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Does F2 need a hard pomeron?J.R. Cudell1 and G. Soyez2Inst. de Physique, Bât. B5, Université de Liège, Sart Tilman, B4000 Liège, Belgium

AbstratWe show that the latest HERA measurements of F2 are ompatible with the existeneof a triple pole at J = 1. Suh a struture also aounts for soft forward hadroniamplitudes, so that the introdution of a new singularity is not neessary to desribeDIS data.The latest data from HERA [1, 2, 3℄ have attained suh a level of preision that theyan onstrain quite stringently the possible singularity strutures in the omplex J planewhih ontrol the s dependene of soft hadroni amplitudes at t = 0 and the x depen-dene of F2. Traditionally, it has been assumed that soft hadroni amplitudes would beonstrained by their analyti properties, i.e. by Regge theory, whereas DIS would be thedomain where perturbative QCD ould be tested, with an overlap at only extremely small
x. However, it has reently been realised [4, 5℄ that there is no reason to limit the ap-pliation of Regge theory to suh a domain. Indeed, hadroni sattering amplitudes arethe ontinuation of t-hannel sattering amplitudes, and the simple strutures preditedby Regge theory beome valid one the osine of the t-hannel sattering angle, cos θt,beomes su�iently large. One an in fat quantify this in the hadron-hadron ase, as theforward sattering amplitudes (measured through ρ and σtot) are well �tted for √s > 10GeV. This orresponds, in the pp and pp ases, to a value of

cos θt =
s

2m2
p

≥ 57. (1)In the γ∗p ase, the total ross setion,
σγ∗p =

4π2αelm

Q2
F2(x,Q

2), (2)1JR.Cudell�ulg.a.be2G.Soyez�ulg.a.be 1
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should be desribed by the same singularities for the same region of cos θt = ν/(mp

√
Q2) =√

Q2/(2mpx). Hene one would expet to observe the same singularities in F2 and in totalhadroni ross setions for values
x ≤

√
Q2

100mp

. (3)This is a rather large interval where there is onsiderable overlap with standard pertur-bative QCD evolution, hene one would hope for the two desriptions to beome ompatible(but we are not yet at a stage to show this result). Whether it makes sense to extend Regge�ts to larger x [6, 7℄ or to smaller s [7℄ remains debatable.The problem in implementing suh a program is that, although the same singularitieshave to be present, their residues are not known, and must be Q2-dependent. It is knownhowever that the Q2 dependene must enter only in the residues, i.e. the ν dependeneshould not hange with Q2. As the e�etive ν dependene does seem to vary as Q2 inreasesat HERA, this an only be obtained by ombining several singularities, and writing
F2(

Q2

2ν
,Q2) =

∑

i

gi(Q
2)fi(ν) (4)with the fi resulting from the singularities observed in �ts to total ross setions [8℄. Thefat that the residues depend on Q2 means that some singularities may remain hiddenin soft sattering amplitudes, and manifest themselves only at high Q2. However, as thevalues of Q2 observed now at HERA span the whole range from 0.045 to 30000 GeV2, itseems unlikely that suh singularities would swith o� totally in total ross setions3.The �rst model proposing suh a global �t is due to Donnahie and Landsho� [4℄ and isbased on their previous model [10℄ based on a simple-pole singularity, whih aounts verysuessfully not only for hadroni total ross setions, but also for elasti and di�rativesattering [10℄. The problem is that, at small x, this model predits a single singularityin (4), and hene the e�etive power of x annot hange with Q2. This lead Donnahieand Landsho� to postulate the existene of a hidden singularity, alled the hard pomeron,whih is needed to reprodue the rise of F2 at small x, but whih is totally absent fromtotal hadroni ross setions, with residues at least 106 times smaller than those of thesoft pomeron [8℄. It is rather hard to imagine how suh a �ere singularity an totallyturn o� in hadron-hadron sattering, as the hadrons will sometimes �utuate into smallsystems of quarks, omparable to those produed by the o�-shell photons. Furthermore,the model seems to require the soft pomeron to turn o� in F c

2
, whereas it is needed in J/ψprodution. Although one annot prove that these features are exluded, they seem ratherunnatural. Nevertheless, the model reprodues quite well the new data from HERA, andan even be extended outside the area of appliability of Regge theory [6℄.3It is however also possible to argue that the photon is speial, and that t-hannel unitarity relations,from whih the universality of residues is derived [9℄, do not form a losed system for photons, hene theyould have exeptional singularities. 2



