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I, Introduction

The etudy of electromagnetic mesonic interactions ailows ozne 3o
obtain further information about the inner structure of nadrorns.
Electromagnetic properties of pions at low energies are characteriged
by the finite number of parameters which are determined from the ex-
pansion of the pion-photon amplitudes over the S -quanta frequexncies.
In particular, the two-photon hadronic interactions are characterisec
by the coefficients of electric oy and magnetic Pn polerizabiiiti-
es/1/. The experimental data on the electric polarizability of a
charged JU -meson are available /2 H

dp= 6.8 2 1.4 21,8107 ca?
/3/

while those on the neutral one are to be measured in future .
Theoretical values of <y and P:T are extracted froz the amp-
litude of 7> 7Y . The knowledge of the nature of strong interac-
tions is needed for calculation of the amplitude of this process,
However, the theory of strong interactions is not yet availabdle, &2
one has to recourse to different low-ener.y approximations and mo-
dels/1'4-7/ for calculation of iﬂ and P]T. The polarizability of
7. -mesons nas been calculated by means of soft-pion tecnnigue ard
PCAC hypothesig in /4/. The electric polarizability of a neutral 7 -
megon turned out to be equal to zero in this case, while that of a
charged pion was connected with the x -parameter for JC’QDJ decnay.
Peper 72/ 15 devoted to the investigation of o and P in the fra-
mework of guantum field theory with the chiral-irvariant Lagrangians.
The contributions from all possible intermediate states to (dp +pz)
and (dn-—pﬁ) have been taken into account in the approach based on
the dispersion sum 1:-ules/6 . The values of ol; and ﬁkr have been ex-
tracted from the above sum and difference. Electric oy and magnetic
Pﬂ polarizabilities of pions have been calculated in the supercon-
ductivity-type Quark Model /7/. The results of this work indicate
that the secalar mesons play an important role in the description oI
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the 77y+ny process. The values of dr and Py obtained is the frame-
work of the approaches mentioned above are listed in Table 1.

The present work is aimed at calculating the electric oy and
magnetic fh- polarizabilities of charged and neutral % -mesons in
the Quark Confinement Model (QCM)/B/. 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 JiY -scattering and the relevant o and
Pﬂ coefficients are calculated in section IV. The contributions from
scalar, vector and axial intermediate states to the electric and mag-
netic polarizabilities of pions are studied. The intermediate & (730)-
meson turns out to play the main role in the description of 7iy»>7y.

IX. The main concepts of QCM

The QCM /8/ 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
01 '5118 UVU oeyonu a pex‘buruu&;un bueuxy. ne use l'uU uy}uuuuu 9/ .l.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 by closed quark
loops 1in 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 cdnstructed. For instance, in the case of
two=-quark mesons

Ja = 7(2,[-&)‘@ Ya -

where the matrices fé /\Q provide necessary quantum numbers. ’a= LX”;
b’ X”J” for pseudoscalar, vector and axial-vector mesons.

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

Lo : 2 Mala . (2.1)

Table 1
Approach oy +10743 cm3 dye +10743 e’
Experiment 2/ 6.8 £ 1.8 -
Experiment /3/ - 35
Soft pion technique
( Yrevg =0.41) /4 3.1 0
Chiral Theory 7%/ 5.3 -0.7
Dispersion sum rules /6/ 5.5 ¥ 0.8%2
Quark Model of Super-~
conductor Type 6.81 -1.0
QCM 4.06 -0.18
Table 2
h.T D (O) = n_”c)
/’ 4 2 o
Tpto) =~ 5 My, (/du@m)+ 4 fntu @{-H--——%)/{ u
&A% 5 4A
/7;« ;;.(0)- mv /dd— g(u) + /ML {(LL 4/\2),/, - (1+ --v)
/ /
[Ta (0)= 3 ma ( fm b)) + jom b(-v Az) (1-4) %

175 (0) = 5 [/dw"(“) t ’”5 /;m é(- w2 )(1 P

+ 4H(fdu,a1u) + ”7;' ”” )(f—“—) /2—

- 4H-z(c/;:(/¢g/¢) - 4/‘1) f[ﬂL é(- “ ”’s )u(/—ll) /a)
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where MQ is a free meson field describing a meson with quantum num=-
‘bers @ and mass ﬂ’\Q. The coupling constant gQ is defined from
the condition that the wave function renormalization constant of a
meson is equal to zero/8 H

