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CUNTLENT 6, SU(3)=SYMMETRY BREAKING EFFECTS

O SU{3)  SYMMETRY BREAKING EFFECTS It is the purpose of this chapter to find the wave functions
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wave functions can be repreaented :|.11 the form:
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The SU{B)-ﬂy’nunetry breaking leads to a number of effects.

a} :[ 7‘/ /',r#f /;i/ ,i.e. the values Gf the wave funce
tions at the origin dii‘fer, '
) 2 (;/1-‘ ?’ («% Pﬁf f‘ F’(y i.e. the wave function components
which are ammnetric: under a quark momenta mterchange differ
also; s s ‘ ;

c) f-(;}"é e ,i.é.- there a.pﬁéﬁ.f the wave function components

which are eanti-symmetric under a quark momenta interchange.




We investigate below all these effects and consider a number
of applications.

6.1 SYMMETRIC COMPONENTS OF WAVE FUNCTIONS /4.2/

6.1.1 Sum rules and the moment wvalues
Let us start from the inves.igation of the K meson wave func-

: #
tion Stf (r? and consider with this purpose the correlator:
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The carrespcnding sum rules have the form:
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The spectral density is taken,as usually,in the form:
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Ag far as we are interested here in the SU[3)—symtr:.r brea-
king effects,we substact from (6.3) the corresponding sum rules
for the pion. Then one obtains :
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The corlespnndlng correction terms entering the r.h,s, (6.5)-

(6.7) are due to figs.6,1-6.3 diagram contributions: We use at
the treatment of (6.5)=(6.T7): 777¢ --—f_ﬁ:?;w}"

CTHD =- /g?,fﬁ‘é‘?bj/g col 7. f s /wj Ylos = 1566V P02
[199] | <85> =(ars:08) < Zus, < Seg /u;/?’ﬁk

~ O35 20.8)< Fig Guv Spo %> (JF# fe

The standard treatment gives then:

_-// 0y 2008 ;{=ﬁ?ﬂf""’/ff, (642

( z(;)# /= 610 t402 f&“;-ﬁ?fré’ﬂ?:(&fép
555 F
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It is seen from (6.8b),(6.,8¢c) that the K meson wave function
()’/ is narrower than w _ : . ; ;
The result (6.8a): :‘f -q‘//.‘?ff&‘?/z,[ agreaa w:t.th the experimen-
tal value f;:ﬂfz?*‘f*’f/é ,knovm from the decay /./4/“’ It is
worth notingxtha‘l: agsuming ¢'Ss> = {’IF:'(} one obtains from-
(6.5)5 -f'g"ifﬂ_?yg ,i.&, too small value, | -

i e ey ey e ] A ik Y R Sy il sl e T S - T s——— - — - -

* As will be shown below, < W«-5S>~QR2<we>, end so this

contribution can be neglected here. '
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Proceeding in an analogous way one obtains for the vector

meson wave functions (the accuracy is the same as in (6.8)):

/:r % R R 1.V
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It is seen from (6.8)-(6.10) that there is strict regularity:

the larger is the value of the wave function at the origin,the

more narrow is the distribution of gquarks over the longitudinal

momentum in this state,i.e.:

e pofis Aol
while

((;'vp (({3)/ (f'f‘“}/«f('f >/ (<' )
((§?¢)<(<‘;:>K,)<(<¢;>§’}‘ |

Various exclusive amplitudes have the form of the product of
;{r and ]/ﬁf’/ ,where ._fT(f/ are the corresponding integrals
of the wave functions (for instance, Z/f’/ﬁ/:’? Vﬁ%’-—; /
Therefore,these two effects work in opposite directions: if
]'{}@6 , then _7{:"/ 1"[4’7 ,and they have a tendency to com~

pensate each other. Which of these two effects will be more sig-

nificant,depends on the process under consideration (see below).
6.1.2 DModel wave functions and applications
The "standard model form" (4.19a) is used for the leading

twist wave functions: @(’p’/ ('f—)’//;? ,3?*‘25‘/ /ﬂ/)"‘p{f/ 4

Using the # and f, meson wave functions (4-.1'0) and (4.19),
one has then from (6.8)=(6.,10): :

