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1. Тhe present p:>tential phenomenology for light and heavy 

quarkonia definitely ваув that in the limit о! infinitely 

heavy quarks only the Coulomb.p:>tential gives а contribution 

[1]. on the other hand, the increasing POtential is very 

useful to describe the spectrum of massless (light) quarks and 

the spontaneous breaking of chiral symmetry (i. е . the origin 

of the structure таввев о! the quarks) [2,3,4]. 

At the вате time, it is well known that the lattice QCD 

gives the inсгеавing potential in the Wilson approach, Ьавеё 

оп the assumption of infin!te quark таввев [5]. So, in this 

вenвe оnе сап вау that the lattice and potential ideology are 

contradictory. Тhe situation i6 redoubled Ьу the vagueness in 

the description of gluons in both савев. 

Тhe authors think that the виссевв of the potential 

phen<;>menology for light quark6 justifies the attempt to иве i t 

for gluonв,too, Ьесаиве from the phenomenological point of view 

the massleв6 gluonв do not differ from the light quarks. 

'I'he Нaтiltonian for the p:;>tential interaction о! 

transversal gluonв i6 еаву to write d<?wn if оnе replaceв in 
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the potential quark model the quark current Ьу the conserving 

total color current 
+ л. а Ja _ + л.

а 
,.аос Ь с 

q - q -> tot - ( q -2 q + 1: Е1. А.1 ) в (1)
2 

In the purely gluonic sector we obtain the following 

Нamiltonian 

[:1 or-tд. 2:1 а 2]Н =: d х - (j:!;.<Х) ) + - ( "iA .<Х» +J а 
2 1 2 J . 

(2) 

:1 ,.а1:::>е ecd J з э.....а Ь с d+-1: f dxdYJ:!;.(x)A.(x)VR(x-у)Е.(у)А.(у). 
2 1 1 J J 

For simplicity we consider the oscillator potential [3] in (2) 

92
VR<r> =: V г , V =: (234 MeV) . o o 

Тhe fields ~ and А<: муе the following decomposition 
1 .1+ 

over creation anа annihilation operators ab(-)(k)r 

E~=:iJ dЭk I o.>(~) '{exP[i(U)(k)t -kx)]e~ab(+)(k)-
J < 2тc~/2: J r 

- ,ехр [- i (o.>(k) t +kx) ]eja~( -)щ} , (3) 

A~=! d
Э 

:/2 I 1 {ехр [i(W(k)t -Юс)]е~а~(+) (k)+ 
J <2n> 2w(k) J 

+ ехр [- i (o.>(k) t+ kx)]eja ~(- ~k)}-
2 

r О r r 6 k. k.Нere k ..е. = ,е . Э • = .. - -l-J k = Ikl; the 
J J 1 J lJ k 2 

operators satisfy the commutator relations 

[а
Ь ( -) (k) ,аС( +) (q>]:;:6bc6 6(k-q) , 
r r' rr 

t 

[а
Ь( ± ) (k) ,aC~±) (q)]=o,

'} 
, r r 

and the single particle-energy w(k) is defined ав the 

expectation value о! the Haтiltonian (2) between the one-gluon 

states I Ь, г ,k >g with the quantum num1:::>ers Ь, r and momentum k 

, , , Ьь' 

<b,r,k IHJb,r,k > =w(k) 6(k-k')6 (4)
g в
 

with Ib,r,k > = ab(+)(k) 10>.
 
g r 

After the suootitution of (З) into (2) expression (4) can . ~ 
ье rewritten ав the following equation for со (k) 

со (k ) k
2 

{[ 1 dU) (k) ] 2 1}_
-2-' + 2w(k) -VO Мс 2w(k) dk - it2 ~ w(k), (5) 

where the left-hand side corresponds to the three termв of the 

Нaтiltonian (2). То obtain the вошъюп о! (5) two numerical 

methodв are uвeC! the "shooting" [6] and the 

Runge..;Kutta-Gill methodв [7]. Вoth give 8:iJnilar геешта ( the 

solution i8 shоЮ1 in Fig. 1 ). 

