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WAVE FUNCTIONS OF THE MESONS
WHICH CONTAIN 5,C,B QUARKS
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Institute for Nuclear Physics

630090, Novosibirsk, USSR
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The properties of the pseudoscalar and vector megon wave
functions which are antisymmetric under the interchange of the
quark momenta are investigated. We obtain: <Xg -Xy D= Q7 for
the K-meson and <{Xg -4, > ~arss+a2 for the E-mesen,where <Xgd
{ <Xy> ) is the mean longitnm momentum fraction carried by
the s (u)-quark, The results are spplied to the calculation of
the aaymptotic behaviour of the K- and ;-meann form factors
and to the 2. > &% decay.

As byproduct we have also estimated the following vacuum
averages: <O/ =S5/ /L s = RL7ALS; AT RO o o =815

The properties of the D(1865) and B(5200)-meson wave funce
tione are investigeted. The main results are: 'J‘E"—“fﬁﬁ!"g’é‘fﬂﬂw
snd CA¢> =@P for the B-meson. We smrgue that the procemsss of

D-meson productiion are not,in general,enhanced in comparison

with those of K-mesons.
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It has been shown in /1,67 that the method of QCD sum rules
a#llows one to fimdithe most characteristic properties of the
inadronic wave functions., In this paper we investigate the pPro=-

perties of those wave functions which are a.ntisy:mnetric under

snterchange of the quark momenta. For the pseudoscaelar and
i vector mesons these wave functions are nonzerc due to the SU(3)
or iscotopic spin symmetry breaking effects.
In sect.II the most characteristic properties of D(1865)-
and B(5200)-meson wave functions are described.

I. Antisymmetric components of the pseudoscalar gnd vector

meson wave functionas,

* * -
Por the £ 5 Kip and K-y -=mggon wave functions of the
leading twist:

<o Slfdy w3 gy = Y ©teq/ ..
,-'*:.?/-F//f y,c;//g p//) j” #:’%/E/# ; e#‘f'wf; :j"’
< G Y e ) = (@ -2, W [ /o B/ %0 (1)

i il /‘?’?9”/ G/, wGH G/ E

* wy=2415) | [ s

the SU(JJ-Hmatry breaking effects lead to & number of effects.

{ 1) S F’f /4- :f.f J..e. the values of the wave functions at the
origin are mqull

: 2)% ﬁ??/:‘-‘ %(/) . ?)'*‘*23’&7,7 i.e. the symetric compo-

I nente of the wave functioms also differ,

A W7E/
3 e H/;/#g; B /f/?’d; i.e. there arise nonzero antisymmetric
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components. In the exact symmetry limit

The properties of éhe N°1 and N°2=effecis have been investi-
gated by us in the previous papers /1/. It is the goal of this
section to investigate the properties of the wave functions ﬁ?{}

These wave functions determine the asymptotic behaviour

of the exclusive processes which are caused by the SU(3)-sym-
metry breaking effects, {.'Below we calculate the values of few
lowest moments: «:"'f“):: =£d‘§' ?n‘ﬁ‘ﬁj‘ﬂdﬁ for these wave functions.
The lowest moment <;{> determines the normalization of the wave
function and therefore-=the characteristic values of the synmet-
ry breaking effects (for instance,the quantity % (}‘}x is
analogous to ﬁﬁg. ). The ratio (<?iﬁ4<$2) determines
the characteristic width of the wave function ¢ (3).

As one can see from (1),the values of the moments *<32"*£>
are determined by the matrix elements of the local operators
<o/3 fﬁf" 'Eyj" u /M with odd number of derivatives,

a) Qualitative considerations and estimates.

Consider the correlator:

T =& '/'ﬂ{,e"?"}g/?;/&?;:r) 2 /33;'}'3‘;15’, fx.‘:/é#ﬂyfﬁt}» B (2)
,é/ﬁ LY, #Ye. mugis

The spectral density has the form:

Flo 115 /w,rs_ Y ;/_‘/ b w#]g/s le {‘3}

where (s> is the mean fraction of the K-meson longitudinal
nomentum carried by the s-quark (at jif e £ PR O
To obtain the estimate let us confine ourselves here by the
Tig.1 and fig.< contributions and the Ke-meson contribution

into (3). Then we have at # -1

- -

z
m
Q @42{’:5-“"&‘% -

4 z
! (4)
_m, 2 M.#' ",., e .—-.ﬁﬂg a
OV i, Ksmkay = CofSs dufes TIE Mt gt psel®
Consgider also the correlator ( ,- _(..::5 ):

