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IN'I'RO DUCT ION 

The notion "vacuum condensate" has now found i t s place i T! 
the modern t heory of e l emen tary particles. It has l ost i ts 
quantum stat i st i cal sense and is identified as vacuum mean 
values of the product of quark :q ) and gl uon (G) fiel ds 
(mainly of the f orm <.qq.> and <GC » . 

Recent progr e ss of the h adron phenome nol ogy ha s been stimu
lat ed by finding ou t a close re l ation of t he quark <qq:> and 
gl uon < G 

2 > condensates with very imporlant l ow-energy pr oper
ties of hadrons (mass, wi d t h , etc . )! l / . 

In this pape r we will no t dea l wi t h the prob lem of vacuum 
condensate in tbat context. We sha l l consider some consequences 
of the hypothesis accord i ng to '''hi ch t he hadr on A has the sin
gu l ar component o f t he gluon dis tr ibut i on f unction (DF) o f the 
fo rm S( X)/X which can be a l so called a " condensa t e" in i t s 

/2/origi nal s t a t is t i cal sense . Here X is t he fract i on of t he 
l ongitudina l momentum P of t he hadron A with i n the infini t e 
momentum frame P ( IMF ) . 

If one lakes into account t ha t dX IX i s a one-particle 
phase volume wi l hin IMF, one us ual l y interprets that component 
as t he gluon bose-condensat e in the hadron A, wh ich is natural 
from the poi nl of view of sta t is t ica l physics. It is not c l ear 
at all how lhe singular gluon component is re l ated t o the 
vacuum mean · C2 / - the gl uon vacuum condensate playing such an 
imporlant role in l ow energy physics of hadrons. However , con
sideration of consequences of t he hypothesis on existenre of 
this exolic gluon configuration in hadroos is to our mind 
of independenl inlerest. The more so , it is the singular func
tion clX )/X that becomes t he limit of DF at Q2 • io00J 

quantum chromodynnmi cs /3/ • 

It should be n1so stressed t ha t all manifestations of t he 
singu l dr gluon component take plase i n the high-energy region, 
since this i s Lite regi on where OF a nd the i r statistical inter
prelation have sense. 

Il is imporlanL lhat the physical consequences of this hypo
thesis can be checked experimentally. The mos t specific charac
terislic consequences are the change of t he threshold behaviour 
of the quark and gluon OF a t large Q2 , the apparent vio l ation 
of Lhe parloD momentum conservation law at its experimental 
,: hec.k ~ appearance of addition:~ pow~ CQ,lieldt; p P5 to structure 
lunc Llon R. 1 



The sta tis tica l parton model and t he generating f unctional 
formalism are used for t he consideration. This approach is 
shortly described in sec . I. 

Scc . 2 dea l s wi th the DF ca l culation procedure with al l owance 
fo r the singular gluon component. In Sec . 3 the r esults obtained 
are d issensed . Pos sible var iants are considered for Q2- depen
dence of the contribu t i on of the singular component of the 
gluon DF . 

I. 	STATISTICAL PARTON MODEL 
AND FORMALISl-1 OF GENERATING FUNCTIONALS 

We shall briefly present the basic statement of the approach 
to calculation of one- and multiparticle OF of qua rks and gluons 
in the hadron A. developed by us 14 ' • 

Let the limit behaviour of DF be given : 

1j (Xl ' ,. , X N) = hrn f1(X 1, , .. X N) · 

Xj -t 0 


One can construc t a correct extrapolat i on proc edure L j which 
takes i nto account some mo s t characteristics propertie s of the 
hadron s tructure ~/, so that the functions 

~ -
fj(X l ' •. .• X N) = L j (fIX ! . .. .. XN 

will be wel l -def ined i n the whole phys i ca l r egi on of variables 
~ X j I . 

Thus, to find OF one should assign a f orm of the limit func 
t ions II (X) . 

