dlsturbed SL(6) symmetry // Dokl Akad Nauk
1966. V.167. No.4. P.792-794. Bibl.: SR
Co-author: Nguen van Hieu, : S

Relativistic mvarlant ‘equations for the composite partlcles and torm factors // Voprosy

- Fiziki El. Chast. Erevan, 1966. P.406—420. Bibl.: 5.

Co-authors: N.N. Bogolyubov V A.Matveev, Nguen van Hieu, D Stoyanov B. V Strummsky,
V.P.Shelest.
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‘Leptonic decays of. baryons in the universal V- A theory // Yad. Fiz. 1966 V.3. No.5:
P.910-917. Bibl.: 7. ,

Co-authors: :0.G.Bokov, Nguen van HICU K. V RCI’lkh A.A Khelashvili.. )

Algebras of currents and dispersion relations // Dokl. Akad. Nauk. 1966 V.168. No.2.
P.316-317. Bibl.: 2.

Co-authors:' A.V.Efremov,” V.A.Matveev, A.A, Khe]ashv1h

Symmetry group ISL(6) as a covariant generalization of the group SU(6) // Voprosy
Fiziki El. Chast. Erevan, 1966. P.377-389. Bibl.: 23. o
Co-authors: V.G.Kadyshevsky, R.M.Muradyan, L.T.Todorov.

On the unitarity of the S-matrix in the disturbed SL(6) Ssymmetry /I Dokl. Akad Nauk.
1966. V.167. No.4. P.792-794. Bibl.: 12.

Co-author: Nguen van Hieu.

Current-current interaction and pole model of the’ nonleptomc hyperon decays // JINR
preprint P2- 3254, Dubna, 1967. 7 p. Bibl.: 4.

Co-authors: Y.Niri, B.V.Struminsky.

Quarks and composne models of elementary particles // Proc. Int. School «High Energy
Physics and Elementary Particle Theory» (Yalta, 1966). Kiev, 1967. P.635- 638 Bibl.: 17
Co-author: B.V.Struminsky.

Simplest dynamlc models of composite particles // Fundamental Problems in Elementary
Particle Physics: Proc. of XIV Conf. on Phys. at the Univ. of Brussels (Brussels, 1967)
London, 1968. P.145-154. Bibl.: 2. ‘

Dynamical moments of composite particles in quantum field theory // Topics in Elemen-
tary Particle Theory: Proc. of the Int. Seminar (Varna, 1968). P2-4050, Dubna, 1968.
P.269-279. Bibl.: 9. ' '
Co-authors:' N.N.Bogolyubov, V.A:Matveev.

Field algebra and SU( ) SU(3) x Toq symmetry group // JINR preprint P2-3858, Dubna,
1968. 10 p. Bibl.: : .

Co-authors: V.A. Matveev, R.M.Muradyan. , /

Collective resonance phenomenon in hadronic systems // JINR preprint E2-8742, Dubna,
1975. 9 p. Bibl.: 3. |
Co-authors: V.A.Kuzmin, V.M ,Lobashev, V.A.Matveev.

A minimal generalization of 5-quark model of W-particles // Phys. Lett. 1976. V.63B.
No.2. P.209-210. Bibl.: 11; Pisma v JETF. 1976. V.23. No.9. P.543-545.

Co-authors: K.G.Chetyrkin, N.V Krasnikov, V.A.Kuzmin. ;

High transverse momentum processes in composite models // Proc. XVIII Int. Conf. on .
High Energy Physics (Tbilisi, 1976). D1,2-10400, Dubna, 1977. P.A4-11-A4-15. Bibl.: 18."

