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Parton§ and QCD Effects in the Pomcron 

G. lngelman 

Deutsches Elektronen-Synchrotron DESY, Noikestr:;..sse 85, D-?-2607 Hamburg, FRG 
Dept. of Radiation Sciences, Uppsala Ur.iversity, Box 535, S-751 21 Uppsala, Swedc1t 

Abstract. The quark and gluon content of the porneron ~nd the notioP of a 
pomeron structure function is discussed. The pomeron is argued to be a small 
object and, as a consequence, small-:.e gluon recombination effects could be size­
able. Ways to measure the pomeron parton densities in pp and ep collisions are 

presented. 

Introduction 

Diffractive scattering involves the exchange of energy-momentum but no qt'antum numbers 
and is described in terms of pomeron {IP) exchange [1]. Although Regge theory provides a 
useful formalism it has not led to a sufficient understanding of the pomeron and its interaction 
mechanism. In a modern QCD language it is natural to consider the strongly interacting 
pomeron as a partonic system [2] which can be probed in hard scattering processes [3]. 
By assuming the- pomeron to behave essentially as a hadron and introducing the concept 
of a pomeron stiucture function [3] it is possible to calculate the cross-section for various 
diffractive hard s-cattering processes in pomeron-hadron and pomeron-lepton collisions [3-
6] and to simulate the resulting hadronic final states [7, 8]. From this one can deduce 
important features that are characteristic for different ideas about the pomeron structure, 
but the detalles are uncertain due to the lack of theoretical understanding and experimental 
information. These issues will be discussed in the following with emphasis on the question 
of quark or gluon dominance in the pomeron (section 2), the pomeron size (section 3), gluon 
recombination effects (section 4), probing the pomeron structure function in deep inelastic 
scattering (DIS) at HERA (section 5), and, finally some concluding remarks. 

2 Quarks or gluons in the pomeron? 

The main experimental result is the clear observation of diffractive hard scattering phe­
nomena through the discovery of high-P.L jets in diffractively excited high mass states in pP 
collisions at CERN [9]. This signals hard parton level scattering in the pomeron-proton col­
lision and, furthermore, a hard parton distribution· in the pomeron is advocated [10]. These 
data do not, however, allow a discrimination between a quark and gluon content in the 
pomeron. The reported diffractive production of bottom mesons by UA1 [11], which would 
receive a dominant contribution from the subprocess gg - bb, hints at a substantial gluon 
content with a soft momentum distribution in the pomeron but could hardly be explained 
by a quark-dominated pomeron [8]. 

1 

The old suggestion [2] that the pomeron is mainly composed of gluons has been a com­
mon assumption. This hits some experimental support [12] from double pomeron exchange 
(DPE) processes where the production of fz(1270) and /2(1720), which may have glueball 
components in their wave functions, indicates a gluon-rich environment in pomeron-pomeron 
collisions. The thought that diffractive scattering occurs through the exchange of a (virtual) 
gluehall may have some theoretical support. since the glueball trajectory, obtained from 
estimated glueball masscs

1 
has been claimed to coincide with that of the pomeron [13]. 

The pomeron structure function has also been investigated theoretically, In an analysis 
based on Regge theory a gluon-dominat.ed pomeron was advocated and its gluon structure 
function discussed [4]. An attempt to derive the pomuon glucn density distributic~ based 
on QCD ladder diagrams has been made resulting ln a rather soft gluon distributbn func­
tion [14]. However, in an alternative approach [15] the pomeron is argued to cnuple in an 
effectively pointlike way to single quarks (similar to a photon) 'an:! its structur!: function 
dominated by a quark-antiqu::.rk :::ompon::.nt (in analogy with the photon structure fm,ction) 
wiih a rather hard momentum distribution. 

To obtain more information one should consider processes that require either a. quark 
or gluon component in the pomercn. Numerical predi.::tiom may be obtained by assurr.ing 
alternative forms of th;:. pomeron structur;:. function, e.g. 

