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NUCIEPCHOHHME [NPABUJIA CyMM AJA AMINUTYZR

PAIMALMOHHHX IIEPEXONOB B KBAPKOHU

[IpeAnioxaH CHOCO6 [ONYYEHUA AWCIEPCUOHHHX IIPABUI CYMM
I8 aMIAMTYA PaZMaLUOHHHX IIoDPSXOA0B B KBAPKOHMY (cE,BEV..),
OCHOBaHHH Ha aCHUMITOTHYECKOH{ CBOOOAEe HA MAJHX pAcCTOAHUAX B
KBAHTOBO} XPOMOJAMHAMUKE U H& SHANUTUYHOCTK. ITU MPABUIE CYMM
NO3BOJANT MOZEIHbHO-HE3aBUCUMHM OCPA30M OLEHUTE: AMIIKTY Ah
PaZualMOHHHX TNEepeXoX0B. X BHBOZ OCHOBAH HA BHYUCAEHWUN HA
MAIHX PaCCTOSHUAX TPEYTOAbHO{ BAKYYMHOA aMIAMTY W, MHAYIHAPO=-
BAHHON TOKaMu THAMENHX KBADKOB C COOTBETCTBYDUMMN KBAHTOBHMU
quciaMn Ovc ; N Ha nocienybueM MCHNOJB30BAHMU AHAAUTHYECKUX
CBOMCTB 2TOl aMIAMTYZL [0 ZABYM KUHEMATUYECKUM MHBADUAHTAM.
B KauecTBe NpMMepa 3TU NpaBuiia CyMM NOJYYeHH AJA 3JEKTPUYECKUX
IUMOJBHHEX IepexoZoB 320 ‘*355 . [IpuMeHEHuNE K YapMOHMD,
OHY HaXoZATCA B HENJNOXOM COIJIacui C UMENEUMUCH DKCIeDPUMEHTaNb-
HHMJ ZaHHHMHM IO TNepexozaMm fo»g/q,{{, \l’\—> }fo‘{ . llolyueHH TaKke
NpaBuyIa CYyMM ZJAA MAPHUTHO-ZULOJNBHHX I1ep3XOI0B 554 945,;,111314-
BOAAlME ZJA UADMOHMA K [IDOTUBODEYUN C 3IKCIEPUMEHTOM, ECJHHU
OTOXABCTBUTH ‘50 -~yPOBEHE C DPE30HAHCOM X(2,83). [Iporusopeune

CHUMAETCH, GCHH m(‘So)ES,OPa}:. lIpUBORATCH TaK¥e OLEHKH 3e-—
pOSITHOCTell TEPEX0N0B DACCMOTDEHHHX TUNOB A B -KBAPKOHMS.
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A dispersion approach is suggested to obtain sum rules fo#
the amplitudes of radiative transitions in gquarkonium ( ¢T,
bb,...) which is based on the asymptotic freedom at small dis-
tances in QCD and on the analyticity. These sum rules allow to
e; timate the amplitudes of radiative transitions in a model
independent way. Their dexrivation consists in the calculation
at small distances of the triangle vacuum amplitude induced by
heavy quark currerts with appropriate J‘Pc quantum numbers and
in the subsequent application of the analytical properties of
this amplitude on ©+ kinematical variables. As an example the
sum rules are deriveu. Tor electric dipole transitions QP,‘*‘.S .
Applied to charmonium they agree with experimental data on
70—»%3 > xy'-»fo}’ transitions. The sum Tules ave obtained
also for magnetic dipole transitions ’Si» '50 + For charmoni-
um they contradict the experiment if we identify the 15, ~level
with X(2,83%).This contradiction disappears if m(’s,) = 3,0 GeV.
The estimates are presented for the rates of radistive transi-
tions of the considered types in b - guarkonium.
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The method of dispersion sum rules in QCD developed in
Ref. [1] has appeared extremely productive for the model in-
dependent calculation of various anrihilation widths of heavy
qG-mesons or quarkonium levels ( g = Cyb,tees ) &

In this paper a certain simple generalisation of this
technique is rggested wb’ch leads o dispersion sum rules for
the amplitudes of radiative transitions between qguarkonium
levels.