Inclusive processes with large transverse momenta in the composne partlcle approach // '
Fiz. Elem. Chast. Atom. Yad. 1977. V.8. No.3. P.478-543. Bibl.: B
Co-authors: A.N.Kvinikhidze, A.N.Sissakian, L.A.Slepchenko. i

Deep-inelastic scattering and quark structure of hadrons // Prot. Int. Conf. «Neutrino
77» (Baksan Valley, 1977). M., 1978. V.2. P.189-209. Bibl.: 21.
Co-authors: N.V.Krasnikov, K.G.Chetyrkin.-

Power falloff behaviour of the high-pr inclusive cross sections // JINR preprint E2-11581,
Dubna, 1978. 23 p. Bibl.: 25. S
Co-authors: N.S.Amaglobeli, A.N.Kvinikhidze, V.A. Matveev A.N.Sissakian, L.A. Slepchenko i
Yu.V. Tevzadze. e
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Dynamics of processes with high momentum transfer // Proc. Conf.. «Fundamental
“Problems of Theoretlcal and Mathematlcal Physrcs» (Dubna 1979) Dubna, . 1979 P.291-
- 301.Bibl.: 19.- « o
¢+ Co-authors: S.P. Kuleshov V.A. Matveev : o »

' Integrally charged quarks and spontaneously broken color symmetry // Proc Int. Semmar
«Quarks’80» (Sukhumi, 1980).- M., 1981. P.58-80. Bibl.: 24.

Integer charge quarks and spontaneously. broken colour symmetry /I 1.-Teor. Mat. . Fiz.
1981. 'V:47. No.2.'P.147-162. Bibl.: 15. '

Co-authors: A.Yu. Ignatlev V.A Kuzmin, V.A.Matveev. K.G. Chetyrkm M E. Shaposhmkov
Coloured scalars and new hadrons // J. Teor..Mat. Fiz. 1982 V.53. No2 ‘P.181- 187.

Bibl.: ; ;

Co- authors A.Yu.Ignatiev, V.A Matveev, K.G. Chetyrkm M E. Shaposhmkov ; .
Coloured scalars and new hadrons // Proc. .Int.: Seminar «Quarks 82» (Sukhuml 1982).

, 1983.P.28-46.:Bibl.: o A

Co authors: A.Yu.Ignatiev, V A. Matveev K G. Chetyrkln, M.E. Shaposhnlkov
Coloured scalars and new hadrons // Phys Lett 1982 Vi 117B :No.3,4. P252—256.
Bibl.: : o _
Co- authors K.G. Chetyrkm A Yu Ignanev V A. Matveev M E. Shaposhmkov
Colored quarks // Gravitation and Elementary Particles. M 1982 .P.220-285. -
Co-authors: N.N.Bogolyubov, V. A Matveev.

Experimental complex of the* meson factory linear accelerator // INR preprlnt M-0003.
1975.°10 p. Bibl.: 6. : ,
Co-authors: [. Barlt etal. S ' :

Meson tactory is a new powerful research 1nstrument // Vestnlk AN SSSR 1983 V 2.
P.115-125. Bibl.: , ; : - :
Co-author: VMLobashov o , e - ,

‘ Color, colored quarks,. quantum chromodynamlcs / Proc Int. . Seminar- «Quarks’94»:
Singapore,’ 1995 P.3- l3 Bibl.: 42.-

6. Scaling Invariance of Processes at High Energies.
The Principle of Automodelity . =

In a cycle of works performed by A. Tavkhelidze together with V. Matveev and R. Muradyan,
the principle of automodelity in high energy physics was put-forward (1969), and it: was ap-
plied in developing a unified approach to describing phenomena’ of the' scaling-invariant
behaviour of various deep-inelastic interaction processes of leptons with hadrons. -

" The scaling-invariant behaviour ‘was oredicted of: muon- pair-production . processes in
collisions of hadrons at:-high energies in the region of’ large 1nvar1ant dlmuon masses (later
termed Drell-Yan processes) S S '

A generallzatlon is presented of the automodehty prmcrple for strong hadron interaction
processes at high energies, for example, for lncluslve hadron productlon processes mvolvmg
large transverse momenta.