•f,;p(x) ~ 6(1- x)', xf
0
;p(x) ~ 6x(l-x), 

6 
xf,;r(') ~ 4•(1- x) (1) 

The first two cases corrcnpor..d tc a pomeron :iomin~ted by many soft gluons (.TP = SG 
model) or a few hard ones (JP _- HG moclel), respecti"cly, wher:::a~ the last case corresponds 
to a pomeron corrpo!:eC essc:-.tially of<:. quc:~k-antique.rk pair (J!l = qi'j model). Whereas the 
first function has som~ support fran:_ the evidence for diffr::.:::tive h:::avy flavour production 
[11], the latter two are m..:re compatibl"' with th~ obt:erved diffr<l.ctive jet production [10]. 
Conv;::luti:::g a 'flux1 ofpomerons with such pomeron parton densities and a hard parton level 
sca'.tering cross section will give predictions for testablE cross sections [3-8]. 

Since heavy flavour produdicr. at colliders is d;Jminated by the gll1:on fusion process 
gg -> QQ (a!ld. g~ --t gQl_J) one may use diffractive charm and bottom production i.n 
hadrcon collisi.)ns to gauge the gluon content in the pomeron [8]. Or, the other hand, Wand 
Z producti:m in single diffradive pP ~::vent!. at collidtr energies can to leading order only · 
occur based on a quark componer,t h. the pome..oit. The G.on.inaEt pwcess is qq -> WjZ, 
whereas gluon induced interactions ca;.. only o..::cu;: through 1supressed hight:I ordei processes 
(gq - q + W/Z). These diffractiv~ W/Z ptodudio:u. processes hav;;. been calcnlattd [16] 
based on the pomeron models corresponding to c.:j_. (1) and d::::!LlonstrattSd to yicld observably 
large cross sections at the Tevatr:::n. The diff:::::cncf.. between a quark- and gluor.-dominated 
pomeron, as shown in Fig. la1 is encouragingly large. Due tc th:::: uncertainties in thE models 
it is, however, not trivial ~'J dra•.'.' a firm conclusion frorr. an :)bserved rate of l-t?/Z p:toducti011 

alone. 

The a:-shape of the po~~ron structure function can, furthermore, be obtained in diffrac­
tive Z product:or. [16]. In the pomeron.-pro:on collision, ;vith ems energy~~ one has for 
the process qij -> Z ------;. J.L+f.L- th.:: rddnns 7 = x1x2 = sjsp;; = (p::. :- p4 } /spp = M'j:fspp 
and XF = Xt- :z: 2 = 2(p311 + p411)/ .jSF;, w~ere p:;, P4 a:t<: the four-momenta of the final muons, 

Solving for tht incomir.g part on moriientum fractions gives :Z:t,2 = (±xF+ rx} + 4T)j2. Ap­
plying this method o., muons vb!.ained iu a Mon~t Carlo event simulaGon [16] 'oased ort the 
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JP = qij_ model gives the result in Fig. lb. The input pomeron (and proton) structu-re func­

tion is well reproduced and the statistical pre_cision high enough for this kind of measurement 

to test a qq-model of the pomeron. 
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Figure 1: Diffractive production of Z-bosons in pj5 collisions at .fi = 1.8 TeV as obtained 

{16} from different pomeron models: 1P = qij (full}, 1P = hard gluons (dashed}, lP = soft 

gluons (dotted). (a} Distributions of transverse momentum of decay muons (Z --t p.+p- ). 

(b) Distributions of the momentum fractions z1, xz for the interacting partons in the pomeron 

and proton, respectively. The curoes/histogram correspond to the distributions used as input 

(dashed} and obtained thro-u.gh the reconstr-uction (full) from Z --t p,+ ll-; the histogram 

illustrates the sta~istical precision with 10 pb-1
• 

A main uncertainty for this kind of calculations is the unknown pomeron structure func­

tion. The normalisation in eq. (1) is d~termined by the momentum sum rule 

11 
dx xf(x) = 1 (2) 

This is a natural choice that have commonly been used and also theoretically motivated 

[4]. However, the sum rule is not saturated in the model [15] where the pomeron behaves 

similar to a photon, with an effectively p_o~ntlike coupling to quarks, resulting in z/qjl'(x) ;:::,o 

0.2.(1- •). 

3 The pomeron size 

There are reasons to believe that the pomeron is a smaller object than a normal hadron. 