Some information on limit functions is provi ded by the Regge 
analysis performed for the amplitude of t he virtual Compton ef
fect on t he nuc l eon . Hence follow t he formulae: 

1ry~X) = r;(X) = a(X)X-, [seX) = f~oo = u(X)X- /2f . fg(X) = g(X)X -: (1 ) 

Here j = 1,2 , .. . , 2f, f is the number of active quark 
fl avours; a (X) , b(X) and gOO are some functions regular 
at 	the point X= 0 with a(O) = a :> O. b(O) - b> 0 and g(O) : ;;: > O. 

Finally, the N-particle DF to be found are described by t he 
fo rmula 

A y 	 g g - A Y Y X g 
Xem. k.P (X l' .... Xuf 

y 
Xl' Xy) = fm,k . e (Xt· · .. ·Xm• 1 • r 

g 
I 

St-W/ fJIJ 	 (2) 
1 

- Y - y - g - g 
wA[rl 1 ] Sfy(X

1
) .. · S Cy (Xm) ... Sfg (X l) ... Sfg(Xy ) 

2 

where 
'7A y y 8 S g g 

tm•k.f ( X l ' .... Xm' X l' ... . Xk . Xl' . . , X e) = 


m k1 Y 1 SlP 
[] (v (X l )- rr Cs ( X )- rr c (Xg

) 

ill ! i = 1 k I J= 1 1 e! i= 1 g I 


are the limit multiparticle dis t ributions; ill , k . e are the 
number of va l ence , see quarks and gl uons i n t he N - par t icl e DF 
( N= m+ k + O. 

Furt her we s hal l conf ine our se l v es to cons ider ation of only 
one- particl e DF. Gener ali za tion to mul t i partic le DF is not dif 
fi cult. 

The r egularised generating functional W has the f orm/4I : 
A 

W (r ial = 7 d (e i';a Dn (~) (~_ io )-b-g
A 	 y 

- t>O 

(3) 

exp lDg (.; ) + D (0 1 (I (a ) , 
8 

where n is the number of valence quarks in the hadron A (for

the nucleon n = 3). 


Dy(O = 	 jdte-i(';-iO) f v (t) . 


o 


D «() = Tdte-i(~-jO ) t( f (t) -.....!!.....) 
SO B 2ft' ( 4 ) 

D (0 = j dts -j«( -10) t «( (t) _ !. ) 

g o g t 


are t he regu l ari s ed Laplace t r ansf orm of the limit func t i ons 
G(X). _ 

Fur t her we shall assume t hat the limi t gluon f unction f g(X) 
contains t he singul ar S- like cont r ibution of the condensate 
t ype : 

r'1x) = f (X) -t K~ 
g g X 	 ( 5 ) 

and . obtain the OF of quar ks and gluons in t he hadron A. 

The quant ity K has a simp le phy sica l sence : t his is the 
par t of t he hadron A longi t udina l moment um whi ch is due to the 
singular gluon component, ther e for 0 ~ K S l . 

3 



2. GENERATING FUNCTIONAL AND SINGULAR GLUON COMPONENT 

In this seCllon ,,,e shall find the DF f ~(X) taking into ac
count Lhc singular gluon component (the gluon bose-condensate). 
For this purpose we shall generalif;e the formalism described in 
Sec. I to the case of singular limit f unctions t ~(X) (5) • 

Indeed, for K I 0 uncertain quantities like f dX 8~) ~lX) 
ppear 1n functional (3) owing to the addend of (5). To elimi

n'l Le those uncertainties we shall emplC')' the following standard 
method. We shall regularise the I)-function by one of the known 
methods. The exponential regularisation 

e- 1JXa/x) = 11m 11 (6) 
1/-> "" 

is most suitable. 
We shall take the DF of quarks and gluons in the hadron 

in the following limit sense: 

81n W l r 1J 
I K (X) = f v.s (X) lim !} 
v,s 

IJ - 0( (X)00 
v s 

(7) 

(!CX ) = r;tx)lim 81n ~ [ f I 1 ] 
TJ -· ... 

ofg (X) 

The regularised generating functional Wry has the form 

W [fla ] = +jd e-ei~aD~ (O(~ - io)-b-g
l1 -oc 

(8) 

-K1/ 

exp IDg(~) + Ds(O I (~- iTJ ) 8(a). 