ZQ-' 1_902/‘75 (le):O' (2.2)

where O(P} is the mass operator of the meson Mg, It is more conve-
nient to use h: 1204, /1,];) instead g in 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 S -matrix in the form

S: ‘/.0/6",,.0 Texp/;'jdl';r ;er (x)}-

Here, the time-ordered product is supposed to be the ordinary Vick's

T—product of the hadron and quark fields with the quark propagator
| -

950X Qyq (1) = Sss0 Saar (my + Brac (x)- ) Sxoxr)=
= SH' gqo,' S(x 2’/ Bmc) -

Ine gquark Iieilas mMust pe equal 10 zero AITEr tne normal ordering.

The measure d€yAc y i.e. the way of averaging of quark diag-
ramg over gluonic vacuum fields is defined as followsle/:

Jd6uac SpLM(Z) (20,2, 1Byac) .. M(Za) § (X0, 2 1Bur)]
> [d6y SplM(@)S, (2,-,) .. M) Sr(Xn- L) ]

where . P - 11)
Sa(a,-2,)= [P B
@ AP
The mass dimensional parameter /\} characterises the confinement re-
gion of quarks with flavour f
The measure of integration 016 is defined by

N = G2)- a¢-2?)+286¢2?) -
where G(Z) is called the confinement function.

The explicit form of G(Z) is yet unknown, so, one can suppose
the functions @(-2') and €(-2?) to be independent.’he functions Q(-2?)
and #(-2%) are assumed to be independent of colour and flavour

and to be unique for all quark loops; to be entire, analytical func-
tions in complex Z -plene and to decrease rather quickly both in
the Buclidean and pseudo-~Buclidean directions
4 .22
bm 124" 1ae2)] = &m;fa‘/ [8¢-29[=0
24 too 2%steo

In this paper we use the functions Qf4) and B(u) of the following
form:

. oX'E

Q) = 2 exp-ut-u)

(2.3)
) : 2exp(-di+osn). .

The dimensional model parameters Au,/\d and /\5 were fixed by
fitting the main constants of the low-energy meson physics and turned

out to be equal to /8/=

Az Auz Ag= 460 MeV, Ag= 506 MeV,

ITI. Physics of scalar mesons

The description of the O*f 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 /10/. The phenomenclogical analysis and model inves-
tigationa/7’11/ of the T, 7iIM, NV -scattering, K22/ anda K>)y¥
decays indicate the importance of taking account of intermediate
scalar states in the description of these processes. On the other
hand, the quark composition of 0" particles is not yet clear., Sca~-
lar megons are treated as two-quark states in v while the argu-
ments in favour of their four-quark structure are given in 12 . At
lagt, there is & number of articles, for exalﬁple/13/, where scalar
megons are assumed to be hybrid states or pure glueballs.

In the QCM we treat scalar mesons Q. fa,é,k) a@ two-quark
states described by the Lagrangian

St’s_gs S(x) § (%) Ag (1= ‘H’f’/")‘l(x) (3.1)

where ;\5 has the form 14/

Aa, - diag (1-1,0)
Mg, = diag (- 5, - Sin S5 -V £0385)

Me =diag (Co by, cou8, -1z $nS.) .
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Let us discuss in detsil the choice of a matrix rs" I-/Ha/A

