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DGLAP evolution extends the triple pole Pomeron fit

G. Soyez*
Institut de Physique, Baˆtiment B5, Universite´ de Liège, Sart-Tilman, B4000 Lie`ge, Belgium

~Received 22 November 2002; published 8 April 2003!

We show that the triple pole Pomeron model provides an initial condition for a DGLAP evolution that
produces a fit to highQ2 experimental DIS data. We obtain a goodx2 for initial scales down to 3 GeV2.
Values of the initial scale smaller than 1.45 GeV2 are ruled out at the 90% confidence level.
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I. INTRODUCTION

We have shown in a previous paper@1# that it is possible
to fit the experimental data forF2

p with a double or triple
pole Pomeron model in the region

2n>49 GeV2,

cos~u t!5
AQ2

2xmp
>

49

2mp
2

, ~1!

Q2<150 GeV2,

x<0.3.

We have also shown that one can extend the usualt-channel
unitarity relations@2# to the case of multiple thresholds an
multiple poles. This allowed us to predictF2

g from F2
p and

the pp total cross section. In the latter case, we have sho
that all processes have the same singularity structure.

However, in the usual parton distribution sets, each pa
distribution presents its own singularities. As an example
the Martin-Roberts-Stirling-Thorne 2001~MRST2001! pa-
rametrization@3#, we have

xq~x,Q0
2!5A~11BAx1Cx!~12x!hqx«q,

with «sea520.26, «g
(1)520.33, «g

(2)50.09. In fact, these
singularities do not correspond to any singularity presen
hadronic cross sections and, conversely, cross section s
larities are not present in parton distributions. There m
therefore exist a mechanism through which the singulari
in partonic distributions disappear and cross section sin
larities arise whenQ2 goes to zero. Such a mechanism
unknown and seems forbidden by Regge theory. In
framework, a singularity structure common both to part
distributions and to hadronic cross sections is the most n
ral choice.

At that level, one may ask whether the Regge fit of@1# is
compatible with perturbative QCD~pQCD! and whether it is
possible to have the same singularities in all parton distri
tions. Actually, although Regge theory@4,5# and Dokshitzer-
Gribov-Lipatov-Altarelli-Parisi~DGLAP! @6# evolution both
provide well-known descriptions of the structure functio
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@3,7–13#, the connection between the two approaches is
clear. In this paper, we will confront the triple-pole param
etrization, for each parton distribution, and evolve it wi
DGLAP equations. This is done by fixing the initial distribu
tion at Q0

2 in order to reproduce theF2
p value obtained from

the global QCD fit@1#. We shall see that we are able
produce a fit to experimental data which is compatible b
with Regge theory and with the DGLAP equation. This co
parison of two aspects of the theory will allow us to split t
F2 structure function in smaller contributions and to pred
the density of gluons, which is generally not accessible
rectly from Regge fits.

Varying the initial scaleQ0
2, we can predict where pertur

bative QCD breaks down. However, due to the applicat
domain ~1! of the global fit, the Regge constraint on th
initial parton distributions is not valid at largex. In order to
solve this problem, we use the Glu¨ck-Reya-Vogt 1998
~GRV98! parton distributions@7# at largex(x.xGRV). We
shall argue that the results do not significantly depend on
choice of the largex parametrization. Since we will use lead
ing order~LO! DGLAP evolution, one can choose any of th
usual parton distribution function~PDF! sets to extend our
fits to largex.

We will show that, within a reasonable region ofQ0
2 and

xGRV, the triple-pole Pomeron model provides an initial co
dition for LO DGLAP evolution which reproduces the ex
perimental data. The scaleQ0

2 should be considered as th
minimal scale where perturbative QCD can be applied.

Since a good precision on the gluon density is of prima
importance for the CERN Large Hadron Collider~LHC!, it is
also very interesting to look at the prediction of this mod
for the density of gluons. We will see that the densities
obtain are of the same order of magnitude as in the us
DGLAP fits.

One should mention that such an extension of the tri
pole Regge fit by a DGLAP evolution has already been
troduced in@15#. However, as we will see, our approach he
is different: our parametrization is much more constrain
we are able to extract a gluon distribution and all the dis
butions have the same singularity structure. There are
some less important differences in the treatment of the la
x domain.

