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ABSTRACT

The theoretical celculation of the W->PT  ana YoTY
decay widths is presented, The resulis obtained are in a rea-

sonable agreement with the experimental data.



I. Introduction.

ieneral properties of the heavy quarkonium exclusive decays
have been considered in /1-3/. It has been pointed out in /3/
that the Y » 0%  decay amplitude has the behaviour ~ M
¢ M is the heavy quark mess), while the highest possible be-
haviour of the two-particle decay emplitude is M e Maeo
(for ins.tanee,fcr X@ﬂﬂ »T% ). The Y» ' amplitude is
suppressed because the 0- meson has transverse polarization
(i.e. its helicity n\; A ) while the V- meson helicity
is,of course,equals zero. Therefore,the light quark sould tumm
gverover its helicity in Fig.1 diagram,and this leads to an
additional suppression -v_}’l,‘“M &4 of the mnplituﬂ_e.* If
the helicity is turmed over due to the gquark propagator in
Iig.1,then M 1is the quark mess ( ‘f‘i’mul{'ﬁv'\.‘j mﬂ'lau'luu"]‘m;u\'i'{}bhe@
The helicity can be turned over at large distances as well,i.e.
"ingide" the meson wave function due to a spontaneous chirsel
symmetry breaking., For the \\ - and ()k- quarks this last me-
chanism ig the main one,of course,

There are an another mechanism of the Q[f.,.,?‘i{ decay,Fig.2
connected with the 3-particle ? -megon wave function. The
quark helicities are unchanged in this case and the quarks
have opposite helicities,while \)&?\:i is due to the gluon
helicity. The additionmsl suppression of the Y>{T amplitude

This suppression is analogous to that in the X%?ﬂ
electromagnetic form fector /4=-6/,
** The virtuality of the quark propagator in the Fig.1 is
Nﬂl and therefore itas mass here is "the small distance massy

i,e, "the current mass”,



is evident in this case due to the presence uf three particles
in the ?— meson wave function. ;

We calculate in Sect,II the contributions to the ”'Fq?"ﬁ
decay emplitude of the diagrams like those at Fig.1. We note
that the (- meson mass 'W!l? plays here the role of the mass M
(see ambove),and so the characteristic mass "ﬁ " ig,in some
sense, large in this process, At first sight, it seems natural

to expect ﬂmfh‘ ~H0MWMeV, The guantity ;T is not comnec-

ted,however,with the masa scale of the chiral symmetry breaking,

The more reasonable quantity is: N“ﬁ.-mmmﬁt , where W -~
200-250MeV  ig wthe constituent queark mass" (the factor {7
is due to: ?h:ﬂ"‘-‘(ﬂf "ﬁ)/ih?:r ?‘kef Uﬂ and to turn over the
helicity can each of two quarks). Because numerically ;>
“,l*mtwi o 5‘1}“ ; the suppression factor
Mefe, = Me/M = 0.5 s

turns out to be not very small for the case of the C-=quark
( M.>1 5 6eV  is the C-quark mass).’

The naive estimate of the ratio inzahis}ﬁﬁ/\hﬁ gives:

 Lsony /| & -
%T [\W ?‘ﬁ %Tb{ﬁ-‘?ﬁ"ﬁs N?%kjﬁﬁ_\miﬁ§ 133(_ 5\'\-«5%?1

Here the factor dﬁ[‘n‘ ia due to a difference in the number

of gluons and unequal phase spaces,and the factor (}“/Mc\’jz is
due to 8 helicity flip in the W>9T  decay., The experiment
gives for the ratic (2) the number /7/: (L?..ttti)% /{‘&f}iﬁ.l\)%‘
We show bellow that instead of (2) one has really:

i LQM?M&T SR (\%R# e \ ( & } (3)

* The Y >9W% decay will be considerably suppressed already

as compared,for instance,with the Y =& Lﬁ%ﬂﬁ)v decay.

in agreement with the experimental data.
1I. The contribution to the W-‘ﬁ?‘ﬁ decay due to &

two-particle meson wave functions.

et us define the invariant d.eca:r amplitude Mo as follows:

MY 58 ) = Epane 70 01 07 Mo, o

Here: L ~is the unit entisymmetric tensor, ?}t and \3(\1
: 5
are the polarization vectors of the ? and Y - mesons, Py

- +
and Y2 are the momenta of the & meson and § meson,

We calculate in this Sect. the contribution to the YT

amplitude connected with ‘che wave fl.mctinns 71,3/ (Fsg. V) .