Taking into consideration the relation Jim (L _l)-KT/ = e -IKe 


Tf ",,, i." 

and the property of functionals D 


I 

aD j (.n leX 
..........::..--- -= 8

1J. e (9) 
_ 

8 fj (X) 

we obtain general relations for DF 

K.. - Hu -1 (X + K) 

f .tX) = nfv (X) 8 (1 - X - K) 

v Hn (K) 


f ~(X) l CX (1 0) 
= { ~8 (X) } Hn + K) e(l _ X _ K). 

{ 
f K(X) J CK(X) Hu(K) 

g g 

Here 
1 g t- b - I 

Hn (a) = f d tt .. P (a + t) I'J (1 - a - t), 
o n 

(I 1 ) 
+"" t: pun = r d~e i <, (l -{3) Dn (~) explD (0 + D «()l. 

u ' v S g 
- bo 

Notewor t hy i s an important property of functions ( 10). They 
become zero at X = 1 - K < 1 , and not at X = I. Consequences 
of t his are discussed i n Sec .3 . 

Le t , for example, 

f3xfv(X) = X-a, C4 (X) .. ~. r:(x) = ( ge- + K o (X» ./X . (1 2) 

lye obtain then: 

D 8 (~) ~ O. Dv «() = r (1 + a ) (i 0 a-I, 

D (~) = gj~ e -1( ~-iO)t(e-/3t _ 1) = gln~ 
g o t (-i/3 ' 

pn(y) = +j d ( e i~ ( 1- Y ) [ r (1 - a) J ~ ( (- io )g ( 13) 

-00 (i e- ) 1 - a ( - i /3 

Hn(y) = (rCl- a» n +td~e i~ (l -y) (ie + /3 )g 

-bO (i O n(1- a )+b 

4 
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n oCl __ tJ \),·g-- 1 . 

= 2 IT (f' (1 - a» (1- y) ¢ (g . n (1 _ a ) + big ; - /H1 _ y») 

r (n (1 - a ) + b + g) 

where $ (a,b,z) i s the degenerated hypergeometric function. 
Substituting Ho lY) into (10) we obtain the final result: 

r 
(1 - X - K) cf> (g. r+- 1 , - {:l (1 - X - K » 0 (1 - K -X) 

( ~(X) X-a 
T t i -a 

B(l - a, r + l )(l- K) ¢(g, T+2 -a ; - ,B (1-K» 

f Ks (X) = ~ <l -X-K) r + i -a 

X (1 _ K.T + 1- a ¢ (g. T + 2 - a ; - f3 (1 - K » 
( 14) 

f K
g(X) - (..It. e - f3x + XK a(X» (1 -K - X)Tr I - a 

X (1 _ K)T+ 1-a 

e(1 - K - XL 

¢ (g , T ~ 2 -a ; - f3 (1 - K » 


where f~(X) is norma l i sed to I , and 1 = (n- 1)(1 - a) + b +g -l. 
The f ree parameters T, (3) g, K can be fixed by compa r i-

son wi t h the experimental da ta. The par ame ter a - <.L (0) is t he 
intercept of the l e ading non-single t t rajec tory (usually n(O) 
= 1/2). If one takes f3 = 0, expressions (1 4 ) coincide in the 
form wi t h the known Buras-Gaemers parametrisations /5/ , modi f ied 
wi th the condensate type g l uon conf iguration. 