H 2 H
defining quantum numbers of 0** mesons. For this purpose, let us con- I (ms)/l (O)
sider the diagram, fig. 1, describing a strong decay S +PP. The cor- 10
regponding structure integral calculated for zero masases of final 09
states and normalized to unity at Ms:-0 is '
. 08
IH{mS) :[I (’775)"4HI; (ms)J/IH (0) 07
{(m Jalu_ a(y) - ms / 14V ,_q]
Io (ms)= ) 4( ”"‘a(“4Az)[ bt 06
I, (ms) du.uﬁu/ * 5 ”7: K\ [ 1 [ 1+VF u J 05
f [duui(u, ) 2= /,q 0%
0.3
rS 0.2
p 0!
0 " L " i I i i i i : I i i 1 L
s s 100 300 S00 700 300 1300 1500 mg (uev)
. ~—H=0
rS '
Pig. 1 .
The L-I (m,) dependence on Mg with various values of H is plotted Fig.2
in fig. 2. One can see that Ic(ms) becomes equal to zero at /M,x1070 -
MeV, It leads to that a theoretical value of the Jf,(47¢)w 9 decay U S %@ X a)
width is to be underestimated ('~ 1 MeV) in comparison with the expe- €
rimental one lyp= (2615) MeV. This result, corresponding to the choice + =.O
of two-quark current with /g - I seems to testify in favour of a » @
more complicated structure of scalar mesons. A four-quark component | X G s
may be essential in scalar mesons. We are going to analyse this possibi- i
1lity 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- b)
meter H as a free ome. Moreover, the & -meson mass /7 and the 'y a°  «° ' G0
mixing angle 85 are also considered as free parameters in accordance v "
with the low-energy phenomenology. £
Aa the basis for fitting of the parameters H, &s and Mg we + + =O
take, first, the Adler condition’/1%/ which means that amplitudes of ¢ U @ Go
the 777> AN and 7y »7{ processes are equal to zero when 7y >0 and, v w
second, the experimental value of the  » ¥ width and J7 -scat- Fig.3



tering § -wave lengths @GF and @F . Graphically, the Adler condi-

102030405 H

tion can be presented as in fig. 3. On the QCM it is written in the g
form ‘ . n'u
g p L )ty 2 ‘ ' (2]
65 . 2/\260.!a ¢ L G~ 4HG J] Ilc l)t (o) (3.3) ‘8
B
58(0) =20 (1S, (5001852 6inSs)a@LGF 44 TR D934
O
The following notation is adopted:
G - ](wmé'/u) R j:mu— a). o
‘ o
Dc(P) is the full propagator of £ -meson. Due to the compositeness
condition (2.2) \
(o) =
h D~ , /7{ (0)

An explicit form of /76 (0) is given in table 2. For fitting H ana
s it is convenient to use the ratio of equalities (3.4) and (3.3)

. 58008 (G + 4HG™)

1

R - o |

G 1D (5Cos8s5 - V5 S Os) o :

which is independent of /7. . The matrix element of the S PP decay o |
can be written in the form: ) 3

- Is] . ‘. L o — _
dsep, T P S [Ap, Ap f ARG DU/ [ L (M) 4H Ly me) [ (3,5)

07

01 020304 05H

0

01 0203 0405 H

o

where AP and )\ are the isotopic matrices corresponding to pseudo- (&}
scalar mesons P and P, ,

The decay width for j'-) a1 is

z
—Z L )
r(fc’f.h) 321- J 4/77)7.' gr;‘;ﬂ” )
M fe ~(f. 2T H)
The dependences of R (H, $m Ss) and Q(H)Scnss) = _F'-"—‘P_(T:Ff’—) '
L]
on H for different values of gs are plotted in fig. 4. One can o | |
see the values R and Q to be close to unity if H and 85 are [ | | O
equal : 1 1
= ; . ™~ |

H = 0.27, &8s ==0.45 or O, = -27° o~ ! !

The mass of £ -meson is fixed by the condition of the best coin- . | ; 1
cidence of #IT -scattering S -wave lengths a: and et with the expe- aé‘ | i
rimental data“5 1 /. In the QCM the J7i % -scattering matrix ele- » 1
ment is defined by the diagrams, given in fig., 5 and is calculated in o : :
a atandam.i w?y. The a,,-‘ and Q\‘ dependence on the & -meson mass is OI\; A 1 .4' " N j o‘l co‘ l\: (-D, N qu: Nf ‘_:
plotted in fig. 6. e et e - e OO0 00O OO ©

0
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One can see that the best agreement with the experimental data
is achieved if
m6= 730 MeV .

In this case
C - -4
@ = 0.227 mz* Q2=-0.017 Mz -

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 0*" mesons. We should like to note
thet just the radiative decay width Qc"”‘)’ in the framework of
the two-~quark scheme is one of an arguments in favour of the four-
-quark etructure of (3,(975)-meson 2/,

The diagrams describing strong and radiative decays of scalar

mesons are presented in figs. 1 and 7. The matrix element of strong
rP
¢

s Is

Fig. 7 ?‘3""‘ f'

Annave Qa0 io AP +ha farm [
desarn S-2PP iz of the Torm {

Sayy io
M(S»y¥)= [9'“’?, 9 - 2741 Fspr’
where

/ 1
Yoyy = < /bh, A QA [ ./#La(%z”l;\"—,-) (1+u)fn

2_B) while that far the radistive one

-

t+{1-4
S
1-/1-u

4A* 1-/7-d

1
mt . met /1=
+HZ7\%3,/#LMJ(“' 5 ) b ]’ (3.6)

with ot = e’/497'- ana &- ‘[Sdlbj(z;b-f) being the charge matrix. The
widths of strong and radiative decays are given in Table 3.