II. PERTURBATIVE QCD AND REGGE THEORY

A. Perturbative QCD

In pQCD, the highQ2 behavior of deep inelastic scatte
ing ~DIS! is given by the DGLAP evolution equations@6#.
©2003 The American Physical Society01-1
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These equations introduce theparton distribution functions

qi(x,Q2), q̄i(x,Q2) andg(x,Q2), which represent the prob
ability of finding, in the proton, respectively a quark, an a
tiquark or a gluon with virtuality less thanQ2 and with lon-
gitudinal momentum fractionx. When Q2→`, the Q2

evolution of these densities~at fixed x) are given by the
DGLAP equations

Q2]Q2S qi~x,Q2!

q̄i~x,Q2!

g~x,Q2!
D 5

as

2pEx

1dj

j S Pqiqj
. Pqig

. Pqiqj
Pqig

Pgq Pgq Pgg

D U
x/j

3S qj~j,Q2!

q̄ j~j,Q2!

g~j,Q2!
D , ~2!

at leading order. Using these definitions, we have

F2~x,Q2!5x(
i

eqi

2 @qi~x,Q2!1q̄i~x,Q2!#, ~3!

where the sum runs over all quark flavors.
The usual way to use this equation is to choose a se

initial distributionsqi(x,Q0
2 ,aW ) to computeqi(x,Q2,aW ) using

Eq. ~2! and to adjust the parametersaW in order to reproduce
the experimental data. This approach have already been
cessfully applied many times@3,7–10# and is often consid-
ered a very good test of pQCD. Nevertheless, these stu
do not care about the singularity structure of the initial d
tributions, ending up with results that disagree with Reg
theory, and presumably with QCD.

B. Regge theory

Beside the predictions of pQCD, we can study D
through its analytical properties. In Regge theory@4,5#, we
consider amplitudesA( j ,t) in the complex angular momen
tum space by performing a Sommerfeld-Watson transfo
In that formalism, we choose a singularity structure in thj
plane for the amplitudes. The residues of the singularities
functions of t and this technique can be applied to the d
main cos(ut)@1. For example, we can fit the DIS data or t
photon structure function at largen ~small x), and the total
cross sections at larges.

The models based on Regge theory@11–14# use a
Pomeron term, reproducing the rise of the structure func
~cross sections! at smallx ~at larges), and Reggeon contri
butions coming from the exchange of meson trajectoriesa
and f ). We shall consider here the following parametrizati
for the Pomeron term

a~Q2!ln2@n/n0~Q2!#1c~Q2!, ~4!

corresponding to a triple pole inj-plane@1#

a

~ j 21!3
2

2a ln~n0!

~ j 21!2
1

a ln2~n0!1c

j 21
.

07600
-

of

uc-

ies
-
e

.

re
-

n

This seems to be the preferred phenomenological choic
Q250 @16#. Note that the upper expression, given in term
of n and Q2, can be rewritten in terms ofQ2 and x
5Q2/(2n).

In a previous paper@1#, we have also shown from unitar
ity constraints that we can extend the Gribov-Pomeranc
argument about factorization of residues to any numbe
thresholds and to any type of singularities. Hence, if
parametrize thepp and theg (* )p cross sections, we can pre
dict theg (* )g (* ) cross section using thet-channel unitarity
(tCU) relation

Agg~ j ,Q1
2 ,Q2

2!5
Agp~ j ,Q1

2!Agp~ j ,Q2
2!

App~ j !
1finite terms

for the amplitudes in thej plane. This relation proves th
universality of the singularities, in other words, all singula
ties present ingp interactions also appear ingg interactions.
We have successfully applied thetCU rules to the case o
double and triple pole Pomeron models in the region~1!.
Therefore, since our fit keeps consistency with the fits in@1#
for Q2<Q0

2, we also be used to reproduce theg (* )g (* ) ex-
perimental results forQ1

2<Q2
2<Q0

2.

III. INITIAL DISTRIBUTIONS

In our approach it is not possible to dissociate the s
singularity from the perturbative ones, as was done in@17#.
However, it is possible to assume that the perturbative es
tial singularity ~at j 51) becomes a triple pole at smallQ2.
This may come from further resummation of pQCD@18#. We
thus have two regimes: forQ.Q0

2, we have a perturbative
DGLAP evolution with an essential singularity, while fo
Q2<Q0

2, the Regge fit applies, andF2 behaves like a triple
pole at smallx.