¢ - <= T 8 e ‘
77 ot ewc’w’?/fg/ézfmﬁ/ o) 2l 25/ Hf"frzjfﬁ?} -‘@’/z’z 7797 (3)
=g
In the same approximation:

Mg"’ﬂfl,ﬁ M#fﬂ"#}-%ffﬁ} {GJ
r A

P P
where Afe >c.£6eV is the characteristic scale at which

the following power corrections at r.h.s. of (#4),(6) are 20%,
We have from (4),(6) (7% =/s0mel] o, = bswey "l <Xswel, fie = 150K

< Hu> = -m.zﬂsapfg/
CLHS - 5SS (1

S

(J’#'fk% >

For the case of the 7 =-meson we have the analogous relaticn:;:

/.w o ffa’%#;é? s fhou (i) A # <of Tl -ife)

e :’kﬂ} - mifcild’s

£octd -ty 10y o il (W) A W

2 Sau-dit>

<ol @ujos

& a
< m-.wff °F xp45.00 >08.70"

It follows from (7),(8) that the s-quark in the K-meson and

the d—_III_lBI‘k in the » -meson carry larger longitudinal momentum

fractions as compared with the u-quark. This result were trivi-

al if the s=-quark mass be much larger than the inverse confine
ment radius,but_ for the light s- and d-quarks it ia highly
nontrivial,

T N e N e ey Y Y 0 S

There are alaso the electromagnetic contribution into o
"




The experience with the sum rules shows that the properties
of the sec-:;ﬁﬂ regonance in the spectral density sre,as a rule,
opposite to that of the lowest one. For instance,while the 7~
meson wave function is wider then the asympiotic wave function
Vgs./yzf/fi}}/ [& ], ,the A, ,~meson wave function is narrower thean

%F[{r/, etc, Such behaviour seems natursl taking into account
the duality relatione, While the properties of the true spect-
ral density eare,on the average,the same as in the perturbation
theory (i.e. @ =%y ) some redistribution of the properties
takes place really so that the contributions of the separate
resonances 11e abﬂve or below the average, Therefore while

(g
< Yo - f,,,:;}g_r’:;, —for the # =meson and <if>> _%M; fDI the K-

meson,one cen expect that these quentities will be 'D"D];E;étt for
the next resonances.
It is seen from (7),(8) that the heavier is the guark,the

spaller is the sbsolute value of its vacuum condensate, For

the light d- and s=quarks this is also highly nontrivial_p.*r

Let us discuss now in short the situation with the higher
moments < }‘5}} < }'3) which characterize the width of the wave
function 97"(';)_ Since at the fig,1 disgram the whole momentunr
is carried by one quark and the other one is "wee",this contri-
bution corresponds to the wave function of the type:[?(f‘?/‘

- &(1* }'Z/ . It is evident beforehand that the true wave functi=-
on is more narrow,so that the true values of the moments fall
off as n increases,.This decresase of the moment vealues is ensu-
red by the nmext nonperturbative corrections in the sum rules,
Indeed, the next correction to the fig.1 contribution Mg < 58>

in the correlator (5) is given by the fig.3 diagram contributi-

2 See gsection III for more detail.

on and is proportional to: -4 #r< I?gﬂp%ﬁmﬁ?/ﬁ

This contribution has the sigh opposite to the fig.1 diagram
contribution and its absclute value grows with n. Therefore,

it ensures the decrease of the moment velues <3"> with incre-
ase of n.

The next power corrections in the correlator (2) sould also
provide the decrease of the moment values with the growth of n.
In thi.s case the next correction to the main contribution from
the fig.1 diegrem: < 55 -#«>  is proportionmal te:

_}z,/:,h /w 4""3}-34{? Therefore,this last term should have
the aign opposite 1:0/-:’ £s = arﬁ'i:f.:r{? ol otlat

(<35 Gprd > = <2 G *c;,,?zf>]>a (9)

- e L
Since (c: cf-ﬁ'/u.s 9}_,.:,{ g?” >/*-" 2 ,the absolute value of this vacuum
condensate also decreases as the guark mass increasss (at least

in the region )?tff.-’?? }.* It seems natural to assume that at

/ﬁ?;‘ iy the presence of &a» in (’fﬁ.i /uM“ > d;aea
not influence the dependence of this matrix element on M? *.