Usually, these processes are treated in terms of nonrecla-
tivistic potential models so that the results are essentially
dependent on the choice of the potential. In contrast with
this treatment, here as in Ref. [1] we use only the very gene~
ral principles of asymptotic freedom and analyticity.

To extract the matrix elements of radiative transitions
between quarkonium levels with the given quantum numbers (JPC%
and (JPC)2 we consider the triangle vacuum amplitude induced
by the electromagnetic current ji? corresponding to the real

photon emission and by two g-quark currents j; and Jj,
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with guantum numbers  ( JPC)1 and ( JPC)2 respectively.

The asymptotic freedom allows to calculate this amplitude
at small distances. ( In this paper we confine ourselves to
the zeroth order on ds and neglect the gluon corrections.)
Inen, the analytical properties on two kinematicsl variables

S = p}' and S?_z'P: ( Ps and P are the external
mouenta at dq and j2 vertices ). lead to dispersion sum
rules relating tlie calculated bare amplitude to the
;i? matrix elements between physical gd - states with
(JEC)q and (JPC)2 + Following Ref. [1] we extract in these
relavions the contribution of gquarkonium levels which are
below the thresholds of the "open" q ~flavor production.
Then we use thoe parton-like approximation for the remaining
aQigher states contribution equating it to the corresponding
bare quark one.

Finally, we obbtain relations for amplitudes of those
radiative transicions beuween lowest quarkonium levels which
are delbectable a  bhave experimentally measurable rates.

The plan cf thiv paper is as follows.

first, tue general outline of sum rules derivation is

ko

shown for the slizplest electric dipole transitions between
scalar (5E$ ) and vector (351 ) quarkonium levels which we
denote 5 and V respectively. The obtained sum rules are
then applied for the transitions of this type (}0(511!5)-)%;(,
kl/'-) %,(2:'“5)X ") in charsonium and appear to be in agreement

with the available experimental data.

Purther, to demonstratc the variety of possibilities of
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our approach, we derive the analogous swa rules for magnetic
dipole transitions between vector and pseudoscalar ( 1.5., orP )]
levels. Being applied to charmonium these suw rules allow to
estimate the 5/4- + e transition rate which turns out
to agree with the simplest nonrelativistic model prediction.
In particular, both predictions drastically contradict Ghe
experimental upper bound if we identify ch, with the X(2,85)~
rescnance. Such contradiction disappears if YYI-:l,_ is some=-
what larger (&~ 3,0 GeV ).

In conclusion we discuss briefly the application of the
obtained sum rules to the radiative transitions in heavy
quarkoniums and present crude estimates of the S<»V and

V<—>P transitions rates in b ~ quarkonium ( the T ~Te60-

nance family ) .
Now we turn to derivation of the sum rules for radiative

transitions between 3P° and ’Si ( & ana VvV quarkonium

levels. For the other types of transitions the general outline

is the same .
Consider first a triangle amplitude which is the vacuua

average of the T-product of three currents :

L(paX+ Ky}
b

-A)N(KWP!, bo) = eQdedg e
x{o} T{JL(OU:“(")JH(S)} o> = N

= (5}’-\) - %\’)ﬂ (S.hsz))

where & is the q -quark charge; jiin aa‘xrq‘ is the
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electromagnetic curre:nt, corresponding to the real photon
enission with momentum K ; j, = q‘.q“ and o Cfia’,q‘

are quark scalar and vector currents ( sum over color indices}s
P14 and Pz are the external momenta at iq and g, vertu-
ces ( P:;z = 54,2 ) respectively.

e suppose that dq and ;12 have nonvanishirzg matrix
elements only between vacuum and those hadron states wkich
contain pairs of heavy quarks q@ . Transitions into hadroms,
containing only quarks of other flavors are negligible due to
the well known 021 rule.