(G| T d D> =6, L g S&N Ry ewp(ize),
| (5)
<u\‘a@\\gv\5<u\--a\ﬂm=m:‘ ﬁmm ep\iand),

g ih{\hh\ 4

-

; ¥
< E'-BE -:Sihi\ng}: A ;
The ¥ meson wave Mctioﬂ has the form /3/:
& . = woo (6)
o\ (‘_?(\1\‘{&2\\%?)5 =y wkoﬂws‘«’—-aw ?L? ,

*
The direct calculation gives:

i ay REE R el e
Mn' -Wdy ﬂ'wwkﬁ-——;&i—?'< 5—'7{1\>‘ﬂ'< i—{1>i}>ﬂh\“ /"""\?
Lo - ¥at)= (M) -1

* mach of the one loop diagrams like those in Fig.1 include the

f 2' 2
double logarithmic temﬂwﬂ,‘n My . These contributions cancel,

‘as usuelly,in the sum of the diagrams (see /8,1/).

._----_-d_.-.-.-_-_-..
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where 'Mq, is the Y- meson mags, W - is the characteristic

infrared cut off :

L L i
< HE‘_{Z>H;?E S}i\g‘i?g&ﬂ L3

o i
The decay width Yaee expreased through the wave func-
tion “Q\.kﬂ§ (6) has the form:

VKW+€&'\: ya) W (8)

—— e

11X My

Therefore,

- 2
Pvage) 5.6k e ke L L _'z-f;_\ s
et o | W T bl 5)|

The characteristic virtuaslity of the light meson wave fun-
ctions in the charmonium decays is ﬁ ~ 500 MeV  /3/, The
WV and P- meson wave funciions at this virtuelity have been

found in /9,10/ and have the form:

Q=L DT 5 W RO esfiotk). @

We uge the following values of the parameters in (9): o!:; =
0.%5 (see bellow), %1?—&,33“{\{? QEEEDDNEW, =200 HeV.
With these values the ratio (9) is

i e ~2 (11)
T{¥>9m) Pl¥see) X140
The experimental wvalue /7/ is:

{ - = 9
e s t}/ Teal®) =37

e

P ——

It is legitimate to keep the imaginary pert in (7),as is

clear from the dispersion relation for M, in W,

We have therefore from (11)'.1

Tkwagﬂ/qh&ﬂ ~ 0-970_ ' | (12)

This number is two times smaller than the experimental va-

lue [T/ ki,ﬂ,tﬁ.i\ufa_ :
The main uncerteinty in (9) is commected with the quantity

E‘;&. Ouy chojce: 4 0.5 = %0 besed on the following
conasiderationa, Considering the }Eu@m\-—“ﬂﬁ'ﬂ decay /3/ we
pointed out that becasuse the longitudinal mementum distributi~
on of quarks in the T - meson wave function is wide enough
(see (10)),the characteristic virtuality of ome of two virtual
gluoneg in the Yo ' ~decay is: F—ﬁ’:LS‘GQ HEW\31~,, while enother
one hasg :?I?;:(NI‘—Q,S?QEHPL‘-QQE\F. Analng'cus gituation takes
place in the V>0T decay., The gluon in Fig.1 do no¥ entering
the loop has: -3?5_2(50()“&“\1 ,and ¢orreapcndingly,(&g\}if 0.h3
(we use A=~ 400 MeN ) The logarithmic contribution of the
loop in Fig.1 comes from the wide region: Kmin €K< K max
( K ie the gluon momentum), Kein=500NeV, YHHEKNQ-LG\"Ji GeV.
Therefore,the effective coupling: di(t‘"%_\( Z.; 'i-;{a,('ﬂn:,,\ul.;(h: ,,Mj’
gy (K x 013, ds(Kmar) 2023 owd (IYV=~0.008-0.4.