Although there is no well defined strong interaction radius of a hadron, one may use an 

optical model and relate its total cross-secti()n to its radius via rr ....., 71" R 2 . This approach was 

used in [6] to estimate the pomeron radius from various pomeron cross sections obtained 

based on the factorisation between different pomeron vertices. Single diffraction data gives 

a pomeron-proton total cross section of about 1mb, i.e. much smaller than a typical hadron­

proton cross-section. The analysis is simillified if two identical particles are considered aPd 
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one should the:rebrc consider the pomeron-pomeron total cross-section ffpr This can be 

obtained from data on double pomeron excha.:-.gc (DPE) pr ::-;-;ess:::: or frorr. the triple pomerov 

vertex which in Reggt:: th;:,ory is :;:elat<::~ to the single diff::.-activc cross sedior .. Consi::tent 

results are obtained in the interval 6pp =0.1-· ·-0.3 p,b y,-hid_ lead:: to a poc.eron radit'.::o of 

Rr ~ O.ljm, Sin~e this is obt.,_~r_ed by compa~?.ng with th~ proton-protm• total cross sectioP 

it depec1ds OI! the assumption that the pem-::ror: hac the san;.e 'blackn..::ss' a~ the prctm: which 

introduce:; an uncertainty ir. that a smal!. porr.~ror: <:roes-section m~y partly :re-,uH frorr a 

larger 'transparancy' and not only frorn a smalle! size. The value is, h0wever, in reasonable 

agreement with the value 0.17 fm obtaine-:1: frcn: exclrrsive p-p~oChl:::tion in DIS [17]. 

Further evid.;;nce- fo:r a small pomeron can be obtained from a n·cent QCD sum rule 

calculation oft~-"'! gluon forrl'. factor in the proton [18]. The resulting radius 0.3-0.35 fm of 

the gluon systerc:;_ is cor.siderably smaller than the proton radius. It is reasonable to :relate this 

size also with the pomeron, in particular when considering the QCD gluon ladder diagram 

representation of the pomeron [141. 

4 Gluon recombination in the pomeron 

Ii the pomeron is essentially a gluonic object (glucball?) of small size it gives the possibil­

ity to st.t,dy gluon dynamics at high densities. In such an environment QCD predicts the 

occurence of gluon :recombination, i.e. the process gg --1- g. This new phenomenon) which 

has not yet been observed, leads to a reduction of the gluon density as compared to the 

conventional GLAP evolution where only splittings (e.g. g --t gg) occur. The recombination 

is incorporated in the GLR equation [19] based on multi-ladder or 'fan 1 diagrams in QCD. 

This eqnation considers only pure gluon dynamics 1 which should dominate at small-x and 

is particularly applicable to the pomeron 1 but is difficult to use numerically. A more con­

venient form for the gluon density evolution (but without the parton transverse momentum 

dependence as in GLR) is given by [20] 

8zg(z,q') ~ a,(Q'2,, 1' dy yg(y, Q')P, (~) 
8ln Q2 271" z Y2 Y 

81a;(Q') 0 _ 1'-·· dy [ , ]' 
16R'Q' (y'""" z) • y yg(y,Q) 

(3) 
i.e. the Altardli-Parisi equation is modified by the second term due to the gluon recombi­

nation which depends on the size R of the object. Numerical estimates [21j for the inclusive 

proton structure function show that the recombination, or screening, effect is quite small 

in the HERA kinematic range and therefore hard to observe. It has been speculated [22] 
that the proton may contain hot spots, i.e. smaller regions with a higher than average gluon 

density (possibly arcur,d the valence quarks), such that an effectively smaller radius should 

be used resulting in a l<:a~ei recombination term. 

Applying eq_ (3) to t1H• pomew2 [6] with Rr = 0.1 fm results in a large gluon recom­

bination effect a& sh,::nvn in Fig. 2a. The star-ting gluon distribution at Q~ is here chosen 

rather conserva.tiYely. A distribution which is larger at small fractional momentum z in 

the pomeron would give an even larger recombination term in eq. (3) due to the quadratic 

gluon density dependence. Although one may question the applicability of eq. (3) when the 

magnitude of the non-linear correction term becomes comparable to the leading linear one, 

it illustrates the possibility to teach high gluon densities in the pomeron resulting in the 

occun:.11cc of new QCD effects. T:rte gluon recombination effect is in any case much larget 
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than in the proton, even when assnming the hot spot scenario as illustrated in Fig 2b. In 

contrast to the proton, where gluon recombination only occurs at very small-x, it occurs at 

larger momentum fractions in the pomeron. 

