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.. _A formula is presented to extract the l~ngitudinal deep inelastic structure 
function FL from transverse structure . function F2 and. its derivative· 

~ I ' • ' , • ,'. ·." ' 

dFif dlnQ 2 at small x in the leading order of perturbation theory. The detailed: 
analysis is gi~en for new data of Hl group fr6~ HERA. The .values of FL and 

DIS structure fu~ction ratio R are found at .10-:-3 s ;·s 2· 1_0,_2 ·and 

Qf = 20 GeV2 •. 
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/ For th.~ e~peri~ental ;tudies of h~dron-hadron processes on n~w powerful LHC col
lider, it is'necessary to know in detail the v~lues ~f parton.'( quarks and gl~on) dis.tributions 
(PD,) ofn~cleon, especially at ,small ;, The b~s_ic iriformati~~ on quark struct~re of i11.i-, .. 
cleon is extract~d from the process of deep inelastic lepton-hadron scattering (DIS). Its 
differential cross-section has the following form:. 

,._ ' • ~ ,' . ! ._, , 

:::Y.· ~ • 2:;~m \(1 ~ y + y2 /2}.P2(x_, Q2
) :_ (y2/2) FL(x,Q2)],> : ;i · 

where. F2(x, Q2) and FL(x, Q2) are the transverse and lo~gitudinal structur~ fon.ctions 
, , · (SF), re~pectively. The longittidinil SFFL( x, Q2

) 'and t}le ratio , '·: .· · ·_ _ .. 

are a good· QCD. ch~racteristics b~c~use'.they equal to zero in parton · ~ode!: Moreov~r, _ 
the.value of SF F2 ,who~e data is i:tsually-deduced from' experirnerit, depends essentially on 
the corresponding values of FL ( or R). ,We.note that the value of the SF PL (or.the ratio 

,R) is very important also in the case for polarized SF. whi~h are tak6n from experimentally 1 
·. measured ~symmetry of cross-sections. of both:· pqlarized leptons-and nucleons. _, . 
. · ·<The modem DIS expe~imental,d~ta (see [1] fo?'re;;ie~) a~e not reasonably_accurate 
to determine FL(i, Q2

) ( orR(x,Q2 )): Moreover, at small x. the data for SF FL are 'still 
abse~t. · · · -- ·. ' - . .. · •. - · · - · - . . · 

. '. In the present letter we ar~ studying the behavio~; ~f F'L( x, Q2) at small x~ti~ing the 

. new HI dat~ and the method (see [2]) of'replacementofMellinconvolutionby ordinary 
prodycts'. ~- -.--:,.. .· · ... <': ,- . ·_ .. · .~ . < · ·. ·. ·_:. / 

Let us. introduce the standard parametrizations of. singlet quark· s( x, Q2
) · and. gluon· 

g(x,q2)PD 2 (see,for example, [3]) . . - . -

s(x,Q2
) -~, A_;x:26(1- x)"'(f+ €,y'x +,.x) = x-5s(x, Q2

) 

g(x;Q2
) = A~x~5(1 ~ x)"•(l +·,~x)'= x-5g(x, Qn; - (2), 

, '~. . . ' . . , ... , . . , . 

with Q2 :dependent parameter~ i~ the r.-h.s.. We use 'the si~ilar sniall-i b~havio~r for . 
. ..·· . ' . . . . ' ' . . ' , .'. . · . 
. gluon. and sea. quarks PD . that follows· from the form of the kernel of Grib()v-Lipatov- . 
'Altarelii-Par'isi (GLAP)equation (see also recent fits-a'£ experi~~ntal data in [3] ). . , . 

.. The ".conventional" choice is. S = 0. It leads to nonsingular· behaviour of PD ( see D& 
fit in [3]) when x -+ 0. Another value s-~ ½ has been ·obtained in papers. [4] as the sum 
of leading powers of ln(l / x) in all the orders of perturbation theory (PT) ( see also D'_ fit 
in ref.[3]). Recent NMC data [5] agree with. small v,i,lues of S . This choice correspond to 

. :the p~esent experitne~tal data for,pp_.and'pp total prnss-sections (see [6]) ~d the II;()del · 
. of 1andshoff and Nachtmann pomeron [7]·with exchange of the pair· of a nonperturbative 

·•·.gluon~, yielding 8= 0.086 .. However, the new HI data (8] from HERA, p;efers S ~ 0.5. 
With help GLAP equation some attempts (see [9]) have been undertaken to obtain.an 
agreement betwee1(th~ ~esult;'of NMC at ~~all Q2 and HI group at large Q2 • . .· - , , ________ · _____ ,_._·' '. ' ·, - , _, -·,,, ' 

• 2We use Po multiplied by X andAeglect the nonsinglet quark distribution at s~all X 

,,,,..., 



· 1. • Assuming the Regge-like behaviour for gluon and sbglet quark PD (s~e eq.(2) ); 
we. get the following equation for the longitudinal SF FL and for Q2 derivative of the SF Fl:"-· . . . . . . .. 