In this case:
(5:?’ e o é}u-ﬁ/’g‘} . X ESH

(#J/qﬂéu ol . KGR
* It is known /2/ that at large values of the quark mass
the matrix element <fd¢/;§qu }?} growa with .4%;

2 4 {
T S A L e
This formula is,in g!nlﬂl,uﬂlppliclhla at 7 x g > /SO, but
¢
iven in this case using: CEETS r.-x.f-xp“?&f?f f‘q{?’!f}es?‘?@?it is seen

D508 (10)

~that the pecond term is larger than the first one and therefore

at Ay~ /g this matrix element can still decrease with Iﬂf

* 17 at My<wy this matrix element is dominated by the instan-
ton comtribution,this is the caae,
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b) Quantitative anelysis of the sum rules.

For the determination of the wvalues (’;"}: }n:ij we use the

correlator (2) and for the (';’")r, =~the correlator

7 5 jm’re‘?’{p?" s*ﬁ/:ya;e‘;‘:m) y‘/ajé‘(r;a@‘"szayf@ = -

2oy .
2 £ * ;
“Zy (29 Zp(e) < #=o, megs.; '
T
Finally,for the determination of {5",}‘* we use the correlator:

T o eV o fsagoan (2] “uty o) F Slo)ffo> -
=22/ G597 |, F0, #e23..

The sun rules have the form ((13),(14),(15) correspond to
() {183,088

e "/""a £y & = ""'3
ffi iy - B B MY e ’5"'//

(12)

e < ’
v (s i - F 015y P G 50> - (s *"”’5/) 3

2 - -
R Pl Pt fr® 3 K- 2 - ,S'V/tf"
f;‘*]{;‘ /ﬁl‘?ff ({{fs 'Jrlt"/ %* & z!ﬁ 2 _"g /y//-e ﬁ

* <SS -da> - ‘E;h('d' f'f-“/Ej/-ﬂ’ ‘,,{‘15,4?). /‘5*”{/ (""4;‘]

-] A
et 3 Mgt < ¥ /. b
,{,/, e  (He~He) Dpe € ”2[/

Tgrt m7r2

+ (58 sy /-afsof/uﬁffaﬁn”’s’/ﬁ} /s> ‘*"Z/ &4

e use at the numericel treatment of (13)-(15):"

KSS-Zu> > -02cofGu/o> ~3 0 3oy’
(186)

{S’Fp/wa’t’pb,‘) (ﬂfdi/m/«wr' z—-,&_-a.zfcy/,/” 3
> -09 (15 6oV <ol Fufo> « 45102 Gek®

As a8 result:

% - 7 .
{X,-Xﬁ,}; *>af0 {x,h,n,?(* >OEEGR0 | <K~Kud ,TOr5-0.2
' (17)

A T
<(r5“xﬂ'/l3> ~055+060 g M ~ 05 :055
<fs "'Xa-) < Xs ~Xyp
K gt
i ;)

(the normalizetion point in (17) is: ff*& M2 =i = 08607y

The asymptotic form of the leading twist wave function
5“5:_(/}/'},% is: ¢z, psem/~ 3(1-3Y It has been ergued in A
' 2. fEeVs
that ¥/F s /

i.e, ~ {/—f"/ Confining ourselves,as usual,by two lowest Ge-

have,in general,the same behaviour at ‘;’+i‘,{

genbauer polinomials,let us choose the motiel wave functions in

the form:

0 (3, e asisser) = (153 158/ (18)
One has now from (17),(18):

@q(}:/g'z:'df,-'féfryt <p;.§-"}?4’-;’/,, Fids-He ()

* The values (16) agree with our estimate (6) and with “he re
sults /3,47. It has been obtained in /5/: f;;:" =05

We weant to emphasize that this value is highly overestimated,
from our point of view,because it seems impossible to obtain
the selfconsistent results at the aumiltaneous treatment of

the various correlators in this case,



For these wave functions: (f‘)/{;;,:fzfﬁ that agrees with
(17) and exceeds considerably the corresponding ratioc for the
asymptotié wave function (=0.33). In other words,the realistic
" . 2 »
.wave functions 9?/}}__/1‘?'—535’6{’!"/ are much wider than the asym-
ptotic wave function gy"@/ﬂ,{, ,,.:./
At fig,4 the K-meson wave functions ¥ ‘/(;/ N7, %3/
(/f/ “ //ff"é;’are shown., At the characteristic values
~/ ) 1
/ 2/ e )] = e2to3, ZESHET XS
and this value seems reasonable enough.

