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NULI~-PLANE QUANTIZATION AND QUASIPOTENTIAL
EQUATIOR FOR COMPOSITE PARTICLES

A.A.Khelashvili

Dspartment of Physics,Tbilisi State University,
Tbilisi,USSR

Methods of investigation of relativistic
bound systems are known from the time of
creation of quantum field theory. At present,
( as always, of course) the problem is to
develop more simpler and economloal ways for
dealing with tound states.

We are inclined to think that the null-
plane 1/ quantum £1e1d theory is to be more
adapted to the problems under gonslderation
because, if we eliminate the IJ{E O modes,
null-plane canonical commutation relations
have simplest, Fock, representation even in
the presence of interaction r2/ . DBound state
mwfuﬂhmatﬂemmlT}X%JJ
"times® for consilituents are maximally olose
to nonrelativistic expressions without the
transition to the infinite momentum frame’-?%/,

Bound state problem for two splnless
partioles on the one nuli=-plane was congidered
in 75/ using Tamm-Danooff approximation and
in 8/ _ on the basis of DGS spevtral repre=
sentatlon.

From our point of view, the most gsucoessive
approach to the bound state prodlem in rela-
tivistio quantum field theory is a quasipotenw
tial method /7/ . Roual-time quasipotential
method had been sucoessfully applied in many
investigatlions 78/ « Nullwplane quasipotential
equation was consldered in papers 9/ for

spinless particles and in /10,11/

- for
splnorial partiocles.

In this report we shall discuss the main
features of null-plane quasipotential approach
and give an application to the asymptotic
behaviour of composite partiocle form faotors
at large ;i .

Taking into acoount that ths £=0 modes
may be eliminated 112/ from the Fookwspaoe with
the help of senond olass constraints 713/ it



18 passihle to preve 734/ the formal equi-
valence of S.matrix in pull-plane and ordinary
covariant field theories.

For the illustration of quasipotential
me thod let us consider firat the sector
ﬂ*{€70> of the Fock—space which conmsists of
one quark apd one antlguark, In coordinate space
the meson wave funotion with momentum A

and helicity A has the form/37116/

(0/27%5/8, %)L 4p =
-2 Plivy)

=@ d/e(Z P ") z-)’—J 288 (1)

The module of this wave function is
related to the probabllity for finding gquark

ocovariant wave function

and antiguark inside the meson. Definuning the
(24 e

./ -f/ / )(2)
';f»h:iw )= Fe, BH)) 7L, o= i)

Wave funotions )I’Jﬁ/g) may be connected
apparently with very important oharaoteristics
such as the bilecal ocurrent matrix elements,
weak and eleotromagnetic deocay constants , eto.
It 1o evident that in composite guark model
these wave functions ocontaln full dynamioal
information on the hadron structure, hence 1t 1s
much desirable to have for them dynamical
equations.

In the case of null=-plane quantization
the start point is the null-plane Bethe-Salpe~
ter (BS) amplitude

AN % (e

Since the anticommutators of "good"*
oparators 2 and i"'ue C=numbers the
" anpistade, Aoy (5o
projected BS amplitude, /tAp /'}}'/3 4jx;3+
coinocides with Tamm-Dankoff wave function,
This formalism can be generalized to the
arbitrary numbers of constituents and to the

full operators /10,117 + We shall give the

G2

main results underlining the advantages of
general quasipotentlsl approach in null~plane
QFT. Let the hadron consists out of the A
pointlike apinorial partioles with 4—momenta
A Biws B o Lot 1’»2;/2 , APt

Z’ )’, = , oy, ‘( ( as the spect~
run of _P generator is positive-~defined),

We introduce a momentum-space quasipoten—
tial wave function ‘/;‘* /9-11/

(2"/7;1:'%({%%})%% g J’/Zf’/]({ K
L -~

This wave function eatisﬂes the equation/lo’ll/

(1 1KLL o Fom) Yy (00 4)

’2/

//7/‘ S5 Zﬂ //ﬂﬁ’é %—zzc/
oA LA
/7@//«#./ Pu (%31// ,o,j/()

i’

fere Tﬁ is a quasipotential matrix
defined ancording to the known recept /10,11/
with the ald of T-matrix , and FQ’@*&{/}?'»‘)/P&)
We can sasily reconstruct an eg, (5) te .
Faddeev form in the case of A > 3 m/,

The main features of aq. (5) are: maximal
proximity to nonrelativistic expreasions,
invariance undar the group isomorphic to
the Gallilean one, similarity to the quark-
parton pictures On the other hand no reference
frame 1s fixed and no approximation is made,
l.6s, full information of relativistic QFT
is preserved., For these repsons our formalism
may be successfully applied in any multipartio-
le problems, Quasipotential equation on the
null-plane bhad been applied in estudying of
composite partiole socattaring 17/ y inclusive
prcoesses /18/ as well as in composite
partiocle form factors 718/ at large transverse

momanta.



Composite partiole form faotors are

defined by the matrix elements of local opera=~
tor ( current) /9:'11/

1.9 ﬂo()

//7 2 ST, 508 z“p’

)7 1~Z/r, /1,#;\{)/,, 74

7@,;@ 7 f{,ié’} L{AS)
VA2 m\m,h;)

Asymptotlio behaviour of composite partiole

&

form faotors at ,‘_‘_,'5 ~ 0° was studled in
papers 720/ on the basis of various dynamical
equations. In our equations (5),(6) the
variables X, c/ ,'/ } having the meaning of
portions of total momentum/af are oo .fined
in the region (0y1). Moreover for every spi=-
norial constituent there are corresponding
projective operators \(;&;* /! + ( Note that
the projective properties follow automatically
in Kadyshevsky quasipotential approach as
well /22/ )« These projective properties
simplify the derivation of the automodel

oounting rule 122/ ( up to logarithms) in the

. 7%, J’(")*’Z’éi .

frame of perturbation theory for any renormaliza~

ble models with dimensionless oocupling constants.

In conclusion we may note that it is

easy to include internal symmetries ( light=coe-
ne algebra, 8U,, (6) and eto.,) in our approach,
Then after the lightlike kinematical decompo=
sitions 717916/ ¢nere remain equations for
dynamical structure functions. There are wide
classes of dynamical problems ( lightlike quari
symmetries, ;b;
bound states

phenomena, nuclear and atomic
y €tc.) in which the applica~
tlon of null=-plane juasipotentlal equations
seems powerful,
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