


1 | \ Introduction

Recently the small-z behaviour of the structure functions (SF) of deep inelastic scat-

 tering (DIS) was considered in connection with possibility of experimental studies on new

powerful colliders HERA [1] and LEP+LHC [2). Analysis of SF gives main information
about the behaviour of parton (quarks and gluon) distributions (PD) of nucleon. The
knowledge of PD is a basis for the study of other processes.

_ Let us introduce the standard parametrizations of singlet quark s(x,Q?) and gluon
_9(=,Q*) PD 3 (see, for example, [4]) . o

(2,@) = Aa(1-2)"(+r2) =275z,QY)
92, @) = Al - )1 (1 +7z) = 275(2,Q7), W

with Q? dependent parameters on the r.h.s.. We use the similar small = behaviour for
gluon and sea quarks PD, that follows from the form of the kernel of Gribov- Lipatov-
Altarelli-Parisi (GLAP) equation (see also recent fits of experimental data in {5] ).

The “conventional” choice is § = 0. It leads to nonsingular behaviour of PD (see By fit
in [6]) when z — 0. Another value § ~ } has been obtained in the papers [7] as the sum
of leading powers of In(1/z) in all orders of perturbation theory (PT) (see also B_ fit in
ref.[6]). Recent NMC data [8, 9] agree with small values of § . This choice agrees with the
present experimental data for pp and pp total cross-sections (see [10, 11}) ® and model of

” Landshoff and Nachtmann pomeron [12] with exchange of the pair of a nonperturbative
gluons, yielding § = 0.086 . However, the preliminary data from HERA, which had been
presented on Moriond-83, prefers § ~ 0.3 .Following to the above-written uncertainty
of § we shall not use its any fixed values.

In present paper we give the method to extract gluon distribution from the longitudinal
and transverse SF of DIS. Our formulas are true for all orders of PT and agree in the

- leading order with the results of the paper [13). '

2 The extraction of GD from SF of DIS

We consider the region @? < 150 GeV? , where ep collision can be represented by
one phptoﬁ exchange and electroweak interactions arc neglected. Moreover, we suppose
that the values of Q7 are large considerably: Q? > 15GeV? and think, that the higher
twists contribution is small. Then, both the longitudinal and transverse SF of DIS are
connected with PD as follows (hereafter index k marks 2 aiid L). '

F(z) = &) Cllz,a)x (), @)
: : FEIY)
where f(z)*p(z) = f: %lf(y)cp(f)kis a Mellin convolution, Cl(z,a) are the perturbatively
" calculated kernels, and & are coefficients, which depend on process and the number of
quarks f. For ep collision and f=4 we have 8 =6L=5/18=4,.

3We use PD multiplied by z and neglect the nonsingular quark distribution at small =. The full

- snalysis can be found in ref. [3] -

. 3In ref. [11] one shows that high energy Bp data have & linear lus behaviour.
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! " are the Wilsénidoefﬁcie‘fxts of the yth f‘mqm{ejntsf and ¢/ 6)
G Thus, the PD and DIS structure functions are

l: iz (for:the leading twist of .the' Wilson ‘expansion)

_analytical expansion has been constructed-in’ p'v;ipérs’ [14,3].0- 00
“f(z) z‘cons? the form of SF from eqs.(3)
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simply related to each other at small

: -the . “The coefficients ‘C,{'l_,'_,s are the ana--"

~“lytical continuation of Wilson ‘coefficients. to the noninteger values and, hence, they can
be calculated in perturbative’QCD in principle in‘any: orders of P .’The'method of the -
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From eqs (6) we get for GD

S (fz,((s)) : FL fL(5)1:) BL 146 F (fz,(5) ) e e
e ?’fﬂ R [p (@) (fb(«s))‘ ! (e(&) ] RPN o .
The values of LO leson coeﬂ'icxents are AR o ,’ e ]
61 and 6 B“,N_,____.., S . St

: B“” 3 2+5 (2+5)(3+5)’

. Cat
where e = E el f is the sum of squares of qua.rk charges Hence from eq (7) we have

st [3(235) (éiﬁ) £ (iiﬁ) A (312 CH

1+6
) 3+6

(z)“

Note that eq (8) comc1des almost w1th tlne one. from [13] A shght dlfference in the F2 !

