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DGLAP evolution extends the triple pole Pomeron fit
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We show that the triple pole Pomeron model provides an initial condition for a DGLAP evolution that
produces a fit to higlQ? experimental DIS data. We obtain a gogd for initial scales down to 3 Ge¥/
Values of the initial scale smaller than 1.45 Gedfe ruled out at the 90% confidence level.
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[. INTRODUCTION [3,7-13, the connection between the two approaches is un-
clear. In this paper, we will confront the triple-pole param-
We have shown in a previous paféi that it is possible etrization, for each parton distribution, and evolve it with
to fit the experimental data fdf with a double or triple DGLAP equations. This is done by fixing the initial distribu-

pole Pomeron model in the region tion atQ3 in order to reproduce thE) value obtained from

the global QCD fit[1]. We shall see that we are able to
2v=49 Ge\?, produce a fit to experimental data which is compatible both
with Regge theory and with the DGLAP equation. This com-

\/@ 49 parison of two aspects of the theory will allow us to split the
cog 6,)= =—, (1) F, structure function in smaller contributions and to predict
2xmy 2my, the density of gluons, which is generally not accessible di-

rectly from Regge fits.

Q2<150 GeV, Varying the initial scaleQ3, we can predict where pertur-
bative QCD breaks down. However, due to the application

x<0.3. domain (1) of the global fit, the Regge constraint on the

initial parton distributions is not valid at large In order to
We have also shown that one can extend the usdaannel  golve this problem, we use the ®k+Reya-Vogt 1998

unitarity relations[2] to the case of multiple thresholds and (GRv9g) parton distributiong7] at large X(X>Xgry). We
multiple poles. This allowed us to prediE) from F5 and  shall argue that the results do not significantly depend on the
the pp total cross section. In the latter case, we have showrhoice of the large parametrization. Since we will use lead-
that all processes have the same singularity structure. ing order(LO) DGLAP evolution, one can choose any of the

However, in the usual parton distribution sets, each partomisual parton distribution functiotPDF) sets to extend our
distribution presents its own singularities. As an example, irfits to largex.

the Martin-Roberts-Stirling-Thorne 2000MRST2002 pa- We will show that, within a reasonable region @ﬁ and
rametrization 3], we have Xcry, the triple-pole Pomeron model provides an initial con-
dition for LO DGLAP evolution which reproduces the ex-
XQ(X,Q8) = A(1+Byx+Cx)(1-Xx)"ax"s, perimental data. The scal@3 should be considered as the

. B 1 2)_ minimal scale where perturbative QCD can be applied.
With eseq= —0.26, 857=—0.33, £57=0.09. In fact, these  gince a good precision on the gluon density is of primary
smgulapues do not _correspond to any singularity present IMmportance for the CERN Large Hadron CollideHC), it is
hadronic cross sections and, conversely, cross section singirso very interesting to look at the prediction of this model
larities are not present in parton distributions. There mustyy the density of gluons. We will see that the densities we
therefore exist a mechanism through which the singularitiegiain are of the same order of magnitude as in the usual
in partonic distributions disappear and cross section singupGgLAP fits
larities arise wherQ“ goes to zero. Such a mechanism is  One should mention that such an extension of the triple
unknown and seems forbidden by Regge theory. In thigole Regge fit by a DGLAP evolution has already been in-
framework, a singularity structure common both to partonyroduced inf15]. However, as we will see, our approach here
distributions and to hadronic cross sections is the most natys different: our parametrization is much more constrained,
ral choice. __ we are able to extract a gluon distribution and all the distri-
At that level, one may ask whether the Regge fififis  pytions have the same singularity structure. There are also

compatible with perturbative QCIpQCD) and whether itis  some less important differences in the treatment of the large-
possible to have the same singularities in all parton distribuy gomain.