Due to the fact that the domain~1! does not extend up to
x51, we have used the GRV98@7# parametrization at large
x, i.e. for x.xGRV. It is worth mentioning that, in the DG
LAP equation~2!, the evolution forx.xGRV does not depend

FIG. 1. Natural value ofxGRV as a function of the scale.
1-2
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on the distributions belowxGRV. This means that the evolu
tion of the GRV98 distribution functions forx.xGRV is not
influenced by the parametrization we will impose forx
<xGRV.

Since we want to use our fit~4! to F2, for x<xGRV, we
want to have an initial distribution of the form (Q0

2 is the
scale at which we start the DGLAP evolution!

F2~x,Q0
2!5a log2~1/x!1b log~1/x!1c1dxh, ~5!

i.e. described by a triple pole Pomeron and anf ,a2-Reggeon
trajectory (h50.31 as given in@1#!. Once we have that ini-
tial distribution, we can evolve it with DGLAP and compa
it with experimental data.

However, the DGLAP equation~2! does not allow us to
computeF2 directly. Performing linear combinations in Eq
~2!, one can easily check that the minimal set of densi
needed to obtainF2 from the DGLAP equation is given by

T5x@~u11c11t1!2~d11s11b1!#, ~6!

S5x@~u11c11t1!1~d11s11b1!#, ~7!

G5xg, ~8!

where q15q1q̄ for q5u,d,s,c,t,b. The evolution equa-
tions for these distributions turn out to be

FIG. 2. Experimental points, Regge domain limit and fit doma
limits for Q0

255 GeV2 and xGRV5xGRV
(0) or 0.1. It clearly appears

that without extrapolation, we miss the high-Q2 points.

TABLE I. x2 for various values ofQ0
2 and xGRV . @n is the

number of experimental points satisfying Eq.~10!.#
07600
s

Q2]Q2T~x,Q2!5
as

2pEx

1xdj

j2
PqqS x

j DT~j,Q2!,

Q2]Q2S S

GD 5
as

2pEx

1 xdj

j2 S Pqq 2nf Pqg

Pgq Pgg
D S S

GD
andF2 is then given by

F25
5S13T

18
.

This clearly shows that, if we want to use Eq.~5! as the
initial condition for a DGLAP evolution, we need to split
into T andS contributions, but we also need to introduce
gluon density. In this way, using Eq.~5! as the initial condi-
tion for the evolution allows us to predict the gluon distrib
tion function.

FIG. 3. Initial distributions forQ0
255 GeV2 and xGRV50.1.

q2/35x(u11c11t1) andq21/35x(d11s11b1).

TABLE II. Values of the parameters for<Q0
2<10 GeV2 and

xGRV<0.1. Only aG and bG are fitted, while the other paramete
are constrained.
1-3
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G. SOYEZ PHYSICAL REVIEW D 67, 076001 ~2003!
Since, belowQ0
2, we do not use singularities of orde

larger than 3, we expect this behavior to be valid for theT
andS distributions. The natural way of separating the init
F2 value given by Eq.~5! is thus to consider bothT andS as
a sum of a triple pole Pomeron and a Reggeon. The gl
distribution, being coupled toS, should not contain any sin
gularities either. Thus, we can write

T~x,Q0
2!5aTlog2~1/x!1bTlog~1/x!1cT1dTxh,

S~x,Q0
2!5aSlog2~1/x!1bSlog~1/x!1cS1dSxh,

G~x,Q0
2!5aGlog2~1/x!1bGlog~1/x!1cG1dGxh.
07600
l

n

Most of the 12 parameters in these expressions are
strained. First of all, since the triple-pole Pomeron, desc
ing the high-energy interactions, has the vacuum quan
numbers, it will not be sensitive to the quark flavors. Th
means that, at high energy, one expectsT→0. Therefore, we
set aT5bT5cT50. Then, since we connect our paramet
zation with GRV’s atxGRV, we want the distribution func-
tions to be continuous over the wholex range. Continuity of
the T distribution fixesdT and we finally have

T~x,Q0
2!5T(GRV)~xGRV,Q0

2!S x

xGRV
D h

.