: contrlbutlon is not 1mportant at small T (see [13]) and is the consequence of our chorce of
; the smgular form of the sea quark PD B :

722 The LO &: NLO ofPT

) In the. NLO approxrmatxon we' can connect SF and PD in the various ways The more
. oftenly used schemes_ are DIS and MS ones.: They lead to equal results for g(z) (see

[3D)-. ‘It is not wonderful srnce GD is extracted from’ SF, wlnch have physrcal values The _j‘ S
"scherne dependence appears as O(a’) Here for sunpllclty we w:ll get thxs connectlon 1n

“DIS scheme only o
From eqs (3) (5) we get

Fg(:z:) = 63(1:)

Uk grve here only approxxmate expxcssmns

: - v W ‘l‘y[ (/‘;L N :
Usmg values of leson coefﬁcxcnts (sce [15 21]) \'u: lrave » S
R ‘ _ 3+5 1, [ 2+5 < | a’
SR g(z) T TR H[a(Qz) (gb(a)) FL (Eb(é)r)—, .

. ;,'-1:;;, 1; (1 +a(Q )RL ,+5) (5(5)) F, ({(6):)] e (12): :

fb(a) 3+§(1+ (Q*){RL;;;—RHI)

E0) = -2 - 355 (1 + a(o )[<1>.+5 - <1>51) = 'RL,, = RL,, S

o The values of the coelﬁcxents Il’L " aml R, - can l)e ol)Lamed by anal)trc contmuatroni
of mteger argumeuts see. [14 J]) As Lh(’ codlm(nts have ratller comphcated form, we'

- RN ,v,‘~
v ! B

= «—4 [6' '+z—n %b—l 7r 62]

f 10"6— 18 ;0 5]

M846+3bbb 5—79f [6' '01—025 5]

i

, 1‘ »; l"(l—-é)l"(l+u)} i \
F(I'+v—9¢) EA R B
(l —-6)1" 1/) e .}‘ ’ Cinnd

",where R ‘are. Wllson coefﬁc1ents in DlS scheme, wlnch are connected w1th the well- ':

o known ones in MS scheme' (see [18] [22]) by the followmg relatlons L

o and the vanable fL is obta:ned from EL by the replacement RL,, -, RL,, : From eqs (9)
. we get for GD i 5 s ey ; RN
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Here \II(J:) and 7 are the Eulrenan - functxon aud constant respectrvely

Dlscussmn

The present mvestlgatlon has been uutxated l)y artxcles [23] [20], 1n wluch the approx- :
1mate relatxon [13] ' : o SR E R 5
F — = e :
a(Q2 L(O l.z) F2(0 81) s (16) :

(I)




has been studled numeucally Usmg the Mmﬁn au(l lung pdrametnzatlons for Glerom, bt

[26] the authors of [24] verified the validity of eq.(16). ). Knowing the exact values of one- TR

and two-loop Wilson coefﬁcrents they got. ‘the SF’ s, valiies and returned to GD w1th llelp~ R
" of eq.(16). They found that for s1nvu|ar form of g(z) (i e 61 ) eq.(16) leads to too lngh'}; R
result already in'the LO. The addition of NLO does not change practrcally the results for o
smgular GD form. However, it leads to the very small values of nonsmgular GD. co
‘ After we will glve the explanatlon of these results us1ng the as. ( 8) and ( 12) from ;

: the prev1ous sectlon coed G, ;

3 1 The LO ofPT

“The €q.(8),is true for any 6 > 0 For 6 = 61 = 0 128 and 6= 62,_. 0. 435 wh1ch have. SR 1
been found in ref [25] for nonsmgular and smgular GD forms at Q2 = 50 GeV’ » We have SR

SRR 073 1~" SR j
e g(z) = [ (Q’) ; 0 36:::) ‘7 39 Fz(O 68:::)] for 6 = 61 e :;> v
L o 072 A :
g(z)v (Q2 FL(O 421:) 1 89 F2 o 71:) for .5 = 52 : (17)
The coefﬁcrents of eq (16) are very close to tlre ones ofcq (17) llowever, 1t is not clear how; = o

the dnﬂ'erence of the arguments of the SF. compensates the dxﬂ'erence of the coefﬁc1ents H

Let us present ‘a s1mple quahtatlve analy51s Ly o

: Consider. SF Fy, in 'the form Fpo='z" (,’)L(.T) + .o by analogy WItll PD i

Moreover, we' think that or(z) = const and neglect SF F'g(:c)
eqs (16) and (17) ave the followmg form ek o

[ for 6 =6y /’_ AR

‘eq (1)
In tlllS approach the el

It is clear seen, that the approx1n1ate eq (16) 1eproduces the connectlon between g(a:) and o
" SF for §=6; very. ‘well and gives a 5% excess for the correct result in, case 6= 62 The S
s:mllar behav1our has been observul l)y authors of pa.pers [23] [25] Colln Tl e :