3 ,- . .~ 25 ~---- ---

>; 

~ 
N 2 

i- ".,zgp(z,Q&) =:: (0. 18 + 5.5z) · (1-- z) ~-; ~ \ xgp(z, Ql)'"" 1/.,fo KMRS B_ 

'' i! 20 -\ b , a ' 
'' '· .... 
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Figure 2: The gluon distributions in (a) the pomeron and (b) the proton {6). The indicated 

initial distributions at Q6 = 4 Ge V 2 (dotted curves} are evolved with QCD to Q2 = 50 GeV:l 

using standard Altarelli-Parisi (dashed curves} and including the gluon recombination term 

(full curves), which is also applied for a hot spot dominated proton (dashed-dotted curve). 

The momentum fractions z and x in the pomeron and proton are related by z = xjxp, where 

a typical pomeron momentum fi'action Xp = 0.05 is used for comparison. 

5 Probing the Pomeron in DIS 

The cleanest way. to probe the pomeron and measure its structure function should be provided 

by deep inelastic·ep scattering at HERA. In fact, 1diffractive-like' events with large rapidity 

gaps in the proton beam direction have already been observed [23]. With Q2 ~ 10GeV2 this is 

presumably the first evidence for a genuine photon-pomeron interaction, since contributions 

from the photon having fluctuated into a hadronic state should then be highly suppressed. 

Relying on the pomeron factorisation hypothesis, the process proceeds by the 'emission' 

of a porneron from the proton followed by electron-pomeron DIS. Although any electroweak 

exchange ( 1, Z, W) should he possible, we will here only consider the dominating electro­
magnetic cross section (neglecting R = U£/ur) [6] 

du(ep -----J. epX) = 47ra
2 

·{ 1 _ + t} F'liffr( Q'· t) 
dmpdtdxdQ 2 xQ 4 y 2 2 x, 'Xp, 

( 4) 

The inclusive proton structure function Fz is here replaced by a corresponding diffractive 

one, F:'ffr, including the dependence on xp = 1- f111/.f!l; and t = (P.- P1) 2 for the 

longitudinal momentum fraction and squared momentum transfer carried by the pomeron. 

This function can be factorized [6] 

Ftiffr{ X, Q2; X p, t) = JFjp( X p, t) F{( ....:._, Q2 ) 
Xp 

into the pomeron flux (obtainable from data on diffractive scattering) and 

structure function Ft(z = xjxp,Q2
) = L,1 e} [zqJ'(z,Q 2

) + zqf(z,Q2
)]. 
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(5) 

the pomeron 

If the pomeron is dominantly a gluonic obje~-t these quark distributions have to be ob­

tained from gluuu-to-qua:r:k conversion in QCD. The simple lowest order forn::lla for the box 

diagram of 19 -----+ qij gives ar. order of magnitude estimate, whereas ar. improvement can 

be obtained by integrating the Alt;::relli-Parisi equatior. or the Mueller-Qui equation [20] 

which takes gluon recombination into account. However, the usual strong ordering of par ton 

virtualities or transverse momenta. may not apply at small-x and a bette.: forrrulla is then 

[24] 
p. ( Q') ~ '\' 2 (

00 dk' p (k' Q') ,.(k') 8zg(z, k') 
2 z, L.Jef J"~ k2 

2 
' 471' 8lnk2 

I o 

(6) 

where the dependence on the gluon virtuality k 2 if taken into account. P2 is a generalised 

splitting function compared to the simple leading log case with a dependence on longitudina! 

momentum alone. For the derivative of th~ gluon distribu!:!on one can directly insert the 

right-hand side of eq. (3) and obta!c. a result for Ft with or without the gluon recombination 

term. A detailed investigation of this approach is presented in ref. [6]. 