L) < Flrihesseasy) . gy
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¥ Vv
It is seen from (6,12) that ,Vé-i (;/ and % (f/ coincide
really with the asymptotic wave function 9%;_ (;’)= z.i/f’*'}‘v

(6.12)

Let us describe now some applications, The formulae (5,4)
: J—‘ J=
and (5,11) describe the branching ratios for X,=2/4 4” and
,bﬂ' e
XAo>H /A4 decays,where 4 and /% are two mesons with ze-

ro helicities, Using (6.11),one obtains 1.:11:1-:1:1't

Bt [Xo> KK/ Be(Ha2FK) _ vy pus 7
pe (Yo »>77) ~ Bt (Ze>77/ g T bty

The experimental data are /2.6/:

B (Z»777 = (0.9202)% | Bu(2%>77) - /p,zﬁfﬁﬁ;)}{)g
s
B (1, >£7¢) = (0.820Y% ' Be (4> pe)= (016 2013)7.

ﬂlthcugh the experimental uncertainties are large,the date
(6.14) show that the K*fﬁ’:mode does not exceed the o mode
and this agrees with our predictions (6.13). At the same time,
the naive estimates a la S.Brs:ndsk;r and P.Lepage /2,2/:
Bel 22 K47
Be (J'gz 7’1?}7 A

contradict the exﬁerﬁhgnt. The reason is clear: the K meson wav
function is narrower than the pion one,and in this cese this
overcompensates the effect due to (7@/‘75;/){

"+ The anti-symetric part of the K meson wave function,

[aea. the sect.b.2) pives negligible cnntrihutinna into these

decays.
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One has alco for the K- meson form factor in the region

thﬂﬂ GGFE (see (fiféj:

Fel9?) }f"‘fﬂ ji/_/‘/s (,/,:(:;:jyz

Fr ffi/ Hrj iiﬁ {_;z
/ o 3
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Using the wave functiions ';ﬁ /;V (6.11) and %q(f)(g‘ggh

one obtains:

Fel(97 Fie g
= :ﬂ‘?ﬁ -___):‘. — = i j‘f
el i e b.154)

The contribution of the photon exchange diagram ,fig.6.6,

- R
into the decays ¥'» £ 4"  ¥>7 7" givesthen:

B (voxe)| _ AW
,62(?%*,?‘}"7 = _,;‘(Aﬁ,/z

The experimental data are /2.6/:

=05

Be ( ¥>F 1}7 =(0,0/ ¢ qawj%f ﬁt(f;£’5£7= /xﬁﬁﬂrﬂ?ﬁﬂyz

Of course,the experimental uncertainties are very large,but
it seems that the A% mode excesds that of 7 ¥ * conside-
rably. This may be due to the contribution of the fig.6.5 dia-
gram into the V’?"f"fﬂ decay., This contribution is zero in
the exect SU(3)=-symmetry limit and is, therefore,proportional to
the product of %r(;/ and ﬁﬁ(y wave functions. Although
it is the strong intefactinn contribution,it includes additio=-
nal emall factors due o the loop ( ~ % =707 'y and aue’ts
the 5U(3)-symmetry breaking (~ @7 ~O.2 ) which suppress
this contribution. The rough estimate shows that as a result,

this contribution is of the same order as the electromagnetic
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contribution, fig.6.6. Therefore,just this additional strong in-
teraction contribution into the ¥ 1"'-'+£- decay may be respon-
sible For the possible large difference between ¥=27 7~ and
¥ +.£’*f_ (This contribution has been calculated in terms of
the K meson wave function ¥ (f/ in the paper /6.6/,but it is
difficult to use this result). _
6,2 ANTI-SYIRETRIC COMEONENTS OF WAVE FUNCTIONS /6.1/