. , FL(x,Q2) 

dF2(x, Q2
) 

·· .. dlnQ2_ 

8.x~5 t (~.i+i(a) p(0, Q2
) +Hi,i~) iji'(O, Q2

)) + O(xH), · . 
, ?=s,g•. . -:· ,; . ,, - , :· .- . . 

. a(Q
2
) ,· -s ~ (~1+5( ·) -(o Q2) + -5 ( ·.·)· . -'(0 Q2)) O(·· 2:..5) ;3) · --2-u,x · Lr lsp a P , . lsp ': xp , + X ~ .. 

,._ .. p=s,g· __ --:- - ~ . -. -:. : -· · .. \ ,_- . ·-·. 

· where ~.
11

( a) and 'Yip {a) are the longitudinal Wison· ~oefficients and some combination·s 
· of the transverse Wilson. coefficients arid anomalous dimensions, respectively, of the T/ 
"moment" o(Wilsori 9perators (i.e., the corresponding variables expanded from iiiteger 
yalues ~f argument to noninteger ones) ~nd. · · · ·· 

f(0,Q 2
\ = ~p(x,Q2) at x =·0 · . - ' . . 

Here 8, is the coefficient depending .on tlie process· and nu~ber ofq;arksf: 5~ -~ 5/i8 for 
ep: collision and f = 4. · .. :. · ' . · · .· . · • . . • · - ..... • ." : > .. •· ~ .• ·.. ' 

. •. •· Further we restrict o~r consideration to the leading order (LO) of perturba'tiori theory 
_ (where .f'.2(x, Q2) = 8,s{x, Q2), ~.11 (a) aretlie one-loop longitudinal Wilson coefficie~ts 

· a(Q2 )Bt,,, and the 'Yi/a) ar~ equal tci the LO anomalous dimensions 'Yip) and case 8 = 0.5 
: corresponding to Lipatov pomerori .that is supported by HI data. Both: including the 
.. case 8 = 0 ~corresponding to standard pomeron into our considerationjtnd-the expansion 
.of this analysis to the next-to:leading·order (NLO) of perturbation theory, will be _done 
. in future; . . . • - . 

:•·: • Fo_r th~ giuon~parts'from _r.h.s of eq.(3)with"the accuracy of O(x2
) we have th_e follow~ng 

. :form:: . . . . "' . . . - . . 

BG12Y(x/~9, Q2) with 
··. :3/2::( jt . Q·2) . . lsg 9 X <,,sg, . : with 

Wg. = Bf.;,2! Bf.;,~ 
. t _ 3/2;· 1/2 
',sg .- lsg lsg ' .. 

Herice;<theeq:(3) m'a; be repre;ented in t~e form 

- ;L(;, b2) ~- ~(Q2)8,x:..1/2 ~ ·.. . . . ·> . . . 

· . {Bf,312 g(x/wg;Q~);+ [!i,;72 s(O, cji)·+ Bi,,;;2 xs'(0, Q~)).+ O(x3l2), 
,' dF2(x, Q2) = _a(Q2), '...:112* . 

dlnQ2 '. · , 2 u,x .' . . 

( ,:p· g(:l~sg'._Q2)+ ,;!2 s(O; Q~)·+ ,:;2 _xfi'(_O; Q2) ).+o(ii2) .. · 

(4) 

(5) 

. (6) 

Extracting the gluon distributi~~ fro~ eq.{6) and substituting it to eq.(5) we obtain 
the following eq~ation .. . . . .. . . . . . . . 