A small §y and S, ( Sq,,<<M° , M is the quark
mass ) the amplitude A(S.,S;) corresponds to highly virtu-
al vacuum fluctuations taxing place at distances =~ i/2am
aaeh smaller than the mean hadron size ( the confinement
lenzth ) . At such distances the strong interaction is wecken-
ed and is characterized in QCD by the quark gluon constant

odg 2 C,2 ( see for example Ref. ['l_] ) « In zeroth order on
g the amplitude Q is determined by the triangle q-quark
Feynman diagram showu in Fig. 1 . We denote by '

° K o
ﬁ;w = (8}»\[" %’)ﬁ(&,ﬁz)

the contribution of this diagram. 4
o N
Since the ﬂ(Sq.Sz) ~ f (51,51_) approximation is
valid in a certain small but finite region near §¢=S,=0

the following eQuations take place!?

L3 .~ o
250 Pas Aloo) x T Vs il0) @
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al n and Xk not too large. If Zgs. (2) were true for ail

n and k it would mean the coincidence of J} and ﬁo

in the whole region of &; and S, . This is in fact
impossible .since at too large positive values of S; andfor S,
( at large distances ) the asymptobtic freedom is des“royed
and the zeroth approximation on o is inapplicable.

To proceed, we use the analytical properties of ».,Dl and
ﬁo on two kinematical variabiles S, and S, . The ampli-
tude \Q defined by 5q.(1) corresponds to the physical vacuuw
fluctuations and its imaginary part on S35 ( S, ) is determineu
by the physical scalar ( vector) intermediate states : resonzn

ces ( the lowest and radially excited levels of quarkonium)
and two~ or many-particle states containing q-flavored hadron
pairs.

Ve confine ourselves to the case when there is one S -
=level ( two V =levels ) of Quarkonium below the threshold
of g-flavor production 5,(S;)<S, with mass Mg (Mv,Mmy")
so that My < Mg<my’ . ( Such situation takes place in
the charmonium spectroscopy where & is the Xo(3415) -
-meson and V(Vl) is the 5/4'(4") ewieson .« ) The deriva-
tion presented further is easily modified for more complicated
lay~-out of the states below threshold.

Applying the unitarity condition twice, first on &4 and
then on S, , we obtain the following representation of the
double imaginary part y(s4,sz).=.=1msz Img 4‘A of the
amplitude ﬂ :



(84,5, =n2eQ§ (5>VY)gv m?&’(s;—m?) +
FF(VSY) av' 3 (8- gsmE 3(8s-Ms ) +
+_§)C(5A:52.)-

(3

where g and F determine the following matrix elements:
mszgs =014l 5> me733v= LoljaglV>
Vemeay =<oljzplV'>

. 1
( \/’, Vj’ are the wave functions of the vector mesons )

msVp (o - %%)_3(5» Vy) = SV

4

)]
W 2 K T ‘ = o '
msly (s~ B2E)3 (V>5¢) = <SILTND
so that 3“_(5"*"'\[6’) and 3(\]'—%5() are the invariant
amplitudes of S § and \/‘-> S+h’ radiative transitions.

The corresponding nsition rates are

v

P(soVy) = 4468 | TV T ms (4 —) 6)

F(\/"Sl{)- ""’lQ la—(\l ’SK)‘ ms(i— mu. (7

Note that these amplitudes in terms of nonrelativistic poten-

tial models are proportional to the overlap integrals:




F(s>Vy) ~ @ | Rs(2)Rolt) Pole -

F(V25y) ~w' R (1) Rp(x) ol
where W=WmMg-My ’ wl-__-_ mv'_ms; RP and R’S(RIS) ure

the .radial wave functions of 2P, and ?é(ﬁéﬁ) -levels
respectively. As for Bv s 9\{' and gs , these constants
are proportional to Rg(0) , Rg(o) ana fRp(0) .

