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H o n PatarizabUtty in Nonlocal Quark Model 

T h e yy-чтя amplitude w a s calculated in nonlocal quark model 
In She fourth order o n perturbation theory. T h e coef f ic ients of electric 
and magnetic polarizabiUty * « * • determined: a _-tO-OM^r.a „—O.OT-S .̂ 
The resul ts h a v e b e e n compared with calculat ions in other models . 
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Introduction 

The ooeffloients of eleotrle and magnetic polarizabllity^ 
and 3 are Introduced to describe the effective Interaction of 
particles with the spatial distribution of charge and external 
eleotronagnetlc field at low energies: 

(1) 
V|W — у t - т И . г 

As has been pointed our recently ' 1 , z ' , there is a princi
pal possibility to measure the electric polarlzability of hadrons 
Д_ from the shift of energy lerels In hadronlo atoms. Howerer, 

to distinguish the effects associated with hadron polarlsabllity 
is a rather complicated problem, since there are some other 
reasons for shifting energy levels ( the strong interaction of 
hadron with nucleus, finite dimension of nucleus, nuolear pola-
rlzablllty and so on). Therefore) it is quite difficult to 
calculate the corrections to lerels. The accuracy of measurement 
of transitions between levels of hadronic atoms presently avai

lable gires no experimental bounds on the numerical values of 
J^ and 6 . The only exception is nucleous for which these 
constraints hare been found. The theoretical values of tk and A 
calculated within different models are not in good agreement 
with each other (see the Table) and, thus, the experimental 
determination of Л and A would be of great Importance to 
distinguish between the models. 

One possibility of obtaining theoretical estimations of 
coefficients Д. and 6 for plons comes from the considera
tion of the W-»** - amplitude. 

/2/ 
In paper ' ' this amplitude was calculated in the low-ener

gy approximation by using current algebra and PCAC hypothesis. 
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The coefficient <ЛП± was determined in terms of parameters 
of decay JT-*ev / . The effect ire parameter was m j / m . 
and re lat ive ac our асу of the result was about 30*. 

In paper ' ' the YX-*Xjr amplitude was calculated in the 
quantum theory with ohlral Lagrr.ngian i a the one-loop approxiaa-
tion and the contribution to the amplitude from plon and baryon 
loops was taken Into aooount. 

Coefficients Л and p were found as functions of incident 
energy and were shown to considerably increase with increasing 
energy Iron zero to the two-pion production threshold. The 
effeotiTe parameter of th i s model i s i / F / > with F* the 
pion decay constant. 

Paper ' * ' analysed Vt-*3tjl in the l inear (P- model. 
Coefficient <A. was found as a function of energy and has a 
sharp maximum at the two-pion production threshold. The calcula
tions were made in two f i r s t perturbation orders by assuming 

In paper ' ' dispersion sum rules were derired for 
coeff ic ients «l and ft by using the hypothesis of S-obannel 
h e l l c i t y eonserratlon (SCHC). Inaoouraoy In determination of 

A n t > <̂ n* l s ° * U 8 e d by uncertainty In absorptive para
meters, by the introduced cut-off in integral and by the large 
error In the £ -meson mass. 

In paper '* ' el B t l s estimated within the nonrelat iv is t ic 
quark mddel. 

In the present paper Jf7-*JtJT amplitude l e calculated within 
the nonlooal quark model W . The model i s based on the hypothe
s i s that quark does not ex i s t as a usual part ic le and i s a 
quantum-field object which can ex i s t In a v irtual s tate only. 
The free f i e l d of quarks <J.fiO l s assumed to be ldent loa l l ly 
zero but the Green function of f i e l d 0(*) l s nontrivial , i . e . ) 
quarks i a free s ta te do not ex i s t but are Interaction carries 
between mesons and baryons described by scalar and splnor 
f i e lds obeying the conventional Klein-Gordon and Dlrae equations. 
Paper ' ' g ives the expl io i t form of the Green Amotion of the 
quark f i e l d as follows 
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Table 

•*r* ( HJ) *•»• I Mjj 

/ 2 / T e r e n t ' e v 0.16 0 

IV Penrushln, Volkoir 0.31 -0 .04 

/ 4 / Oal'perln, Kallnovsky 0.5 -0.06 

/ 5 / b'rov, Fetrun'kin 0.25 + 0.11 0.055+ 0.11 

/ 1 / Degtev o . i ! 
i 

noalocal quark modal o.oi^ | 
. 1 

- 0 . 0 ? 

li 

+ ( k 3 — k4» 
k 4 K, 

x ks k z -

к к, 

Fig.1 



with £_, L Inner parameters of the model, M— TJ7" ' P = '^£j«. ; 
quantizes the f ie ld fl (*) and oonstruots the f in i t e unitary 
S-matrix. 