Finally: 3
@}\3 = 4 (Fookev)d¢l500 mev) dg(LGev) = 0.3 L (13)

Let us dwell now on the role of the SU(3)-symmetry brea-
W%
king effects and compare the decays \S{’%L"‘(K*KK\ and Qf-‘%?'ﬁ'«
The ratio has the form: :

Tivaxeakn) | mg(kte) lgqb%g s
et o e S o A
f



where the factor 0,85 is the phase space correction and 4/3

is an isotopic factor, The ratic of the amplitudes is:

_ s P 0 4
M“Rm:@“—\ mbsh ¢aveit B s
Mo(F'v) Vs g <

“,, T (S hediay

The K and K‘ meson wave functions have been found in

/10/ and have the form (at virtuality }\1:&5{2;{3 Mt‘#\:}l
Q) -’EE- (\i—ﬁ(a.k{’l a.a%} y Relz)> %(i_fxg‘h‘* o,iﬂ 3= {98}

*
Qne can see from (10),(16) that theKX- meson wave functions

are more narrow than V,Q - wave functions. Therefore,the cha-

recteristic gluon virtualities ﬂj and Eﬁ. (see above)

M
will be larger somewhat in the KX decay as compared with

that of WQ ,ond correspondingly, dx<dw  in (15), 1f
3 - oy 2
one takes for the KX decay: Qﬁ = “ﬁ_ ELWQUH‘W} then

Ly ¥l
A ©0.31  (compare with (13)), The ratios of the parameters
entering (15) are:

h ~ /0 ~ W/ =~ (17)
%“/&*im, Sfﬂ/g?-i.%, %/t = LAS.
The ratio of the infegrala is:

. B L

< L-ﬁ"\>\::~rnnuw - & -2t \?é,www
1 s U
e T (17*)
< Lo \/'qigauuw < L-32 \)g, 500 MeV
As a whole,we have:
e =
X kW%K\(*KK\] be‘“’?"ﬂ 0.6 (18)

Of course,the number (18) can not be taken too seriously.
It is important ;however, that it is the difference in the form

of the W ( ? )y and K ( K ) meson wave functions which

leads to Efﬂ{ I,E and (17'). The naive estimate 0o Eﬁ., SsBrod-

sky and P.Lepage /11/ gives:
: r L 92
IY\‘%‘#K‘EJT‘EK\ N\m;%a&,ﬁ W
v KW-&,?‘E\ Vg rl’g '((‘F 2

0.45 ~ 2. s s

that contradicts to the experiment f?f.*

IITI. J=particle wave function contributions,

As was poinfted out in the introduction,there are contributi-
ons like +that at Fig.2 connected to the 3-particle component
of the 9 ~meson wave. i‘unctinn,“ in addition to the Fig.1 di=
agrams, It seems at first sight that the Fig.2 contributions
are diminant as they are described by the Born diagram while
the Fig,1 diagram contains the loop, Using the QCD sum rules
/12/ we show bellow that the 3=-particle ? ~megon wave functi=
on is very small numerically and,as a result,the Fig.2 contri-
butions are smaller than those of Fig.1.

The J-~particle g’ -megon wave function is defined by the
thre-local matrix element *%*:

¥ let us point also that the ratio xu@“ﬂ"’??/iu@\ﬂﬂ—h'ﬁﬁ
estimated by the method of S.Brodsky and P.Lepage is equals to:
J:G?/%S:gg 1.0, %T'(iu‘}g"f) =57, and this contradicts to
the experimental data /7/; BY {1¢+ 5{?}4 By btﬂ-ﬂm\:i L“;".;_

:l g It is not difficult to see that the analogous contribution

due to the 3J-particle component of the V- meson wave function
'y 1 LD = 0.0 § e
<U\(l@}w\65@ﬂ“fu ARID = B By Yy Rarep)
is zero besause in this ceae the sum of the gluon spin pro=-

L
Jections in Pig.2 is: \E—;— %i\:g_

'u.:i.'i."b.
#2* (gee the next page)



<ol TIPS ) X WEFL 0D =By 52 S bl

L _ (20)
\Qm(liﬂz Sﬁ &M&h&h%u‘z‘i‘h\\qu(\“\\ e &"‘“ =k (‘2?}]3 ¥
Ry 29 =20=20=0)=14,

S ?L ~ig the {- meson polarization vector.with the heli=
city AN \ L %ﬁfﬁﬂc :le, %3:\ is the conatant which determines
the scale of 't;he wave function and is analogous to ’S'n' or %F
(E*“ has the dimensionality {massl} ). The dimensionless wave
function “?ah[\h i-.u_ -A in (20) describes the distribution of
quark and gluon longitudinal moments in the §- meson, 9 =% P

The diesgrams like that in F:l.g.E give the contribution to
the decay m'ﬂplltude Mo (see (7}}

m u:: i}“g A o) e 2
Qﬂ: \ <‘iﬂ':1 i*ﬂ?-?iri\ 1-1(211 L‘)> s

QITRE Wu\m&mﬂt TR \%%\1\&&3‘? &) 0,3) .