¢) Applications,

The leading term in the asymptotic behaviour of the XK°-meson
electromagnetic form factor has the form:

<z‘@~y//ff/f%:>/> =/a+&/~éﬂfﬁ , fao =-bin R4

(20)

(‘:‘} F-) )
/z “[/;‘ f—f %)
Using @M//frnm 17 and (17),(19) one has in the region
/?‘Vz;ﬁ;-’fﬁ'ﬁf’yﬂ
T
50{'/?7': Q}{;ﬁ’y ~- 08 &_,:/?7 (21)

, P
L (9%~ ﬁ%ﬁy ). For the cross-section

( in this region:
FE R R i
- - 5 = = 2
G'le'e -}t""’,t'/*? /&n@%“(e’k’ -!f’;ﬂ/":,?r,fp 3'{”3 g 2 wJgev
Analogously,using for the ko-meson the wave function
from /17 and (17), {13’} one has:

,f' I (02 *0.28)6eV”
fﬂi'/?/ /;p/?/ <§'>‘ }}%f _Di ﬁi
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The wave function ¥ (% ) can be used also for the calcula=-

tion of the fig.5 diagram contribution into the decay ¥+ ¢"#~

This contribution is nonzero due to the SU(3)-symmetry breaking

effects and the estimate shows /6/ that it can compete with the

: photon contribution,fig.6., If this is indeed the case,then the

ratio (}Q-Q#KJX/;& "“y"?/

j ty. The contributions of the diagrams like those shown at fig.5
a into the e eT decay amplitude is calculated in /7/ in

deviates flottkceably from the umi-

terms of the K-meson wave function F-”:(j’/ showever it is dif=
. ficult to use this result,’
As an another application let us consider the decay of the
charmonium ground state: éﬁ?ﬁf?/#ffé’ /8,97

x o " *
Be (4 »£) ~lorsa ) d (% ""J':/z%"/ Pt (22)

af, e
_,_;-E V%// "‘f;"/ /;

Using the wave functions ﬁ’-l’;/;/ and {fﬁ /f/from [1] and
(17),(19) we have: |

Be(h >£°%) ~3.707Y T =425 e
The characteristic relative wvalue of the SU(3)-symmetry bre-
- aking effects in the wave functions is ~ 0.2, The characterigtic

branching ratio for the two-particle charmonium decays is:
(ot #£)%  Therefore,the characteristic branching ratio for

* Let us note also that the contributions due to %f_’?f/fa
T
into the decays I,,{’s#fiz&/%ffaﬂ-r,é’ £ are negligible.

(

1



the chermoniun dscays which are chused 2y vhe ZU(3)-symuetry

7 L R | z -
breaking effects is: ~ .’E;.FJ'{":-”' PR SR I

II. Wave functions »f ths nesons conteining ongheavy guerk,

We consider in this section the provesties of the wave func-
tious of thope mesons which contein one liznt and cone heavy
quask (i.e. GQ). These wave Nuncticns are of interest for +he
follovwing reasons, The amplitudes contain ususlly the integrals
of tune form: ?_f;a'f' W Mha)  ,wnere 7%} -is the mesan wave

T
function. The lergest part of the GO-meson momentum is carried,
of course,by the heavy quark Q, Therefove,ile wave funcilon ©r/
has the strong extremum e< I,f?'-{;f‘“‘- ¥ woé thie enhancea he e
Plitudes, It is the goal of this section to investigate the Pro=
perties of the QQ=meson wave functions in more detail and to
elutluate the characleristic properties o¢f Lhe processes which
>onvain euch mesone,

Lt us donote the wean iongitudinal ucmentum fractions care-

&
ried by the lighi and the Leavy gquarks (at {; LAy L Xf >

ana < A > corrtapondingly. We have for the nonrelaiivistic

bound siates; < *;:.- -’*,.—f;/‘,'r’,;_; N F g';i}'f"zfj{fr.éhji.r:,ﬁ “he meen monentun
irecticns are determined uﬂin;u._f_b;,r ihe mase valucs while the ine
teracticn efiects ~an Le neglected., The corrasponding estimoie
for the bound viate of one light velativistic gquark aud one hea-
vy nourelativietic quark has the form: ""f-"’:}ﬁ’f!‘t;.b '3,/?/-’;"3 - ,where
‘ﬂ’*ﬂ x 250 240l is the characteristic QCD scale. This gives
for ihe B-meson( /& =476¢F ), {&}:ﬁm; ZQo8 <Kg> o~ AGZ=0. 95
ena for the D-meaon ( # &rﬁ-ﬁ'ﬁlj:{rf}x.ﬁz&‘) Ko 80

Let us compare this with the vealistic K-megon wave funciion
fgee /17 and (17),(19)):
J#':";;,i_. Zlr-rYfc st e 0 25 7% vt ] . FER (L

As an illustration,the expected characteristic form of the
K,D and D-meson wave functions is presented at fig, ¥ The
D-meson wave function has one strong extremum at Xe~a% ¥, =42
while the K-meson wave function has two extrema (each about two
times smeller than for D) at f=~&f, Xu~GO8ana X308 hr =03