tions. Actually, although Regge thed#,5] and Dokshitzer-
Gribov-Lipatov-Altarelli-ParisiDGLAP) [6] evolution both Il. PERTURBATIVE QCD AND REGGE THEORY
provide well-known descriptions of the structure functions _
A. Perturbative QCD
In pQCD, the highQ? behavior of deep inelastic scatter-
*Electronic address: g.soyez@ulg.ac.be ing (DIS) is given by the DGLAP evolution equatiof§].
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These equations introduce tiparton distribution functions 0.1
qi(x,Q?), q;(x,Q?) andg(x,Q?), which represent the prob- 0.09
ability of finding, in the proton, respectively a quark, an an-

tiquark or a gluon with virtuality less tha@? and with lon- 0.08
gitudinal momentum fractiorx. When Q%2—, the Q2 0.07

evolution of these densitie@t fixed x) are given by the

DGLAP equations _z 0.06
s
8  0.05
Qi(Xan) 1dg Pqqu' . PQiQ
a @ 0.04
Q%g2| 4i(x,Q%) | = ﬁfx i ag; Pag 0.03
2 .
9(x,Q%) Psa  Pgq Py T
0.02
q;(£,Q%) 0.01 I I I I
x| ;(£Q% |, ) 5 0 15 20 25
2
9(£,Q%) Qo

at leading order. Using these definitions, we have FIG. 1. Natural value okggry @s a function of the scale.
o This seems to be the preferred phenomenological choice at
Fa(x,Q%)=x2, €4[ai(x,Q?)+qi(x,Q%)], (3) Q?=0 [16]. Note that the upper expression, given in terms
P of » and Q2 can be rewritten in terms of)? and x
where the sum runs over all quark flavors =Q%(2v).
) RN In a previous papdrl], we have also shown from unitar-
. _The _USl.Jal yvay to usez tt"s equation Is to chogse ? set 9{y constraints that we can extend the Gribov-Pomeranchuk
initial distributionsg;(x,Qg,a) to COTDUtﬂJi(X'sza) using  argument about factorization of residues to any number of
Eq. (2) and to adjust the parameteasn order to reproduce thresholds and to any type of singularities. Hence, if we
the experimental data. This approach have already been susarametrize th@p and they*)p cross sections, we can pre-
cessfully applied many time8,7—10 and is often consid- dict the y*)y(*) cross section using thechannel unitarity
ered a very good test of pQCD. Nevertheless, these studigsCU) relation
do not care about the singularity structure of the initial dis-
tributions, ending up with results that disagree with Regge ALp(i,QDA,L(1,Q%)

theory, and presumably with QCD. A,,(j,Q7.Q3) = A ) +finite terms
pp

B. Regge theory for the amplitudes in thg plane. This relation proves the

Beside the predictions of pQCD, we can study DISuniversality of the singularities, in other words, all singulari-
through its analytical properties. In Regge thepys], we  ties present inyp interactions also appear ipry interactions.
consider amplitudest(j,t) in the complex angular momen- We have successfully applied th€U rules to the case of
tum space by performing a Sommerfeld-Watson transformdouble and triple pole Pomeron models in the regith
In that formalism, we choose a singularity structure in jthe Therefore, since our fit keeps consistency with the fitslin
plane for the amplitudes. The residues of the singularities artor Q<QJ3, we also be used to reproduce the)y*) ex-
functions oft and this technique can be applied to the do-perimental results fo3< Q3= Q3.
main cos@)>1. For example, we can fit the DIS data or the
photon structure function at large (small x), and the total
cross sections at large

The models based on Regge thedl-14 use a In our approach it is not possible to dissociate the soft
Pomeron term, reproducing the rise of the structure functiosingularity from the perturbative ones, as was donglifi.
(cross sectionsat smallx (at larges), and Reggeon contri- However, it is possible to assume that the perturbative essen-
butions coming from the exchange of meson trajectorées ( tial singularity (at j=1) becomes a triple pole at sm&¥.
andf). We shall consider here the following parametrizationThis may come from further resummation of pQCIB]. We

IIl. INITIAL DISTRIBUTIONS

for the Pomeron term thus have two regimes: fa@> Qg, we have a perturbative
212 ) 5 DGLAP evolution with an essential singularity, while for
a(Q) I/ vo(Q7)]+c(Q%), (4) Q?<Qj3, the Regge fit applies, arfé, behaves like a triple

pole at smallx.