Lastly, the fF(SQ'SQ) in Eq. (3) denotes the total
contribution of the intermediate states which are above the
g~flavor production threshold into the double imagina:y part
of the amplitude S . The set of these states with quantum
numbers 17~ ( 0** ) including both higher quarkonium levels
( as V“ , f; etc. in our case ) and conbinuum of states
containing pairs of b =~ flavored hadrons is called
continuum and denoted (, ( Cs) be low.

Defined in this way,the spectral function ‘Pc(su.sz)
includes amplitudes of complicated and experimentally un-
observable transitions of the foliowing types : CS->V(V‘)+‘[ ,
Cv>5+Y » Cv>Cs+y s Cs—>Cv+Y  (see Fig.2).

The next step is to postulate the validity of double
dispersion relations with n ( k ) subtractions on S, (S;)
for the amplitude A at $4=5,=0 and apply the repre-

sentation (3). Then the following expression for the l.h.s.

of Eq.(2) emerges:



T o hlo0)- (25 X;‘fms 5)-

K'h‘
- eQF (S+VY)gvys eQ?(V»Sx) 3\/35 (9
my“mi" N mzE mar s

ae |23 ‘““ A3t 0(s,,52).

+ Ktd
sﬂ-

The calculation of the r.h.s. of Eq.(2) determined by
the triangle -diagra.m in Fig.Y gives the following result
whiclh is also convinient to express in a form of double

dispersion integral :

AP e K0,0) - L] "‘%ﬂj‘*ﬁ; §605),
HYm? 2 42

(10)

‘5)(34.5?,) ueG""sL{QV (4-v ){)’““V]S(si Ss2)

where \(-E.! 1 ~{W‘

The origin of the @ - function in Eq.(10) is easy to
understand if we proceed from the imaginary part of the tri-
angle diagram on one of the variables 54 or SA, ( when
two internal quark lines are on vhe mass shell ) and then
do the analytical continuation on the other . The only singu-
larit& which emerges as a result of this continuation is the
pole at S; = SL ( corresponding to the third intermal
quark line on the mass shell ) . The absence of any anomalous
threshold for this triangle diagram is guaranteed by the fact

10




that one of its exterual masses is equal to zero viz. the
photon mass ( k=0 e

Finally, equating the r.h.s. of Bgs., (9) and (10}
according to Egq.(2) , we obtain at various n and k a set
of double dispersicn sum rules relating the integrals over
physical and bare quark states.

The practical use of these sum rules becomes possible
if one can estimate the contribution or continuums CV and
Cs eiven by the integral from y°fsi,$1) in #g. (9).

Following Ref.{1) we adopt the simplest hypothesis that
this integ.r,al can be approximated by the integral from the
bare spectral function ‘?O(SA,SZ) ( corresponding to the
free quark intermediate states ) taken over the S$1.%, >8,

region. Then the sum rules take the following final form:

?(Sa\lﬂ + k.g%)(%f%(vhsm =

2K 4 S0 So
_ my W\?éh ij aAs, S (S
= gv3s 5m4 NH f 4 J" 4
Hm™™2 4 (11)

3 -4 dav
*tgg ( ) Jvalviv) (gv v i),

- where VO = \[ i-umz/so -

Note that the parton-like approximation that we have
used may be more crude tham the analogous approximation
applied in Ref.[1] . Strictly speaking, we equate imtegrals
taken not only from different spectral functions yc and

11




yo but also over different integration regions. The reason is
that some of the complicated diagrams of 2v~= Cs+YX ,
Cg —>Cyr X transitions contributing to the spectral
function P*(%(,%,) ( see Fig.2d ) may have anomalous
thresholds at $4 <8¢ or Sy < So . The detailed
Giscussion of these diagrams is however ovt of scope of this
paper.

Now we turn to applying the obtained sum rules (711)
for the main SV radiative transitions in charmonium
Ao (3118) > Vpty , W > poBNS)+Y .