Moreover, we want to fixF2(Q0
2) to be equal toF2

(R)

obtained from our previous global fit~each quantity with a
FIG. 4. F2
p fit for Q0

2

55 GeV2 andxGRV<0.1 ~low Q2

values!.
1-4
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FIG. 5. F2
p fit for Q0

2

55 GeV2 and xGRV<0.1 ~high
Q2 values!.
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e
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superscript(R) refers to the corresponding quantity obtain
from the Regge fit in@1#!. SinceT is entirely known, this
constraint fixes all theS parameters through the relation

fS5
18f (R)23fT

5
, f5a,b,c,d. ~9!

At this level, only the gluon distribution parameters a
free. However, since the Reggeon trajectory is expected t
mainly constituted of quarks, we may exclude its contrib
tion from the gluon density. Thus, we takedG50. Finally,
we used continuity of the gluon density with the GRV dist
bution atxGRV to fix cG .

We are finally left with only 2 free parameters:aG and
bG .
07600
be
-

Before going to the fits, one must stress that the G
parametrization at largex does not modify the triple pole
singularity structure of the initial distributions. Actually, on
may write the Mellin transform

E
0

1

dxxj 21q~x!5E
0

xGRV
dxxj 21qregge~x!

1E
xGRV

1

dxxj 21qgrv~x!.

In this expression, the first term generates the triple p
Pomeron and the Reggeon. The singularities of the sec
term come from the behavior nearx51. Since parton distri-
1-5
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butions behave likex«21(12x)n, the GRV parton distribu-
tions give the following contribution:

(
k50

n

~2 !kS n

kD 12xGRV
j 1«1k21

j 1«1k21

and the zeros of the numerator cancel those from the den
nator. Thus, using GRV at largex does not interfere with the
singularity structure imposed from the lowx parametrization.

IV. FIT

We will fit the DIS data coming from H1@19–21#, ZEUS
@22,23#, BCDMS @24#, E665 @25#, NMC @26# and SLAC
@27#. We will only consider data forF2

p . We have not in-
cluded data fromF2

d , FnN, Drell-Yan processes and Tevatro
Jets for the following reasons.

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

~ii ! Some experiments allow the determination of the
lence quark distributions. We do not need them here since
only want theT, S and gluon distributions.

Since we want to test the domain common to Reg
theory and to the DGLAP evolution, we only keep the e
perimental points verifying

cos~u t!>
49

2mp
2

,

Q0
2<Q2<3000 GeV2, ~10!

x<xGRV.

We have tried several values of the initial scaleQ0
2 around

5 GeV2. Given an initial scale, the Regge limit on cos(ut)
translates into a natural value forxGRV

xGRV
(0) 5

mpAQ0
2

49
. ~11!

A graph of that limit is presented in Fig. 1. However, as o
can see from Fig. 2, if we take that limit onx, we cut most of
the highQ2 experimental points which are at largex. It is
therefore interesting to extrapolate the initial distributions
largerx, and we have tried some higher values forxGRV.

V. RESULTS

The results of the fits are given in Table I as a function
Q0

2 and xGRV. We can see that this 2-parameters fit rep
duces very well the experimental points in Eq.~10! for Q0

2

>3 GeV2 and xGRV<0.1. The values of the fitted param
eters, as well as the constrained parameters are give
Table II.

We show the initial distributions and theF2
p plot for Q0

2

55 GeV2 and xGRV50.1 in Fig. 3 and Figs. 4, 5 respec
tively.

In Fig. 6, we have compared the gluon distribution o
tained from our fit with that of the well known DGLAP fit
07600
i-
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e
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like GRV @7#, CTEQ@8# and MRST@3#. One can see that ou
gluon distribution is of the same order of magnitude as t
from other DGLAP fits.

It is also interesting to check whether our results depe
on the choice of the largex parametrization. Since the DG
LAP evolution equation couples the smallx distributions to
the largex ones, at first sight, our results may depend on s
a choice. However, looking at the studies of the PDF unc
tainties, it can be seen that the largex behavior of theT and
S distributions hardly depends on the chosen fit down tox
'0.1. Moreover, in the largex limit, the splitting matrix can
be written

S Pqq Pqg

Pgq Pgg
D'

1

~12x!1
S 2CF .