4

3. 2 The LO &: NLO ofPT

Let us glve the quahtatlve analy51s of the results of eq. (12) by analogy w1th LO a.pprox1ma— ERESN i

tion: We use vy =5 and'y, =0 which are s1nnlar to the ones from [25] for Q‘2 = 50 Cv'eV2 L lj\‘ [ S
Then,wehaveforGD Dl T e T Sy
€Note that some explanation’ of their results was grven by authors themselves in the paper [24] S l‘j o

"The analysxs with ‘nonzero values of Fz(:) can be found in ref [3]

S LI v . R BRI e
LRI S i e
,‘,‘L L Ve o

S It is seen. that the result for GD for 6 = 6, is very slmllar to that from [24] However 1n:,
S caSe 5 =6, we get the smaller values of GD than in [24] ThlS results from. the fact that "
. “usedin [24] Morfin: Tung parametrlzatlons ‘have the addltlonal factor ln"(Q N1/z +1). At /

. Q% = 50 GeV2 the values of b(Q?) are close-to'0 and 1 for'§ = &, and 5=6,; respectlvely -

Hyl_rrand for6—0 Sl e , A e

Hence, the addltlon of the terrh ln(l/:c) to PD leads to the change ,.j ‘

and leads to numerlcal agreement of our. results w1th the ones from [24]

_0 83 l 41 ;;’Z oy ll 1 8 l"\‘ VT z 51 (21)
a(Q’) 1—5090(@’)[1n(1/a:) 006(ln(1/:c))’ 179] *’L i

,v

yoo T

.05 ;“,1 R ':E . 1 o Vs
a(@) T+ 5. osa(cz?) piE @)

, st =_;e

jAs 1t 1s well ‘seen, the NLO corrections for '§ = by and. §= 62 are oppos1te in. 31gn and
- hence lead to dllferent changes This- behavrour c01nc1des qualltatrvely with Fig.1.:

. Let ‘usestimate ‘these. changes ‘The- variables aﬁg(Q ).and aro(@?) for AMS =

: ::'.194MeV and Ajp = 144MeV that have been found in [27], have the followmg values ~
“forQ’—-SOGeV’ DA : b : - :

L

aMs—133><10-2 and am_154><10-2 S

PN

L Héﬁtﬁel for Qzl;— 50 GeV2 and z= {10“‘ 10‘3 10‘2 10 l} the eqs. (17) can be represented
" intheform . , . » i)

(126117107 095) 1

S e ‘ aLo(Q2)
B 097

g(z) e az.o(Q’)

lpl“:c -6‘ for 6—61 "',r‘ Lo

i

(,’)LI 6’ for 6-—62 ;"

In. pr1nc1ple, the addltlon of this term to parametuzatlon could change the analysis given

““in' Appendix. The full analy51s 1ncludmg the logarithmic term was given in [3]. ‘Here we
""" note that all the results given in the present paper are not changed except of eqs (14) and :
Lo (15), Whlch w1ll take the followmg form - b © o : e
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4 Conclusmns

In thls paper we presented the method to extract GD from SF at small z. The results
_are true in-any order of PT. (all coefficients are expressed through WllSOﬂ coeﬂicnents of -
operator expans:on) and coincide in the LO with the ones from [13].- .0 =0 :
- We give also a rather full analysxs in:the LO’ and NLO where Wllson coefﬁcxents are
' well known Its results agree very well with the ones of numerical analysis from [24] and
demonstrate the 1mportance of the mcludlng of a? corrections to longltudlnal SF for the

,,-,, SN,

= extractlon of GD from future HERA ‘and’ LEP*LHC data," 2 L BE

Note that’ the connectlon between GD and DIS SF becomes strongly 5. dependent

when we add. NLO correctlons This is in ‘contrast with LO analysxs Hence, before the . ‘ -

o extractlon of GD from experxmental data of SF at’ small z, the ﬁt of the parameters hke ¢ o
in  eq. (1) parametrlzatlons for FL(z) and F;(:c) w111 be necessary i -
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. .The second term on the r. h 5. of eq (Al) can be summed and Jg(a :l:) has the followmg
form_i}"' e :

i ; s . ‘,“‘\;t
ot LTl g r( a+6))F(1+V) . l
6 i
J_(az)-z [ +a"’(°)+ i _F(Hyﬂ 5 (0)
S I S : . = : S a.;,»“
Cons:der three lmportant cases B et IR i AR I

/R -

‘ i.thh 6 from eq. (15)

" inhere CH.,; and C,; comclde w1th CH.,s and Cg after the replacement 1/6 - 1/6 and
) 1/6 = 1/6 respectrvely el . a o
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