In dimenвionles8 variable8 the asymptotic behavi~ i6 the 

following 

2
~(~) k -> О > it2 " With© =(NcVo)-i/Э GJ' (6) 

~(~), > k 
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Тhи8 the gluons effectively acquire the st:i:ucture mass 

2 I 2 2
depending оп the momentum (mg(k ) = со (k) - k 

i 

) and БисЬ 

that т(О) = 00 (Ьу analogy with the massless quarks [3] ). It 

ВeemБ that all increa8ing potentials give this effect if one 

defines the effective maвв as IO :: (.V(k=O).
e f f 

~ 

3 

2 
Fig.I. ТЬе behaviour of the 

single-particle energy ~(k). 

ТЬе shaded line corresponds to 

the free particle case.
1 

о 1 2 3 k 

NoW' let ив consider the simplest bound state of two 

gluons : the scalar ( spinless ) glueball. It is а linear 

combinat1on of the two-particle eigenstates of the Наш11ton1an 

(2) 

Hlb,r,k;c,s,-k>gg =Mlb,r,k;c,s,-k>gg , 

4 

I Fig.2. ТЬе effective potential
i' 

V1 for the spinless glueball.~I ~= 1>~ Here 1 is the orbital momentum 

10 characterizing the orbital ех

citation of the glueball.
9
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о f 2 3 4- 5 к 

where М 18 the glueball шавв and the state 16 defined Ьу the 

action of the creation operators. оп the vacuum 

Ib,r,k;c,s,-k> = ab(+)(k) aC(+)(-k) 10>
gg r в
 

For these въатев the spectral equation Ьав the forro
 

..:. 1 1 d(.V ( k ) 42}ФМФG(kо,k)-2(.V(k)ФG(kо,k}-2NсVо{[~(k) dk ] -k2+2~k G(ko,k) 

(7) 
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with 11 впоотл.пп" method [6J and are shown in Figs. 3 and 4 . One can 

вее that the va1ue8 for the glueba11 ma.sses are in the region/}. - g
k - 6kz k = Ikl, ФG(kо,k) = l Ib,r,k;b,r,-k>.
 

b,r expected up-to-date [8].
 

ФG is the wave function of the glueball G. Тhe substituion of 
We аее that the increasl.ng potentia1 mэkев шаввтое 

the standard decomposition of ФG into· (7) gives for Yl = k 
') massless color particles, it infrared-regularizinвi.e. has
 

'liJ1(k) the "radial" equation
 
<.1 properties . 

.....
d2 ~ l~~-) + [ м - v1(r) ] у1(k) = о. ~ 

~ 
0.2 ~:O 

Неге V1(k) лв the effective potential ( вее Fig. 2 ) with the 

0.1quantum number 1 of the orbita1 momentum. Тhe шаввеа М and 

the"radial" wave functions 'liJ (k) were fОШld numerically ьу the
1 .~ --- . . \ . ,,..-

\. ....,' ....' .... -,. 
м 

~ -.. ,f::1
10t 3.770 (.,eV э
9 ~о~-t~2.0Э 0.1 
8 ~.~o~-t-9.i7~ 10д 

Р, .\ ,.' " • О, _-,,""51~o-----t~;·i~ 
"-'5 ~4 S.~б 
~ 

~:: 2~ 
0,1 

о I ' I .' ( J"Ъ..- I - А' •I I~_. 

б 

о 1 2
1 

3
• 

f :1 Fig.4. 'I'he "radial" wave functionв of the glueball for 1=0,1,2,Fig. з. Тhe numerical values for the glueball шаввев , 'I'hey аге 

in dimenвion1es8 variableв.in the region expected upт-to-date [8J. 
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2. Consequently, one can иве the increasing potential ае the 

infrared redefinition of QCD in the radiative gauge Ьесаиве 

the latter is clo6ely cormected with the potential approach. 

In the radiative gauge the infrared-:i.ndetermined "Hamiltonian i6 

2 J в [1 а 2 1,..,а 2 - • ~ H[g D] = d х "2 (E i ) + 4(J:!iJ(X» +q(Х)(1.Уk9k+mо ) ч ( х ) + 

2 Ь Ь]+ ~ {ot (х)JdЗУ ff (х-у) IA)Jtot(y) , (8) 

where 

,..,а а а ,..аьс Ь С 
в . . =д. Aj - д.А. + 9 I А. А. 
lJ 1 J 1 1 J 

~ _ + л ,..аьс ь с 
tot- q -2 ч + т Е. А.,.11 

9k i6 -а covariant derivative 

Аа ла 

k9k = (J + 9 -_-оk 

and the function ffb(x-уIА) i6 the 601ution о! the followi.ng 

equation 

I 1 ]a~~ ас
(9.д. )-д2(9.д.) .ftN(x-у)=6(х-у)6 

[ 1 1 J J . 