We comclude from this that the procegses with the B-mesun are
pot,in general,enhanced &s compared to that of K or 7 -mesons,
For instance,we expect{at S =7 S7E0mn¢/
A
Bz /K’ljf%g,l*ﬁ.ﬂ/ (24)
J} 3;; e = 0‘/.{/
Be (Y (°%s)> K¢/

Therefore,our viewpcint here is opposite to those exprezsed

in the peaper f77.
At the same time the ratio D/K can be large if the K-meson
emplitude is suppressed for some reason., This is juest the cege

for the ratio:
2 /3 ki
Gl *80] e, 25)

oy G ¥

Br(1/35,) » €7 g/

This ratio is large not because the U+D:.’19¢EH is enhanced, but
because the K*K:ﬂ.ECEtF 1s suppressed. The reason is as follows,
The disgram at fig,5 gives the main contribution into the decays
35} *tﬂ;&: 2°0% These decays are zero in the SU(4)-symmetry 1i-
mit,but the SU(4)-symmetry is badly broken (= 100%) and so the-
re are nc really any suppression, At the same time the comtri-
bution of this dimgram into the 3.5, >k % ¢4 decays 1s indeed
suppressed (by the factor ~1/5),because it is zero in the SU(3)-
symmetry limit and the SU(3)-eymmetry breaking effects are
small (=~ 20%).

The estimate presented in /§/ shows that the photon exchhge

diagrem,fig.6,and the diagram at fig.5 give roughly the same

13



contributions into the 35, 4’4  gecay.” The contribution of
the f£ig.6 diagram into3%, »£°£° decay amplitude is about 5
times smaller than to the S,S(f"f*'g* decay amplitude (see sect.
I) and so the diagram at fig.5 gives here the main centribution.
Since the SU(2)-symmetry breaking effects are very small

(~ 1%) the main contribution in to the 35/ >777” decay gives
the diagram at fig.5.

2. The wave function of the he;wy meson gQ is: ;@ ﬁﬁ"xf’/
fd’}jﬁ’(g/ =/, ¥ = )/{;,-,9; and is defined anmalogously to (1). For
the determination of -’%} and (,?} let us consider the cor-

relator:
%5..; o fheP <o 7?/}’7%4 k) Flots (2% 3o f/0> =

(26)

&7/ g T (fep g Z 1Y, o

The mesons with the quantum mmbers’ £°” we are interested in

2/
We use below the

contribute into the spectral density .Z’w?;’
techn:l.que suggested in /107: the energy E is used instead of
;;a = (Hp »5/ £<< Afp . But in contrast with /107 we put
ff / > (A +,£Ar?x_"/ and keep all the terms 4(&""’?‘5/}’1/4/2' / when
calculating the perturbation theory contribution,fig.2. At the
same time one can neglect the corrections and confine himgelf-.
by the leading (at #49> = ) terms only when calculating the

nonperturbative contributions,figs,.1,3...

]

Ag 8 result,we have (after "borelization"):

o 13-

* Therefore,one can neglect the photon exchange contribution
into the 5,.5:, aﬂ’:a'j 20" decays.

14

et

&/ a [ ;
é% ’%/E el 4’/?*”3 (505 - ﬂaés/zx (27)
<ol o AT G o3 ¢ E <o Do,

é,g Afg/[(.?)/%/g *0,/s /.z’# % -;/.,% L _{/g 4 /;7%

(28)
- S En g P Gl o5 o,

£rg
Retf/ *%fy/ ik ///w"‘*  Aepreles B

Here: Er:?/ are the correaponding duslity intemlﬂ, £y xO9sel

is the energy of the lowest resonance, f -f‘*fp ~ consl (/5:)% eomi?

at /fv(f;-auﬂ ff‘aa>~*x3:.m-ﬁﬂr ;fﬁqy/«ﬂ dj«.ﬁf LD o _,g&f"'?'ﬂi’f
Let us point out here some characteristic features of (27),(28).

