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Pilon Palarizability in Nonlocal Quark Model

The yy-nr amplitude was calculated in nonlocal quark model
in the fourth order on periurbation theory, The coefiicients of eleciriqg
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Introduction

The ooeffioients of eleotrio and magnetic polarizability
and are introduced to describe the effective interaotion of
particles with the spatial distribution of charge and external
eleotromagnetio field at low energies:

Vlm = ‘%EI_QHZ'

As hes been pointed our recently 192/ s there 1s a prinoi~
pal possibility to measure the electric polarizability of hadrons
& from the shift of energy levels in hadronio atoms. However,
to distingulsh the effeots assooiated with hadron polarimability

is a rather complicated problem, since there are some other
reasons for shifting energy levels { the strong interaction of
hadron with nuoleus, finite dimension of nuoleus, nuolear pola~
rigablility and so on). Therefore, it is quite diffioult to
oalculate the corrections to levels. The acouracy of measurement
of transitions between levels of hadronic atoms presently avai-
lable gives no experimental bounds on the numerical values of

& and P +» The only exception is nuclecus for which these
constraints have been found. The theoretioal values of /A and JA
calculated within different models are not in good agreement
with each other (see the Table) and, thus, the experimental
determination of & and P would be of great importaumce to
distinguish between the models,

One possibility of obtaining theoretical estimations of

€3]

coefficlents 4, and for pions comes from the considera-
tion of the ¥¥*7F amplitude.
In paper this amplitude was caloulated in the low-ener-

gy approximation by using current algebra and PCAC hypothesis.



The coeffioient oA,y was determined in terms of parameters
of decay JT»ev?¥ « The effeotive parameter was ny, /'"f
and relative aocuracy of the result was about 30%.

In paper /3/ the Y¥Y-~>»Xn amplitude was calculated in the
quantum theory with ohiral Lagrrngian in the one-loop approxima-
tion and the oontribution te the amplitude from pion and baryon
loopa was taken into msocount.

Coefficients ,  and p were found as functions of incident
energy anl were shown to oconsidsrably Increase with increasing
energy from zero to the two-pion produotion threshold. The
effeotive parameter of this model 1s 2 /F} , with F, the
plon deoay constant.

Paper 4/ analysed Y¥—47 1in the linear § - model,
Coefficlent . was found as a function of energy and has a
sharp maximun at the two-pion produotion threshold. The caloula-
tions were made in two first perturbation orders by assuming
q,‘lI.(( 2' m_‘;,-. 75/

In paper dispersion sum rules were derived for
oceffioients A and f ty using the hypothesis of S=ghannel
helioity oonservation (SCHC), Inaocouracy in determination of

Y at dpe is oaused by uncertainty in absorptive para-
meters, by the introduoed ovt—off in integral and by the large
error in the & -meson mass,

In paper 71/ 4 as 1s estimated within the nonrelativistic
quark mddel.

In the present paper YY—>3IX amplitude 1a oaloulated within
the nonlcoal quark model 76/ , The model 1s based on the hypothe—
sis that quark does not exist as a usual partiocle and is a
quantum-field objsct whioh can exist in a virtual state only.

The free field of gquarks 9 () is assumed tc be identiocallly
zero but the Green function of field Q (%) is nontrivial, 1,e.,
quarks in free state do not exist Wt are interaction carries
between mesons and baryons described by scalar and spinor

fields obeaylng the oonventional Klein-Gordon and Dirac equationms,
Paper /6/ glven the expliolit form of the OGreen funotion of the
quark field as follows

G(§)=’1‘~exp[£i"+§f>’} S



Table

Py ks
e (5a) | 4 (5)
/2/ Terentiev 0.16 0
/3/ Pervushin, Volkov 0.J1 -0,04
/4/ Gal'perin, Kalinovsky 0.3 -0,06
/5/  L'vov, Pstrunflkin 0425 & 0.11 0.055+ 0,11
/1/  Degtev 0.1
nonlocal quark modsl 0.014 -0,07
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A
with Z, L inner parameters of the model, M= I.’d ] Psd;,D,‘_,
quantigzes the field Q(x) and conatruots the finite unitary

S-matrix.
Interaction Lagrangian and Agplitude of Prooess & ¢—> AT

The basic requirements for ohoosing Lagrangians of the quark
interaotion with physical fields are symmetry with respect to
oertain transformation groups ( gauge transformations, SU(2J)
group, and so on) and simplioity for Lagranglan ( the absenoce of
derivatives of higher than first order). In paper 11/ the quark
interaotion with an electromagnetic field 1s examined. Based on
the results of papers 16,7/ s we take the interaction Lagrangian
of quarks, pions and photons ( which 1s gauge and SU(3)-invariant)
in the following fomm:

Az () =-1e (9 - 0T P JA + €A A+ R2amp™f +
cih W05+ i b

Lw

&)

n.
where M5"= A Y= =T, ,
\eq "fz="f.'=‘1a )

