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ABSTRACT

The wave functions of the pseudoscalar and vector mesons
k2
A 5 2 K. W ) are found using the QCD sum rules.and
used for the calculation of the heavy guarkonium two-particle

decay widtha,



I. Introduction,

To describe quentitatively the heawvy particle exclusive de-
cﬁys /1-3/ one needs to know the corresponding wave functions
of the light mesons ( W,X,@... ), The two-particle wave func-"
tions (w.f.}xQLK{) describe the distribution of the meson lon-
gitudinal momentum between the constituents, P= ?1+?1}

2%=¥0, Pzl Tyl fesee.

In the prev1nus paper /4/ we have calculated few first mo-
ments (7-’\ b 311\}"1 \?ﬂ'ﬂ of the W -meson w.f, using the.
method of the an sum rules developed im /5/. The model .\ -
meson w.T. hae been proposed in /4/ which fulfils sumil taneous-
13 QGD sum rules and leads to the preﬁictlons for the strong
( j:'%'l“; W ) /3/,electromagnetic e g "%" >WW ) /3/ end
weak ( D > KXW ) /6/ decays of heavy mesons Wwhich egree
with the experimental data.

It ig the goal of the present paper to extend the above
method /4/ for finding the w.f, of strange (K-meson) and vector
particles ( ?1 i_ﬁﬂ )., In Sect.II we calculate the K-meson
w.f. teking into account the SU(3)-symmetry breaking effects,
In Seet. III the properties of the vector meson w,f. are desc-
ribed., In Sect.IV a number of applications are presented and
comparison with the experimental data on the charmonium level
decays is given,

TI, X-meson wave function.

The w.f. we are interested in is defined as follows:

QE D NENTY (w‘% =10 ket ) Sy

(1)
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Here E'\ -is the normalization point,the w.f. \Q'ﬁ(\z‘.\ and ‘Qiﬁ\j
are the SU(3)-symmetric and antisymmetric parts of the K-mesgon
: - &
w.f. 7). In the SU(3)-symmetry limit ‘%,\40 ana (3)> %xl3)
% W T
;{f"!w. In this Sect. we consider ‘Q,ﬁ(‘g w.f, { \Q“!\ﬁ will
be considered elsewhere).
Our approach is as follows, Using the QCD sum rules we celcu-

late the ratios { m} < s G L ‘L\ of the K= and N -me
LS ! 1

aon w.f. moments
i

n hE _ Won [ (2}
&Y, 24 lky Gl
SR |
We chonse then the form of the K-meson w.f. analogous to thet
AS 1
of T -meson fﬂ,j:\?“[\‘c,é-qki*f\(ﬁﬁ*%\ agnd find then the coef-
n W
ficiatete & sud B piibg the ~velues' of the mOneRTR <3N /<r1 >
. . _Ap it o7 7 5 0
and the & -meson w.f. described in /4/: \Q“ﬁ&_{)g[}}xﬂ\_ I&‘Qﬂl)f-
The application of the QCD sum rules for the calculation of
the w.f. moments is described in details in /4/. We therefore
describe bellow mainly the resulta.

Let us consider the correlator: B
B R
lli.-.ﬂz h'\.\ &\L QH. <G\IJLC.': '\‘i\\,‘i%{ K"'u 2?5?\ \ ‘ﬂl, lll'~|"-I‘J«'-'1|'|.2%;1 81'6111"] ':I\> =

Nl - .