In works performed.together with -N. Bogohubov and V Vladlmlrov (l972) wrthln the
framework of local quantum field theory, a strict basis is presented for the existence of auto-
model (scaling-invariant) asymptotes of deep-inelastic processes, and the precise correlation is
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established between the structure functions of these processes and the behavrour of the local
current commutators in the:vicinity of the light'cone. ' : :
In subsequent works (together with E. Wieczorek, V Matveev, and D Robaschlk), a gen-
eralization of these results is given for non-diagonal matrix elements of the T-products of.
local fields and amplitudes off-the- mass- -shell. ooty e o

-On the ‘automodel character of. the asymptotrc behavnour of the form factors of the
electromagnetic and weak interactions // JINR preprmt P2-4578, Dubna, 1969. 13 p. Bibl.: 13.
Co-authors: 'V:A.Matveev, R-IM.Muradyan.. "~ ~ 0

" Muon pair creation in the strong interactions and asymptotrc sum rules // JINR preprmt
P2-4543, Dubna, 1969. 23 p. Bibl.: 12.
Co-authors: V.A.Matveev, R:M.Muradyan. : e ,

Current commutators; vector dominance and automodellty in lepton palr creation processes
in strong interactions // Vector Mesons and Electromagnetrc Interactions: : Proc of the Int.
Seminar (Dubna, 1969). P2-4816, Dubna, 1969. P. 109-136. Bibl.: 5.

Co-authors: V.A.Matveev,.R.M.Muradyan. ‘

Mass spectrum of Di- muon produced in strong interactions // JINR preprmt P2 4824,
Dubna, 1969. 14 p.-Bibl.: S
Co-authors: V.A:Matveev, R M Muradyan

Deep inelastic lepton-hadron interactions // Proc. Coral Gables Conf. on Fund Interac-
tions at High Energies II (Miami, 1970). New York, 1970. P.178-186. Bibl.:

Scale invariance, current commutators and vector dominance in deep melastlc lepton— r
hadron interactions // JINR preprint E2-4968, Dubna, 1970. 52 p. Bibl.: 51.

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

The automodelity hypothesrs and the asymptotic behaviour of strong, electromagnetlc and
weak interactions at high energies // JINR preprint E2-5962, Dubna, 1971. 15 p: Bibl.: 15.
Co-authors:- V.A.Matveev, R.M.Muradyan.

Automodellty, current commutators and vector domma'hce in deep inelastic lepton-hadron
interactions // Fiz. Elem. Chast. Atom. Yad. 1971. V.2. No.l. P.7-32. Bibl.: 51.
Co-authors: V.A.Matveev, R.M.Muradyan. ‘

On automodel asymptotlcs in quantum field theory (1) // J. Teor Mat. Fiz. 1972. V.12.
No.3. P.305-329. Bibl.: '

Co-authors: N.N. Bogolubov V.S.Vladimirov: - .

Automodelity in strong interactions // Lett. al Nuovo, Clm 1972. V 5. No. ]4 P.907-
912; JINR preprint E2-6638, Dubna, 1972. 18 p. Bibl.: 11.

Cq-authors: V.A.Matveev, R.M.Muradyan.

Automodelity and:asymptotics on mass shell on the basis of the Jost—Lehmann—Dyson
representation // J. Teor.. Mat. Fiz. 1973.:V.16. No.3. P.315-327. Bibl.: 8. »
Co-authors: E.Wieczorek, V.A. Matveev D.Robaschik. : :

- Automodellism in-the large -angle elastic scatterrng and structure of hadrons // Lett al
Nuovo Cim. 1973. V.7. No.15. P.719-723. Bibl.: 8.
Co-authors: V.A.Matveev, R.M.Muradyan. - o

Electromagnetic mass differences of. nucleons and sum rules in the automodel region //, i
JINR preprint E2-7028, Dubna, 1973. 9 p. Bibl.: 10.. “
Co-authors: B.A.Magradze, V.A.Matveev, D.Robaschik, E.Wieczorek.
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Automodelity behaviour in large-angle elastlc scattering and hadron structure // JINR
preprint D2-7110, Dubna;1973. 11 p. Bibl.: , : :
. Co-author:” V.A Matveev.
Large-angle scattering and the quark. structure of hadrons // JINR preprint. E2-8048;
Dubna, 1974. 10 p. Bibl.: 4. t :
Co-authors: V.A, Matveev R.M.Muradyan. ~