IV, Polarizability of Jc -meson

Now we pass to calculation of electric and magnetic polarizabi-
lities of JT*and JT° mesons. As it has been mentioned in the introduc-
tion, these parameters are extracted from the amplitude of Compton
scattering on % -meson.

1]



Table 3
Process QCM Experiment
£ - 26 MeV 26 % 5 yev 718/
Q - 7y 59 MeV 54 % 7 uev 718/
& > 07T 300 MeV -
i 5 0.03 keV 0.8 kev 719/
+ +0.10
Q> ¥§ 0.5 keV 0.19-0.0775% 07 /19/
£ - b’J/ 0.95 keV -
Table 4
N Ln* e e
Diagram C-w3n 10-%3 cmd 40&5{’( a3 » wp"’i cnd
~0.615 -6,15 0.615 6.15
R 3
S 4,51 4.51 -4.51 -4,51
v - - +0.26 +1.7
A 0.163 1.46 -0.17 -1.42
Result 4.06 -0.18 ~3.8 1.92

12

The matrix element of 7jy~ 173’ on the mass-ghell of photons in

a general case is

it a
Mpuy (T8 = TTY) =-)_ T F, (8%). (4.1)

Q-4

where

T,'w =(9,P) 9;,4 Ryt (9_,&) ?,‘/R’l - gyu(ﬁ%)lliqz) - BH sz (9 Z)
Tr;zv = 9/‘“) % gz - 9;/ ¢2/4 ’

Fa (6,¢)- are the form factors defined by inner structure of it -
meson, 9::% are momenta of initial and final photons, P. pz are
momenta of initial and final U -mesons.

V2 2
G=(P,fq,) :(P¢"zz)
- L _ ;
t= (A-P)=(9-9).
Electric and magnetic polarizabilities of Ju -mesons can be connected
with the form factors F by the following relations 1/,
__ Fi(myz,0) %+ Fa(mjg, o)
T - my
P = Fa { Mx,0)
miy
The diagrams defining the 7y ~ Ry amplitudes are presented in
table 4. We take into account the diagrams with intermediate scalar,

(4‘2)

vector and axial-mesons along with the box ones.
Note that FL receives contribution only from the diagrams with

intermediate vectors and axials.
The form factors Fy o (My,0) can be written in the form

Fi(mx,0) = F¥(myr,0) + £*(mx,0) (4.3)

Fo (m7,0) = F?*(mz2 o)+ FS(Mr.o) +FA(my o) - F'(mz, 0) .

Disregarding the % -meson mass ("’71}/4/\" =0.02), contributions from
different diagrams can be written as

Fri (90 =< a- 47 hir 1/ 810) /6N

;f"(o,o) =-a 4T fyr. 0/9 (0 /N .09
4

n

s K3 T
Fre (0) = Frv(oo) =& Dspp (0 ys“/(/o) Dy (0)

S-‘f‘e

IJ’

13



For (00) == 45 hz mit 1/27 (@10)/A)? hg, Da, (0)
FAnr (09) = a. 477 h 2/9 G©0) G'? ho, Da, (0)
F,“xc (90)= -a. 47 hr mx - 1/g (Qw)/A)? hy, D, t0)
By:a (60)= 4 -4 hr 2/3.a00) G b, D, (g

o (QO)=~d-4x hs mit 2/3 (@ew)/a)? hy D, 1e0)
Fac (00 s-ot. 4 b mi- 2 (aersn)? he Do (0) -

Here [2i(pv is a full propagator of meson X . The explicit form
of b, Detoc) for SV A -mesons is given in Table 2. The constants
95"40) and gglrzc)are defined by formulae (3.5) and (3.6) with
mg=C e The values of A and 52 fixed in the previous section are
used in the Y,p and Ysyy calculations.