&) Each deriwtivef in the correlator (26) introduces the fac-

tor ~ M//{‘@ . Therefore,the mean momentum freaction of the light

quark is: <!f>”"?4‘1"-'. This agrees,of course,with our estimate

presented above,but taking now into account the nonperturbetive

correciions we shall determine more pracisely the characteris-

tic scale 4 and so- the value of </p>

‘b) The power correctiona in the correlator /wf} begin with

tha cperator of the dimensionality (n+3). The pure gluonic core

rections like <7 Loty ,etc,,g2ive, however,

butions and can be neglected, Theréfnre the main power correc-

tions are: < wy> . ~for 7" ’ (a-'gf/,;a"- qu"&‘r’}‘-‘ ~for fgﬁ?}v

(a’cf"@@”) =for fé;{‘;),etc. <

c) The main power correction <.’Jff¢:? f,"m"‘f}/‘“?’f 2 in the sum

amall contri-

15



rule (28) for {}l’?} have the sign opposite to thoae ¢f the
perturbation theory contribution,fig.? and lacreases <,t’g}.
Indeed,in the disgram at fig.? which gives thie power correcti-
on,the light querk is "wee", Therefore,this correction tends
to diminish the role of such configurations where the light
quark is "wee",i.,2., it increases '(Xf}-.

For the case of the b-quark (A%« 476¢/ ) the sum rules
(27), (28) have been trested in the stendard way /&,107. (The
gcale parameter M has been varied within the limits:d4s5 Af <
0.86¢V for (27) sna &Y SHSAF6eV gor (28)). The results
of the best fits are:

;f; x GO0meV , EoaG el fff) x0r, &2 ~ { E6e¥ (29)

The quantities (29) present one of the mmin results of this
section, The value /% >/724*/  hnms been obtained in fiC/ sad
this does not differ greatly from (29). This small difference
seems surprising at first sight as .Ea(fs/ﬂf’ﬂ in (27) while
_Quﬂs/-:-,{ has ﬁeen used in /107. The reason is as follows.
The spectral density in (27) has the dimensionality| juﬂf and
so the main power correction {Fﬂ% which determines the
scale enters with the coesfficient ~_f The sum rule (2?} is
fitted in the region of such values of M thetskwzd/ ~f »
- _Q%S/AH and therefore the change of the value Ra(ﬁ) chan-
ze mainly the scale A *. As was expected beforehand,the non-
rerturbative corrections emhance somewhat the value of < XP
as compared with our eatimate ahove.

We do not write here the sum rules for <)(?‘”> as the main
power correction in this sum rule ( ~<% && &> ) is poorly

known, The agtimate is: {',r;"'} e({.—'.sjﬂ?"f.

¥ The resurs obseined ia /J11/ fer ig overestimated from
our polnt of view,
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The numbers are such that the sum yrumles (27),(28) cen not,
suricsly speaking,be used for D-mewon. We cen obtmin,rowever.
the reasonable estimate for Jg from (27). It is not difficult
to see that for the case of bequark at 8,4 < #sex6el) the per-
turbation theory contribution into the sum rule (27) can be
neglected. There are every reascm to believe that for the
c=guark 1t can be neglected al)l the more. Therefore,we can

rewrite (27) with the good accuracy in the form' :

- Er s S 2 <,
-_-/: Al e T~ Rl *h.j?é',y.-fr {ﬂfpjf}‘;fﬂé A a'*'*"/f—:.r,‘:‘- ~ (32)

[~ s
- cu "f - V (’/- - L = ""’a"_’ 3
Uaing: W = ,13‘51.,;/ A =Tl Ky i N2 ) 357, 0T Y
< rFé}a-‘g';.r.;dju d'-zr,:- ~ g, 350 teerY
we hsve from (J30):

Pl -

o o xRNy gw.a) ;(' = S ﬁ’/ .‘f;q.. SEC ¥ R

Tue value of Jﬁ in {21) asvecs well with (29) and so we ex-
pect that the value A >/£2a¢¥ 15 closc Lo the true value,
in conclusion of this section let us rote the Ffolinwine.
The estimates obhiained above for this R and D-mesong leok Like:
f',r;,;,é -}-ﬂﬁffﬁf?ia&i.i_h!cra precize treeitment of the sume rules
shcws that the nonperturbative currectionz tend to increase
{,i:’j;;} (see (29)). Therefore,ther: are eveiy 1eason to expect

that fr{zi’;r »/>0.2 for D-meson, This com’irm vur uaniltative

conclusion made above that the procesces with the D-mescns are

not_enhanced as ccmpared with tboss with the X, 7 —mesons. This

can be checked in the following way.

* The anomalous dimension of the operator < F&;:qi.,:s {5-:}»{‘1.&-*}
is veiy emall., '
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Consider the inclusive reactiom: g"¢” >A//2/» /1 where B
is the meson with the momentum P. At large P: F#.i-' ﬁ"*i‘,/fff
the missing mass is: 4 ~/~2/¢%<&" sma so the process is qua-
giexclusive. Based on the above comsiderations we expect that
at large Q and Z ».( The D= and # ,K-meson production cross

sections are roughly the same:

&/a‘(e“a'-h.a"* J’///E
o6 [ e'e” k) e

e Ao 2L

I1I. Summary,
Let us enumerate the main results.