Due to the fact that the domaid) does not extend up to
x=1, we have used the GRV9&] parametrization at large
_ X, i.e. for x>Xggry. It is worth mentioning that, in the DG-
(j-1)% (j—1)? -1 LAP equation(2), the evolution forx>xgr, does not depend

corresponding to a triple pole japlane[1]

a 2aln(vy) aln?(vg)+c
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TABLE II. Values of the parameters for Q3<10 Ge\? and
Regge domain(liimit — Xery=0.1. Onlyag andbg are fitted, while the other parameters
1000 ¢ XaRy (W0 cas:;‘;‘ ........... are constrained.
Qo ........
Q: 3.0 5.0 10.0
T 100 g ay, 0.00541 0.00644 0.00780
£ b,y 0.0712 0.0990 0.142
o) Coyp 0.00541 0.0064 0.00780
w0l d, 0.890 1.06 1.27
5 - Xorv | xS 0.1 9, 0.1 x9 0.1
1 P i dr |-00722 0167 |-00478 0166 | 00101  0.165
0.0001 0.001 0.01 0.1 1 ag 0.147 0.00617 | 0.0908 0.0271| 0.158 0.131
X b |—0.852 0.718 0.193 0.822 |0.178 0.419
. . o . . Cg 345 —0.495 0.595 —0.851 | 0.0299 —0.463
FIG. 2. Experimental points, Regge domain limit and fit domain
limits for Q3=5 Ge\? and xgry=xS, or 0.1. It clearly appears
that without extrapolation, we miss the hi@ points.
Qg Tx. QY= 5= [ P (X)ng Q)
2 X! =5 e - 1 1
on the distributions belowgr,. This means that the evolu- Q 2m)x g2 ¢
tion of the GRV98 distribution functions for>Xxggy is not
influenced by the parametrization we will impose for
<x g P P Q29 (2> “5f1 ng( Paq 2nqug)(2>
TAGRV: 2 = — _
Since we want to use our fi#h) to F,, for x<Xggry, We ¥le) 27y £ \Pgq Py G

want to have an initial distribution of the formQg is the
scale at which we start the DGLAP evolutjon

F,(x,Q3)=alog?(1/x)+blog(1/x)+c+dx?,  (5)
i.e. described by a triple pole Pomeron andf za,-Reggeon
trajectory (y=0.31 as given iff1]). Once we have that ini-
tial distribution, we can evolve it with DGLAP and compare
it with experimental data.

However, the DGLAP equatiof?) does not allow us to
computeF, directly. Performing linear combinations in Eq.

(2), one can easily check that the minimal set of densitie%

needed to obtair, from the DGLAP equation is given by

andF, is then given by

53 +3T
Fo=—1g

This clearly shows that, if we want to use E&) as the
initial condition for a DGLAP evolution, we need to split it
into T and 2, contributions, but we also need to introduce a
gluon density. In this way, using E¢b) as the initial condi-
ion for the evolution allows us to predict the gluon distribu-
ion function.

T:X[(u++c++t+)—(d++s++b+)]' (6) 5 T 1 l||||'|'| T 1 lllll'l'l T 1 '”ir(;lT_'_mm
4.5 [~ S - -
S=x[(ut+ct+t)+(d +s +bD], () 4k PR
3.5 N\ 4 1/3 — e _
G=xg, (8) N
3 NN -
R \\\ N
whereq™=q+q for q=u,d,s,c,t,b. The evolution equa- 25 - N -
tions for these distributions turn out to be 2k \\:\‘ -
\.\.\ \\;‘\
TABLE 1. 2 for various values 0fQ3 and xgry. [N is the L5 - "‘-\_‘ = T
number of experimental points satisfying Ea0).] 1} ""«..,k -
g
Xory PN 0.1 0.2 0.5 RN
Q(Z) X2 n XZ/n X2 n XZ/n X2 n XZ/n 0 ol il L1 Ik
0.0001 0.001 0.01 0.1 1
10.0 (484 515 0.939 | 561 581 0966 | 774 639 1.212 z
5.0 |557 577 0966 [676 686 0.985 | 862 744 1.159
3.0 [633 591 1.071 |741 735 1.008 | — - - FIG. 3. Initial distributions forQ§=5 GeV? and Xgry=0.1.