- Automodel solutions for matrix elements of currents in conformal invariant theorles /11,
Teor. Mat.: Fiz. . 1975: V.22, No:l1. P.3-19..Bibl.:

Co-authors:- E.Wieczorek, ' V.A.Matveev, D. Robaschlk : -

Automodel asymptotics of the fixed angle scattering amplitude in the framework of the
Dyson—-Jost-Lehmann representatlon /11 Teor Mat. Fiz: 1976.: V28 No.2. P. 157—171
Bibl.: 7.

Co-authors: B.Geyer, Th Gornitz, V. A Matveev D Robaschrk E. W1eczorek

Automodel asymptotics in the high momentum transfer processes // Proc. Int. Seminar
on Deep-Inelastic and Inclusive Processes (Sukhumi, 1975) M.; 1977. P.9-20. -Bibl.: 7.
Co-authors: V.A.Matveev, R.M.Muradyan. ' S SRR

Quark counting method- for the ‘inclusive processes // Proc Int Workshop «Inclusive
Reactions» (Serpukhov, 1976).: Serpukhov, 1977."P.300-316. ‘Bibl:::34.

Co-authors: A.N.Kvinikhidze, V.A:Matveev, A:N:Sissakian, L.A.Slepchenko.

* . Scale violations in deep inelastic lepton-hadron processes and the power law in. large-pT
hadron collisions / JINR preprint E2-11580, Dubna, 1978.

Co-authors: ' V.A.Matveev, L.A.Slepchenko.

‘The.quark counting rule and scale invariance phenomenon at -high energies // Proc. Int.
* Seminar on High Energy Physics and’ Quantum Fleld Theory (Protvrno 1978) Serpukhov
1978. V. 2. P.22-30. Bibl.: 21. ‘

Co-authors: "V.A:Matveev, L.A Slepchenko.

Quark counting rules at large pr // JINR preprint E2-11894, Dubna 1978 8 p Blbl 14.
Co-authors: V.A.Matveev, L.A.Slepchenko.

- Method of quark counting’for 1nclus|ve processes // J. Teor Mat. Flz. 1979. V.40.
No.3. P.329-339. Bibl.:'19: » R S R
Co-authors: -V.A.Matveev; R:M.Muradyan. - o

On automodel asymptotics in quantum field theory-/ Proc Int." Conf. in Quantum Field
Theory-and Quantum Statistics, M., 1979. - . :
Co-authors:-N.N.Bogolyubov, V.S.Vladimirov. -

Integral equation for causal distributions and their automodel asymptotlcs in’ the ladder
% theory // J. Teor. Mat. Fiz. 1980. V.45. No.3. P.302=312. Bibl.: 14.

Co authors: A.N.Kvinikhidze, B.A.Magradze, V.A Matveev, M.A.Mestvirishvili.

" Anomalous dimension quark countmg at: large transferred momenta in QCD / Phys ‘Lett.
1981. V.100B. No.1. P.75-78. : S ~
Co-authors: V.A.Matveev, L.A.Slepchenko.

7. Structure of the Ground State and Non-Conservation
of the Fermlon and Baryon Numbers in C,auge Theorles

[n a cycle of works performed by A, Tavkhehdze together w1th V: Matveev V. Rubakov
V. Tokarev, M. Shaposhnikov, the problem of the .instability of ‘normal baryon'matter in the
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extreme conditions of superhigh densities was formulated and resolved within the framework
of the standard theory .of electroweak interactions for .the first time. - In these works, the

complex structure of vacuum and the strong non-conservation of fermion quantum numbers

related to it were shown'to be the key property of gauge interactions underlying the conclu51on
on the instability of superdense baryon matter,