5 s LR ‘:"" : o i‘;
I\gqh 'E‘*\t\;\q H=H-D, E);r\u{k%%r R

The' esymptotic behaviour of Ln(“\l\} at th- G{*’w ig determi-

(3)

ned in a standard way /5/ and has the form (after nhorelezation')
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The spectral density ‘Em E“U_\. ia teken in the form:
LE‘NT\ (2 < §;‘ ¢ g < R%, 1\4, m—?’r—'—-———-—@(i-im (5)
s bul 1= 3 F iu e \{Elkmai\,(\\n*}‘] "
The paremeters éw in (5) determine the duality intervals
/5/ in the corresponding channels.
In order to single out the SU(3)=aymmetry breaking effects
of interest we subtract from (4) the corresponding sum rules
for the W  =-mesom w.f. /4/. (The T -meson w.f, is comside-

k]
red known). 5o the corresponding sum rules have the form :

o SR -';u'ﬂ oy - T 1 1%{!2l
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We use the following mlues cf the matrix elements entering

(6)-(8): W< > ==41.47 Ce\ <erﬂ;.sr¢kr,.:~f~s>~—kukaw\ sl
The standard treatment of (6)=(8) (see /4/) gives:

%t/&: =LY Sakl AtV (9a)

i ¥ 3 2
% <3 \)m\__ e~ &&_? é_ﬁ_{b‘n} =0%, ‘;h:lf;@lh, (9b)
TS I AR AL T

Bhey
(9¢)

A"
G‘L@__ .__ =1 Q“ \’“‘\ =)0, Sue> 11 Gen’
ST LMD ""l'}.f.ﬂ <1r % Iy g ged

I+ is worth noting that the value Ay = TP E -111{} Qw
which was used above is~ 25% smaller then the number ﬁg =
k"h\ ‘GD‘H@E\ k{gg')w-\ﬁ 1'55“\\‘) /5/. The smaller valued{is
preffered because it gives (see (9a)): % m;“’i 1 (experi-
mentally Ln.{ﬁh— L4 ~ANS ) while ﬁg_ leads to jw\i‘ 108

The arguments in favor Ad  are given also in 197/,

The numbers (9a)-(9c) represent the main result of this

Section. Now we use these numbers for finding the coefficientos
A and B in the K-meson w.f, written in the form (see the be-

ginning of this Sect.):

\QKK?.‘ \\\\— L k’}. ﬂ\{ \&’gﬁ 4%&%{} \Q ﬁ 'tk* 15‘&&\;\ q[\iﬁ\"u i3

1 1 : mj%
A58, AGE)= AR TAW TR

Using (9b) we cbtain *
1S 2 =1 A\
'ﬂ‘\‘?} J".S"Qr'E',\I :'T{'(i" (D\J\L)?I*'El !Li} (11)

%lz, we mam\: (H\(a 6% am (12)

P —— Y T T L — — = = —— wm =

* We suppose that P& <ﬁu‘)\.§ 15:\4 uwS

and neglect iv.

f

1

We have also the possibility to check up the selfconsisten=-
cy of the whole approach gince the coefficients P\(r\l\} and Mjﬂl)
cen be found using (9¢) as well. This gives* (compare with

(11)):
\?mﬁ ; 3"1!&55“1\: % ki-ﬁ(ﬁ.‘-k{'* D.Llj, (13)

In summary,we have found that while %I} %.ﬁ the K-meson
w.f. is more narrow than the % -meson w.f. AsS it will be
shown latter, the general tendency is as follows: the larger
is the corresponding conatant %L ,the more narrow is the
distribution of quarks in i in this state (i.e. if %1‘?%1

then <§1'>L< (f)ﬂ_

1II. Vector meson wave functions.

In this Sect. the w.f. we dealt with are defined by the

matrix element:
OEARRAS D= e ey

1 ¥
where ET -is the polarization vector, W, =-is the vector

(14)

particle mass, the constant % is anslogous 1o h and %u
The QCD sum rules for the moments ({“} of the { -meson

w.f. have the form:
b 5]
L siw L _ Asdn
g, = &
TW %}ée In 1) L\"m"‘t\mgkma\ Lxn M“‘( 609

1w sy | Gy 4

The sum rule with W= 0 has been considered in /5/. The va=
lue of k >L00MWeV

¥ The d;;endence of the w.f. moments <?:>I“1 on J’ﬂl

determined from this sum rule (with

determined by the renormalizetion group,see f4/
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= TR .
(TG TS 2 18 167 Gov (¥ ETy= 1D Gi)/5/ 2o in excelent
agreement with the experimental data., Using the slandard fit-

ting procedure one obtains from (16) with ‘In.-.".L\‘.