QZ/3: X(UJr+CJr +t+) andq_1/3: X(dJr +S+ + b+)

076001-3



G. SOYEZ PHYSICAL REVIEW D 67, 076001 (2003

Since, beIowQS, we do not use singularities of order  Most of the 12 parameters in these expressions are con-
larger than 3, we expect this behavior to be valid for The strained. First of all, since the triple-pole Pomeron, describ-
andX distributions. The natural way of separating the initial ing the high-energy interactions, has the vacuum quantum
F, value given by Eq(5) is thus to consider bothiand> as  numbers, it will not be sensitive to the quark flavors. This
a sum of a triple pole Pomeron and a Reggeon. The gluomeans that, at high energy, one expdcts0. Therefore, we
distribution, being coupled t&, should not contain any sin- setar=bry=cy=0. Then, since we connect our parametri-

gularities either. Thus, we can write zation with GRV’s atxgry, we want the distribution func-
tions to be continuous over the whoteange. Continuity of
_ the T distribution fixesd; and we finally have
T(x,Q3)=arlog?(1/x) + brlog(1/x) + ¢+ d7x7, T

\ 7

X
2y _T(GRVY) 2
3.(x,Q3) = aslog?(1/x) + bslog(1/x) + cs + ds X7, Tx.Qo)=T (XGRV’QO)(XGR\,

Moreover, we want to fix,(Q2) to be equal toF{?

2\ 2 n . . . .
G(x,Qp) =aglog(1/x) +bglog(1/x) + ¢ +dgx”. obtained from our previous global fieach quantity with a
10* 102 104 102 10 102 1
15t 50GevZ | 5236 GeV?2 | 55GevZ | 4 Hi
x ZEUS
] B 1 | o BGDMS
0 o E665
4 NMC
05} T T { wmSLAC
— fit
0.0 - e e e e ey
15} 6.0Gev? | 65Gev? | 70Gev? | 716GevZ |45
10} T T+ T {1.0
05} T T T {05
0.0 } - o } } t 4 o } o } t 0.0
15t 75Gev? | 85GevZ | 9.0GevZ L 9.795GeV? |45
T10} T T T {1.0
e
05} T T+ T {05
FIG. 4. F5 fit for Qp
0.0 it - et e e -+ 0.0 _ \2 2
10.0 Gev 2 11.5 Gev?2 12.0 Gev? 13.4 Gev 2 =5 GeV andxgry=0.1(low Q
15L 5 e J . e i . e A . e 415 value$.
10} T T+ T {1.0
05} T T+ T {05
0.0 it s —-rsoomt T e o+ 0.0
15F 150Gev? | 17.0Gev2 | 18.0Gev? | 200Gev? |45
10} T + T {1.0
05} T T+ T {05
0.0 - et _F o 0.0
15l 220Gev? | 250Gev? | 350GevZ |15
10} T T+ 4 {1.0
05} T T+ {05
0.0 i L i it i 0.0
10* 102 104 102 104 102 1
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10* 102 104 102 10 102 10* 102 1
151 450GevZ | 50.0GevZ | 60.0Gev2 | J[ 650GeV2 |5
10} T T - {10
05| T f T - {05
0.0 e st st N 0.0
15} 700GevZ | 80.0GevZ | 00.0GevZ | 120.0GeV? | 4 5
10} T T T {11.0
.I_

05 T T T 105
0.0 } t ot } } t 4 o } ot t t 0.0
15} 150.0 Gev2 | 200.0 Gev2 | 250.0 Gev2 | 300.0Gev?2 |45

T10} T T T {11.0

e
05| T y T T {05

FIG. 5 Fb fit for Qj
> l 3:500(5" v?2 I 4<I)ooel v?2 1 F;ooel v 2 ) 5<I)ooel v?2 o =5 GeV’ and xqr/<0.1 (high
15} . e 1 . e 4 . e L . e 41.5 Q2 Values.
10} T T - {11.0
05| * T T - {05
0.0 v st ! .
151 650.0 GevZ | 800.0 Gev2 | L
10} T T -
05| T T -
0.0 G st 4 .
15} 1500.0 Gev 2] 1600.0 Gev 2] i
10} T T -
05| T T -
0.0 i i it i i i i i 0.0
10+ 102 104 102 104 102 104 102 1