Taking from Ref.[1] the values of gy = g 9/¢ =0,13,
3\:': 914; =0,075 , gg= §y° =0,705 and M = m, =
1,25 + 1,30 GeV  along with my = My, = 3,095 GeV,

My = My = 3,685 GeV and charm threshold |So = 3,7 GeV,
we obtain fzom q.(11) the sum rules for amplitudes F =

= ?( Yo j/xy X) and EF = g(q,_,rxox) in numerical form.
They are present. .n Table 1 at n,k < 4,

Recall that the value of the c¢-guark mass which we have
used[ﬂis in fact the mass at small distances or the current
quark mass. The values of g% and Qv accord:.nc- to their

definition (4) are determined by the 5/4: and t}’ leptonic

widths:

[(V-e'e) = s QSV (12)

while the value of §14° is estimated 0] from the diangle
sum rules for the < j,i; > product since this constant has

no direct physical meaning.

12



kKaking use of the available éxperimental data (2] :

B(Xo+rJpY) =3,3£1,0% , B(Y'>Xo¥ ) =7 22%,
r%ot( qﬂ ) = 228 4 56 keV and of the theoretical estimate[qj
I%ot( Lo ) €5 LieV, we obtain frow Eqs. (©6)=-(7) the following

experimental values of amplitudes

\Fl=044x020 , 1F1=0,2552048 (45

which are to be compared with those estimated from our sum
rules. The last values obtained by the solution of the rela$i-
ons of Table 1 at definite n and k,k+1 are presented in
Table 2 .

In spite of the approximate character of these estimates
their agreement with experiment is rather good ( within experi-
mental errors ) at n,k€4 and is violated for higher moments.
This last circv-stance is natural since as it has been noted
earlier the zeroth order on d% is inapplicable at large n
and k .+ At the same time, the parton-like approximation of
the continuum is improved for large moments since it gives
decreasing relative contribution into the total intezral over
physical states while n + k  increases . For example, in the
cage considered above this contribution is equal to =5F,30,
20,10,5% at n + k = 2,3,4,5,5 respectively. Therefore, we
may assume that at certain optimal n and k the sum rules

are most reliable. In our case we expect it to be at =n,k = )

2,3 or n+ k = 4,5,6 ., However this assumption is difficult

to test since experimental errors in (13) are still iarge.

13



Note the high sensitivity of the obtained sum rules to
th2 ¢ - quark macs value. The best agrecment with experiment
secms to be achieved at Mg, = 1,30 GeV . We also draw
attention to the different signs of the TF and 37’ at
n+ k 24 . This fact maybe is not occasional but corresponds
in terms of the nonrelativistic potential approach to the
different signs of the overlap integrals ( see Eq.(8) ).

Now we shall derive the analogous sum rules for the mag-
netic dipole transitions between 35_{ and *S. ( Vand P 3
quarkonjum levels. The other types of radiative transitions

will be comnsidered elsewhere.

‘We assume that below the q ~ flavor threshsid there are
two pseudoscalar resonances P ana P' with masses Mp and
Mp! so that Mp< My < Mp'g My! and four VP

transitions are possible.

We proceed from a triangle amplitude

A (KiPap2) = € pvap Kaprg H7(S0:5)

analogous to that defined in Eg. (1) .This amplitude is induc-
ed by quark currents jj‘m( K.),j?l(PQ.-:Lqibfsqi and 321)(?3)'-'?\{"‘{&
{( the corresponding external momenta are in parentheses ).
Arplying to the amplitude f)s the above described procedures
of calculation at small distances, ahalytical continuation on
S1= P:(L and S, = P: and parton-like approximation of

the continuum, we obtain the following sum rules :

4%




145 + (32) (55) T 00
(3:)( )“{ar(\f;m; (84) 225

el V , (14)