H i = L47T)
Ry g TS

We don’t use here the value {Z°S because at W=2 there
are strong cancellations be%ween the various ccrntrihutinn__s
into the main power correction < ﬁki}l ( the sum of
coefficients is~ 10 times smaller than each term). In such a
situation we expect that the higher power corrections
({¢W~H\E‘S*4G\-u"f\> etc.) will be important. Indeed,it is
impossible to obtain more or leas acceptable fit from (16)
with W=2 as it stands.

Considering the K-meson w.f. in the previoua Sect. we have
shown that the coefficients P\Li“f} and %”L'i;‘tm"\ in the model w.f.
of the form (10) can be found by using not only the value<{2>
but the value <§h'> as well (see (11),(13)): Therefore,using
(17) we obtain:

{5- 1 b

& A5 A LASua\d 5

\??Lij?‘lﬂug Be\l-: T k{"{l)(ﬁ'{l& il*ﬂib\ ! \?Ek%]]‘}:ﬂ.:ﬁ kel lu" QL - )Q:Ia?( *Gil‘q( e
I3

The sum rule for the K =-meson has the form (4) but now

the term ‘%U"E ‘(mﬁ\l\,f'(‘rﬁ ‘E‘f—:}/ﬁh enters with an opposite

2

gign. Therefore,we have: i < e
] : SK/%‘I } {
% IH "
S‘E <§\HSE ﬁ{"ti.EEE\IE <21H>51 \}{1,_&5;1”2 %

The only difference between the sum rules for the \? and K

mesons is the additional factor 2 in the SU(3)-breasking terms

.
in the first case., We have . i gq/%: e ‘TL.?),
L= 4 e . !
;\E% ’é_’}_%i}_ DA Sh =0.6 . (20)
%5. <3 0g /M =ABCe <3 \34‘:1.5‘&«#1
8

] : 2 btain:
Using the ? -megon w.f. (18) and (19), (20 we obtain

0y (z, e seert) = B (1-9) (0 13w 8), (21)

Quli, he4s o’ 07 Q"D-D‘?fwm :

As one can see from (22) the \ -meson w.f, coincides with

the as:,nnptotlic one: i’?“&-“lwt 34 U“ﬂ
"

s that
Comparison of . % \ "l.(, ?? | 4 and W —meson w.f. show

R LS R TECR ASSP A <3, while kphp ko> kg

As for the expected accuracy of the results obtained above,

we discuss peparabely two questions: 1) the accuracy of the

: : : of the model
moment values <3 P /{E >‘1‘E ..+ 2) the accuracy _

wave Tunctions.

1) The point is that ghe QCD sum rules for the constants

i ith the accuracy
\ *I‘ﬂ ive the predlictions wit
&i 7 %F_ - E LELE ] ;5; E

G=20%
< 10%. We expect therefore the AcCCUrACY no worse than 15-<(

" f the
for the quantities <}-_b>;, and <?¢ >:  The accuracy ©

H 4 tter.
ratios like {3(1)!.; ((?f},ﬂ(% >F{<q >mls evidently somewhat bette

We expect it o be about 5-10%.
1 w.f. chomen above have,of

2) The precise form of the mode ‘ e
scourse,lower accuracy (especially in the region \ﬂlﬁr ;1

arguments in favour of such o form &re itg simplicity an
agreement of - the predictiona and the experimental dnta (see

/3,6,10/ and bellow).

IV Applications and conclugions.