Substituting (4.3) and (4.4) into (4.2), one gets the values for
the electric and magnetic polarizabilities of #* and 7° -mesons. One
can gsee from (4.4) that oy end Py depend on the & -meson mass.
This dependence is plotted in fig. 8.

The contributions to electric and magnetic polarizabilities of

Jit and Ji° mesons from different diagrams and the final value for
these parameters with M = 730 MeV are presented in table 4. One
can see (Table 4) that diagrams with intermediate scalar mesons
give the main contribution to the &X” meson polarizability. The small

value of the F®—meann elentric polarizahility ie axnlained by mutuel
concellation of the contributions from the box diagram and the diag-
ramg 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 _fj980)-meaon along with the & (730)-one.
The vector and axial intermediate mesons were considered apart from
the scalar ones. Intermediate « (780), J6 (1285)~mesons are seen from
table 4 to play a rather important role in the description of kAN
polarizability. '
One can see from table 4 that the obtained value for #i* is
close to that from 74/, The quantity (dgt +Pg+) = 0.24°10743 cn?
is small and positive, which is in agreement with the results of the
approach based on the dispersion sum rules « Deviation of this value
from zero is caused by the vector and axial vector contributions.
Thus, the electric and magnetic polarizabilities of ' and #*
mesons have been calculated in the Quark Confinement Model. The mat-
rix element of J}f'+ )y was calculated taking account of the diag-
ramg with intermediate scalar, vector and axial states. Diagrams with
intermediate & (730)-meson turned out to play the mein role in the cal-

14
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culation of oy and By . 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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(Aaaxaﬂ E.3. u ap. E2-88-519
ﬂonnpnayeuoch 7-ME@30HOB B8 MOAENN KOHPAXHMMPOBAHHBIX KBAPKOB

dnekTpuueckmne a, W MarHuTHobe B, nonapuayemocThn 5 W 7°-Me30HOB BHuYMCNE-
Hb 8 MOIENN KOHPAHHMMPOBAHHEX KBAPKOB. YUTEHN AMArpamMMp C NPOMENY TOUHLIMM BEK-
TOPHLIMU, aKCHANbHO-BEKTOPHLIMA W CKANAPHLMKU MEe30HaMM. OKA3anoch, YTO NPOMENY-
TOUHBE CKanApHbE COCTOAHUA BHOCAT CYWECTBEHHHI BKNAA B8 INEKTPUUECKYID MArHUT-
'HYI0 NONAPM3yeMOCTH nuoHoB . flonydeHn cnepynumre 3HaueHnwn AnAa, u fB,:

= 4.06-107% cu® Byt = -3,84-107*% cu®

a o = -0,18-107%% cu® B =1,92-107% o3,

BanCneHu wnpuHe cunbHeix (2g(980) ~ #y, (4(975) » mr , €7301) ~nn) w pagna-
unorrux (3 (980) , 1,(975), (7301 - yy) pacnaqoe CKanNApHbXx Me30HoB. flonyueHHue
pe3ynbTaTw YAOBNETBOPUTENbHO COFNACYTCA € IKCAEPUMEHTANLHLIMA AAHHLIMM .

Pabota swmnionHeHa 8 JlaBopaTopun TeopeTuueckon ¢uanku OUAN.

Mpenpuur O6venMHEHHOro HHCTHTYTA AePHLIX HecneaoBanuil. [lyGHa 1988

Avakyan E.Z. et al. E2-88-519
Polarlzability of p-Mesons in the Quark Confinement Model

The electric a, and magnetic 8, polarizablilities are calculated in the
Quark Conflmenet Hode! (QCM) . The diagrams wlth vector, scalar and axial
intermedlate states are taken into account. |t s found that Intermedliate
scalar mesons glve an essential contribution to electric and magnetic pola-
rizabilities of plons. The following values for a and B, are obtalned:

a,t= 5.05110“3'cm3 Bt = -3.84-10"% ¢p?
102 -0.18:107* em® B0 =1.92 -10* cn?.

Tﬁé widths of strong (3o (980) » np, f (975) » nn, ¢(730)~ nn) and radia-
tive (ag(980), 1, (98B0),¢(730)~ yy) decays are calculated. The results are
obtained to be In satlsfactory agreement with experimental data. i

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR.
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