( )2 Ivdv(i—vz)'_\%—‘%’,,

where m{fgp=<o(3flf> , N%'gp’=<°)jis‘f'>

me Epyap Vo Kapep F (V> Pg) =<8 WD sy

etc. The transition rates are determined by the amplitudes

F(V~> PK) ete. as follows :
2. ZW3 2 3
TP = 22 |3 (POl 5 (- 0) o

2. 2 ) 2z 2
(FaVy) = 38 | F(Fsvp)| e (- 08), am

The considered lay-out of the lowest pseudoscalar levels
is expected for charmonium where P is the . and P ' is the
rl“' » However, the reliable information on these levels and
on the magnetic dipole transitions relating them to U/q, and

L}' is yet absent.
Recall that the simplest nonrelativistic model gives:
FW>1ex) = F(isdpy)= 0, FLW>1y) = F(% »1el)
( see for example Ref[5] Je At least we can suppose that the
Lirst three amplitudes do not exceed the last one .

15
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Then noticing that these three amplitudes enter the l.h.s. of
EqQ. (13) with coefficients less than unit ( in fact 9¢'< 334
and we can assume that 3"11/811.; o~ 3""/8 3/ ). we may
leave there only the amplitude F ( d/‘-}’-*"'lc h’) and estimate
its order of value. Here two possibilities are worth
discussing:

Te m,lc= 2,83 GeV i.e. the Ne is identified with the
mysterious X(2,83) - resonance which haz been observed in
et > N - 5Y. [4), 1n this case the diangle sum rules
obtained in Ref. [1] lead to the following estimate Jgne ™~
> 0,09 . With this value of 8"1“ B9.(13) gives at n,k=2,3
the prediction for the 3:—(9’/4:-» Qck) in the following limits:

F(+1eY) = 4,3
corresponding to the width
60 keV

T{W>Ney) =42 ¢ Cs1

244

.which is much larger than the exp-rimental upper bound

T(I->XY) < 1,2 - L (W) =1,2 kev.  (18)
2. M Ne = 5,0 GeV . Then we have[ J g"lﬁ = 0,13
and our prediction is
F(Ny»qey) = 5,2 25,7
which is close to that obtained at M-pl,_.—. 2,83 GeV but gives
a nmuch smaller width
T (34 21X = 1,7 = 3,3 kev
due to a reduced phase space in Eg.(16). The last value is
of the same order as the experimental bound (18).
It is interesting to note that both estimates of the

16
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amplitude F(I/¢ *"[e)’) are close to the prediction of
the simplest nonrelativistic model of magnetic dipole tran-

sition ( see for example 2ef.[1]).

Recall that the conclusion about ™pu. being close to
3,0 GeV was also obtained in Ref.[p:]as & result of detailed
analysis of certain diangle sum rules with the account of
gluon corrections.

In conclusion we will briefly discuss the application of
the obtained results to the heavy quarkoniums ( q = Dybyessde
On general grounds we expect that the sum rules in the form
obtained above are less reliable in these cases. The reason
is that while the quark mass increases, the threshold of
quark pair production and that of the physical continuum
( QWF and S, vrespectively ) get closer. Hence, the
relative contribution of the continuum into the dispersion
integrals increases. For example at ?n:YnﬁﬁAWB GeV the
parton-like‘estimates of this contribution into the sum rules
(11) and (14) give 80,65,60 % and #40,35,30 % at n + k =
= 4,5,6 respectively. So the possible deviation of these
estimates from a true value of the continuum contribution
may be considerable.

To reach some independence of the accuracy of the
continuur estimates we need to conslder higher momenté of the
sum rules ( n,k>> 4 ) for which the zeroth approximatioun on

o is already inapplicable and relevant gluon corrections
are to be accounted. Recall that for heaﬁy quarks there arc

specific  "Coulomb" gluon corrections { see Ref. [7:]) .

