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It is argued that the QCD dipole picture allows us to build a unified theoretical description, based on
Balitskii-Fadin-Kuraev-Lipatov dynamics, of the total and diffractive nucleon structure functions. This descrip-
tion is in qualitative agreement with the present collection of data obtained by the H1 Collaboration. More
precise theoretical estimates, in particular the determination of the normalizations and proton transverse mo-
mentum behavior of the diffractive components, are shown to be required in order to reach definite conclu-
sions.[S0556-282(98)03011-2

PACS numbe(s): 13.60.Hb, 12.38.Bx

I. MOTIVATION cascade which evolved from the incident virtual photon in-
teracts inelastically with the target, see Figa)l This com-
Considering the phenomenological discussion on the proponent(corresponding to the 3-Pomeron interaction in the
ton structure functions measured by deep-inelastic scatterifgegge terminologycontributes mainly to the region of very
of electrons and positrons at the DE®Y collider HERA, it  large massM of the diffractively excited systemg<1,
is striking to realize that the proposed models, on one sid#here, as usuajg=Q?%(Q*+M?). B
for the total quark structure functidfy(x,Q?) [1] and on the Component Il. Theguasielasticcomponent when thgq
other side for its diffractive Componeﬁg(@(x,MZ,QZ) [2], pair emerging from the virtual photon scatters elastically
are in general distinct. Indeed, the modggd$ aiming at the ~ from the target, see Fig.(ti). This component contributes to
description of F»(x,Q?) use a QCD-inspired “hard the region of smaller mass¢gs=0.2. .
Pomeron” parametrization related either to a Dokshitzer- 1he model calculations of Reffl3,14 provided the for-

- B B 2
Gribov-Lipatov-Altarelli-ParisiDGLAP) [4] evolution with ~ Mulas for differential cross sectiat/dM* of both compo-
extrapolation at smalk [5] or to Balitskii-Fadin-Kuraev- nents | anq . Unfortgnately, for technical reasons, some
Lipatov (BFKL) [6] dynamics. On the other hand, most of rather drastic assumptions had to be made.

. . (&) The calculations were performed in the limit of large
the models proposed for the diffractive component of the . :
. o o impact parameters. The integrated cross section was then es-
quark structure function rely on a “soft Pomeron” picture of

diffracti . ntlike struct fthe P timated by integration only up to a certain cutbff,;,,. This
iraction, assuming a point-like structure of the omeronprocedure leads to a serious underestimate of the cross sec-
considered as a compound partiffe8]. tion [15].
It has been known for some time, however, that at high ) The target nucleon was treated as a collection of sev-

energies the elastic scattering and diffraction dissociation ofra| QCD dipoles all of the same size and sitting at one point.
hadrons are closely relaté¢fl], being both a reflection of the

same phenomenon, namedpsorptionof the incident par- —
ticle wave in the target. It seems therefore interesting to| ™
verify if the same applies also to the incident virtual photons. -

In the present paper we investigate this question in the

2

framework of the QCD dipole picturgl0,11. This picture ——— ———4 = o
turned out already to be successful in the description of the @
total virtual photon-nucleon cross sectidne., of total 2

nucleon structure functiorF, [12]). The purpose of the — .
present paper is to verify if the so-called rapidity gap events
[3] discovered recently at HERA can also be described along
these lines. Diffractive dissociation of the virtual photons in _— — —
the framework of the QCD dipole picture was recently dis-
cussed in[13,14. It was argued that the diffractive cross
section consists of two components. FIG. 1. () Inelastic diffraction(component); (b) Quasielastic
Component I. Thdanelastic component when the gluon diffraction (component IJ.