,-., is the ooupling oonstant for quark and pion interaction ,

¢, 18 the oharge of a_:‘-th quark, e,=3'-e ,e=8=-%e

@ 1s oolour index, is the quark ourrent. Diagrams
contributing to the prooess Xy ->JN in the four first
perturbation orders are prssented in Figs.l-4, The effective
parameter of expansion in the nonlooal quark model 1s )L‘ C'ln;(ﬁll) .
The oonsideration of vector meson decays /Y has revealed that
the Uest agreement with experiment 1is aohieved at A =3.12 GeV"l
and _Af. “%")1(1_")1=0,,3 « The amplitude of Yy -—opm 1o
expressed only through the terms of sero and seoond order in
particle momenta, Let us write out the contribution toc the
amplitude from different diagrams . The part of the arplitude
whioh oorresponds to the diagrams shown in Fig.l has nothing to
do with quarks and is just the Born amplitude

$
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A set of diagrams drawn in Fig.2 corresponds to the mass
renormalisation of pion by strong interactions, and the corres-
ponding part of the amplitude is of the from

4ty lsn) §P4 9 pr> = J)“‘ 30h¥ {k[ Iuv , byt y.,,k,,,]_._

{n )‘ Kk »
» ?6.’.[&..,. Kyt twr,l,,]} .
The part of the amplitude oorresponding to the diagrams
of Fig.] 1is
) - L [2 By, Ko
oSO lrey <SR d i i ] R i S[INE
And finally, the tetragonal diagrams in Fig.4 gilve the
Pollowing contribution to the total amplitude:
- gt _3ibteh Ak -
(Jﬁ’!‘ ls 3 IN')- Z;[)Tj’“ '-{3’“ ‘\",'.ijrw (k'l.)f Klﬂ KH] + (7)
+ %"[ Buy BD[«- + E.,,.,H;y]}
(O]

« Ad 2
<‘“°S\°\ Sl:\73'> :-A’vz. -’5:”4: L-gﬂ'(k'h) I:’.,,E"]

Through (4) to (8) we used the notatinn
P LNty - ky-k,) g"',s A

Y 0T 4y 0n b g

K4, K, are the photon momenta; {:‘ R ,5,:_’- are the photon
polarisations; Kk, , Ky are the pion momenta. Also, ®we took
into aocount the equalities: K'=Ki=0, ¥ =k =m (ri)=(*é)=0,

R= 4im [ T {08 (6 L 69" (63,
= "liljw{u.’(‘r'} +uV{‘,‘19 ; JVJ’I"‘ mté

- 08 (O (8 3o Pl 3006



kg oo Kg k,mql-——~"3
|

]
k‘ W\ML——-k‘

+ 14

aky kg <O- = Ky k’Mva—_*ks
]
*

2N !
~ ' 1
>

Fig.2

kZ JVV\hT.-——_'-kj

L + {ky==k, ]
K, A._._-k" .

Ky

-——— |<5

_—ohjl’

Fig.3

k' M\-.i—-— ——— k,
+
K o—-——I——-Q’VN kz

4
Fig.4

+

1
k'\vaJ._--—k"

+ [ Ky}

+ (kg == Kk,)



The quark Green funotion 1s represented in the form
¢(3)= 6,049 +4 6.(-9*)

iuh =
b, = L o[58 ]amti T g 0q) Lo «____f\/eé?‘

In the ocourse of oalaulations (£ (a*) are expanded into
series and only termms of order not higher than fourth in external
momentea are retained.

Summing up contributions chown in Figs.l to 4 we find that
the terms inaluding oconstants R and A ocancel and the
mmplitude of ¥¥ > AN takes the following form
A ‘1. A A

R () S e |SErt () T (1) D> = Ay (ks ke | ko k)
T“l’é {(Fu S,.S'u)[gﬁ, %L:;" - k"—,;%ﬁ‘ + 0)

:’!:'):J,'; Fgm {te)+ "r/w’zv)] + B30 8s¢ 18 ey ng“’ (ge2) + Ky t'a}
with a, € 1,2,3 isotopio indioces.

Coeffioients of Eleoiric and Magnetio Polarizabilities
of Fions

The coefficients for the gauge-invariant combination
G (k) = Keu K2y (11)

in formula (10) define the electric and magnetio polarizabili-
ties for pions. Since our approximation oontains only one
gauge~-invariant struoture (11) ( see 13/ » ApP.2), the ocoeffi-
olents 4. and P are equal in magnitude and opposite

in sign. With notation

c‘el«/ Z,NL)L
~Cy DG =+

>

we get
= [ = - = —<
l t.-.-ﬁ't_ _’ ) ln. ﬂp - .



Fig.5

The quantity N given by (9) 1s a funotion of parameter '{: z%_
In paper ’8/ was found to ohange in the regilon D.3¢ FES 3
and A, was fixed to equal i, = 0,13, Basing on thess
results, we obtain that J g+ as a function of changes
from 0.89°1077 /w3 to 33.9°1077 43 ( see Fig.5).

In paper /7/ the best agreement with experimental data on
vector meson decays was achleved at = l.4, 1.e.,

dyt = 14.5°207> d/u? . The ocefPicient ol ,. does not
depend on ? and equals o 5o ==0,07 o /p3 .

The authors are grateful to S.B.Gerasimov, M,A.Ivanov,
lePetruntkin for useful disoussions,
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