Here are the expres sions for tbe moments of the DF f ~(X) : 
1 


K 1 n-l K (K ) n - 1 

<f v> =' f d X . X f (X) = <f > (1 - K)

0	 v Vo ' 
0 

fK> d /K) (1 _ K) 0 -1 (15)< B n s n ' 

K (K ) 0- 1 	 f dX8(X) ) . <lg > = < f g > (1 - K) + K ( 8 + 0 
n n 	 n2 n 1 Xo 

Here 
(K) B( T + 1 . n - a) ¢ (g, 1 + 1 -a + n ; - ,B (1 - K » 

< r > 	 (16)v n 
B (1 + 1 . 1- 0) ¢ (g. r+ 2 -a; - f3(1- K » 

6 

<f >(K) = _T_-_g_. B (r 1 2 _ a . n _ 	 :.:...:..,;_--,{3,,--,-(l,---..:;K~).l1) ...;¢~(g~.:...'_+.;:.l_-_It;..:.,..-..L_D


5 II 8 . ¢ (g, T + 2 -a : - f3 (1 - K» 


( 16) 
(K) 	 ,1.(< f g >n = ~ B (1+ 2 _ a. n _ 1) 'I' g + n - 1 , T ~ 1 - 0 + n ; -,8 (1- K» 

¢ (g, T + 2 - a ; - f3 (1 - K» 

It is evident that for K = 0 expressions (14) and (16) lead 
to usual DF I i eX) and their moments, obtained by us earlier /6~ 

3. ON INTERPRETATION OF THE SINGULAR GLUON COMPONENT 

in reL /61 •As is s hown the logarithmic Q 2- dependence of DF 
due to the QCD perturbation the ory/?1 can be introduced in the 
formulae like (14) and (16) by means of parameters r, f3 and g 
(e.g., in the form T '" r (0) + 1 (1) . S, e tc .• where 

lnQ2/A2. 	 ..
S = ' 0 	 - LS t he standard evolut10n var1able). I n 

lnQg/A2 
th i s case the parameter K may remain constant or be in power 
dependence on Q 2 • 

Here we consider two poss ible variant s: 
a) K ... 0 at Q 2 • 00 . b ) K - K 0 ;, 0 at Q 

2 
-> •00 

In limit case a) we parametrise the Q 2 dependence of K in 
the simples t way: 

2 2 
K(Q )= Ko/Q , 	 ( 17) 

where K 0 is the constant. 
Expanding the binomial (1 - K) 

D- '1 
in (16) in a power s e ries 

of K, taking into account (17) and the parton links of distr i 
but ion functions ( 14) wi t h t h e structure f unction s 

K 00 O 2 K 2 K 20 K ( 18)<F 2 n 	 [dXX - F 2 (X.Q } =<fv >n + 9< f s >0 
o 

we obtain t he expansion i n i nvers e power ser i es of Q2 for the 
moments of the structure func t ion F : 2

2 

,0) Ko , 1) F (0) Ko (n - 1)(n - 2) F (0)<. F K" F > + --,\n - < > + -	 < > +2 11 	 2 0 Q2 2 n Q 4 2 2 n ... 

(19) 
So the singular component o f t he gluon DF can be a source of 

additional power corrections (1/Q2 - corrections) to the 
s tructur unctions. 

7 



K o(n -1 ) (0)We a l so note tha t t he fir st power cor rection - Q2 <F >n 
2 

- exactly corresponds t o the result obta i ned within QCD in the 
f 1 " 181 h . " d . b bI dso t g uon approX1mat10n . T 1S C01nC1 ence 1S pro a y ue 

to the fact that t he gl uon component, be i ng singular fo r x = 0, 
corre sponds to the limi t case of the sof t gluon appr oxi ma t i on 
when each gluon has.a ze ro share of t he hadron A moment um. 

In 	t he limit case b), when 
e la s t icK ... K o a t Q 2 ... 00 , t here i s 

peak
a pecul i a r phenomenon a r e


duc t i on of t he phys i ca l 

regi on f or DF de t ermi na t ion . 


