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УДК 530.145 M-I6
ON THE VALUS OP GLOONIO CONDENSATE IN QUANTUM OHHOMODYNAMICS:
Preprint ITSP 89-153/

B.V.Geehkenbein ~ H.t AflOMINFORM, 1989 .- 28p.

The value 0? gluonio condeaaate ^——^ > is calculated

using the QGD jmodttl with infinite яшпЬег of -vector mesona. For

polarization operator connected with the vector current of c-

quarka П (® ) within the interval С <#*-<«» the Wilson, ope-

rator expansion ia used. In the operator expansion we remain

only the unit operator end the operator connected with g?.uon.ic

condensate. The requirement for /7 (Q ) in the interval at

hand to differ from the operator expansion vacuum expectation

not more than by 20$ involves the restrictions to the

value of gluonic condensate 0,04 GeV ̂  ̂  zr-£ J>$0.12 QeV' »

.iaelogously, for the f -c-feson family it is supposed that the

П
operator eatpanaion is valid for the polarization operator ei

in the interval «4m? + 10 Ое"И < Q
2
 < «=»° .In the operator

sxpenaion we remain only the unit operator end the operator

connected with gluonle condensate. The restrictions to the

value of gluonic condensate 0.0^ 0е"Л £ <~1й-£ *>$О. 1 4

follow from the requirement for П (& / in this interval

2

of Q to differ from the operetor eijin^ion vacuum expectation

value not more than by 20?i. The electronic widths of the gr-jiurJ

and excited stet«3S of <̂- f d,- , У"' тор.пп ГчпШея fire calcu-

lated.

Pig. - , ref. ~ 12

( С ) Иистягут т«ор*тшческо>1 я »ясп«рииенталы1оя фяэикн. S.98V



I. Introduction

The gluonic condensate K.^^" ^ is o n e o f *ne basic

feature of QCD vacuum. In their classical work Shifman, Vainsh-

tein and Zakharov'' •'have shown that the velue of gluonic conden-

sate is nonzero and have obtained

(. — & \*7 w 0,012 GeV4 (1)

Whsn obtaining the value (1) the momentum method was used. Since

then in a great number of papers*- -» there were obtained various

values of gluonic condensate significantly differing from the

value (1) of ref.*--',,
fa1In ref.^ 'the QCD model with infinite number of vector

mesons was constructed. This model describes well experimental

data on electronic widths of the known resonanceo of 1

families. Consider, for example, the J -meson family. 6 vec-

tor resonances were observed experimentally, and then the curve

H(s) becomes smooth. As was shown in ref.*• -*, if the vector

meson widths obey the conditions

jft. "•"'H.-J. ~ "* ""* (2)

starting from k»5 ( -^»K — is the fc-th resonance nmss , /

ita total width! then after the 6-th reaonance the function S(a)

will be described by the smooth curve and all the formulae of the

model a'a hand are applicable. The basis for this paper is the

Wilson operator expansion» Prom requirement that in the validity

region of the operator expansion the polariaation operator """"
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must be close to formulae obtained from the operator expansion

we find the value of gluonic condensate. The region where it is

required that ' ' \& / must be close to the opera-

tor expansion formulae for the / "~ meson family is the

following: О < С < °° . This Q
2
 region is ^ 1 0 GeV

2
 dis-

tant from the cut /7 ^ / . For the j -meson family we

shall also require that Q for which the operator expansion is

applicable be more than 10 GeV distant from the cut f]

This means that for the f -meson family we will require that

ti*e operator expansion in the region — 70 GeVT/be close to for-

mulae '' I •* J • Рог the value of gluonic condensate obtained

from the family of Ф and у mesons we obtained similar va-

lues of gluonic condensate significantly larger than those of

ref.L '. Intial formula owing to which we have obtained all

results of this paper is the formula which connects the electro-

nic width of the resonance under consideration with its mass

derivative jC«» , Por the 'P meson family

>

eq.(3) and in the next formulae we use the notations

It can be shown*' that function ^ < considered as a function

of variable Л given at integer nonnegative К can be conti-

nued to analytical function Ь (К) with the cut along nege-
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tive X talcing the values 5
K
 at the points k«0,1,...