6.2,1 Qualitative discussion and estimates. The values of
the quark condensates {'i?"’%, (ﬂ"ﬂ‘?} < 35>,
The values of the $¥~  moments are determined,evidently,by

the matrix elements of operators with an odd number of deriva-

(6.16)
ot ) LS AN ~ i, I, et

tives,see (6.1):

(and analogously for the wave functions @L(f) in (6.1)).
Let us obtain firstly some estimates for the characteristic
quantities under consideration. Consider with this purpose the

following correlators:

7 uﬁ{rf‘}?f(a/%/r/;éﬁggyszﬁyj jq/#/é’ﬂ’(/{?%/ﬁ) A
‘(277 EMK&‘Z/ 2= ﬁ’ n=042.. (6.47)

7 = ftveV cor T / 7)) Zd (zx?/ w30 é'éﬁ/% Vo> =
'=(£f/z_m3z.4:awz' .15

The K megon contributions into the corresponding speciral

densities are:

f_»/ --zxfrf/’sy //(,)j.zﬁff).// Mﬂm]e?(fs’w:




L) sl e O j/ i BT .13

Take now the scale Moz M+ “ﬁgﬂy in the corresponding

sum rules., The experience shows that it is sufficient,as a rule,
to retain at this scale the K meson contribution only at l.h.s,
and the first leading contributions at r.h.s. of sum rules,
neglected terms are then =~ 20-30% of the retained unés. We ex-
pect, therefore,that the estimates below have the accuracy <
20=30%,

One has from (6;17}—{6.19}, ﬁzﬂ, in this approximation (the
terms at r.h.s. (6.20),(6.21) are the contributions of the fig.
6.1 and fig.6.2 diagrams,the later being domimant really):

mElgE o2 il
e'f /ﬂ?

- = n PPs— s
I o L R
i

/gt 27E — Rt v
o '{‘Y("J’; ,(‘,,} = _u—; * a.F s < 585 "

6.24
As & result (47 = fs0meV, /2 = Ypitl, < ducs = (25000)5) )

{:_J_f'f} i Mg r775-1%e ) /. & it~ 55>

S
- z’%ff.s;s e /g2
s e /; e " ~qre (6.23)
f?

The amalogous relations for the pion have the fnm*(ﬁaﬁ?ﬂf%'

L M - 7
£ gy H-Hey = TETAG « <Al -dw> (624 o)

* Besides,there ia_ the electromagnetic comtribution imto
SHt-Ae
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< ; ﬁfff-ﬂzf Pl CUHUD — My e XD
‘;{ Shi-le = o2 7~ o r €{£4W£?

@ﬁm/:mﬁ ; 2o

G au-a
T Coutda?

h-H 3, ~ 09707 (5.244)

The result (6.22) agrees with those obtained in /6.2-6.4,4.3/
by different methods,and the result (6.24c) agrees with that ob-
tained in /6.5/.

It follows from (6.23) and (6.24) that the S-quark in K-meson

anﬁ.dtquark in the # meson carry larger longitudinal momen-

tum fractions as compared with the U-quark, This result were

trivial if the S-quark mass be much larger than the inverse con-
finement radius,but it is highly non-trivial for the light S-
and quuarks.

The experience with sum rules shows that the properties of
the second resonance in the spectral density are,as & rule,oppo-
gite to those of the lowest one. Fmr'inatance,while the pion wa=-
ve function is wider than the asymptotic wave function, ¢ (})T
the A1-meﬂcn wave funcetion is narrower than @%5(%} ,etc, Such
behaviour seems natural ,taking into eccount the duality rela-
tions, While the properties of the true spectral density are,
on the average,the same as in the pert.th. (i.e. ﬁ;*'yﬁf ), some
redistribution of the properties takes place really,so that the

contributions of the separate resonanceg lie above or below the
ﬁ”; -l ,Mfr

gwr i A
fo% the pion,these differences can

for the K meson

average., Therefore, 1;'.'1111«9Jt (X=X > >

; Ma?" ﬂf’q'
and <Xa-Xed > Yz /23—7(1
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have opposite signs for the corresponding next resonances,

It is seen from (6.22) and (6.24c) that the heavier is the

guark, the smaller is the absolute value of its vacuum condensate.