1, Antisymmetric wave functioms of the pseudoscalar and vector
mesong are nonzero due to the SU(2) or SU(3)=symmetry breeking
effects, We obtained: <Xs-4¢> =~ 4f for the K-meson, <Xa'-fw’=

= e
05 76 - for the 77 =meson, CHs-Xud,» “—*ﬂﬂ'rﬂ% (J‘/—J’y?,’—‘{é??‘i'w

for the vector mesons., Therefore,for these mesons:the more heavy

: it carries, This result is highly nontrivial for the light 4=
and a-quarks.

2, The selfconsistency conditioms for the various sum rules

require:
=35>+ pgiges <q-dtls_ .10 (32)
<y <>
Therefore,ile absolute value uf ‘i vmomum condensate _
decreases me the quark wmss incremmes. This result is also mon-

trivial for the light de and B.'qu" Let us remind that the

sum rule for the K-meson constant Ji: also prefers the value
(E‘y',}é‘v;!d‘? [17. Our result for <$55(i4> sgress with thome

obtained by different methods in /3,4] and that for (‘?{%fﬂ’b

18

with #57.

3, In connection with results (32) let us note the following.
In the paper / 2/ there was imvestigmted the dependence of the
vacuum cﬁnﬂensate G (m) = <ol @+ RIS (gl 777 =u =mry ) om the me~
an quark mass: 77 </ 2. At lmrge m: ﬁ"(f??}~-,:3,,, < *‘;5 >

‘at m=0: S(7/<O and at small m the derivative “OC7/07 18 de-

termined meinly by the two-pian contribution [ 27:

%‘”/{: _.,_gi d-'ll'{':;)r /é M / ,1’/ ..L/E‘FV e 5T {33}

As & result,ss m increases the sbsolute value of fﬁ'fﬂﬁ’/ increa-
ges at first and then decreases, We want to emphasize that the
results [ 27 do not contradict to the unequalities: [<@us/ >
Kd/>/cinhs for the unequality, aus/>/<d@>/ ,the remson is
that the two-pion contribution is zerc in the channel with the
tsotopic spin I=1 and so it is sbwemt for ( ww- da’ ), The va-
lue of < Z#> depends in fact both on (Pu+#4) and (wi-#4/

CHHYo> = coree/e3, - /ﬁva’#ﬁﬂr/;f )

CofFa)os = <o) Fa)as, (ool vRt) A * (P1X~14c )13

oy (ﬂ;f{?/&’%-*/ auotsel” 44

=
o <A/ {afwr@ ~ ﬂﬂzﬁt’lﬂ’ see
P B o ¥ / (see &)

Here the constant A is taken from (33) and B-from our estimate
8) (4 4y’ g > -2 ";;ﬂ-,‘—"" ), the quantity < @&,

is the valiie of the condensate in the SU(2)xSU(2) chiral sym-
metry limit, The coefficient A in (34) determines the correcti-
on due to the chiral symmetry breakimg but in the limit of the
exact SU(2)-isotopic spin symmetry, The coefficient B determi-
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nes the correction due to the isctopic symmetry breaking,

As for the sign of the difference (< &% - T3) /iy
the numbers are such that it is impossible to draw the definite
conclusion about thie sign from the results /.27, We conclude.
that the results /27 do not centradict to the unequalities
(32) and so the interpretation of the smigns (32) in the liters-
ture /3,57 is misleading.

4. 1t is shown from the anslysis of the sum rules that

/((&G;r/w /.a.u! y}/}ﬁd’ﬁy{,...}& .:a.-.""#i/)/_b-/(/so‘f .;J"‘"‘s. b/
i,e. the absolute value of this vacuum average also decreases
as the gquark mass -’”:'.;: increases (at /Wy 7 ), Supposing that
for the light u,d and s-quarks the factor fjw is of no impor=

tance for the dependence on the quark masses,we have:

<US §GEard s 05 <o/ 330>

~gvs-ck

<'r-‘3,fﬁ"‘;a }; /::-,,J “w/os  <ofdufo
f’ﬂf’d‘}’ s 67-""'*” @ . (ﬂ,_"ﬂ;’d'f"d?) " (/_ Eﬁ'fﬂ’-y
;;*4/;«67 /q.;r /wa" a“'/a; COf /O

5., Using the antisymmeiric wave funmctions we hmve found the
W
asymptotic behavicur of the £° and X° -memon electromagnetic

form factors

<’f‘~’?5':’_e///~?'«/f'é’-f} - (/-»37/{1‘;.@7 , J=8-2
Affd > ﬁ./&rrgﬂ : F,«a/yy/g.,&-y gl
Fpnlpd > (r2-a28/ser*