In this sense the derivatives (4) are defined. We have include

into function K
c
 all the corrections to «tf

&
 in

perturbation theory. In the zero order in «^ the function

is defined by the well known formula

(5)

, m is the c-quark mess
С

Eq. (3) was derived in ref.^-'froia requirement of asymptotic

freedom only for largo It . Yfe shall epply it for nil k. This is

based on the fact that analogous formula in nonrelativi3tic

quantum mechanics ,

has for the considered in*-
7
-
1
 potentials the accuracy of £ 2/5 for

the groiaiu state and of a parts of peivcent foiv excited states.

Eq.(3) can be considered as an anaatz which makes it possible

to describe the polarisation operator /7 **** У via the masses

of tiie known resonances so that in the region of the operator

expansion applicability /7 0@ J will be slightly differ

from the operator expansion. Besides, using eq.(3) one пюу cal-

culate the electronic widths of the resonances under considerat-

ion which agree with experiment* The fact that it is possible

to do allows one to state that eq.(3) is applicable for small

к too.



A

2, pind^jig of GluoPic Condensate Value front the 'f*"~

Meson Family.

Consider the polarisation operator connected with the vec-

tor current of charmed quarks

where

The dispersion relation for /7 (@~/ , Ct —""/ is

//•*'• iz7i~ &_ L,Z ¥ T < « (a)

The dispersion relation (8) is written without subtractions

since, as will be shown below, the divergent rart in П

cancels.

In approximation of infinite number of narrow resonances

with the masses ^
K
 and electronic widths f

K
 the

function В (s) has the form

(9)

U m 1/137. With the help of eqs.(3)*(9) rewrite eq.(8) in

the form



Transform the sum in eq.(1O) into integral exploiting the Euler-

McLoran formula. We get

where

во

¥e introduce here the notations ,.

A*

WAn

• 1 2 )

(13)

• < - /

,- of STommation Ъу integration was made etartinj;; fro«.

but not from k-0. This ie due to that the %



derivatives fas-.iy тгс\ч with the nuaoer if and the Suier-McLorar

formula арп&агз to be ineffective. The point « is farther

fjro~. t"ir? cut s~_ 'ct1 tin э Г'?й^оп there is ro such a grow w t 4

Глт- operator '5r.;an."ion. for T-product of vector current:;

sonpocei front •'—'Тиагкгз даз the forro

r

7iv?re I is '.ho 'Uiit operator

Lot иг take the vacuum azpeccation value fron ihc operator C."}

sru.? ccnr;ai"3 i t wi sli eq. (11). T?:1: :ern ^/-- "arc-ji? and. -v«

.--л r; the 'el,с iс forrrLula of th i j *?'3̂ r?r *

In the r.h.side of eq.(1G) the Ы^ ••jorrect̂ ona are disre^ar-

.:. ,-i, consequently, in the Lh^rida too taese correctioiis sray ce

disregarded, i . e . one ray replace /? ' '(."*)-^R.^ (*>)-

Tho value s ^ " ^ - ^ ia a re normalisation vain*?, i'h?

l.h.sicio of eq. {16} i s replaced аз



In eq,(17} «с- из& the notations

The indices o v e r ^ i s exjilsin?d b;r the fomvila (13). At й -

the T.hrc. of e q . ( l b ) t a i o ? the Torn

(19)

Zonnaqv.zntly, the* f.err-,3 /Q"^ In tile I.h.side of eq.(io) r.us

япся! and we obtain the equation

at C% ec.(1c>)



where

*'

(22)

In all the above formulae the nonwrittea terms are omitted because

of siMliness of coefficients at these terms. The parameters m
nt

<Л-) <*J
 4

^J a <-*J о
 l
^J s 16)

A , $
t
 * \ * \ * \ * \

 w e r e
 varied

in a way that tne l.h.side and r.h.side of eq.(16) were maximally

close tc each other. The value 5
e
 is found from eq«(20).

It should be teken into account that the masses of neighbou-

ring mesons Jk (3.096) and Л (4.033 are expressed vie

varied parameters. i?e consider here only the шезоав which are in

з-stete .
 L

^
 L 4

y

c the parameters we required that the values A
b
 and

wfl« slightly differ from experimental mass values. The error

in the calculation of -3
O
 and Ъ, is of order of the

largest omi-H;ted term, i.e.