One has from (21),(8):

- |
1@ (¥ ¢v) : sov 1, \ %,,!m g \)\ ; i
B e B }

The wave functions "'%I(&} and \QUKD\ are defined by (5),(6).

sx* (from page 9) Besides,there is the 3-particle wave fun-

ction of the ?+ meson which is defined by
<D\ A\YWLQ&#GN 2 \?"‘(‘ﬂs o+ ?}'(?]“ ?i - % ?E) %aw Way L}'L?}

and corresponds to the p-wave state of two quarks. We expect,

therefore, that \Qw is no more important than \Qah (pee Appen=

dix).
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Using the QCD sum ruleﬂ /12/ we have Tound (see Appendix)
that: %ah*‘u 0.6-10 G-QN' and that the wave function “i'ap.(i,:j
don‘{dli‘fe:'s greatly from its asymptotic form: \'Qg,h{‘i \]
360§(1\L113 { ‘ﬁ’; is the longitudinal momentum fraction
carried by the gluon, X4 and Y5 =by the quarks). Using the

- \S 2
wave functions: \Q-gh‘\‘{;\x\Q}hk"iL\ and ‘Q‘E L?‘\T“TU"\I\H

one obtains for the integral in (21): < .. LoDy ]-\’5,
Substituting a1l that into (22) one has:

Tk‘!-\ \-.3(_5 ?-ﬁ\ = - 3 \ = L\ (23)
v 3 054 £ 43 d¢ £ 0.
TK\?*?-*'&\ 3 1340 « ¢
Therefore,this contribution is small as cdmpared with (11).
V., The \V“"ﬁﬂ‘é ~_decay.

The contribution of the diagram in Fig.3 with the photon
exchange into the W*T\g deca:,r amplitude is:

MQ‘EQ E‘lﬂ'}ﬁ \'\’ E‘L 1MK E \ \ %%(‘“\' < = >u‘ ; (24)

: 2
where \{H‘ ~ig the photon polarization vector, E/Li'ii:'i*'i[i'ﬂ.

The virtuality of the quark propagator in Fig.3 is: E-'i -

ji[\ﬁc?,\, 'E“'Ii’.:LE GQ"\‘?:.FL'E such a virtuality: < iA-‘?‘»T e

So,the Fig.3 contribution to tha decay probability is:

T by §y - :
: ;\“Hé‘i\ B \< \Em : =

teee T (vow)/Tial) =3 \o

whnich is considerably smaller than the experimental value/7/:
Lo =0y <9
ROSE E\AMM =(adha) 0 (26

The two-loop disgrams shown in Fig.4 contribute as well

y



into ﬂ;’.;'ﬁf’x decay, Each of the Pig.4 diagrems givea the
contribution ~ '*ﬂul My, However,the contributions ~ Q.‘nh}"\#r.
and ~ th My cancel,as usually,in the sum of the diagrams.
What is more intereating,the contributions ~ i,‘u'-.z My cancel
as well, We egtimated numerically the Fig.4 diagram contribue~

+ions into the invariant amplitude (see (24)):

Mihni‘ﬁé ig\ \ &1";:@\1 g Q'“M / Sl ':lq M'E Z< MI - (27)
Therefore,the contributions into the Y1’ \ﬁ amplitude des-
cribed by the Fig.4 diagrams and connected with the small die-
tances are small, There are,however,the contributions shown

in Pig.5 and corresponding to that region of variables in
¥ig.4, where the gquark emitting the photon has small virtuality.
The propagator of such a quark can not be taken as a perturba-
tion theory propegator. If we restrict ourselves by the Q- me-
son contribution,then we come,evidently,to the wvector dominance

model (VDM) and have:

wnhnfa\*_ ;l ﬁ:? iy

where the decay amplitude Mokﬁ-—»? ﬂqq'j is defined in (4),(7).
One can see from (28),(7) and (24) that the signs of “the VDM
and Fig,3 contributions-coincide. In the numerical calculati-

on bellow we use the experimental velue of the amplitude Mg
corresponding to: TK‘*(MM/TMM ~ 0.4 % (compare with
(12)). Then the total contribution of the Fig.3 and Fig,5 di-
sgrams into the ‘\'-‘ﬂ*’x“\& decay width is equal to:

N Y \ { 12

!. ’\df""*\ﬁ % M 2 ik, 4 s (29)
v \%%EQ‘\ | /s m + 140 ‘I"‘S.?a"iﬁ
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Finally,one has from (29):

Tl ﬂﬂah%mk*\ 3340

This number does not contradict to the experimental value (26),.