There are other alternative �ts to total ross setions [7, 12℄ (for a review see [8, 11℄)whih work equally well, or better, than simple poles. In suh models, the rise of totalross setions is assumed to ome from a double pole, or a triple pole, at J = 1.In the �rst ase [7℄, the �t to soft amplitudes fores one to assume a large splitting ofthe interepts of leading meson trajetories, whih means that suh trajetories must benon linear. Furthermore, the leading C = +1 ontribution beomes negative at su�ientlysmall s, of the order of 10 GeV, and fatorisation would naively lead to negative total rosssetions for proesses whih ouple only to the leading trajetories. Although one againthese points annot be used to rule the model out (as neither fatorisation of double polesnor the linearity of meson trajetories an be proven), they make it seem unnatural.The seond andidate [12℄ does not have these drawbaks, and the desription of totalross setions that it provides an even be extended down to √
s = 5 GeV [11℄. Notonly does it �t well both total ross setions, and values of the ρ parameter for forwardhadroni amplitudes, but the outome of suh a �t seems the most natural: unitarity ispreserved, the various C = +1 terms of the ross setion remain positive, and the mesontrajetories are ompatible with exhange degeneray. We shall show here that this �textends naturally to reprodue DIS data, at least in the Regge region (3).We shall adopt here the natural Regge variable 2ν instead of W [7℄, as this makes asizable di�erene in the large-x region, and we shall assume that F2 an be �tted by

F2(
Q2

2ν
,Q2) = a(Q2) log2

(

2ν

2ν0(Q2)

)

+ c(Q2) + d(Q2)(2ν)−0.47 (5)in the region (3). The �rst two terms represent pomeron exhange, and the third a/fexhange. We have �xed the interept of the latter from �ts to hadroni amplitudes [8, 11℄.The �rst test to hek whether suh a simple form has a hane to reprodue thedata is to follow [4℄ and extrat the residues a(Q2), c(Q2), d(Q2) and the sale b(Q2) ≡
log (2ν0(Q

2)) by �tting the ν dependene for eah value of Q2.As explained above, we limit ourselves to a onsideration of the data in the region (3),and to Q2 bins where there are at least 10 data points. We show in Fig. 1 the result ofsuh a �t (to a total of 875 points), whih orresponds to having one parameter for eahresidue and for eah value of Q2. This �t has a χ2 per data point of 0.674, ompared with1.00 for the hard pomeron model of [4℄ re�tted to those data. Hene it seems that a priorithe data are as ompatible with (5) as with the �ts of [4, 6℄. The graphs represent theoe�ients respetively of the log2(2ν) , log(2ν) and onstant terms. We see that the datado exhibit a suppression at small Q2, and there is a strong orrelation between the threeterms, whih all seem to have a similar behaviour with Q2.
3
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Figure 1: the oe�ients (a) of log2(2v), (b) of log(2ν) and () of the onstant term,extrated from the latest HERA data.We an now proeed to a parametrisation of the residues. We �rst onsider the data ofrefs. [1, 2℄, whih extend to Q2 = 135 GeV2, as they are almost entirely in region (3),together with data for the total γp ross setion [13℄ at √s >5 GeV4. Apart from the fatthat gauge invariane imposes that the form fators vanish linearly at Q2 → 0 for �xed ν,their form is undetermined. We �nd that a good �t is obtained by the following forms:

g(Q2) = AgQ
2

(

1

1 +Q2/Q2
g

)ǫg

, g = a, c, d (6)4As the data from 5 to 10 GeV have big error bars, it makes little di�erene whether we inlude themor not. 4



b(Q2) = log
[

2ν0(Q
2)
]

= b0 + b1

(

Q2

Q2 +Q2

b

)ǫ
b (7)

Q2 ≤ 135 GeV2 Q2 ≤ 30000 GeV2parameter value error parameter value error
Aa 0.00981 0.0031 Aa .99383E-02 .17197E-03
Qa 0.992 0.125 Qa 1.8850 .74726E-01
ǫa 0.721 0.026 ǫa .89988 .10849E-01
Ac 0.945 0.008 Ac .95727 .38888E-02
Qc 0.696 0.035 Qc .62391 .16433E-01
ǫc 1.34 0.04 ǫc 1.3903 .23285E-01
Ad 0.430 0.066 Ad .27401 .27215E-01
Qd 0.260 0.367 Qd 31.987 5.5734
ǫd 0.451 0.104 ǫd 1.6884 .15020
b0 3.00 0.641 b

′

0
3.00 .91789E-02

b1 3.31 0.27 b
′

1
.13797 .54106E-01

Qb 18.2 8.92 Q
′

b 4.6269 1.6797
ǫb 3.16 1.26 ǫ

′

b 1.8551 .15402Table 1: the values of the parameters orresponding to Eqs. (6, 7) for the low-to-intermediate Q2 �t, and those of the global �t to region (3), orresponding to Eqs.(6,8).

