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I. In troduction 

The study of electromagnetic mesonic interactions allGw5 v~= "_ 

obtain further information about the inner structure of r~dro~s. 

Electromagnetic properties of pions at low enerEies are characterised 
by the finite number of parameters which are deteroined fro~ the ex
pansion of the pion-photon amplitudes over the ~ -quanta freq~er.cies. 

In particular, the two-photon hadronic interactions are characterise~ 

by the coefficients of electric d.../i and magnetic ~JT polarizablliti
/ 1/ •es The experimental data on the electric polarizability of a 

char-ged A -meson are available 12/: 

d..r.~ 6.8 : 1.4 : 1.8'10-43 cm3 

while those on the neutral one are to be measured in future / 3/ • 
Theoretical values of "'-Jr and "'IT are extracted fro::: toe aJ:l;;~ 

litude of ff¥+nd(. The knowledge of the nature of strong interac
tions is needed for calculation of the amplitude of this process. 
However, the theory of strong idteractions is not yet available, 80 

one has to recourse to different 10w-enerbY spproximations and mo
dels / 1 ,4-7 I for calculation of rl.JT and (3JT. The polarizabili ty of 
h-mesons has been calculated by means of soft-pion tecrillique and 
FCAC hypothesis in 14/. The electric polarizability of a neutral 1L 
meson turned out to be equal to zero in this cas~, while that of a 
char;;ed pion was connected with the t -parameter for :r.. ... e;)~ decay. 
Paper lsi is devoted to the investigation of dn and th- in the fra
mework of quantum field theory With the chiral-invariant Lagrangians. 
The con tri bu tions from all possible intermedia te sta tes to (dog ~ f.>:M) 
and (<ijT - fm) have been taken into account in the approach based or. 
the dispersion sum rUles / 6/• The values of d.Ji and f3jT have been ex
tracted from the above sum and difference. Electric ~ and magnetic 
pn polarizabilities of pions have been calculated in the supercon

ductivity-type Quark Model 111. The results of this work indicate 
that the scalar mesons play an important role in the description of 



the :n0-+n( process. The values of au and f.3r obtained is the frame
work of the approaches mentioned above are listed in Table 1. 

The present work is aimed at calculating the electric d~ and 
magnetic pn polarizabilities of charged and neutral 9f -mesons in 
the Quark Confinement Model (QCM)/81. The article is organized in 
the following way: 

The main concepts of the QCM are given in section II. 
Section III is concerned with the description of the scalar

-meson physics. The main parameters characterizing scalars are deter
mined and the width of strong and radiative decays of scalar mesons 
are calculated. 

The amplitude of the Jr.( -scattering and the relevant g(T and 
pn coefficients are calculated in section IV. The contributions from 

scalar, vector and axial intermediate states to the electric and mag
netic polarizabili ties of pions are studied. The intermediate c (130 )

meson turns out to play the main role in the description of TI(+R(. 

II. The main concepts of QCM 

The QCM 181 is based on the definite hypothesis about hadroni
zation and confinement. Hadrons appear as colourless collective vari
ables in the quark-gluon interactions. The confinement is realized by 
averaging over gluonic vacuum. 

The hadronization hypothesis is connected With the development 
- . . - -- . - . . . . . . ... . . • jqj . 

0;[ line \olv.U oeyonu a perl<uruta ~.&.un ~ueuL·,y. ""' W:le •ue tappJ:uca"u ..... 

which the phenomenological Lagrangians were obtained in a heuristic 
way from the diagrams analogous to that with one-gluon exchange under 
some assumptions about.the gluonic propagator behaviour in a low 
energy region. The meson interactions are described b,y closed quark 
loops in this approach. It is more convenient to use the following 
mathematical realization of the mentioned above approach for the 
calculation of hadron amplitudes. Quark currents with the quantum 
numbers of hadrons are constructed. For instance, in the case of 
two-quark mesons 

JQ = ~a.. IQ ,.\~ '/,a_ ' 
where the matrices /Q, ,.\Q provide necessary quantum numbers. /Q= .: t~>: 
'(~ '114/S for pseudoscalar, vector and axial-vector mesons. 

Then, one constructs the Lagrangians of a hadron-quark inte
raction 

'I' I - f/Q A.i T 
ol.G - li I"'IQ JQ , 

2 

(2.1) 

.. 