(b
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This assumption neglects the effects of nucleon form-factor aN
and thus leads to an overestimation of the cross sections. A(y)=—[24(1) = (1= vI2) = d(v12)] 3
We are thus led to the conclusion that there are at present

no reliable predictions for thabsolute normalizatiowf the 5 the eigenvalue of the BFKL kerng6], andN=3 is the
diffractive cross sections of the virtual photons. In this situ-number of colors.

ation, in order to compare the predictions with the data, we The elementary dipole-dipole cross sections are obtained
decided to treat the normalization constants in the two cOMfrom the gluon-exchange graphs and gjité]

ponents as arbitrary parameters and restrict ourselves to the

comparison of the observed dependence on kinematic vari- . d/ .

ables to that predicted by the formulas of Réfk3,14 (cf. O'(p,p)=877a2f fg[l—Jo(/p)][l—Jo(/p)]i

also[16]). Our work should thus be treated as an exploratory /
search which is a guide for further investigation and should
be repeated once more reliable calculations are available.
Within thesecaveatsour investigation leads to the conclu- |nserting formulas(2) and (4) in the cross section formula
sion that the data on rapidity gap events published recentlyl)' one finds

by H1 Collaboratiorj 2] are reasonably well described by the

=27Ta2p2<[1+|n(p>/p<)]. 4

QCD dipole picture and thus the Good-Walker idea seems . —(dy(r)” 1 4

consistent with these data. a(r,r,&)=2ma’rr f —(:) — et
The plan of our investigations is as follows. In the next 2\ r Y(2-7)

section we remind briefly the QCD dipole picture results for ®)

the total p_hoton-nucleon Cross section, introduce the NECESS order to obtain the virtual photon-proton cross section
sary notation, and perform a fit for the total structure func'from Eq. (5), one has to integrate over the initial distribu-

groc:]s:slrs]e?:ggﬁ ICI)If \m: (S:gmmo"ﬁg&,;gr? df((lalr)m #ﬁess;orregmzianr\ée tions of dipoles inside the photon and the proton. Since we
b y know neither the number nor the distribution of the dipoles

compared t(_) the daf&] in Sec. IV. Finally Sec. V contains in the proton, we simply define
our conclusions, as well as an outlook for further work.

2y r\2— T — 2—
Il. PROTON STRUCTURE FUNCTIONS de(r) TO(r)=nes(Vro(v)1* 7, (6)

In the QCD-dipole picture of high-energy scattering of yheren_; has the meaning of the average number of pri-
two initial small-size ¢,r) onia (massiveqq state, the  mary dipoles in the proton ang is their average transverse
total cross section at fixed impact paramet€b) can be diameter.
obtained from the all-order QCD resummation of the el-  The distributions of the primary dipoles in the virtual pho-
ementary dipole-dipole cross sectiomép,p), where dipole  tons are knowri18,11] and thus the corresponding integrals
states of transverse diametefrespectivelyp) appear inthe ca@n be performed with the result
wave function of the initial states of transverse diameter 2

. — e . v ANaenef dy 2 \7
(respectively,r) at the “time” of interaction. This “time o1 (x,Q%)= —a2nefff —.ré(—)
variable is represented by a rapidity variable/fhwherec is ' 77 2m 7\ Qro
a phenomenological constdrit7] and ¢ is the Bjorken vari-

able labelling the softer end of the produced dipole. One % @A (7)In(1x) —4
writes YA(2-y)?
22— yI2)T4(1+ y/2)
Utot:f dzba(b) X L(4—y)(2+7) HT,L(')’)- (7)
where

=fd—pn (r; E)fd_p_” (rp.&)alpp), (O
M P, S 1(r,p, PP, (2—yI2)(1+ yI2)

_ y(1=v2)
where the partition of the total “time” lo/x=Inc/&¢ between
the target and projectile is arbitrary, providegE=x. Hr.L refze_rs to transverse and longitudinal photons, respec-
ny(r,p,€) is the multiplicity of dipoles of size, integrated tively. f is the total charge of the quarks whose flavor con-
over the transverse distance from the center of the oniundfibutes to the reaction, anmtl¢r=nes(1), ro=ro(1), see

Hr(y)= H (y)=1. ®

generated from an initial dipole of size after a “time” ~ formula(6). _
Inc/¢. It is given by The path integral in E(.7) can be evaluated by the saddle
point method(giving good approximation as—0). The re-
dy(r\?” sult is
= | 1| | eA(MIn(1/E)
ny(r.p,¢) sz(p) e , ) o