The resulting expectations for F{(x,Q2
) are illustrated in Fig 3. A large effect of the 

gluon recombination can be seen, actually relatively la;ge!' that> for the gluon distribution 

at the same x and Q2 due to the integration of the effect from small P in eq. (6). Sinee 

the conditions used for Fig. 3 correspond to a kinematic region accessible at HERA and the 

error bars represent the statistical error;; from about c.. month~ running at design luminosity 

with full acceptance, this dem:::mstrates the feasibility -of these measurements. Ideally, or.e 

should have the diffractive cross section in bins of x, Q'l, Xp and tin order to fully investi­

gate the pomeron structure function through a QCD analysis. Thi~ should give the parton 

densities in the pomeron and, hopefully, sh.:;·,-; a better agreement with QCD when the glunn 

recombination is included. The pomeron size parameter may then al!::; be determined. 
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Figure 3: The dependence on x (o;- z since z = xfxp} ancl Q2 of thP porn.er(ln structurF 

ftmdion F[ {6} The specifid initial gluon dist;ib-dian at Q~ = 4 Ge V2 i~ evolved using 

Altarelli-Parisi (unfilled symbols} and including glu:m recor;-;.binatian (filled symbols}. The 

statistical error bars represent lOpb- 1 using thf cross-sectior. eq. (4) at HERA for the region 

O.M:::; xp :;:; 0.06, lti ::<:; 0,2 GeV 2
, Q2 = 20 ± 2 GeV 2

, Llx = 0.001. 
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6 Concluding remarks 

A parton structure of the pomeron seems established and sorlle information is avaiLable on 
the pomeron's parton distribution at rather large :c. However, its behaviour at small-x is 
unknown and also whether it is dominated by quarks or gluons. One may question whether 
the normal concept of a structure function applies to a virtual object like an exchanged 
pomeron. To investigate this it would be interesting to do DIS at HERA on a pion, tagged 
through a forward neutron detector [25], since the real particle counterpart is then known. 
The small pion size may then give a sizeable gluon recombination effect, although not as 
large as expected for the pomeron. Another question, which might be related, is the validity 
of factorisation, which applies in 1soft' Regge theory and has been argued [4] to hold also 
for diffractive hard scattering. Calculations of such processes rely on the factorisation of 
the cross section into a 1fiux' of pomerons 'emitted' by the proton and the probability to 
find a parton in the pomeron. This simple concept of the pomeron structure function can, 
therefore, only be used if f~ctorisation is valid and the pomeron flux is unambigously defined. 
This is essentially the requirenient for being able to treat the pomeron as a, more or less 
normal, hadronic state. 

The recent UA8 result [10] of a very hard, O~function like, component in the pomeron 
structure function demonstrates that essentially the whole pomeron may take part in the hard 
scattering process. This has been interpreted in favour of the Donnachie-Landshoff model 
[26], but it may also be interpreted as a coherent interaction of a gluonic pomeron [27]. This 
coherent interaction is argued [27] to break factorisation and become increasingly important 
at larger t where it co-exists with the simple non-coherent process involving a particle-like 
pomeron that can be described by a structure function. In electroweak diffractive scattering 
at large Q\ as accessible at HERA, the coherent part is not expected to contribute [271 and, 
therefore, the tre~tment in section 5 should then be applicable. . 

Although our 'understanding of the pomeron has improved much since the introduction 
of diffractive hard scattering, major problenis are unsolved, As discussed, important infor­
mation can be obtained through diffractive production of jets, heavy flavours and W/Z in 
pjf colliders as well as a DIS measuremCnt of the pomeron structure f1mction at HERA. 

Acknowledgement: I am grateful to P. Bruni and K. Prytz for fruitful collabomtion 
on topics reviewed here. 

References 

[1] K. Goulianos, Phys. Rep. 101 (1983) 169 

[2] F.E. Low, Phy,. Rev. D12 (1975) 163 
S. Nussinov, Phys. Rev. Lett. 34 (1975) 1286; Phys. Rev. D14 (1976) 246 

[3] G. Ingelman, P. Schlein, Phys, Lett. 152B (1985) 256 

[4] E.L. Berger) J.C. Collins, D.E. Soper, G. Sterman, Nucl. Phys. B286 (1987) 704 