• 

l 

Table 1 

Approach .J..Jrt ·10-4 3 cm3 ~Jr' •10-43 cm3 

Experiment 121 6.8 :!:1.4:!: 1.8 -
Experiment /3/ - 35 

Soft pion technique 
( '6Ftvtf =0.41) 141 3.1 0 

Chiral Theory / 5/ 5.3 -0.7 

Dispersion sum rules 161 5.5 :!: 2 I o.e :!: 2 

Quark Model of Super-
conductor Type 171 6.81 -1.0 

QCM 4.06 -0.18 

Table 2 

--
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fli (o) .:-j m/[·r~~(U) t m/·l-U(, 8{-tL. m/) (1-U)% r 
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where HQ is a free meson field describing a meson with quantum num
bers Q and mass mo... The coupling constant 9G is defined from 
the condition that the wave function renormalization constant of a 
meson is equal to zero/81, 

2o = f - flc/ i7~ (mQ) = 0. (2.2) 

where flo (fJ is the mass operator of the meson MQ. It is more conve
nient to use h;t·2t~QI¥n) 2 instead jQin calculations. 

The confinement hypothesis means, that the averaging of quark 
loops, describing hadronic interactions over the gluonic vacuum fields 
has to provide absence of singularities corresponding to the quark
-pair production. 

Quark diagrams describing hadronic interactions are generated 
by the ,<) -matrix in the form 

S::: Jolo;-Ac Texpf•Jd"x ~~ex)}· 

Here, the time-ordered product is supposed to be the ordinary Vick's 
11-product of the hadron and quark fields with the quark propaGator 

~Jc.j(:A.) ifra' (l.')-= SH' f&Ju' (m~- r BrAt (X)- .:arl.S(x x·)~ 

= sff' gQQ' 8( XJ X 1 /BvAc) .. 

uu" quarK i~e.1.us mus• oe equa.1. •o zero ar•er •ne norma.1 oro.er~ng. 

The measure JovAc , i.e. the v1ay of averaging of quark diag
rams over gluonic vacuum fields is defined as follows/8/; 

Jc~ 6vAC Sp [11 (X.) S (X r, .X.~,/ BvM) M (x,) S (X,, .X. /BvM.)]-

~ jd~ Sp[M(x,)S), (:x~- x,.) MCx.,) S>- (.xn- X1)], 

where 
. · J'dltp e·•P<X.<~:.~ · 

;X-X: IS s" c 1 l) (d.i7Jft "' 1\f- r 
The mass dimensional parameter 1\1 characterises the confinement re
gion of quarks with flavour f . 

The measure of integration d6A is defined by 

Sd~ ___!__ :: (~< 2-) -= ac- 2 2) .,. 2 B c- 2 2
) • 

A-2 
where GC~) is called the confinement function. 

The explicit form of liCe) is yet unknown, so, one can suppose 
the functions ac-i) and 8 (- 2 2 ) to be independent .'lhe functions Q{-21

} 

and ~{-2~ are assumed to be 181 independent of colour and flavour 

t 

• 
I 

l 

and to be unique for all quark loops; to be entire, analytical func
tions in complex ~ -plane and to decrease rather quickly both in 
the Euclidean and pseudo-Euclidean directions 

&:m i 2~/H I at-2-1.)1 = l!im /2!l.JIYJ8(-.!! 2
)/ = o 

'2~z- -zz_.i.,., 
In this paper we use the functions Q(q) and -811.1) of 

vN>O· 

the following 

form: 
awJ= ~expc-uz.-u) 
B (1.1) = fl. exp (-£1 2+ 0.4il). 

(2.)) 

The dimensional model parameters A ... ,~ and /\!. were fixed by 

fitting the main constants of the low-energy mesonphysics and turned 
out to be equal to 181: 

1\ ~ A.._ :: A J. = 460 MeV, /\ 5 • 506 MeV. 