7

and the 2 5 "¢ decay width

B (4 »x7% ) =2 o=ty

.. 20

*

(These form factors are equal zero in the SU(3)-~symmetry limit
and this decay equals zero in the SU(3) and SU(6)=symmetry 1i
mits).
6. For the heavy D(1865) and B(5200)-mesons we calculated the
valueg of their wave functions at the origin (the constants

7, smd 7

dinal momentum carried by the light quark in the B-meson (at

)} mnd (‘,l’?}ﬂ =the mean fraction of the longitu-

Es e oy
sy SoneV | 4 = FO#H,  <Kg3, = Qf

Therefore,about 90% of the ,B—ﬂeaﬁz momentum is carried by the
b=quark, We have argued that for the D-meson (f;%l 0.2 ylie,
C-quark carries no more than 75-80% of the whole momentum, The-
refore,the D-megson wave function "ﬁ, (.f,;;:) has one atrong extre-
mum at Ap ~2¢ ;‘?5‘?3. Let us remind for comparison that the re-
alistic K~( ) -meson wave function~ has-two extrema (each
two times smaller) at fs =05 V=02 and at fs=02 L=E5 /1],
The extremum of the wave function at /~y/<<f enhances the am-

plitudes with this meson, Therefore,we do not expect that the
processes I:Ltg the ,D_-gions are emhanced as compared with those
with the K- or ¥ -mesons, In particular,we expect:

Y{(3p,.)s5's

Y(E‘Pg,,)ax*x‘ :0(5_)

W/-,ﬁ_ +*

7= (€€ D +A

3 = / :0/"? - 3%@ Z>4

4 s

75 (0> )

where %g -is the D(K)-meson momentum,Q-is the photon

energy,

21



APPENDIX
We describe here the simple method for findimg the form of
various ssymptotic wave functions,

Consider,for instance,the correlator:

T wifihe P <ol T Yolo) 102/0S o = T
Fov = (e 2 )07

The free-qun.rk loop cuntrihution is:

/}7/- -.;gz ﬁ’/ /ﬁf"%' (-4~ &//3")’,&/ (A.2)

It is not difficult to see that the integrand in (A.,2) is the
agymptotic wave function for the system of the operators

—a ﬂzy :

di(28 u, #=0 (in the leadinmg logarithm approximsti-
on,1IA), Indeed,let & and & +to be the operators which
belong to the different represemtation of the conformal group:
Then at large qE. (when the nonperturbative power corrections
which violate the conformsl symmetry:died off. and neglecting

(A.1)

temporerily the logarithmic corrections) one has:

' , (4.3)
=i fee? <o/ TV G () Groyfo> > &

due to the conformal invariance. It has been pointed ocut im .
/197 that the conformal spin is still conserved in LLA. The-
refore,the conformel operators (¢ end %  still have the
definite dimensionality (i.e. thz:r' are miltiplicatively remor-
malizable) in LLA and (A.3) remaims true., Let ue take § = yﬁ'
and now we have from (4.2),(A.3) that the aystem of the multi-
plicatively renormalizeble operators is / 7= C}'ﬁﬁfg/é/) ”/

a8 just this ljfs'trem of Gegenbamer polinomials ias orihogonsal
with the measure. (4.2), '

22

For the two=particle eperetors the weymptotic wave function
determines completely ithe system of correspunding orthogonsl
polinomimle (i.e, the orthogonslity cvomditions (A,3) are sui-

ficient)}. Below we give zmome exmnpleaf
o) FEELYT . Vo lit)~E — Colot)  L15]

b) Fomer s ~ 4y — CE(ug) I 7
¢) @m;&{ Vie it _q@ ﬂ«.&/ /747 Wi %o
a) G2 )T Y, Vos ~ (5 — éfﬂf'-{z/

e) ""ir f/“‘-?c/w/ )"{'J, Y ""/f‘ffrf.é/ﬁ i -ﬁjjf&/ff’,"ﬁf!

The asympiotic wave functions (G 4% 4/ for the three-
particle operators can be found aaalagﬂualy,hﬁwever the ortho=-
gonality conditions (A.3) are umsufficient in this case Lo de-
termine the explicit form of the polinomials. The-iwo~loop d

sgrams with the free quarks and gluons give:

. S i o Vor ~ N lp X 77, (767
g) FEY - Fos ~pE AL (445)
h) &EE‘ %f “"r{f 2,/.*"\'

(The resulis (A.4),(4,5) refer to the leading twist for each

giver operator).
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