ps (GeV)
� tot(mb)

10010

0.20.180.160.140.120.1Figure 2: �t to the total ross setion data for √s ≥ 5 GeV.5



The resulting values of the parameters are given in Table 1. We imposed thatthe �t smoothly reprodues the value of ν0(0) whih results from a global �tto all hadroni ross setions [8℄. The �t gives a χ2 of 185.2 for 241 points(inluding 38 points for the total ross setion), whih is somewhat better thanthose of [6, 7℄. We show in Figs. 2 and 3 the urves orresponding to theseresults.

ZEUSH1
x

F 2=Q4

10.10.010.0010.00011e-051e-061e-07

1001010.10.010.0010.00011e-05Figure 3: �t to the new HERA data [1, 2℄ for Q2 ≤ 135 GeV2.It is interesting to note that suh simple forms for the residues, whih ahieve a remarkablylow χ2 up to 135 GeV2, do not extend well beyond 500 GeV2. Whether one wants to gobeyond this result is really a matter of taste. As we have explained, it is possible to have�hidden� singularities, whih would manifest themselves only as Q2 beomes large enough.From a perturbative QCD point of view, the present �t an be seen as a starting point for
F2(x,Q

2), onsisting of onstants, log x and log2 x terms.5 Perturbative evolution will then5One must note however that we have not tried to go beyond the Regge region, and hene the limit
x → 1 is not orret, as F2 should go to 0 there. 6



produe further log x terms, whih would be hidden below the starting evolution sale. Assingularities of hadroni amplitudes annot our at arbitrary plaes, the latter would haveto be a physial parameter, and the present �t shows that it should be of order Q0 = 10GeV [14℄.It may be a worthwhile exerise however to hek whether this singularity struture anbe extended to the full Regge region, and to onsider a �t to the full dataset of DIS [15℄.The reason is that in this ase there is onsiderable overlap between the DGLAP region(Q2 large, logQ2 ≫ − log x) and the Regge region (3), and hene one should be able tounderstand some features of the pomeron through perturbative means. In this region, toahieve values of χ2 omparable to those of [6, 7℄, we need in fat to modify the form usedfor the sale ν0(Q
2), and introdue a logarithm in its expression:

b(Q2) = b0 + b
′

1

[

log

(

1 +
Q2

Q
′ 2

b

)]ǫ′
b

. (8)Suh a form allows us to extend the �t to the full Regge region (3), and produes areasonable χ2/dof : we obtain 1411 for 1166 points (inluding 21 points for the total rosssetion above √
s = 10 GeV)6, but the χ2 for the new HERA points [1, 2℄ gets degradedto 311. This is largely due to the tiny size of the errors on the new data, and to someinonsistenies in the full dataset. A �ne-tuning of the form fators [7℄ ould presumablylead to a better χ2, but what we would learn from suh an exerise is unlear. We showin Fig. 4 the results of this global �t, and, as we an see, the full Regge region (3) is wellaounted for. Note that although all the data are �tted to, we show only the data fromHERA, as the number of values of Q2 would otherwise be too large to represent in thismanner.In onlusion, we see that several senarios ompatible with Regge theory are possibleto desribe struture funtions. All of them share the harateristi that one needs severalomponent to desribe DIS and soft sattering at the same time. We believe that thepresent parametrisation shows that no unexpeted behaviour is needed to reprodue DIS,and that the pomeron may well be a single objet, onneting all regions of Q2 smoothly,and exhibiting the same singularities in DIS and in soft sattering. How to obtain suh asimple form in the region of overlap between perturbative QCD and Regge theory remainsan open question.AknowledgementsWe thank P.V. Landsho� for fruitful exhanges, and E. Martynov for sharing his resultswith us, for numerous disussions, and for orreting a mistake in a preliminary version.6Note that the �t of [6℄ give a χ2 of 3941 on those points.
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Figure 4 (a): Result of a global �t to all the data in the Regge region, for 0.045 ≤
Q2 ≤ 5.0 GeV2. F2(x,Q2) is shown as a funtion of x, for eah Q2 value indiated(in GeV2). Only data from HERA are shown.
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Figure 4 (b): Result of a global �t to all the data in the Regge region, for 6.0 ≤ Q2 ≤
120.0 GeV2. F2(x,Q2) is shown as a funtion of x, for eah Q2 value indiated (inGeV2). Only data from HERA are shown.9
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