X =

superscriptt® refers to the corresponding quantity obtained Before going to the fits, one must stress that the GRV

from the Regge fit iM1]). SinceT is entirely known, this parametrization at large does not modify the triple pole

constraint fixes all th& parameters through the relation singularity structure of the initial distributions. Actually, one
may write the Mellin transform

(R) _
Z=M, ¢=a,b,c,d. 9
5 1 . XGRV .
|t 2a00= |t g

At this level, only the gluon distribution parameters are 0 0
free. However, since the Reggeon trajectory is expected to be 1
mainly constituted of quarks, we may exclude its contribu- +J dx><j*1qgn,(x).
tion from the gluon density. Thus, we takie=0. Finally, XGRY
we used continuity of the gluon density with the GRV distri-
bution atxgry to fix cg. In this expression, the first term generates the triple pole

We are finally left with only 2 free parameteraz and  Pomeron and the Reggeon. The singularities of the second
be. term come from the behavior neas1. Since parton distri-
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butions behave like* "1(1—x)", the GRV parton distribu-
tions give the following contribution: 100.0

n _ yitetk-1
E (_)k n 1)%;” 50.0
K=0 k] jtet+tk—=1 )

and the zeros of the numerator cancel those from the denomi- 0.0

nator. Thus, using GRV at largedoes not interfere with the
singularity structure imposed from the lowparametrization. 40.0 T ]
IV. FIT o 1 -
X=5.0e- x=0.001

We will fit the DIS data coming from H{19-21], ZEUS
[22,23, BCDMS [24], E665[25], NMC [26] and SLAC
[27]. We will only consider data foF5. We have not in-
cluded data fronkg, F*N, Drell-Yan processes and Tevatron
Jets for the following reasons.

(i) For many experiments, most of the data points are at
large x or at low Q2. Thus, they do not constrain our fit
much.

(i) Some experiments allow the determination of the va- Or
lence quark distributions. We do not need them here since we
only want theT, 3 and gluon distributions.
Since we want to test the domain common to Regge 4.0 %
X=0.01 X=0.02

theory and to the DGLAP evolution, we only keep the ex-
perimental points verifying

1 10" 10%  10°

49
cost )= 5 — MRST2001
P —
CTEQ6
Q2<Q?<3000 GeV, (10) 1.8 x=0.05 | ~— GRV9&LO
— this paper
We have tried several values of the initial sc&g around ¢
5 Ge\?. Given an initial scale, the Regge limit on c63( FIG. 6. Fitted gluon distribution compared with some well
translates into a natural value fRgry known parton distributions.
2
My .
Xg)F)ZV: p49Q°_ (11) like GRV[7], CTEQ[8] and MRST[3]. One can see that our

gluon distribution is of the same order of magnitude as that

A graph of that limit is presented in Fig. 1. However, as Onefro:?.othler p('?[LAPtf'ts't heck wheth its d q

can see from Fig. 2, if we take that limit opwe cut most of IS also Interesting to check whether our results depen
on the choice of the large parametrization. Since the DG-

the highQ? experimental points which are at largelt is . . oY
therefore interesting to extrapolate the initial distributions toLAP evolution equation couples the smalblistributions to

: ; the largex ones, at first sight, our results may depend on such
largerx, and we have tried some higher values Xggy . . ’ 2 !
9 9 kv a choice. However, looking at the studies of the PDF uncer-

tainties, it can be seen that the largbehavior of theT and

>, distributions hardly depends on the chosen fit dowx to
The results of the fits are given in Table | as a function of~0.1. Moreover, in the large limit, the splitting matrix can

Q3 and xgry. We can see that this 2-parameters fit repro-be written

duces very well the experimental points in Eg0) for Qg

=3 Ge\? and xgry<0.1. The values of the fitted param-

eters, as well as the constrained parameters are given in (qu qu) 1 (ZCF

V. RESULTS

Table II. =) P = (1—%) .
We show the initial distributions and tHe5 plot for Q3

=5 GeV? and xggry=0.1 in Fig. 3 and Figs. 4, 5 respec-

tively. Thus, in the largex region, the gluon distribution and the sea
In Fig. 6, we have compared the gluon distribution ob-are not coupled. Since, in our method, bathand % are

tained from our fit with that of the well known DGLAP fits fixed, we study the influence of the gluon distributionfon

2CA>'

99 g9
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Due to the fact that these are not coupled at laxgave VI. CONCLUSION
expect that our fit does not depend on the latgpehavior of
the distributions.