2
where Amaem
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FIG. 2. Comparison of the 4-parameter fit with the H1 data. The FIG. 3. Comparison of our prediction for the longitudinal struc-
validity of the prediction extends beyond the domain included in theture functionF_ and the H1 data. The prediction is somewhat lower
fit. We note a discrepancy at high high Q2 due, in particular, to  than the measurement, but more precise data are needed to make
the absence of the valence contribution not considered in thenore precise tests.
present model.

the fit. They? is 88.7 for 130 points. Although not included
12 in the fit, the data points at higp>>150 GeV? and x
<5.10 ! are well described, while at high&r an expected
contribution of valence quarks is needed.
Commenting on the parameters, let us note that the effec-
' ©) tive coupling constant extracted frofiy is «=0.11, close to
a(M3) used in the H1 QCD fit. It is an acceptable value for
whereH, (1)=1, H{(1)=9/2, and the small coupling constant required by the BFKL
_ 1 B _ framework! The value ofQ, corresponds to a transverse
a(§)=[7aN{(3)In(c/§)/m] ™7, Ap=A(1)=4In2aN/m  agiys of 0.4 fm which is in the correct range for a proton
(10 nonperturbative characteristic scale. The valuegf deter-
are the well-known coefficients appearing in the solution ofines the number of primordial dipoles in the proton to be
BFKL dynamics for the Pomerof6]. about 6(if three flavors contribute to the procgsehich also

Formula(9) gives the prediction for the nucleon structure d0es not seem unreasonable. The parametesets the
functions in terms of four parameters: the strong coupling fime” scale for the formation of the interacting dipoles. It
constanta, the average number of primary dipoles in the defines the effective total rapidity interval which is In(L/

2a(x)

T

7TNC¥2€$ f _AP@
c 2

X exr{ _a) In2( %

protonns, their average radius,, and the constart fix-  +InC, the constant being not predictatileut of order 1 at
ing the rapidity scale of the problem. It coincides with the the leading logarithmic approximation. _

eter ¢ which sets the rapidity scale of the process, and ifublished one in Ref12], even with a betteg®. In the same
unavoidable in the leading log approximation of QCD. ThisSPirit, relation(11) provides a parameter-free prediction for
justifies a new fit ofF, using formula(9) which we have the gluon densitynot shown in the figurgswhich is, as the
performed assuming p=0.282(as in[12]) and leaving free  Previous ong[12], in good agreement with the results ob-

the three other parameters. The result is tained by the H1 QCD fits based on a next leading order
(NLO) DGLAP evolution equationl]. Using the factoriza-
Ap=0.282, c=1.75, tion properties of formuld11) and noting[12] that theF,

structure function is given by a similar formula withy;
+h, replaced byh, , one obtains a parameter-free prediction

2
_f_ —aap?
Qo=;~=0.622 GeV, ney=3.8kf. (1) for F, (see Fig. 3 Note that we obtain a prediction in agree-

0

The fit (displayed in Fig. 2 is using the published data
from the H1 experimenfl]. We have only considered the The running of the coupling constant and other next leading log
points withQ2<150 Ge\f to remain in a reasonable domain corrections are not taken into account in the present BEKL scheme.
of validity of the QCD dipole model. Changing this value This could explain the rather low value of the effectivg which is
does not appreciably change the quality and parameters ekpected to be decreased by the next leading contribufii8js
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ment with the(indirect) experimental determination fd¥ The important features of E¢L6), pointed out i 13] are
[20], but somewhat lower than the center values. Thus, ias follows.

would be interesting to obtain a more precise measurement (a) An approximate factorization of thes andQ? depen-
of F| to test the different predictions on ti@? evolution as  dences.

already mentioned in Ref12]. (b) Important logarithmic corrections of the form
[In(1/xp)] 2 to the main power law factax, 1728 These
. DIFFRACTIVE STRUCTURE FUNCTIONS corrections lower the effective pomeron mtercept for diffrac-

tive dissociation, in qualitative agreement with the data

The diffractive structure functions are related to the cor-
. : . : (c) There is a significant scaling violation, beca
responding diffractivey™ -nucleon cross sections by the re- 2
depends explicitly orQ<.