: : R |
The w.f obtained above allow one to predict quantitatively

- M. M.
rious quarkonium decoy widths. In particular, Yo Mol
va

— —
.--.,_-.—r.—--—--—-.-—-—---l-n—
-

(from the previous page)

¥ obtained previously in 75/ «
The values ﬁ;,; and %\Q has beecn
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( Xg &8 liin ~charmonium state, ML=E:K1§'*'} decay width
has the form /2,3/:.

‘E}T LID—PM TM\ K’Mﬁ o % Ixn\ ,

1 (g a% e

F!L-

(23)

g B

H g4 1)

A-%%

!
)1— LIRS L

k3
iy

L]

where Mu is Ig— ma.ss.l"?;_kﬂ are the corresponding meson w.f.

Using (10),(12) we have:

: ,; fa
R%T Qi““w‘{r K_\ s i &1; E'i.u By (11‘*}(*\(‘)1 (

= YTy = 0%5- > -
¢ K‘inﬁ-"ﬁ* ) '!‘S“ ‘1‘:“ Oy {11“-’"?-*% \

5 L
(¥y is ?;_ - charmonium state). This number does not cont=-

24)

radicts to the experimental data /11/ *., Let's note once more
that the SU(3)-symmetry breaking influences not only the con-
stants, E"rﬁé rgﬂ ,but the w,f. \QKLﬂ*“%‘C’r} as well. The K-
meson w.T. \'?1;(3\] is more norrow than \Q‘E(ﬁ\j and just this
property compensaltes nearly the effect due to 'Ek"? %m,

Analogously,using the T - and ? -meson w,f, we hnve*:

SRR L

S P S | (25)
br (> vT ) | K 1: ki

We expect therefore: Ry b[ﬁ:,,?ﬂ > (j,[{“/ﬁ (this branching ra-
tio waa not measured up to now) « Let us point out also that

the %9 -state with the helicity ﬁ\:f}. can decay into pair
of the ?5- -megons with \\h\‘-'i. while ¥, =-state and %, -state

S A T S S ——— i i - S S S o T S - ——— -

et us note that the naive estimates like those in 11/

give:

- Y
ol e (.gk H‘il' or (s g'7) (N L
St bsE . i SRRV

and this contradicts to the experiment /11/.

10

with Y=(Q  decay only into P -

mesons with the helicity A=0. The decay ‘3[“‘1‘ g ?l ?L

:ia connected with the tensor w.f. of the ?,L -meson

<ol 1@ DR = (€, 84 €58,) §, % (28).

The properties of this w,f, are not considered yet. We expect
that OF (\11-5??)/% Ki-,,—ﬂﬂ > By (“io-'-*??)/%‘f (iu-fﬁﬂ

As for the W,X,P... -meson electromagnetic form factors,
their aaymptotlc behaviour is determined by the integrals of
the form: “’i g ¥, [\‘\l}/!ti ) So,we have (in the charmo-
nium region ﬂ‘ 10 GeN 'y .

Eg&il__gf_g_ﬁy‘?_&ﬂﬁ_}il_ (26)
ATl | R

-

In summary,we have shown that using the method of QCD sum
rules /5/ it is possible to find out the main characteristic
properties of the meson wave functions., The predictions obta-

ined with help of these wave functions are in agreement with

. the experimental data, We have find some regularity in the

wave functions properties: the larger is the corresponding
dimensional constant Iﬂ ( -f(gT rg,.;‘-sﬁ,i---),‘r.hna more narrow is
the dimensionless wave function Qi(3) ,i.e. if > ki
then <3 > < <ﬂ >_1 .  The various exclusive ampliftudes have
the form af the product of %L :11@\ where ‘im\ are
the corresponding integrals of the wave functions. Thercfore,
these two effects work in an opposite directions (if %L‘J-'Ei
then 1[\1{'1\}( Iwﬂ ) and have a tendency to compensate each
other, And which of these two effects will be more aignifi-

cant depends on the process under consideration.

B &
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