2
?or *>4 ' the estiaate was -i ' «w 10 Ge7^ *

. CO
The value Ъ

о
 яау be calculated oy two methods: using

eq.(20) and using the formula

(24)

eq.(20) and using the formula ч
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This term cancels with the term at the unit operator in the ope-

rator expansion. Repeating ar-gmnents of the preceding Section

obtain instead of eq,(16)

we

(30)

The i.h.side of eq.OO) at Q^> 0 may be written as

ы Ш. -t „
 Z

A it ( w } ~ ——

eq»(31) we us^ the notations

•2
^ ** for the function F there is the formule

Is obtained from eq,(33) by analytical continuation.

Formula for PC®) at 6? > # i
b
 obtained from eq.(i5)

by replacing ar, -^ a^ , At - V ^ <Q <• Q the function
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is obtained by analytical continuation and can be written ae

Л* f

(35)

wereYgo as to achieve the most closeness of the l.h. and r.h.

sides of eq.(30) in the interval»* mi
 + 1 0

 ^ ^ "<
 Q < o

°

This interval is chosen such that just as for the f -meson

family it would be distant from the cut of the function *'

by >s Ю GeV
2
 .

In this interval there is analytical freedom and operator

expansion. When varying it «as i-equired that the following 7

equalities would be fulfilled. The value

where

would be close to

The value

where

would be close to JftjgpCp - 10.0234 GeYj

The value Уй з̂ь vTj , where



* э * * .

would be close to JW • (1O.577+C.OO4) GeV;

^ The value <Мц ~V Ъ , where

<O _ из.) у
 г

would be cloae to

and ine value j%^

would be close tc ^h'-C^P * *l1-°'i3 C-eV.

The value \> may be с stained using "she squa^..;

wiiich follov/з frora the requir93i<?nt of absence of the terras

M\t at 2C -^<=o ±ъ A ' ( KV J . the зате value can be

obtained from the formula

? ̂ (42

When varying iv rds required that for s ' obtained from ec?,
о

(41), (4-2) close values would Ъе оЬтчлззес.»

The ассигвсу of ell these /ortnulee is defined D^ ;he пел
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lected term v;ith з^ ' лх 10 GeV . Analogously, it was required

that the varied parameter s!j ' would be close to the value

С 43)

Froiu requirement that the l . h , and r .h .a ides of eq.(30) would

differ not aore than by 20?S in the interval -4 m̂  + 10 GeV2<

<; Q2 ^ ac there follow the r e s t r i c t i o n s on the value of gluo-

nic condensate

* (44)

The value of £iuonic condensate was ieterminea by the formula
3 "

At the magnitudes of varied parameters

mb • 4.544 GeV, з ^ 1 ) - 9.032 GeV2 , s^l 5.053 £*)JZ

« -2.14 GeV2, s^3 ) » 4Л52 GeV2 , a^l -3.596 Ge72 (46)

| - -5.318 GeV2 , s ^ - 10 GeV2

the value of gluonie condensate is (,z^-£ ^ • О.О56 GeV*

and the difference between l.h. and r.h.sides of eq.(3) in the

interval -72.6 GeV
2
 < Q

2
 C°c does not exceed 155&. The

ratio of the r.h.3ide of ecj»(30) to the l.h.side with Q .

r̂o-.vin/j tends fastly to unity (see 'graph (2)).
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Making use of formulae (36)-(46) we o b t a i n t h e mass va lues

J^o » 3*4542 GeV, $x - 10,0232 GeV, Ji% « 10.5767 GeV,

JH * 10,855 GeV, Jig-- 11.384 GeV

у and of the values

Hie value (ê [ ^ ) ,
g
 « 9»O24 GeV^ is close to the value of the

parameter si ' • 9-032 GeV .