This is also highly non=-trivial for the light S- and d;-qu&rks.
(As for the comnection with the chiral pert.th.,see the Appen=-
dix D).

Let us discuss now in short the situation with the higher
moments (}5) <$°) wnich cheracterize the width of the wave
function !10..(;)‘ As it has been pointed above,the main contri-
bution into the sum rules gives the fig.6.2 diagram, Since the
whole momentum is carried by one quark and the other one is a
"wee" in this diagram,this contribution corresponds to the wave

function of the type: [B({‘?) _E'(:(fgﬂ 3

ason this contribution does not decreas when W increases.

Just for this re-

It is evident beforehand that the true wave function is nar-
rower,80 that the true values of its moments fall off with W,
The decrease of the moment values is ensured by next non-pertur=
bative corrections in the sum rules, Indeed,the next power cor-
rection in the correlator (6.18) is described by the £ig.6.3
diegram and is proportional to: -h Mg CGIEE&E‘FQ G‘Fﬂﬁqﬂl-ﬂ""/ﬁ.
This contribution has the sign opposite to the fig.6.2 diagram
contribution and its absolute value grows with X4 . Therefore,
it ensures the decrease of the moment values ¢ ;2 "ty with an
increase of n.

Analogously,the next power correction in the correlator (6.17)
should also ensure the decrease of the moment values with w.
In this case the next power correction is proportional to:

-n: [{’w’ 35’&9??; 8/0) - (#??ﬂ?ﬂ.jﬂheufore,this contribu-

tion should have the sign oppoaite ta[fis;r - (EH}J_ 1i.e,

12

/(9/5 /‘(;m? .S'/ﬂ) {ﬂ/ada/a,:fp; ﬂ/¢]> 0. ({535}

(The condition (6.25) is required also for the self-consistency
of the results which can be obtained from the correlators (6.1T),
(6.18). Bacause[&r /mq? /u? ’3")_/"9 the absolute value

of the vacuum condensate <o/* ‘5" » L@wﬁﬁ"/"}' also decrea=-

ses as the guark mass encreases (at least,in the region H?-‘Eff;},

Moreover,it seems natural to suppose that the presence of
the additional gluon field fjﬂa? does not influence the depen—
dence of the matrix element om the quark mass for the light S,

d—quarka*. In this case:

- a g s
OfEpeprsurd s | T apsias. . (E6)
<ofa é'f O 5“,;,_4’*::/:: > <y

6,2.,2 Quantitative analyses of sum rules

ILet us return to the correlator (6.17). The complete form of

the corresponding sum rule is:

Z 2 LS s
e (i) > é e 2 2 ’”"‘“M"f‘f/ /f/
W;:"’ﬂf n+& (6.2;'-7
+ ¢ §5-mud ~_-3f ﬁ-‘:“?{/ﬂﬁfﬂi S2 = ﬁ’advﬂ/«pﬁ”{]
Using (6.22),(6.26) for the matrix elements in (6.27),0ne has
after the standard fitting procedure:

3% 2hAHed=0102008
F 055 2060 . (5'2'5“7
<3

-_P* If this matrix element ia do;ninateﬂ by the instanton coniri-
butien,this is the case,
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The results for F* meson obtained from the analogous sum
rules look as follows:
v r 5 P
(Xs‘f:(,}f ~ (He—Xudvr = 0157 <2,
(6.24)
(et N
i < (ks Ne) Sr ~ Q50055 .
. i T
< Xs= Xu >x¥ Yo=Ky D%
The asymptotic form of the leading twist wave function
I,FAS > a-/ is: gaas (,}) {Xjﬂx‘;}j;(f’“g/ and for this wave
3
function: /_<f'«%z?>] émg{’j Therefore,the wave functions
) /gr/q " fgﬂ// are somewhat wider than gﬂﬂ(g) Chosing,as

usually,the model wave fumction in the form: Ff(/:}(f.f//,}; ,;,.g,?
and using the results (6.28),one obtains:

0)-Z i mns, | ena i (629

For this wave function: /‘(fj)/(ls,’_/:;:'ﬂfﬁ (compare with
(6.28a),(6.28b)). . .
The K-meson wave functions 5@*(/;’/ [6.11), [’é-(f) (6.29)
and the total wave function ¥ (%)=K(3/+% ($) are shom at
fig,6.4. The ratio [ A U/r{(;)f = 04803 at the characte-
ristic values of 5 : 06 % /{/ﬂ 08 ,and this seems reasonable.