. -; (x Q2) = ...:.2 t1f2dF2(x/r;, Q2) + 
L . , . .·.- .. g . ! dl Q2 .. - -··,,: ... ' -,.,, . n ·: , .. \,-;, 

afJ2)8.x~l/= (fJi,3/2 !(~,' Q2) +· EJL,1/2 xt(0~ Q2) )+ 9(x3f2),, .(7) 

~Hereafter c~ntrarr to the standard case"w; use o(Q2) ;_·~.(Q2)/4_; . > 

_. ~-..... 
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·)r 
t 
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J'. 
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I 

/ i 

·where . Bq Bu . 130 . 3/2 . . .. T) 

•t L,3/2 L,1/2 . L,l/21sg • dB-s • B' .· . Bg lss - r - an · - ·- -9 - . 3/2 1/2 ' 9 - By 1/2 . L,11-: L,11 / L,11,.,11 
' · 'Y•Y 18Y . L,3/21'9 ' · · · 189 

. . . . . . ·. . ~ . . . 

By analogy with eq.(4) for the' quark part from r.h.s of eq.(7) with-the accura~y of 
O(x. 2) we have the following form: . , 

-1 

,_ B[,3j2s(x/r., Q2) wit,h. r, = Bb12/ Bt312, -
' ! .. .. - ' \ .--: ~ . . ' . , 

that leads to the following equation for the longitudinal SF·•· · 
. - . , . .. - ' . ' ' .. ·, 

FL(:i:, Q2) ~ -'2 w2dF2~~~;Q2) +a(Q2)t!l~F;(x/r., Q2}+ O(x3f2)·, 

. . ' 
(8) 

.. where t: ;:= fJL,1/2Bi,3/2 . ·. , .. . . 
I Thus;:u~ing the exact values of Wilson, coefficients and anomalousdimensions, we get . 

·24 
FL(x,Q2) = ~ * . 

, · , 23 * 33. .. "-

,,,,.--· 

( 
dF ~ ~x, Q2): ._f _(_Q·_ ,2) ,• ( 13 :_. 41 2),.(3 - 4[ 2)F (23 3-:- 41~2 . Q. 2)) .. ·o_( 3,/2) 

dlnQ2 + 3a .· . 3 .~ n • 2 33 ¥ - 4ln2x, •. + . x_ 
• . . · .. 2 . . . . . , ' . .· ' • • .. 

~ 0.87~F2(~i:~; Q, t+L39u,(Q2)F2(0:10i, Q2) + O(x3;12) . 
~ • ✓ , ; 

(9) 

'. - ·, ';' \. -· . ' . , -.·· ' . ..' ... ~. -
Note that the arguments ofthe transverse SF.and its- derivative in r]1.s of eq.(9) are.· 

•J(<, ., ✓ ,,., ·. ·. - , ' ,•. ' --. . . ··• '' ... - .,,, .. ·, . -' ., ., . . 

~ · different. Thi~ is· not convenient because .the experime11fal data1 are known• (see [8, 10])' 

1-
'!J 
(/1( 

.1! •· ··.j • 

'~• .. 

'for both variables in the similar range of x. To overcome_ this problem we note, that. with 
the accuracy of O(d:2) the q~ark,part from r.h.s. ~of~q.(7) may be repre~ented as a sum 

· of two terms like eq.(4)with some coefficients arid arguments shifts. Choosing the shifts' 
• as Lind r';•\we have the folloVling representation for the qu~~k part: . -/ 
- . . : .· .. . - ·', 

C1 s(x, Q2
) +c2 s(~asy, Q2

); 
~ . . . . ~ ' - , 

_where· 

C1 =. 

- ,., \ ,., ·~ . - -
F g -w·w· F -F L,3/2 L,1/2 L,1/2 L,3/2 d _ fJY . L,1/2 · L,3/2 

fJY . . fJY an . c2 ::-: L,3/2 fJY ., · fJY • 
-e .... ,L,1/2 - L,3/2 ' · ' · L,1/2-: _L,3/2 

·(10). 
.I/ -

withhf,11'= Bf,11 /~jy . .. . ·. . ·. , . . .. 
Thus, ·froin eq.s (7)-(10) using the exact values of Wilson coefficients and. anom:alous 

dimen.sions) we_ get· :: · · .' ·· · · · - · 

. . ·. , 24 . dF ( 23 Q2 ) 
F(x Q2) ;,,,· . . 2 ;iix, + 

L '· · . ✓23;* 33 dlnQ2 • .. · 

· .. 128 a(·Q;)·(. 6 . ·(~·:_ ln2)F (23 x Q2.) - F (:r Q. 2)) +0(,ii~_:). 
15 .. J23*33_.5 . 2 33.' .. 2.' . . ·. 