P O T the value3 si ' and si ̂  there are the

At the magnitudes of the parameters (34) we obtain

4! ' V ( 4 9 )

4. Li gilt Quarks

Consider the polarization operator '' *• -̂  connected

with the vector current of light quarks J

• ^ 4
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2 2

where Q • -q and

7he iiapersion relation for Л(^)

f
J

In vlie model at hand one may use for A
 %
 ^ '

eqs.(8) and (3) replacing R
c
<-**)-~*% ®fld 4 ''^

Substitute into eq. (51) the function Jr
1
 *

 1
^ defined by e<j.

(S) and exploit formula (3) and the Suler-KcLornn formula» Ш

- j Ь + Q3- + T %
л

In aqc(52) Btimmation is replaced by integration starting from

ic»1 and «11 nonwritten terras are neglected. 'ТЪЛз ~зг; be done

since я-, « 2,39 GeV̂  , i ,e . i t is significantly smaller than the

paranwiier e, for the family 4? and ]̂  .

Th<» operator expansion in this cea*= allows one to vrrite the

formula



V *"Ar* J *•<
*V/
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< 5 4 )

C
2
 - 0 (55)

{ 5 6 )

/* * ' _ (57)

*+7r **J)2 f*
r
P

0>

At large Q eqa.(53) and (52) must coincide and therefore we sxpsnd

eq.(52) in 1/Q and equal

1/Q
2
 in eqs.(53) and (52)s

eq.(52) in 1/Q and equal the terms of one and the same order in

1/2 e{
1
i 1/12

8 S1
 { j

s
o
sj

1 )
 + 1/2 s

2
 - 1/2

- 1/3 3?
 +
 1/2

(D
2

where A, »

Let ue «ее the-firet of eqe.(58) to find s^
c /
. After simple

manipulations we get

(в., - e
o
)e^

1 )
 + 1/12

 Я1

(1)
 - 1/2e

2

| («f - s2)s£" • 1/6 а̂ з̂ *-' - 2/3 ef - Ag (59)

i %2

I «»? " «o>
 e
i

1 ) + 1/4 S
1

S
1
 }
 " 2/3 з^ - A

g
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Excluding s^
1
lnd а\

Л
^ from eqa.(59), let us express Ag through

A
4
 a n d A

8

их __ — - • • # ̂ % / y- ** \

the last term in (60), auhatituting 3 e = *% *

*»«, - 0.77 GeV, А =т * , «L* • 1.7 GeV we get

1) At t'tib GZ> • 0.04 GeV4 Сй « -0.0010 GeV6

ff °
2) At < y ^ > - 0.056 GeV4 G<; * -0.0022 OeY6 (61)

3) At < ^ r ^ > « 0.12 GeV4 Cg » -0,0072 GeV6

The value Cc obtained with the help of factor!aation hypotliesifi
г 1

and vacuum insert •"'ie equal to

—7.9 10-4GeV6 (62)

Corapariaon of the result» (61) and (62) shows that the hypothesis

of factorisation and vacuum insert gives an incorrect resr.lt» 2ле

accuracy of this hypothesis was analysed in ref.^-*. Let us find

from eq.(59) the parameters e£ ' and a\ '

(63)

(64)

Th« values of «^»л *"* /^*^< a r e S l v e n • i n t J i e
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Substituting et$C.me) - 0.39 and 0^0**] - 0.27

we obtain '* . The comparison of the calculated elect-

ronic widthe with the observed ones ie given in the Table.

I wish to thank M.B.Voloshin, V.A.Wovikov and K.V.Terentyev

for useful discussions.
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• on of i:« bull «ted v«luea of electronic widths /

values к tor f ,

with experimental

-meaon f anil lea

to

i\
/a"

t'
r
a
Y

h

309o. 9-0. i.

36*36.0*0-1

4040-iO

•i-ii.o~6

У*зО.З*О.а

10023,3-0.3

i.03ub. 3 * 0 . b

ii..;
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a3.o---'

l
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.10665-8

0,068*0.010

0.243**J, 043

25*3
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0,052*0.003

0,044*0.009
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I

0,58

0.44

0.31
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0.45

0.25

0.23

0.34

X.OV

О,Л*

11

0,58

0,46

0,26

0.57

0.45

0.24

0.23

0.3G

1,10

0,70

ш

0,66

0.42

0.32

0.60

0.44

0.24

0.23

0.34

1,2С

O.bS

1

4.