V. Conclusions.

The calculation of the ‘}i"-!r?":‘f decay width is a more
complicated problem then the calculation of the meson form
factora, ‘j:ﬂ{\'l_,,\w;j—b Y decay width,etc, The reason is in
the suppression of the W%?T decay emplitude in the Moo
limit and that is why there are a number of decay mechanisms
which compete with each other. There appears,in particular,
the contribution due to J-particle component of the ? ~Ime 901N
wave functlon.

Using the method of QCD sum rules /12/ we find out the pro=-
perties of various mesonic wave functions and using these
wave functions we calculate the W-»9W  decay width. Our re-
sults for the Y- ?ﬁ decay widjc-h are in a reasonable agre-
ement with the experimental dat;.*

We have shown also that the positive interference between
the VDM (¥ig.5) snd photon exchange (Fig.3) contributions
plays an essentiml role in the explanation of the ‘lir'-‘r-"ﬁﬂg
decay properties,

We are grateful to I.B.Ehriplovich for the useful discussion,

We have for the ‘?!{;".‘:fo%ﬂ-}?ﬁ decay .
. b by (s ee) -2
Wy o
\ P G 5oWN) — > 640 | :
By \\?—r‘gﬂ QH.A by b’ S w &y L\‘i\"#‘gé-} -
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APPENDIX

We describe bellow the application of the QCD sum rules/12/
to the determination of the 3J=particle f -meson wave funce
tion PIGFEI‘tiEHn*

The matrix element in (20) is determined by the constant
%3;\ in the local limit EL‘—;— 2y = Z,=0, . In order to deter=

mine the wvalue of this constant we consider the correlator:

Sk %h L @_ﬂ‘ﬁ@i‘a‘\- 1.0 V@ oS =

N %\1 Y\Ecﬁkﬁﬁw ¥ gﬂ.%ﬁ; ~ f\sﬂ(‘? %qajg J Liﬁ R

L o
1

(A1)
F o g A o) ) 2
O =] W0 Cu D THRE AW IS S, 850,

where Sy is an arbitrary lightlike vector. The QCD sum Tu-

le for the constant Sg-” has the form (PFige.6,7, E-}

SRR N

+.
: e
59 La WA | d¢ i\w * E\l‘d\
i W agely. e B,
The standard treatment gives:
-D 5
Ny 56 407 GV | (43)

= The method of using the QCD sum rulea for determination of
wave function properties is described in /9/. In this Appen-

dix we give therefore the results only.

14

The smallness of E:h is due to the following points: i) the
scale of the power corrections in (A2) (Pigs.7,8) is not lar-
ge; ii) the Born coniribution,Pig.6,is small due to two loops.
We have considered also the analogous sum rules for the
wave function moments (see /9/). The results are as follows.

For the wave function ‘QM{?,‘;}—*\MQQ?-"?} normalized by
L A

< i\\f Eg &\i Ea& \thk‘iﬁ\: i‘ ' % :i{,"‘ 11, 2-;‘{1, (A4)
L 0

we have obtained:
& (A5)

%
AL G g v A T
The wave function Qy&i ﬁ\ depends . (due to the loop loga-
rithmic corrections in higher orders of the perturbation theo=

ry) on the normelization point W and at M>% has the forms

$ E 2\ % baag™
i ({\}?‘] X KE ﬂ \‘\5— Z \Q‘E\'i 1 = kalﬂ v (A6)

where \gn is the anomalous dimensionality of the c:;trrent
in (A1). One has for the asymptotic wave function Qap -
<2>=%h_ 5 <f‘> = i/ih : One can see from (A5) that at
K= } Coy the quark distribution in 3I=%y-Y»  is somewhat
more w:.ﬂe and the momentum fraction carried by the gluon is
gomewhat smaller,as compared with the “?gﬁ wave function.

The differences are not very large,however,and begides the
integral in (21) is not very sena:.-f::.ve to the prec:l.ﬂe form

of ‘Qahb’ ﬂ Therefore,we ugse in the text: Wip = '\?3;,‘ -

We have considered also the sum rules for the wave function

\Qw\‘h\ (see footnote at page 9) and convince ourselves that

%":\." % %Bh .
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