~ dF2(0.70~,Q2). , .·, 2( '(. - . 2 ....... ' .. 2 )' . !:J/2 '· . ) .. . 

~ 0:87 _ .. dlnQ2. + 10.29o(Q ~-~2 0:'.0x, Q ) -: 0.83F2{,r, Q.) + O(;r ) .:) I) . 
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. Figure 1. The longitudinal s'F FL(i, Q.2) at Q~ ~ 20 GeV2
• 'The black circles indicate 

the values· extracted with. the help of ~q.(11 ). Only statistical crror_s are presented. Th~ 
curves represe'ut differe'nt pa:rametrizations of 'FL(i, Q2)· [3, 11; -12r The GRV curve 
is leading C>rd~r parainetrization, and the MRS parametrization ;is given in the DIS: 
renormalization sch~me.' The"A.J( MS curve is th~ solution of Lipatov equiit10n and used'' 
· . 2 ,.. 2 • . · • .· . ' • · ' ' . ·• . " . · 
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. Figu~~ 2. The same is as)n Fig.I b~t the R(x;Q2) values ar~ e~t~aded,'with help . 
:of eq.(1); The whit~'ci{cles indicate the R(x, Q2) v~l~es used by Hl group in [10], The 

- symbols .6·, 'i7 and □ are represented the _BCD MS [14], CDHSW [r5] and SLAG [16] 
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, 2., Let us study ~he predictions inspired, byeq.(11). We use the yalues of SF F2 and 
its Q2 derivative found by Hl collaboration (see [8] ~cl (10], respectively). We present 
the extracted FL(x, Q2 ) and R(x, Q2 ) values in Fig.I and Eig.2, respectively, and compare 
.them with theoretical predictions. As in (10]~ the hypothesis concerning the:approximate 

/linear lnQ2 dependence 6f F2 at' smaUx as well ,as the value9f QCD scale A{;_; == 200 
·· , MeV2, have been ·used. ,As one can see in the above Figures, R(x, Q2) is closer to GRV: 

predictions (11]4 only.-The predictions of other. groupsjsee [3, 12]) le,ad to the smiller· 
R(x, Q2

) values at x "' 10:-4
• Note that all group predict also smaller FL(x, Q2 ) val~es. 

at x S 10-3
_ Moreover, as one can.see in Fig.2, the~e is also disagree~ent betwee~ the 

R(x,Q2) _;.alues u~edby HI group in (10rand the ones following from oureq.s (1) and, 
(11). This isdue to the very large values ofd(F2(x, Q2 ))/(dlnQ2

) at x. ~ 10-4 found in . 
[10] which show the~selves also in

1
comparison between the gluon distribution at X s lQ:-3 . 

arid the c~rresponding theor.etical pre'dictions (see (10, 13]). This disagreement-may be-,, 
overcome by inchiding of NLO corrections tomir equations, and this work is in progress: 

_· /Note that the !Jasic.contrihution toFL(x, Q2 ) ( and R(x, Q2)) is gi~en by , , 
d(F2(x, Q2 ))/(dlnQ2

) part. However, the one from F2(x, Q2
) increases the values of 

FL( x; Q2) from several percents at X ~ 10-4 io 30% at X ~ 2 . 10--2 .' . ' .. 

\ Resume. We have present~d formulae (9) ~d (11) to ex~r~d,the longitudinal SF FL 
at small x from SF F2 arid its Q2 .derivative. The addition cif NLQ contribution into eq.s .. 

; (9) and (11) canbe done in ~nalogy with.papers [2, 13r . . _ , _ ' 
'., The application of ~q.(11) to the ana:lysis ofHl data from HERA has bee0:.performed .. 

;The values o(FL(x,'Q2) anq R(x, Q2) for, sma:11 ~: rn-4 s X s 2. 10-2 have been fourid. 
The expansion of this ana:lysis for·the case li ~ 0 which is in agreement with NMC data 
and the eva:luationof th~ NLO contributici~s will be done in the future>· , : -- . 
, This work~as s~pported,- i~ p~rt, by the Rus~iah Fund for the Fundatibn Investiga
tion (94-02-03665°a), by International associatiori for' the p.romotio_n ,of cooperati~n with 
scientists from the independent states ofthe FSU (INTAS grant 93 1180) and by a Soros 
Foundation Grant (RFL'000): . . . . 
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