lation (Il) Quasielastic component.
2 It was discussed if14], where the formulas for diffrac-
F2O(Q2 xp, B)EQ_ *1f d2b IT, '-1 (12)  tive cross sections in* -dipole collisions were given. From
T g m dpd?b these formulas one can derive the following expression for
the diffractive structure functions:
wherexp=x/8.
As already explained in the first section, in the QCD di-F?®"9¢'(Q? x,, )
pole model the diffractive structure functions are given by
two components: inelastic and quasielastic. They were dis- Q4Ncef
cussed if13,14], where the formulas foy* -dipole diffrac- - 273 B%p
tive cross sections were derived and used to construct the

® 1
ngfffr dzbfodz[z2+(1—z)2]z2(1—z2)
0

corresponding structure functions following the formula. o N . ?
These results are summarized below. X fo dpT(b,p,ro,&)K1(Qr)J(Mr) 17
(I) Inelastic component:
F_I?(L?;),inel(QZ’XP B) and
' FD@).ael 92 y
~ 1&%(15’\' , Za(Xp) 3 _1-2a, L (Q P IB)
= ——Ners Xp Q“N ef
efff deJ dzZ(1-2z2)3
ct+ice d’y OQ B 77
X JC—iOC 27T| 2 (Y)HT L(’Y)B (13) o A A 2
X f dpT(b,p,ro,6)Ko(Qr)Jo(Mr) (18)
whereH | are defined in Eq(8), 0
4 ) where
(2= y2)T'4(1+ y/2)
y(2—y)2 T@4=yI'(2+y) Q°=2z(1-2)Q% M?*=z(1-2z)M?, (19
and andT(b,p,rg,Xp) is the amplitude for elastic scattering of a
dipole of diameterp on a dipole of diameter, at impact
1 xo parameteb.
Viy)= OZFl(l_V’l_ v Ly )dy (19 In Ref. [14] this amplitude was approximated by its

asymptotic form valid for largé which reads

(,F, is the hypergeometric functignin the interesting 3-

pomeron limit (3<1), the path integral can be evaluated byT(b’p'rO’XP)

the saddle point method with the result pro | b2 N 2a(xp)\ 3 b2
~7a’—In| — P a(xp)/zm
FREQ% xp, ) b> “\pro/ " 1w Pro
SH () efzaSNzw/Za(Xp))3 (20
T 4 | m and for that reason the integration overwas performed
1 from r to o [the meaning of the formul&0) for b<r, is
y ~1-20,T0Q 4 [ 28(B) |2 rather doubtful.
Xp 2 - The main qualitative features of this quasielastic compo-

nent, pointed out inl4], are(a) a similarx, dependence as
the inelastic component, with important logarithmic correc-
tions bringing down the pomeron intercefi) as expected,
the quasielastic component vanishesgat 0 and actually
where G=0.915... s Catalan’'s constant, H{(1) populates significantly only the regig8=0.2, and(c) the
=9/2, H_(1)=1. dependence of of the transversal and longitudinal structure

(16)

xex;{ — (—'B)Inz(roQIZ) ,
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FIG. 4. Prediction for the totdlongitudinal + transversgdiffractive structure function, see text. Dotted lines: the inelastic component
I; Dashed lines: the quasielastic component II; Full line: the sum of both compofmenésthat ai3~ 1, the inelastic component is almost
0 and the dashed line coincides with the full line and thus is not apparent on the plot