An essentially important result of these studies is the conclusion on the possible exrstence
in Nature ‘of -highly. intense .decay processes of -normal matter in contact with a drop of
superdense fermion matter involving a powerful release of energy. Recently, the:possible
existence of such phenomena has been discussed actively in connection with the construction
of 'a new ‘generation of colliders that provide collldlng relativistic nuclei and, also, with the
search of «dark» matter in the Universe.. : . ‘

One of the characteristic manifestations of the complex structure of vacuum in gauge ﬁeld
theory, demonstrated in this cycle of works making use of the:precisely solvable Schwinger
model — 2-dimensional quantum electrodynamics — is the degeneracy:of vacuum in the
fermion number-and chirality, when topologically non-trivial configurations of the gauge
fields are taken into account (the so-called double -vacuum).

- On-the basis of the exact operator solution of the equations of thrs model the physlca]
space was found and the ground state of the system constructed, that has no definite fermion
and chiral numbers and is characterized by two arbitrary angular parameters. The condition of
confinement in:this model reduces to the requirement that the gauge (electric) charge operator
becomes zero in the space of physical states.

Excitations of the system are described by the scalar neutral field ¥, the relation of which
is established with gradient invariant local currents constructed from fermion and gauge fields.
The problem of the U(1) anomaly has: been resolved. ‘Both the non- -conservation mechanism of
the axial current and its consequences, for example, the resulting quark condensate < ¥y >
= 0 and non-zero mass of the scalar X-particle, have bgen studied. It is shown that the
X-particle permits alternatlve representation either as a quark-antiquark state, or as a state of
pseudoscalar gluonium.

In works performed together with V.Tokarev, the method of chains of N. Bogollubov
equations was used for studying the properties of Green’s functions of the gauge-invariant
composite operators in the Schwinger model, and the results were applied for establishing the
structure of the. ground state of the model.

Within the framework of «Grand Unification»- theories, A Tavkhehdze (together with
N.Krasnikov and V.Kuzmin, 1977) proposed a model of gauge interaction with a superweak
CP-violation, which permits describing simultaneously both the effect of CP-violation in rare
and K-decays and the or1g1n of baryon asymmetry of the Universe.

Does one need the addltlonal heavy quarks for the-explanation of the observed behavrour
of R(s)? // Pisma v JETF. 1977. V.25. No.9. P.456-459. Brbl 12!
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CP-noninvariant superweak interaction and baryon asymmetry of the Unrverse // Proc.
Int. Conf. «Neutrino 77» (Baksan Valley, 1977). M., 1978. V.2. P.293-300. Bibl.: 6.
Co-authors: A.Yu.Ignatiev, N.V.Krasnikov, V.A.Kuzmin.

Universal CP-noninvariant superweak interaction and baryon asymmetry of the Universe /
Phys.-Lett. 1978. V.76B. No.4. P.436-438. Bibl.: 6.
Co-authors: A.Yu.Ignatiev, N.V.Krasnikov, V.A.Kuzmin.
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- Proc. Int. Seminar «Group Theoretical Methods in Physics» (Zvemgorod 1979). M., 1980.
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The ground state structure and properties of the Green functions of colourless operators
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Bibl.: 29
Co-author: V.F.Tokarev.
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Co-author: V.A.Rubakov.
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MAIN DATES OF THE LIFE AND SCIENTIFIC ACTIVITY
OF ACADEMICIAN A.N. TAVKHELIDZE o

1930, - Born in Thilisi.

December 16 o o . U

1948 Graduated from Tbilisi high school No.8 for boys. -

1953 , Graduated from physrcal faculty of Thilisi State Umversrty -
1956 Completed postgraduate studies at the V.A. Steklov’ Mathematrcal In- ’

stitute of the USSR Academy of Sciences (Moscow)

1956-1970 Worked at the Joint Institute for Nuclear Research (Dubna) as re-
searcher, Head of department, Deputy Director of the Laboratory of
Theoretical Physics. - .