6.2.3 Applications: af..p /ﬁ* (“97 ! _;.,t";&.’
The asymptotic behaviour of the j:f"' or é’_ﬁ form factor has
the form:

CK) [ Jo CJE ) > = (e ,e-v/f/ gt e,

Foo (7Y 3.:;?.& -;?/// | 65.30/

* p’; + - {f I
Z 2-/:’3'”@{';/ ol 5 ;}_j,fﬁ(;)
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Using the wave functions (6.1v),’6.12) and (6.29),one obtains
in the region /}?'!'/ ~ 10215 GoV® (%= 45‘.55/ h

f.,(-7* 'ﬂm%* o 177 = (”_M‘Vﬁyy (53,
Because f’rv‘/f"/“‘z"f_ ?‘/ﬁl/ (ﬁ)f ﬂf/p in this region,the K

form factor is ~3 times smaller and has the opposite sign as
1
compared with /g;-r‘/ﬁ/ The cross section of the process

*-+ﬁf° ig (out of resonances):

a-(€+~.5.,w,e/ f/@a&//a"(e e a-/v/f(/a,? 10370 7
L ﬁ ~ 1086V
Let us note also that while the strong interaction contribu-

tion,fig.6.5,and the electromagnetic contribution,fig.6.6,are,

+ - ,
it seems,close in magnitude for the [ £  decay,the fig.6.5
contribution will then be the leading one in the $>£%° gecay,

o (F A
bace.use/-ﬁ" 2L t’yf‘ﬁt"’ﬂ?ﬂ,;g /L_"”" ;‘fzﬁpj(_f;/ y.90°%

The second example is the charmonium ground state decay/?.i 2.1.{['_

é: /.?ffﬁy > T

Belf £ = (7%)° 5 ////

/ i (:’5. 55}
ﬂﬁﬁ (}O/J//1ﬂ¢§ éﬂ;'égy/'I;ZEEg }

Humerlcallyfﬁ,i/_

Be (b k%) =207 Y | T=L5

6.3 CONCLUSIONS
1., Sumiltaneous self-consistent treatment of a get of sum ru-
les allows one to investigate the properties of the SU(3)-sym-

metry breaking effects in the meson wave functions and in the
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quark vacuum condensates. We have found a number of regulari-
-tieéﬁ ;

a) the iﬁrg&r is the wave function at the origin,the narrower
.is the distribution of quarks in the longitudinal momentum;

b) the heavy is the quark,the smaller are the values of its va-
cuum condensates (ﬂ/};}"’/ﬂ?) and {'ﬂ’/.’“dﬂ/vﬁ& .w? ¥ /o>

¢) the heavy is the quark,the larger part of the meson longi-
tudinal momentum it carries (for the lightest mesons in the
given channels).

The most interesting,all these points are true even for the

light d~ and S-qua.-::_-*ks.