III. Pnysics of scalar mesons 

O+f-
The description of the channel is one of the problems 

of low-energy physics. On the one hand the introduction of scalar 
particles turned out to be very convenient for the construction of 
chiral theories 1101. The phenomenological analysis and model inves
tigations/7•111 of the T~ Jill/_, ,.Y/Y' -scattering, 1(..,2.Q and K"'¥}{ 

decays indicate tne importance ol:· tax~ng account or .intermeO.iate 
scalar states in the description of these processes. On the other 

O
H· 

hand, the quark composition of particles is not yet clear. Sca-
lar mesons are treated as two-quark states in 1111 while the argu
ments in favour of their four-quark structure are given in 1121. At 
last, there is a number of articles, for example/131, where scalar 
mesons are assumed to be hybrid states or pure glueballs • 

In the QCIII we treat scalar mesons (a.,_ f"- t_ k) as two-quark 
states described by the Lagrangian ~ 

;rs-"' fJ Sr:r.> ~ rxJ A5 <I~ C: J-1 -3/ A) '1 (x) • 0.1) 

where AS has the form /14/ 

A~ ~ ciiaAj <t- t. o) 

). fo = ~ (- sw. 8,, -Sf_., s$_. -li eoJ bs ) 

). s -= ci-illg (Col IS, w&~ -12 ~ ~ J . 

5 



.,.. 
Let us diseuse in detail the choice of a matrix fs: I- i tl a /A 

defining quantum numbers of o++ mesons. For this purpose, let us con
sider the diagram, fig. 1, describing a strong decay S +P.P • The cor
responding structure integral calculated for zero masses of final 
states and normalized to unity at ms: 0 is 

IH (ms) = [ 1, (ms) ~4J..IIJ.Cm5)]/IH co) 
~ 1 

Io Cm.s)= Jiu.. atu)- 4 (.!!!..1.)2 fdu.a.(-u m/)r21fn~-fM;] 21\ J' 41\" L: l·rHI 

L 
,.. 0 . ~ . 1. ().2) 

1 (ms) :: jdU-UC{I-(j + f. r~)f.JcUt U..I(-U fTis )£.!. {h U·IM/ -r.-l.f] . 
, 2 21\ w 2 1-Yi="i:: . 

rs 
p 

rs p 

Fig. 1 

The 1H fms) dependence on m5 with various values of 1-/ is plotted 
in fig. 2. One can see that 1;, (flls) becomes equal to zero at ms:::.1 070 

lleV. It leads to that a theoretical value of the .J~(Hf"}- %1[ decay 
width is to be underestimated (r-1 MeV) in comparison with the expe
rimental one ~-r~ (26!5) MeV. This result, corresponding to the choice 
of two-quark current with T;; :I seems to testify in favour of a 
more complicated structure of scalar mesons. A four-quark component 
may be essential in scalar mesons. We are going to analyse this possibi
lity in future. In the present work we use an additional two-quark 
interaction with a derivative in the form (3.1) and consider the para
meter II as a free one. Moreover, the e -meson mass me and the 
mixing angle 8s are also considered as free parameters in accordance 
with the low-energy phenomenology. 

As the basis for fitting of the parameters H~ Gs and mE we 
take, first, the Adler condition/10/ which means that amplitudes of 
the n:n~JI:IT and 11(~11J" processes are equal to zero when m:JT~o and, 
second, the experimental value of the fo .. 1i1T width and JrJr -scat-
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tering S -wave lengths a,.c and O..."' • Graphically, the Adler condi-

tion can be presented as in fig. 3. On the QCM it is written in the 
form 

te,••) = 2A2 wlb's L C,'()) .. 4-HtB"J ] 2 he 4 (c;>)' (3.3) 

5 e(o) = 2A2 &,1£- (SW1£ ··12 futSs)aM£C'~4-IICB''J~D/oJ.o.4> 

The following notation is adopted: 

r.;,(nJ = i'ctuu n. _g{U) .i c,'"J =-l&l U ,_ a(u.) • 
0 0 

l>L tPJ is the full propagator of c -meson. Due to the composi teness 
condition (2.2) 

h D (o) = ·-
t L, n; (oJ 

An explicit form of nt: (o) is given in table 2. For fitting f/ and 

85 it is convenient to use the ratio of equalities {3.4) and (3.3) 

R = 'i 8 (O) Co1Dj· ( c.i<J + 4f/C,.'0
) 

~ ") c;t o) ( 6-C#M os - Vi' Sc.n 8s) 
which is independent of mf • The matrix element of the S-> PP decay 
can be written in the form: 