Interaction Lagranglan.and Amplitude of Process y^->JrJT 

The baslo requirements for choosing Lagrangians of the quarlc 
Interaction with physical f i e l d s are symmetry with respect to 
certain transformation groups ( gauge transformations, SU(0) 
group, and so on) and simplioity for Lagranglan ( the abseaoe of 
derivatives of higher than f i r s t order). In paper / ? / the quark 
interaction with an electromagnetic f i e ld i s examined. Based on 
the resu l t s of papers 

/ 6 , 7 / 
, we take the interaction Lagrangian 

of quarks, pions and photons ( which i s gauge and SU(3)-Invariant) 
in the following form: 

(3) 

where w J K = к /a * 

K. is the coupling oonstant for quark and plon interaction « 
£ г is the oharge of a r-th quark, £,=^-g ,ег=е3 = -%е , 
д_ is oolour Index, *!„ is the quark ourrent. Diagrams 

contributing to the process W-»JTJT in the four first 
perturbation orders are presented in Figs. 1-4. The effeotlve 
parameter of expansion in the nonlocal quark model ^ ' У ' Д м * 1 

Xhe consideration of veejbor meson decays 
/7/ 

has revealed that 
the best agreement with experiment Is aohieved at Л -3.12 
иаЛ \ = %»)V«0*=ft'3 • T h e epiitude of yr-»jvr is 
expressed only through the terms of zero and seoond order In 
particle momenta. Let us write out the contribution to the 
amplitude from different diagrams . The part of the amplitude 
whloh corresponds to the diagrams shown In Tlg.l has nothing to 
do with quarks and is just the Born amplitude 

J.J, 
<™^cv>=^Hv-^- *ЙЯ ^•e-ur ч,ил kr.mv J (4) 
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A set of diagrams drawn In Fig.2 corresponds to the mass 
«normalisation of pion by strong interactions, and the corres
ponding part of the anplitude is of the from 

(5) 

The part of the amplitude corresponding to the diagrams 
of Flg.3 is 

And finally, the tetragonal diagrams in Fig.4 gire the 
following contribution to the total amplitude: 

(7) 

(8) 

Through (4) to (8) we used the notation 

И, э К.г are the photon momenta; £*' a £ff are the photon 
polarizations; Kj t v are the plon momenta. Also, ire took 
into acoount the equalities: K,* = к}* О , fc^S <.* = «,', te*,)=(*if,) = o. 
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The quark Green function Is represented in the form 

In the course of calculations (}•• (a?) are expanded Into 
series and only terms of order not higher than fourth in external 
momenta are retained. 

Summing up contributions ohown In F lgs . l to 4 we find that 
tUe terms including oonstante ft. and d cancel and the 
amplitude of yjf-*JTjr takes the following form 

*л*&ал«(^ииАг.,)г'ЧО> = Jji*»*- T ^ 1 (utin41 ]£,,*,), 

with a., S 1 .2,3 lsotopic indloes. 

Coefficients of Eleotrlc and Magnetic Polariz6.bll i t ies 
cf Plons 

The coef f ic ients for the gauge-invariant combination 

in formula (10) define the e lec tr ic and magnetiо po lar lzab i l i -
t l e e for plons. Since our approximation oontalns only one 
gauge-inrariant struoture (11) ( see ' ' , App.2), the c o e f f i 
c ients JL and f> are equal In magnitude and opposite 
In s ign. With notation 

we get 

^t — fi^ Я ' •*»•—*•- i t • 

9 



•У^ 

Fig.5 

The quantity H giren by (9) Is a funotion of parameter ? = 
In paper ' ' / was found to change in the region D.3^ j ^ 3 

-•--•- ' _ 0.13. Basing on these 
as a funotion of \ changes 

and Дц was fixed to equal Д 
result s, we obtain that Лц± 
from 0.89*10~3 «%lj to ЗЗ.Э'Ю" 3 «%,* ( see Flg.5). 
In paper П1 the heat agreement with experimental data on 
rector meson deoays was aohlered at J •=• 1.4, i.e., 
J.,4 -=. lV.5'10"*3 A/wJ . The coefficient ci„. does not 
depend on 3 and equals A. „. =-0.07 "'-At» 

The authors are grateful to S.B.Geraslmor! M.A.Iranov, 
l.Petrun'kln for useful disoussions. 
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