2., The typical magnitudes of the SU(3)-symmetry hrunking ef-
fects are = 20-30%:

< Wu-5S8> i g 6;
—— e L0}

-_—

o .?F,wj U~ 5964y ﬂ,,,z e
Ciud {ﬂfof/yﬁz p,}""ﬁ}

<f£"f¢} ~02 , a&—'fv} :‘23 )
<X P <He > [y #

while these of the SU(2)-isetoepic symmetry are ~1%:

=02 025

- A, s,
‘(”‘{_M/} ~09-702 LB R
L&) / XdS fy

The cha.racte_riatic bramching ratio for the chﬂmpnium two=-
particle decay is :z0.1-1%. Therefore,the characteristic bran-
ching ratio for those decays which are nom-zere omly due to
SU(3)-symnetry breaking effects is: (ﬂz 'F3/"ﬂ’f’"‘f//
ﬁ?—g}/ﬂ{-’-.{/ 1072 /
" Be (40980) > K'F) =2 107%Y

For instance,
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T. WAVE FUNCTIONS OF THE MESONS WHICH CONTAIN '[:“:g QUARKS

We consider in this chapter the wave functions of the mesoms
with an open flavour,i.e., Qq,where Q is the heavy quark c or b
and q.is the light quark u,d,s. These wave functions are of in-
terest for the following reason, The amplitudes include usually
the integrals of the fom:g:aiqti‘)/i“f s Where “?[.ﬂ iz the me-~
son wave function, The largest part of the Qg-meson momentum is
carried,of course,by the heavy quark Q. Therefore,the wave funce
tion W) has the strong extremun at U.-*ﬂ‘i‘il © and this
enhences amplitudes., It is the goal of this chapter to investi-
gate the properties of the Qg-meson wave functions in more de-
tails &nd to elucidate the characteristic properties of the pro=
cesses which contain such mesons /6.1/.

7.1. GENERAL DISCUSSION AND ESTIMATES.

Let us denote the longitudinal momentum fractions carried by
the 1light and by the heavy quarks (at P}"" o ) as<¥Xe> and
(XH} correspondingly, We have for the nonrelativistic bound
state: <x$>/<Xﬁ> ~ ?ﬂn‘,/M& L4 i} (“0& KL, {Xe>= i,
i.e, the mean momentum fractions are detemiﬁed by the mass va-
lues mainly,while the interaction effects can be neglected., The
corresponding estimate for the bound state of one relativistic
quark and one heavy non-relativistic quark has the form:
(KUD/(}(&\,. ~ N“/Ma@ 1 ,where Mo = Ky =(350-400) MeV is
the characteristic QCD scale, This gives for the B-meson ( Mg=x
4.75GeV): {¥q¥ % 0.07-0,08, {¥g» = 0.92~0,93 and for the D-meson
(M= 1.5 GeV): { o= 0.20,{Xe1=0.80.

Let us compare this with the K-meson wave function (see
(6. ii) and (6,29)):

Qe ()= B () [0 voaso08), 00
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As an illustration,the expected characteristic form of D-
and B-meson wave functions is presented at fig.?.?,- and the K-
meson wave function is also shown here for comparison. The D=
meson wave function has one strong extremum at Ke=0.% X, =0.2,
while the K-meson wave function has two extrema at ﬁ-;"—'ﬂ.%,h'x{},z
and ‘f\$k{}‘2: ¥u=09% ,each about two times smaller than for D,

We expect,therefore,that ¥he processes with D-mesons are noi,
in general,enhanced as compared to that of K- (or W )-mesons.

For instance,we expecf (at &'32%“3165 MeV,see below):
A (3 ?nﬁ.\ "‘:?}*.-D- ¥ 0 ki\
Y2 KK

Therefore,our viewpoint here is opposite to those expressed

(7.1)

in the paper /6.6/.
At the game time,the ratio D/K can be large if the K-meson

amplitude is suppressed for some reason, This is just the case
3 AN
AT

3 e

T(éQ%KK

+ -
This ratio is large not because D D =-decay is enhanced,but be=-

for the ratio:

il
Qﬂl 1. (7.2)

cause K+K:deca3 is suppressed. The reason is as follows, The di-
agram at fig.6.5 gives the main contribution into the decays
Y(90)=dD.
1imit,but the SU(4)~symmetry is badly brokea (=100%,see the
wave function \?hu\l at fig,7.1,this wave function is symmetric

These decays are zero in the SU(4)-symmetry

under x¢*(1-x) in the exact symmetry limit). Hence,there is mno
real suppression in this case., At the same time,the contribution

of this diagram into the YG%L\"’ XX  decays is indeed sup-
pressed (by the factor ~1/5),because it is zero in the SU(3)-