. 2CA
D .

Thus, in the largex region, the gluon distribution and the se
are not coupled. Since, in our method, bothT and S are
fixed, we study the influence of the gluon distribution onF2.

FIG. 6. Fitted gluon distribution compared with some we
known parton distributions.
1-6
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Due to the fact that these are not coupled at largex, we
expect that our fit does not depend on the largex behavior of
the distributions.

Furthermore, one can see that thex2 of the fit remains of
order 1 for 0.04&xGRV&0.15 and grows when we tak
xGRV;0.01 or smaller. At that point, parton distributions d
pend on the chosen parametrization and the one we u
namely GRV98, does not take into account the latest HE
points. If we want to go to smaller values ofxGRV, we need
a more recent parametrization and thus a NLO study. N
that the interval onxGRV for which we have an acceptablex2

hardly depends onQ0
2 for Q0

2 in @3,15# GeV2, and that the
x2 of the fit does not change very much in that domain.

Unfortunately, it is quite hard to determine a unique sc
Q0

2 or xGRV from the fit. From Table I, it is clear thatxGRV

can be taken to be 0.1 but can not be pushed up to 0.2.
as we have argued, for such values ofQ0

2 and such high
xGRV, we are outside the domain~1! and we may not ensur
that Regge theory will still be valid atx50.1 andQ25Q0

2.
We can thus adopt two different points of view:

~1! We stay in the domain~1!. We have thusxGRV5xGRV
(0)

and we can takeQ0
2 down to 3 GeV2. The problem is

that asQ0
2 goes down,xGRV goes down too. And, since

high Q2 experimental points have largex values, we do
not test pQCD over a large range ofQ2 values. This
effect can be clearly seen in Fig. 2 where we have p
ted the experimental points, the Regge domain limit a
the fit domain forQ0

255 GeV2 andxGRV5xGRV
(0) or 0.1.

It is therefore difficult to predict a ‘‘best value’’ forQ0
2.

~2! We extrapolate the Regge fit outside the domain~1!. The
amount of points concerned by this interpolation can
seen in Fig. 2. In such a case, depending on our co
dence in this extrapolation, we can consider that pQ
applies down to 3 GeV2 or 5 GeV2 andxGRV'0.1. This
value is compatible with the HERA predictions as w
as with the Donnachie-Landshoff prediction@17#. Below
2 GeV2, the x2 is larger than 1 whateverxGRV is and
values of the initial scale smaller than 1.45 GeV2 are
ruled out at the 90% confidence level.
.

ur

nd
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VI. CONCLUSION

In this paper, we have shown that it is possible to us
very simple analytic form, namely a triple-pole Pomeron a
a Reggeon, as an initial condition for the DGLAP evolutio
Applying the constraint from a global QCD fit obtained in
previous paper@1# as well as some expected properties of t
parton distribution functions, we have shown that we can
the DIS data in the domainQ0

2>3 GeV2, x<0.1 and
cos(ut)>49/(2mp

2). This fit has only 2 free parameters in th
gluon distribution.

Our fit is at the interplay between Regge theory a
pQCD. We have thus proven that Regge theory can be u
to extend a pQCD evolution down to the nonperturbat
domain. From the fit, we can also say that the scale dow
which we can apply pQCD is of the order of 325 GeV2.

Moreover, we have seen that our approach can be use
split F2 in T andS components with precise physical pro
erties. In this way, it is of prime importance to point out th
all the initial distributions have the same singularity stru
ture, which is rarely the case for the usual parton sets. S
S is coupled to the gluon distribution, the latter can also
predicted. We have shown that the fitted gluon distribution
of the same order of magnitude as the gluon distributio
obtained by the usual DGLAP fits to DIS data.

By requiring the same singularities in each distributio
we have seen that we are able to construct a full model b
for DGLAP evolution and Regge theory in the case of
triple-pole Pomeron model. It should be interesting, in t
future, to test if we can apply the same method to the cas
double pole Pomeron or Donnachie-Landshoff two-Pome
model.

In the future, it should also be interesting to see if it
possible to adapt this point of view, in order to derive t
triple pole Pomeron form factors at highQ2.
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