2»

X.

0.

0.

0.

0

6

4

А Г к

хз
81

94

99

63
35
33

.50

82

,46

11

4.10

2.31

1,61

0.99

0.63

0.35
0.32

0.51

6,99

4,29

•
III

4,57

2,63

1.98

1.02

0.62

0.35
0.33

0.49

7.153

3.56

(

2.

0,
0.

0,

0,

I.
0.

о,
о,
0

0

6

15*0,

26*0,

75*0,

77*0,

47*0,

34*0.

60*0.

44*0, (

24*0,

,31*0

,13±0

,9*0.

/кеУ

>.6tT
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05
15
23
10

05
04

03
05

.07

,03
3
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I. - Тле aet of parameters in SeV

for trie Ф -meson family

1.323, z\^l 3.266, ap' - -1.665, sj
3 >
 «0.622

;:i
4
^ » 3.753. ? P

5
 - 16.56, <4

6
2 -15 st this set of the

parameters ^ ^ ^ /* - 0.03882:

b) for the T^" -meson family:

• 4.544, a}*' - 0.961, a)," - 5.157,

• 3.789, s^ 4 ) —0.727 a£5i-4.26S, в ^ - 9.747

at this set of the parameters ^ ^ t f ^* • 0.053;

••3j for t h e <? гпезоп family ^ _? <г'*> " 0.04.

I I . - the set of parameters in 3eV

a) for the f' -пезоп femilyt

-4;
4
^ "i.jb'i, p^-^ - 7.072, s^

6
^ .-11.71, at this set of

parameter? <; *& £*"7 « 0.0562

b) for the ( -meson family:

гп,
л
 » 4.544, з--

1
* 9.032, -?!

1}
 -5.053, a j

2
i-2. U

9pi 4.152, sj
4 )
 —3.598, s^

5J
 —5.318, 8£

б >
 - 1

at this set of the parameters ŝ=r ̂ ^> • 0.056?.

•:) for the <* -cieson family ^ ^ ^ * > * 0,05f>.

III. - the 3et of the parf.:t:eters in GeV

ч) for Y -meson f

3.204. *4
5 ;
- - Tft.82,

 S
! [

6 )
 -0.052, at this set *
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the parameters "C-̂ ? & s> » 0.12.

b) for the " ) ^ -meeon family: ir̂  - 4.53, s![
1
^ - 8.917,

4
1
> 5.028, a<

2 )
 -2.295. ^

3 >
 - 4.047.

si * -3.962,
 S
2

4 ^
si * -3.962,

 S
2 8*45

f
 a* tbls set of the parameters

c) for the Ф -meaon family ^ .=? & > « 0 . 1 2 .

Shen comparing Гл and /^ with ' / ^ < b

and *%ru4x iOT t i i e ^ ~ m e s o n * a m i l y °n e should subst i tute

+/
te//» ^ iex^ « (2.35+0.31)

. 31)
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Graph I.

7ф Ьо $0 i<»0

щ
fcf'.l

fc1

Щ

T] (.& J is the polarization operator connected with the

vector current of charmed quarks. /7 (-Q ) ±
g
 the free

polarization operator. {*?*€ ? P(QZ) ie the gluonic con-

densate contribution into the mean vacuum value from the operator

expansion (14).

I. - the set of parameters la (see the Table) < ^ * ^ > «

«.0.0362 GeT4

II- - the set of the parameters IIa(see the Table)
ж 4

• 0.0562 GeV

III- the set of the parameters Ilia (see the Table)

- 0.12
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Graph 2.

ah*)/-

д//

П (G } is the polarization operator connected with the

vector current of b-quarks. fl
0
 (&/ is the free yolai-iafition

operator. ^«^<?' УPCOJ is the gluonle condensste cont-

ribution into the vacuum mean value from the operator expansion

(14) ( C-*S )

I - the set of the parameters Ib (aee the Table) { _ft£'>»

. 0.053 GeV4

II ~ the set of the parnmetera lib (aee the table ) < ̂  & > *

- 0.0567

III- the set of the parnmetere Illb (see the Table) 4 ••£ С >»

- 0.1
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