- /') • I. '.1-,-, ----..... -
';/<;P,fJz. = Jf "'}" 1 ./lp,> )p,J ./U nplnp~ hsiHJ/t; [.i.e lffls) ~4Hl, (ms)j,(3.5) 

where >.f, and ~'fLare the isotopic matrices corresponding to pseudo-
scalar mesons pl. and {lL • 

The decay width for J . .., J7 J1 is 
~ ~ 

3 1:' tJ 
r(f,. r.·-) __ J 't-flln <J .J~JTJJ 

'-~ 'Jt - 32Ji I - -;;:;:;-._ ---,:;::;-
':h. f~ ,- (-} ~ ~ rnd 

The dependences of Rli-I.~ ..... K) and Q(H~~S.s)= -- -· 

on H for different values of f?s are plotted in fig. 4. One can 
see the values R and Q to be close to unity if H and Os are 
equal 

#-/ "' 0.27, ~Ss .. -0.45 or Ss .. -27° · 

The mass of c-meson is fixed by the condition of the best coin
cidence of :n 1T -scattering S -wave lengths ~- and U.. "L with the expe
rimental data/15• 161. In the QCM the E1Z -scattering matrix ele

ment is defined by the diagrams, giVen in fig. 5 and is calculated in 
a standard way. The a/ and '4_.-.. dependence on the 6 -meson mass is 
plotted in fig. 6. 
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One can see that the best agreement with the experimental data 115/ 

is achieved if 
mt = 730 Mev . 

In this case a:. 0.227 mn1 2 -1 a., .. -0.017 mn . 

So, we have fixed all the parameters necessary for the descrip
tion of scalar mesons. It is of interest to calculate widths of 
strong and radiative decays of o++ mesons. We should like to n~te 
that just the radiative decay width ~-~ K(/ in the framework of 
the two-quark scheme is one of an arguments in favour of the four
-quark structure of £40 (975)-meson/121. 

The diagrams describing strong and radiative decays of scalar 
mesons are presented in figs. 1 and 7. The matrix element of strong 

tjJ 
t 

t~ 
t 

..t--. ..... n .. ,.~ C! .. DO .; ft ,...p 
----.,- I&.J I I -- --

't~e 
.p,..,..,... ('l ~' ':1!!::!-l~ "t!'!.~-1: f~!' "=~-'? !'~t!!~'ti"'!~ "'"" 

S ~ '(lf is 

M ( s ... cl'K') = f g '"'vf, 9~- '?-/~; 1 fhu·' 
where 2 t 1. r;:;4 

as.,, = c~.../K _,__A·f Sp Q A.s [ J ~a(- u..!!3!-) (l+iA)k. ' ... ,1-~ 
If •o S • 41\2 1- 1-U 

I 

+H msz. jdJl.u-1(-u. msz.)/h.. t+!f-iL J 
4-Aa." 4-11• f-11-u. (3.6) 

with o(: ej'4-1i~;. and (}= 1/3dlaj(2,-t.·d being the charge matrix. The 
widths of strong and radiative decays are given in Table J. 

IV. Polarizability of ~-meson 

Now we pass to calculation of electric and magnetic polarizabi
li ties of n t and TT" mesons. As it has been mentioned in the introduc
tion, these parameters are extracted from the amplitude of Compton 

scattering on <Jr -meson. 

) ) 



Table 3 

Process 

.£ __. :JrF 

a., ·-+ Ji't 

t: ~ JT7T 

f._-~ Kl' 

~-~ ¥1 
£ -~rr-

Table 4 

Diagram 

TID 
M 

"'-'/ 
v 

6 

X 
Result 

d.n • 
-w-.. ~tMl 

-0.615 

4.51 

0.163 

4.06 

QCM 

26 MeV 

59 MeV 

300 MeV 

0.03 keY 

0.5 keV 

0.95 keV 

Q(;n• 
10-.. ~l.H~ 

-6.15 

4.51 

1.46 

-0.18 

12 

Experiment 

26 :!: 5 lleV / 1B/ 

54 :!: 7 .MeV 1181 

-
o.a keV flBI 

0.19:!:0.07:g:~~ /19/ 

t?>n~ 
4.o·'<:!> ,,..1 

0.615 

-4.51 

+0.26 

-0.17 

-3.8 

-

,.,7. 
. '" .... ~ c 1'1! 