18
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symmetry limit end the S5U(3)-symmeiry breaking effects are
small (= 20%,see the wave function \th‘ﬁ\) at fig.T.1).
7.2. SUM RULES AND PROPERTIES OF THE D(1870),F'(2010)
AND B(5200)-LESON WAVE FUNCTIONS

The Qg-meson wave function of the leading twist is defined

ag usus x._a..y'

<0\ %\1 ,,Q& emt‘ &g iﬁ%kﬁﬂ']&(%j\ ﬂ» % ?FS& Q“ ?) EL}
S &S\?“kﬁ 3 =Xa- Xy . : QH':)

In order to find the Lcnqta.nts fg‘y %F and )}ﬁ and the wvalues

of the moments ‘(qu\/‘ ylet us consider the correlator:

T!-w =‘~g &‘f\E- <G\T Wkﬂ‘ﬂﬂfq .ﬂ. Qt"’\‘ﬁi\ﬁs k‘f:}."]} j %Lﬂ“fb = g s
e [ 0t To 60+ (e ) T2 ). 220

The pseudoscalar mesons we are interested in,contribute into
the spectral density j“\T: + We use below the technique pro-
posed by E,V.Shurayk in /1.52/,i.e. the energy & is used iustead
o& a' C\ LH{,’%E\) E«Ma.But in contrast with /1.52/ we put

L(N \ (MQ-I-ZEM} and keep all the teims -~ L?‘EM“‘/M%\

when calculating the pert. th, contribution,fig.T.2. At the

same time,one can neglect the energy E in comparison with Ma
when calculating the non=-perturbative .contributions,figs.7.3,7.4.

The pert, th, contribution,fig.7.2,can easily be calculated

by using the dispersion relation. For instance,at n=0:
part 's M ($-m a B
3‘MTL ($) = ____ tL &1 3 Ma

Rl LM#?.MQE\} :
R

é:(MngE\l‘

p et (e g A5 BT @

S I —"




and after the "nonrelativiatic borelezation" the pert. th, con-

tribution takas the form ( $= ?"M/Ma )
3 Mg .6
-E-%ll'f. Q. jmT LE\ = e gﬁ Ud_?ﬂ?a e

The non-perturbative ccntributiona,figs.?.3 and 7.4 can be cal-

?eﬂ.

culated in a standard way. The lowest resomance contribution

into the speciral density is:

LT RS = R

where En. is the resonance energy and Me is its mass,
Yﬂg=Mq*ER- As a result,the sum rule for a determination of
the comstant &'a has the form:

—-Ea —Enl
S s P uwe &
"U‘.u_ L iy o " . .o
&L&\%Mﬁb_ <EE; ‘> "blM?' <ﬁ\"«1 S ‘Ult(;‘rw}\ u\ﬂ> +

! 2
%_’L_@\@uu\@ gt LN (7.8)

The sum rule for {‘}{ub ‘can be obtained analogously and has
the form: ' % '

Wi : o ol E‘l L g
Makmn(ﬁn,ﬂeﬂ - ‘\'-Q-Lu'\"ﬁ (b' ™ %.J'i'* E\-

ME 3l e

m——

— . 1
mm% Wtay ﬂﬂ\‘d'ﬁ’w“mﬂ“_“\ﬂ> Hie RS

T A ol uley
CUN
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Here: E_:. and E.*. are the corresponding duslity intervals, ER:

400 MNeV is the energy of the lowest resonance,

FI Mﬁ.—} const  and (”iu', R-&const at My

)
A7 Ty =-135:40 "oV’ <ol TR ‘t(:"tu}'\ o =-235.10 GV’
Let us point out here some characteristic features of the

sum rules (7.8) and (7.9).