Usually (K = 0 ) DF are 

determi ned in the i nte r va l 

o ~ X S. I; i ntroduc t i on of Q~the s i ngular component makes 0' 

~ +' yBi t 	 a s na rrow as 0 < X ~ 1 - K <1. He 

Here we note t hat t he experiment a l l y measured st ructure func
t i ons a r e pr esent ed as a s um of F and F "'. F is r e la t ed t o 
calculated DF (1 4 ) thr ough t he pa r ton model fo rmulae, a nd F* 
corr esponds to the contr ibut ion of var i ous power a nd resonance 
effects . Ther e f ore t he reduc tion of the DF de t ermi na tion r egion 
may man i f est it se lf i n t he exper iment only a t su f f i ci ent ly 
lar ge energies when t he cont ribution f rom t he r es onance compo
nen t of structure f unctions i s suppressed. The s i t ua t i on may be 
l i ke that in the f i gure . I n t he i n ter val AB one can se e t he 
cont r i bu t i on of the resonanc e R* which goes t o t he bounda ry of 
t he physi ca l region ( X ~ I) and vanishes at Q 2 .. oo • As a resu l t, 
t he i n terva l AB t urns into an ana logue of t he energy ga p : F = 0
i n 	 i t . 

A more ind i r ect nani fe s t at i on of t he s ingular gl uon compo
nent is as f ollows. 


When one de termines i ndependen t l y t he t ota l momentum o f 

quarks <Xq > and - separate ly - of gluons <X >. one may "find"
g
viol a t i on of t he parton momentum conservat i on l aw: <Xq> f- <Xg> <1. 
Thi s could be an indicat i on of a singu lar component whi ch cannot 
be di rec tly observed. I t wpuld carry t he missing hadron moment um 
K = I - < Xq > - <Xg> . We note that i n this approac h one can 
t r y t o f ind man i f esta t ion of t he singu lar gluon component a t f i 
nite va l ue s of Q 2 , i .e. bo th i n mode a) and b) . 

At present , hOl-leVer, t he mome nt um share of all gl uons < X > 
is determined just on t he basis of t he momen t um conserva t i on g 

law; thi s does not all ow one t o det ect t he i ndicated "effec t ". 
A pos s i b ility t o independently me asur e gluon dis tr i bu t i ons wi ll 
be probably provided by a detaile d s t udy of heavy quark a nd mas 
sive lept on pa ir product i on in l epton-hadron i n t erac ti ons. 

8 

An indication of an extremally strong growth of the gluon DF 
in the X .. 0 region 191 can be considered as possible signal 
from the condensate type gluon configuration. From the experi
mental point of vie~ this growth agrees with presence of o-like 
configuration of the gluon spectrum at X = o. 

CONCLUSION 

Some consequenc.es of the hypothesis on eX1stence of the sin
gular - Ko(X)/X component of the gluon distribution function 
are considered. 

Distribution functions of quarks and gluons in the hadron 
for the fixed value Q2 = Q5 have been found within the frame
work of the ,s t:ltistical parton model with allowance for the 
adopted hypothesis. At K = 0 those functions turn into usual 
normalised distribution functions thal we obtai-ned and used 
"earlie.r 1;,/ • 

Two limit cases with a physical interpretation have been 
studied under the assumption of the Q2-dependence of K 

1. (K -. 0 at Q2 ~ ",,). An inverse power series of Q 2 
(when K = Ko /Q 2 ) has been obtained for moments of distribu
tion functions (structure f unctions). 

2. (K~Ko I- 0; I at Q 2 .... ). Here the determination 
region for structure func t ions i s reduced and an analogue of the 
energy gap appears ( 1 - K 0 < X < 1) . Th i s situation can in 
principle be detected experimentally. 

At finite values of Q2 the con tribu t ion of the singular com
ponent can be registered through a "apparent " violation of t he 
parton momentum conservat ion law <X(I >+ <X g> = J - K < I, where 
~Xq> and <Xg> are t ota l momenta of quarks and gluons extracted 
independen.tly from the data." 