1957 Received a Candidate of Sciences degree at the V.A. Steklov Math-

‘ ematical’ Institute-of the USSR Academy of lScrences (Moscow) for

thesis «Photoproduction of 7 mesons on nucleons». k

1963 At the Joint Institute for Nuclear Research presented thesrs «Quasi-
potential approach in quantum field theory» and received a Doctor of
Sciences degree. '

1965-1970 Worked also as Head of theoretical physics group at the Institute of
High Energies (Protvino).

1967-1971 Worked also as Head of Department of Elementary Particle Physics at
the N.N. Bogoliubov Institute of Theoretical Physics of the Ukrainian
Academy of Sciences (Kiev). ~

1967 Elected corresponding member of the Georgian Academy of Sciences.

1967-1990 Member of Higher Attestation Commission at the USSR Government.

1967-1991 Deputy Editor-in-Chief of the journal «Theoretical and Mathematical
Physics» of the USSR Academy of Sciences.

1970-1986 Director of the Institute of Nuclear Research of the USSR Academy
of Sciences (Moscow).
Professor of the M.V. Lomonosov Moscow State Universjty.

1971* Head of Theoretical Physics Department of the A.M. Razmadze Math- -

ematical Institute of the Georgian Academy of Sciences (Thilisi).
1971 Awarded the Order of the Red Banner. '
*Till now.



1973

1974
1974-1990

1978
1982

1984

1986*
1986*

1987*

1987

1987-1990

1988
1989

1990

1990*

1991*

1992*

1995~

- 1996*

*Till now.

Awarded USSR State prlze for the cycle of studles «Photoproducnon

-~of 7 mesons on nucleons».
“ ‘Elected full member of the Georgian Aea'demy of Sciences.

“Member of Commlttee for Lemn and State prlzes ‘at the
“USSR 'Government. '

Awarded the Order of October Revolutlon
Conferred tltle of «Dlstmgmshed Figure of Sc1ence of Georglan SSR».

:Elected correspondmg member of the USSR Academy of Sciences.

President of the Georgian Academy of Sciences.

Chairman of the Georgian Committee for State prizes in science and,

technology under the management of the President of Georgia.
Editor-in-Chief of the journal «Communications of the Georgian
Academy of Sciences».

Head of Theoretical Physics Department — Scientific leader of the
Institute of Nuclear Research of the Russian Academy of Sciences.

Professor of the I.A. Javakhishvili Thilisi State University.

Entry made in the State register for discoveries of the Soviet
Union of discovery «Matveev—Muradyan-Tavkhelidze rules for quark
counting».

Deputy of Supreme Soviet of Georgian SSR of the eleventh assembly
and member of Presidium of Supreme Soviet of Georgian SSR.

Awarded Lenin prize for the cycle of investigations «New quantum -

number — colour and establishment of regularities in the quark struc-
ture of elementary particles and atomic nuclei».

Elected USSR People’s Deputy.

Elected full member (academician) of the USSR Academy of Sciences
(Russian Academy of Sciences since 1991).

Member of Editorial board of the journal «Physics of Elementary
Particles and Atomic Nuclc1» published by the Joint Institute for
Nuclear Research.

Leader of Georgian group of the Pugwash movement.

Member of the Scientific Council of the Joint Institute for Nuclear
Research. .

Director of the “Institute of  High Energy Physics of the
L.A. Javakhishvili Thilisi State University.

Director of Georgian branch of the World Federation of Scientists.

Awardcd the N.N. Bogoliubov prize of the Ukralman 'National Acad-
emy of Sciences.
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1998 ..

1999

2000

. Awarded State -prize of the Russian Federation in science and tech- .-
nology for «creation of the Baksan neutrino observatory and research
in neutrino astrophy51cs e]cmcntary particle and cosmic ray physics». .,

Awarded by the International Association of Academles of Sciences . .

" a Gold medal for his great conmbutlon to the strengthemng of inter-

national sc1ent1ﬁc co]laboratlon
Awarded the Order of Frlcndshlp (Russmn Federatlon)

“Conferred the mle of «Honorary Doctor of the Jomt Instltutc for'

Nuclear Research».
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