17
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dere we confine ourselves to the use of the sum rules in the
zeroth order on olg ziven by q.(11) and (14) . The esti-
mates of transition amp.itudes obtained in this way may be
only of a correct order of value.
In particular we will estimate the amplitudes of the main

S «»V transitions in b - Quarkonium. We use the b -
-quark mass value M = M = 4,65 GeV obtained in Ref.[7]
and the followingz parameters of T and \f'—resonances :

m~y = 5,46 GeV , My'= 10,01 GeV , 9y = 0,07, g-f'=
= 0,04 ( the values of constants 8'{"‘!" are determined by
means of BEg.( 12) from tae Y . Y lc;ptonic widths; the expe-
rimental information on these resonances is taken from Ref.[8].
Assuming that h']”)?.-’ 9,7 GeV , 31% 231‘ ( X% is 'the lowest
3Po -level of b-quarkonium) and J-é‘o =11,C0GeV( the b-flavor
threshold) and neglecting the contribution of Y“ we obtain
from Eq.(( 11) at n,x = 2,3 : ,

F(xe>Yy) T o, , 3-'(T+)‘s)f) £ 0,625

These amplitudes accordinz to Egs.(5),(7) correspond to the

w

foliowing widths:
I‘(Xb"’f]’) 22,7 keV, T(YL’X“‘) 2 0,4 keV

e may estimate also the rate of the main magnebtic dipole
transition X - NeY ( where N¢ is the b-quark analogue
of the "!(‘_ ) leaving in Eg. (14) only the amplitude
F(L> Me 5) and assuring that fyp = 9,40 GeV, Ing >3y
Then r(f é"]%\’)‘.‘.‘.’10 =0 keV .

The author is g;ré‘ceful to V.A.Hovikov, L.B.Okun, M.A.
Shifman, I-,i.B.Volos'nin, iL.I.Vysotsky and .V.I.Zakharov for

valuable discussions aod con:mex'}v.:.
18



Table 1 . The sum rules
of the Xo- /4¥ and

for the amplitudes F and 3:"

)
‘¢ » XX transitions.

The r.h.s. of Bq.(11) The l.h.s. of £9.(11) at Me=
A = 1,25 GeV ( ™Me = 1,50 Gev)
k ni 1 2 3 4
F o+ o044 F 0,45 0,535 0,64 0,825
. (0,36) (0,41)  (0,40)  (G,55)
2| F + 0,297 o,44  C,5% 0,63 ‘5?59
(0,34) (0,38)  (0,45)  (0,535)
3{F + 0,20F 0,43 0,56 0,73 - 0,995
(6,31) (0,37) (0,46)  (0,57)
4| F + 0,4u3" 0,46 0,60 0,82 1,13
(6,31) (0,375) (0,47) (0,02)

1
Table 2. The amplitudes F and JF obtained by the

solution of Table 1 relations at various n and k ) and

( me = '),30 Gev )

at me = 1,25 Gev

K=1,2 k=23 k=34
a k3 F' F F' F F'
1 C,41 0,08 0,41 0,11 0,53 ~0,5
(0,29) | (0,17) | (0,24) | €©,3%) | (0,31) ! (-0,05)
2 0,36 0,42 0,65 | -0,33 0,70 | -0,67
(0,31) | (0,25) | (0,41) | (0,41 | (0,37) ! (~0,08)
3 0,77 | =0,33 0,84 | -0,55 1,03 | -1,50
0,43) | (0,08) | (0,48) |(=0,71) | (0,49) | (=0,717)
4 1,05 | =0,54 1,16 | -1,20 1,44 | -2,25
(0,57) | (-0,04) | (0,60) | (=0,17) | (0,74) | (-0,83)
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Fig.1

FIGURE CAPTIONS

The Feynman diagram corresponding to the zeroth

approximation on olg of the amplitude (1) .

The graphical representation of tre r.h.s. of Eq.(3):
the diagran (a) ( (b) - (d) ) corresponds to the

resonance contributions ( to the continuum contribu-

tion J’c(-%. S2)).
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