6.15 

-4.51 

+1.7 

-1.42 

1.92 

l 
l 
I 

The matrix element of :n{- Rj' on the mass-shell of photons in 
a general case is 117/ 

f. ct.. 

M14~(7rK•JT() =-f;_ Trv F ... <S.t): (4.1) 

where 

T ~~~ = ( 'l1 P,) 9~fl flv .,. (~_, f:) Cj,, Rt' - 9J-Iv CP, !f,)f ~ q,_) - P,,., ~~~ ( ~ ~2) 

Tr~ = ~fl" q,,'t-2 - 'ln1 'ttt'' 
j:u. (~-t)- are the form factors defined by inner structure of :ii: -

meson, o n are momenta of initial and final photons, n n are -,., ,7J. r, ~ r2. 
momenta of initial and final 1L -mesons. 

2. 2 
b" :: ( P, ~ ~) : (P, • 'tJ 
t ~ (P,- P.}L = (lJ.,- 'f,_Jl. 

Electric and magnetic polarizabilities of ~ -mesons can be 
with the form factors F by the following relations/171: 

F, ( m::_ o\ + F2 < m; o) 
J..JT :- I ' 

rYI'h 

psr = Fd ro;,o) 
m:r. 

connected 

(4.2) 

The diagrams defininG the 711 - JT¥ amplitudes are presented in 
table 4. we take into account the diagrams with intermediate scalar, 
vector and axial-mesons along with the box ones. 

Note that F~ receives contribution only from the diagrams with 
intermediate vectors and axials. 

The form factors F1, 2 (m~,o) can be written in the form 

F a. If . L A ~ ,\ 
1 (m1r.OJ = F ( tTlJr, o) t- F, (mlf. o, (4•3) 

Fz. (ml, o) = f 8
cx (m;, o) t F5(m;r,o) + Fl.A(mn~o) - F"'c m.;. o) . 

Disregarding the 1i -meson mass ( m} /.~ti\L =0. 02 ), con tri but ions from 
different diagrams can be written as 

F:."co,o) =-a. .lr7i h.JT -t/9 8co)/GN 

F:~x (o,o) =- oL· 4IT hJT. f0/9 gro)l Cl\2 

s .s /~----

F11"~ (0.0) = F:n---(o_o) = ~- f/spp co) fJs1fco) D'!. (o) 
~-J~E I 

I :i 

(4.4) 



r -4 coo) =-d.'· 4-11 h:;; m}, ''/2.1 (a to)/A)2 h4, Da, (o) r, i7' ' 

F/n• fo.o)::: Q(.. +" h:J[ l/9 aro) C.'o> ha, Da... (o) 

F/xc (~o) =-d.. +:JI h:Jr m; · 1jg rato)/A) 2 h
11 

D:f. ro) 
F/ xo fO.. o) = .A. • 4n fur 2j3. ct. to) C,'"> h:1. 0. rc) 

F"',;; (QD) = ~-. · J;Ji hr m?, 213 (atcJ/A)z A_, D.P to) 
F"J" (o_ oJ: -0( • J,.:J[ lm tn) · 2 (a..tcJIA)z h&<.J Dw (O) · 

Here O;t (pl) is a full propagator of meson X • The explicit form 
of h, DJ( rc) for $,~A -mesons is given in Table 2. The constants 
q51,.tc) and lJsu· it') are defined by formulae (3.5) and (3.6) with 
m

5
::o • The values of H and fs fixed in the previous section are 

used in the 9spp and 'is~( calculations. 
Substituting (4.3) and (4.4) into (4.2), one gets the values for 

the electric and magnetic polarizabili ties of :IT~ and IT" -mesons. One 
can see from (4.4) that d.r. and forr depend on the E. -meson mass. 
This dependence is plotted in fig. 8. 