8) Each derivative Tﬁ in the correlatcr- (7.4) introduces the

factor (M/Mﬂh- Therefore,'hhe me  momentum fraction of the

light quark is: <\E(nb :LM/MQ{{-L This ag.=2es,of course,with our

estimate presented above,but taking now intc¢ account non-pertur-

bative corrections we can determine more precisely the value

ge L

b) The power corrections in the correlator 2 My start from

the operator with the dimensionality (n+3). The pure gluonic

corrections like <% G1> , etc.,give however small contribufi=

ons and can be neglected. Therefore,the main power corrections

are determined by the operators: {'ﬁub ~-for %i ; % ES;&G)\"J>
-for %:(“q;) <G‘§‘GG—\1> - for %&('ﬁii‘fletc.

¢) The main power correction { uS’u%G}xlk> in the

sum rule (7.9) for ‘Cf\qﬁ has the sign opposite to the pert. th.

contribution,fig.7.2,and increases <'i{n'z Indeed,in the fig.T. ]}_

diagram which gives this power correction ,the light quark is

e "wee". Therefore,this power correction tends to diminish a

role of such configurations where the light quark is a "wee',

i.e. it increases (KﬁQ

" The fit has been performeﬂ. for (7. 8} E.nd (7.9) in the region

0.4 GeV< 1% 0.8 GeV. As a resuls, W¥obtained from (7.8) for
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Me=15GeV, Mg=U5GeV, Eo=U00 Mey, 03¢ dsg n.lﬁ

§ 4= (90-100) MeV, §, = (160-175) Mev, E, = 0.8 GeV, (7.10)
and from (7.9) |

{Xo, = (0,10£0.02), E,=1.6 Gev. ' (7.11)
It is impossible to obtain the value of {‘P‘lqﬁm from (7.9),

because there is no region where the contribution of the term
i ﬁﬁl%@-kﬂ'} is small. The results of other authors for
'%'B and %1 cen be found in ;"1.520_18 T.4~7.4/ and they

- do not differ greatly from (7.10),except for ;"1.52%/,

YWhen D-meson is replaced by F"'-mesan,the u~-quark is replaced
by g=-quark in (7.8). Taking into account that {g‘;“-:u,ﬂ,( uuS
(see ch.6) and E. = 550 leV for F(2020)-meson,one finds that
the whole effect due to <§§> #+<{UUY is compensated by E.+

E'p ywhile the constant &‘1: remains nearly equal to &-,:

- 2§y = (160-175) MeV. (7.12)
One has from (7.12): e Al
PSR f2wiMe(i-"Ae) i
Dt ) G- T

()= t(xs }M/ LOAG 4640 gec,

bt e By ot
BY (F >% ‘J\"‘ m = i.'l -/ﬁ &UT q:h{_k't-'\ ?.iU sec,

* Because (ﬂ‘l—- N-;\@C M » the quarks a.:re near the "mass shell",
For this reason,the "constituent massea" Httigwand. Mt=l\.":'391\'
are used instead of the "euclidian massea" Mc.(‘fE-Ma: 1.25CeV,
My(g=-Me)=haGev.
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In conclusion of this chapter let us note the following,

The estlmatea obtained above for B~ and D-mesons look like:
<‘£q{>ﬁr_~(_{]‘ﬂ$ 5 <Kg¥\)h:nﬂb.MDI‘E accurate approach using the sum
rules shows that non-perturbative effects tend to increase
glightly the value of <'1{0'> Therefore,there is every reason
to expect that <‘r{1$3‘?y 0.20. This confirms the qualitative con-
clusion made above that the processes with D-mesons are not
enhanced as compared with those with K= or T -mesons, This
can be checked in the following way. _

Consider the inclusive reaction: gi’.- —)M(ﬂ*’x_ ,where M is
the meson with the momentum p., The missing mass is: M% =(L'Z)Q2,
P=%G‘/?. sand so the process is quasiexclusive at >4 ybeca-~
use Mi{“- Q?: The above considerations allow one to expect that
the D= and K, T production cross sections are roughly the same

at large Q and >4
ds (Q*Q—»f*-‘k\/t\iﬂ 3 0({.\ AR
dg (e'e» Ken)/ dz
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