[5] H. Fritzsc.h, K.H. Streng, Phys. Lett. 164B (1985) 391 
N. Adeaga-Romero, P. Kessler1 J. Silva, Mod. Phys. Lett. Al (1986) 211 
K.ll. Streng1 in Pmc, of the HERA Workshop, Hamburg 1987, Ed. R.D. Peccei (DF.SY 

7 

Hamburg, 1988) vcll, p. 365 
G. IngeliL;.an, Nu':!. Phy:>. B (Pwc. Sup pl.} 18C (1990) 172 

[6] (! Ingelman, K. Prytz, Z. Phys. C58 (1993) 285 

[7] P. Brur,:, G. Ingelman, A. Solano, in Proc. 'Physics a.t HERA', Eds. W. Buchmiiller, 

G. lngelman, DESY Hamburg 1991, vol. 1, p. 363 

[6] P. Bruni, G. Ingelman, in Proc. workshop on 'Small-x and diffractive physics at the 

'l'evatron', Fermilab, September 1992 

[91 R. Bonino et al.; UA8 Collaboration, Phys. Lett. 211B (1988) 239 

[10] A. Brandt et al., UA8 collaboration, Phys. Lett. B297 (1992) 417 

[11] K. Eggert, UAl collaboration, proc. 'Elastic and diffractive scattering' 1987, Ed. K. 

Goulianos, Editions Frontieres 1988, p. 1 
I-::, V,'<:cke:r, proc. 7th Topical Workshop on Proton-Antiproton Collider Physics, Eds. 

R- Raja ei. <:'!., V,'crld Scientific, 1988, p. 611 

[12] A. Breakstone et al., Z. Phyt. C48 (1990) 569, Z. Phys. C58 (1993) 251 

[13] Yu. A. Simonov, Phys. L~tt. 249B (1990) 514; Nucl. Fhys. B(Proc Suppl) 23 (1991) 283 

[1<.:_] J, Barbels, G. Ingelman, Phys. Lett. 235B (1990) 175 

[15] A. Donnachie, P.V. Landshoff, Phys. Lett.191B (1987) 309j Nucl. Phys. B303 (1988) 634 

[16] P. Bruni, G. Inge~man, Phys. Lett. B311 (1993) 317 

[J'r] P~. Dcu.1achie, F.V. Landshoff, Phys.Lett.185B (1987) 403 

iJ8_! V.M. Braun eta\, Phys. Lett. B302 (1993) 291 

L.V. Gribov, KM. Levin, M.G. Ryskin, Phys. Rep. 100 (1983) 1 

:20] iLH. !\!Iueller, .T. Qiu, Nucl. Phys, B268 (1986) 427 

[21] J. K,·.'~eeinaki, A.D, :vru.:r.'.;r., "-iii.:i. Stirling, R.G, Roberts, Phys. Rev. D42 (1990) 3645 
J. Bntels, J . .!::b.ir::.leir., G.A. Sc;_lule_t, Z. Phys, C50 (1991) !H 

,[22] ];,1\rl Levir., liA.~. R:ys1~:T,, ;,:1, p:c::. XVIII Ir:.~erm.ti.onal Symposium on Multiparticle 
D:,..an~_ics, Tashked :987, Elln :~. D:,cciln, K. Gulamov, World Scientific, p. 515 
E.M, _Levin, M,C Rysk;,,, r-;c.,_;. :?: _ _;,~, E (P..:oc Sn_ppl.) 18C (l990) 92 
l J\.-lfuell""'• Nud. Fh_,-~ B ~p, __ . Su:;:,·)_.-:.;: lG:J !)9·HD) 125 

[?3] ZFUS ~-r.d H: .:.::rr:;_ii:ar: at L:ESY, Jur.:-. 1093 

[24] E.M. Levm, M.G. Ryskir., So,, J. X"cl. Pl1y;,. 53 (Hl:;l) 553 

rzs) G. Levrnan, K. _Fu.r'..r~::.ni, ZE-1}S.Not::: 92-!D7, DE.SY 

;20] A. Donn<.c!~:·.:., P.'-'· L~.w:lsh·:df, Phy&. 1-.:.tt. B28E (1£92} 172 

[27] J.C. Colli""' L. r·~anicf11:r~, I\~. Str:kth<k•, Phy.,. Let~ .. B307 (lSS::;) 18:i. 

8 