9аЬ_ 6 аЬд fЭ-ЬсАС .
i - i+ 9 i 

Тhere ехаввв an opinion that for the infrared, 

redefinition one has to use the formula of the asymptotical 

freedom. 1naрр1icability о! the perturba.tion theory in the 

8 

region of small Q2 follows from the extralX)lation of this 

formula to small Q2. 'I'he procedure of this extrapolation is 

not theoretically proved. From the phenomenological ролпт; of 

view there аге other ways possible to redefine the 

Haтiltonian. Only two requirements оп them must ье taken into 

account: they must ье self-consistent and reproduce the 

formula о:е the asymptotical freedom in the region in which i t 

is strongly proved. 

'I'he results obtained above show the following possibility 

of redefining the infrared behaviour of the Hamiltonian (8) 

н [gz.D(rIA)J > н [VR(r) + gZ.D(rIA)J . 

In this~e the perturbation theory in 9 Z haв to ье 

formulated in terms of quasipa:rticles ( quarks and gluons with 

nonzero structure шаавев ). 1t i6 easy to see that the Green 

function of the transver~al gluon 

,.JOOd 
lJ •• (k ,k)=(6 .. -k.k. )-kz
lJ О J.J -l-J о -

1 
- z (k)
<.v • -

.
le 

(9) 

vanishe6 in the region of small ~Z and changes into 

the standard раттоп Green function for large momenta ~ ( k ~ 300 

МеУ ). 

Тhe asymptotical behaviour of (6) in the propagator of 

(9) eliтinates all infrared divergences and modifies the 

fo:nnula of aSYmptotic freedom in the region of small nюmenta. 

То compare the modified fo:nnula with the experimental data, i t 
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is enough to estimate it with а one-loop diagram and 

propagator (9). Тhe contribution of that one-loop diagram is 

defined Ьу the modified polarization.operator 

пюd 2 i f 4 -~ -~ 1
п (Q) = n2 d q LТ---(q-i-Q) IГ---(q), F = -2--2

q - <.u (q)
О 

which, with tШing into account the asymptotic behaviour for 

со (k ) ( 6) , gives the infrared modified running coupling 

constant having а finite limit 

mod -1 11
CJt ~ 0.2, ~  4n .s f/З 

~ [1 + ln (4Nc А Уо ) 2 ] 

Тhis m<Xiified running constant CJtmod (Q2 ) is in the whole 
s 

region sma.ller than Q{m<Xi (о), о .2 and therefore опе сan иве 
э 

the perturbation theory "for all transfer momenta Q
2 

вее 

Fig.5 ). 

1n this approach it аеетв better to work with the 

рагашеъегв Q{~od( о) and VО and not with the parameter А ( the 

parameter А лв а function of OI.:ro(о) and Vо) . 

Тhe authors thank A.V.Efremov, V.G.Kadyshevsky and 

D.V.Volkov for helpful discussions. 
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Боголюбская А.А. и ДРо Е2-88-783 

Динамика глюонов в кхд с растущим потенциалом 

Делается обобщение потенциальной феноменологии легких 

кварков на глюоны. Выводятся и решаются численно уравне

ния на спектр глюбола и глюонов. Предлагается инфракрас

ное доопределение гамильтониана КХД с помощью растущего 

потенциала, которое ведет к теории возмущений с малой 

константой связи в области низких энергий и делает со

гласованной потенциальную модель с кхд. 

Работа выполнена в Лаборатории теоретической физики 

ОИЯИ. 
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Gluon Dynamics in QCD with Increasing Potential. 

ТЬе potential phenomenological experience of light 
quarks is generalized to gluons. Equations describingthe 
glueball and gluon spectra are obtained and numerical1y 
solved. ТЬе proposed infrared modification of the QCD 
Hamiltonian Ьу using an increasing potential leads to 
the perturbation theory with а small coupling constant 
in the low energy region and makes the potential model 
self-consistent with QCD. 

ТЬе investigation has been perIormed at the Laborato
ry of Theoretical Physics, JINR. 
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