The authors are gr atefu l to P.S.Isaev fo r hi~ interest to 
this work, to Yu.~.Ivanov and A.V.Radyushkin for fruit f ul di~
cussions. 
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B 06DeA~HeHHOM ~HCT~TyTe RAePH~x ~ccneAoBaH~~ Ha4an 
e~XOA~Tb c6opH~K "Hpa mKue coo6Uje HU.fl OHJ!H " , B HeM 
6YAYT noMe~aTbCR CTaTb~, COA€P*a~~e OpHr~HanbH~e Hay4H~e, 
Hay4HO- T€XH~4€CK~e, M€TOAH4€CKH€ H npHKnaAH~e peaynbTaT~ , 

Tpe6yiO~He cp04HO~ ny6nHKa4HH. 6YAY4H 4aC TbiO 11 Coo6~eHH~ 

OH~H 11 , cTaTbH, eoweAwHe e c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHR OH~H, cTaTyc o$H4HanbH~x ny6nHKa4H~. 

C6opHHK 11KpaTKHe coo6~eHHR OHRW 1 6yAeT e~XOA~Tb 
perynRpHo. 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapi d Communi
cati ons which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nucle i . 
Theoretical physics. 
Experimental techniques and methods . . 
Acce l erator s . 
Cryogenics. 
Computing mathematics and methods. 
Solid state phvsics. Liquids. 
Theory of condensed matter. 
Applied researches. 

Being a part of the J INR Communications, the articles 
of new collection like all other publ icati ons of 
the Joint Institute for Nuclear Research have the status 
of offic ial publications . 

JINR Rapid Communi cations will be i ssued regul arly. 

I 
6eAHRKOB B. A. , KoaaneHKO c.r. E2- 8S-485 
0 CHHrynRpHoH KOMnOHeHTe r~OHHOH ~YHK~HH pacn peAeneHHA 

Ha OCHOBe CTaTHCTH4eCKOH napTOHHOH MOAenH nony4eH~ ~YHK~HH pacnpeAene
HHA KBapKOB H rnOOHOB B aApOHe C y4eTOM rHnOTeTH4eCKOH CHHrynApHO~ KOMno
HeHT~ rn~OHHOH ~YHK~HH pacnpeAeneHHA. HanH4He TaKoH KOMnoHeHT~, HHTepnpeTH
pyeMOH KaK CTaTHCTH4eCKHH rn~OHH~H 6o3e-KOHAeHCaT, MO~e T 6~Tb, B npHH~Hne, 
3KcnepHMeHTanbHO o6Hapy~eHO. HaH6onee xa paKTepH~e npORBneHHA CHHrynRpHOH 
KOMnoHeHT~ cneAY~He: H3MeHeHHe noporoaoro noaeAeHHA ~YHK~HH pacnpeAeneHHA 
KBapKOB H r~OHOB B o6naCTH 60nbWHX nepeAaHH~X HMnynbCOB , Ka~~eeCA Hapywe
HHe 3aKOHa coxpaHeHHA HMnynb ca napTOHOB npH e r o 3KcnepHMeHTanbHOH npoaepKe , 
B03HHKHOBeHHe AOOOnHHTenbH~X CTeneHH~X nonpaBOK B CTpyKTypH~X ~YHK~HAX . 

Pa6oTa a~nonHeHa a fla6opaTopHH AAePH~x npo6neM OH~H. 

Coo6~eHHe 06be~HeHHoro HHCTHTyTa RAePHYX HCcneAOBBHHA, ~y6Ha 1985 

Bednyakov V. A., Kova lenko S.G. E2-85-485 
On the Singul a r Component of the Gluon Di stribution Func tion 

Distribu ti on f unct ions of quarks and gluons have been found within the 
framework of t he s t atist ical parton model with allowance for the existence 
of the singula r component of the gluon dis tri bu ti on function into hadron . 
The existence o f such component, which interprets as statistical gl uon 
bose-condensate, can be checked experimentally. The most characte ri stic 
consequences of the s ingular gluon component are the change of t he 
t~reshold behaviour of the quark a nd gluon distribution functions at large 
Q , the apparent yiolation of t he parton momentum conservation law at i ts 
experimental check, appearance of addit iona l power corrections t o s t ructure 
functions. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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