The contributions to electric and magnetic polarizabilities of 
J7f and R" mesons from different diagrams and the final value for 

these parameters with me;..: 730 MeV are presented in table 4. One 
can see (Table 4) that diagrams with intermediate scalar mesons 
give the main contribution to the :it." meson polarizability. The small 
val uP. n"f thP jj~ -mPRnn PlP~t:T'i~ !'t:'ll!!"i~~-'b'!.!i't~,.. '!.~ ~!:~:!.~:!.~~'! ~:; ~'..!t'..!~l 

concellation of the contributions from the box diagram and the diag
rams with intermediate scalar mesons in accordance with the Adler 
condition (3.4). The full concellation does not take place because 
of the inclusion of the .t (980 )-meson along with the e (130 )-one. 
The vector and axial intermediate mesons were considered apart from 
the scalar ones. Intermediate 4J (780), f

1 
(1285)-mesons are seen from 

table 4 to play a rather important role in the description of ~"

polarizability. 
One can see from table 4 that the obtained value for d..,,+ is 

close to that from / 41. The quantity (rJ.H+~f>:/1+)= 0.24•1o-43 cm3 
is small and positive, which is in agreement with the results of the 
approach based on the dispersion sum rules/61. Deviation of this value 
from zero is caused by the vector and axial vector contributions. 

Thus, the electric and magnetic polarizabilities of ~· and n~ 

mesons have been calculated in the Quark Confinement Model. The mat
rix element of .770 -... IT0 was calculated taking account of the diag
rams with intermediate scalar, vector and axial states. Diagrams with 
intermediate c(730)-meson turned out to play the main role in the cal-

14 
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820 

culation of d~ and foK • The obtained results are in satisfactory 
agreement with experimental data and are not in contradiction with 
the results of other approaches. 

In conclusion the authors would like to thank s.B.Gerasimov, 
A.B.Govorkov and M.K.Volkov for many useful discussions. 
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AsaKflH E.3; H AP· E2-88-519 
0onflpH3yeMOCTb u-Me30HOB B MOAenH KOH~aHHMHPOSaHH~X KBapKOB 

3neKTpH4eCKHe arr H MarHHTH~e 8l1 nonflpH3yeMOCTI-1 l1 + H rr "-Me30H08 B~4HCne
H~ B MOAenH KOH~HHMHposaHH~X KBapKOB. Y4TeH~ AHarpaMM~ C npoMe*YT04H~MH BeK
TOP~MH, aKCHanbHo-BeKTOp~MH H CKanflpH~MH Me30HaMH. 0Ka3anOCb 0 4TO npoMe*y
T04H~e CKanflp~ COCTOflHHfl BHOCflT Cy~eCTBeHH~H BKnaA B 3neKTPH4eCKY~ MarHHT

. HYIO fl0nllpH3YeMOCTH nHOHOB. 0ony4eH~ cneAY~He 3Ha4eHHII Anfl au 11 fjrr : 

o. 6 -43 3 n 8'· -43 3 a,; = ., . 0 · 10 CM p 11t = -}, ., · 1 0 CM 

a,o = -0,18·10- 43 cM 3
· f3,o = 1,92·10-43 cM 3

• 

Bw4HcneH~ WHPHH~ cHnbH~x (ao(980) .. uq, fo(975) .. "", •t730I) .. rrrr•) 11 paAI-1a
LI1-10HH~x (l\J( 980) , fO ( 975) , <( 7}01)- yy) pacnaAOB CKanRpH~X MeaOHOB. flony4eHH~e 

peaynbTao~ YAOBneTBOPHTenbHO cornacy~TCR C 3KCnepHMeHTanbH~MH AaHH~MH. 

Pa6oTa B~nonHeHa B na6opaTopHH TeopeTH4eCKOH ~11311K11 OHRH. 

llpenp~T 06toe.nHHeiUforo HHcnhyTa ~~,nepHbllt HccnellO&aHHH . .lly6ua 1988 

Avakyan E.Z. et al. E2-88-519 
Polarlzablllty of w-Mesons ln the Quark Confinement Model 

The electric a" and magnetic flu polarlzabll !ties are calculated ln the 
Quark Conflmenet Model (QCM) .The diagrams wlth vector, scalar and axial 
Intermediate states are taken Into account. It Is found that Intermediate 
scalar mesons give an essential contribution to electric and magnetic pola
rlzablllties of pions. The following values for a" and 13" are obtained: 

a-rt= lt.o6'·10- 43 .cm 3 f3"t.;. -3.84·10- 43 cm 3 

1 o = -0.18·10-43 cma no = 1.92 ·10- 43 cm 3 . 
l1 '"'" 

The widths of strong ( ao (980) .. "'I, f o (975) .. "" , <(730) .. "") and radia
tive (a~(980), r 0 1980),d730) .. yy) decays are calculated. The results are 
obtained to be Jn satisfactory agreement with experimental data. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, J INR. 
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