Furthermore, one can see that tyfeof the fit remains of

In this paper, we have shown that it is possible to use a
very simple analytic form, namely a triple-pole Pomeron and
a Reggeon, as an initial condition for the DGLAP evolution.
order 1 for 0.04:Xgr=0.15 and grows when we take Applying the constraint from a global QCD fit obtained in a

Xgry~0.01 or smaller. At that point, parton distributions de- revious papefrl] as well as some expected properties of the
pend on the chosen parametrization and the one we useg
t

namely GRV98, does not take into account the latest HER arton distribution functions, we have shown that we can fit
1 H H 2

points. If we want to go to smaller values x§g,, we need © DI>S data 2|n tﬂe fQOhmairQ?>3fGe\F, x=0.1 aindh

a more recent parametrization and thus a NLO study. Not§°S®=49/(2m;). This fit has only 2 free parameters in the

that the interval omxggy for which we have an acceptabyg ~ 9uon distribution.

: Our fit is at the interplay between Regge theory and
hardly depends o®j for Q3 in [3,15] GeV?, and that the
x? of the fit does not change very much in that domain. PQCD. We have thus proven that Regge theory can be used

Unfortunately, it is quite hard to determine a unique scal%oo;);in?:rin??hi% te\\//vzlli:t;ina?soowsna tothtgtethngggglguégﬁ'r\]’?o
Qg or Xgryv from the fit. From Table |, it is clear thatgry ' ' y

hich we can apply pQCD is of the order of-3 Ge\?.
can be taken to be 0.1 but can not be pushed up to O_'2' Bu\{\{ Moreover, we have seen that our approach can be used to
as we have argued, for such valuesqzﬁ and such high

) split F, in T and> components with precise physical prop-

Xgry, We are outside the domaia) and we may NOLENSUre erties. In this way, it is of prime importance to point out that

that Regge theory will still be valid at=0.1 andQ“=Qq. g the initial distributions have the same singularity struc-
We can thus adopt two different points of view: ture, which is rarely the case for the usual parton sets. Since
(1) We stay in the domairil). We have thugg,= Xg)%v > is _coupled to the gluon distribution, the latter can aIsp pe
and we can tak®? down to 3 GeV. The problem is predicted. We have shown that the fitted gluon distribution is
of the same order of magnitude as the gluon distributions

that asQ? goes down oes down too. And, since
Q9 *ery 9 obtained by the usual DGLAP fits to DIS data.

high Q? experimental points have largevalues, we do . . S C
ghQ P P gV By requiring the same singularities in each distribution,

not test pQCD over a large range @° values. This
effect can be clearly seen in Fig. 2 where we have plot™Ve have seen that we are able to construct a full model both

ted the experimental points, the Regge domain limit anc{Or DGLAP evolution and Regge theory in the case of a
. . ' riple-pole Pomeron model. It shoul interesting, in th
the fit domain forQ3=5 Ge\? andxgry=x{, or 0.1. ple-pole Pomeron model. It should be interesting ©

. e . : b2 future, to test if we can apply the same method to the case of
It is therefore difficult to predict a “best value” foRo.  goyple pole Pomeron or Donnachie-Landshoff two-Pomeron
(2) We extrapolate the Regge fit outside the domainThe 5 qel.

amount of points concerned by this interpolation can be | the future, it should also be interesting to see if it is
seen in Fig. 2. In such a case, depending on our confipossible to adapt this point of view, in order to derive the

dence in this extrapolation, we can consider that pQCLriple pole Pomeron form factors at higp?.
applies down to 3 Ge¥or 5 Ge\V? andxgr/~0.1. This

value is compatible with the HERA predictions as well

as with the Donnachie-Landshoff predictifi]. Below ACKNOWLEDGMENTS
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