functions is dramatically distincE+ dominates in the region First, the asymptotic formula for large impact parameter
B=0.8, wheread-| takes over at smalB. The sum of the ignores entirely the singularities of the dipole-dipole ampli-
two components, however, is almost constant in the rangtides, which become important, when the impact parameter
0.3=8<1. is of the order of the size of the colliding dipoles. This defect
leads to a serious underestimation in the normalization of the
calculated cross sectioAsHowever, the conformal invari-
ance of the BFKL dynamicf21,22 insures that the general
The formulas presented in Sec. IV were obtained independence on kinematic variables remains—to a good
[13,14] by calculating first the cross sectiongf on a single  approximation—unaffected.
dipole of a fixed transverse diametgy in the limit of very Second, the cross section for scattering on a single dipole
large impact parametdr. The obtained formulas were then of the sizer, even if multiplied byn2,, cannot be directly
extrapolated untib.,j,=rg and integrated fronb,;, to . used for the estimation of the cross section on the nucleon
Finally the result was multiplied by, to account for the target. The reason is twofoldi) it is unlikely that all the
number of the dipoles in the target nucle@ietermined from primary dipoles in the nucleon are of the same sigeand
the fit of the formula forF, to the data thus the distribution of their sizes must be taken into account,
These approximations allowed to perform explicit calcu-(ii) the single-dipole cross section ignores entirely the distri-
lations and to discuss the general behavior of diffractivebution of the transverse position of the primary dipoles in the
structure functiong13,14. They are, however, not valid in nucleon, i.e., it ignores the effects of the nucleon form-factor.
the important region, where the impact parameétés of the  Although these effects are not present in forward scattering
order of the size of the original dipol¢$5] and therefore the
results given in the formulas of Sec. Ill cannot be treated a5~
precise predictions of the QCD dipole pictuies., of BFKL 2t was recently shown if15] that this factor may even well
dynamic$ for several reasons. exceed 100.

IV. PREDICTIONS FOR HARD DIFFRACTION
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amplitudes(and therefore they do not influence the calcula- V. CONCLUSIONS AND OUTLOOK

tion of the total cross sectipnthey largely determine the

momentum transfer dependence and thus reduce significantly In conclusion, we have shown that the BFKL dynamics,

the cross section integrated over momentum transfer to thgs represented by the QCD dipole picture, is in qualitative

target nucleon. agreement with the three-dimensional data on rapidity-gap
To summarize, we notgl5] two effects which were not  events being observed at HERA. Further theoretical work is

included in the calculations given [13,14 and which are peeded, however, to arrive at more precise conclusions. In
expected to affect substantially the normalization of the Ob'particular it is necessary:

tained diffractive structure functions. In this situation before (a) to evaluate they* cross sections without the lardpe-

a n:_ore FfirtiCl?:[e calculation '? avalflable, we tretat th_e no(;Imatlz'approximation used ifi13,14. The work on inelastic com-
zation of the tWo COMPONENts as 1ree parameters, In order I, o a5 recently completdd5] and the quasielastic
phenomenologically evaluate the main conditions for a tes . . )
o e . component will be available in the near future.
of the unified description of proton structure functions. We (b) Since the effects related to the nucleon form-factor are
thus compare the experimental data to the formula . L .
expected to influence significantly the results, a serious phe-
FzD(S):Nine|F2D(3)'mEI+ quFzD(S)'qEI, (22) nomenological discussion of the nucleon form-factor in the
‘ framework of the QCD dipole picture is required. More pre-
where F2(®)inel gang F2(3)4¢! gre constructed from the for- cise data on momentum transfer dependence of the diffrac-
mulas(16), (17), and(18) usingF,=F +F. tive structure functions would be of great hélp.
Since this procedure can at best be considered only as an We feel that this program is feasible and thus one may
exploratory search, we did not try to perform a fit, but simply hope that a unified picture of the high-energy diffractive pro-
tried a few values oNj,.; andNe to see if one can obtain cesses involving the virtual photons, based on BFKL dynam-

a qualitative agreement of E(R1) to the data. In Fig. 4 the ics, may indeed be constructed in the near future.
results of these calculations are shown fér,=16 and

Ngei=6. One sees that a general description of the data is
quite reasonable forp<0.01 except in the region of largg
where theQ? dependence of the quasielastic component is
not fully adequate.

We find this result rather satisfactory, given the present
status of the theoretical calculations. Thus—although the fi- 3The form-factor effects being unimportant for forward scattering,
nal answer must wait till more precise QCD dipole calcula-the measurements of diffraction dissociation at zero momentum
tions are available—our tentative conclusion is that the extransfer would of course bring an important information to the prob-
isting data on rapidity-gap events do not rule out the BFKLIem we consider. At this point one may notice that also the mea-
dynamics as a correct description of the diffractive phenomsurements of the virtual photon shadowing in nudlehich de-
ena involving virtual photons. Indeed a decisive test will pends mainly on forward diffractive amplitudg23]) could provide
come along with more complete theoretical calculations, e.ganother practical method to learn about the diffraction at zero mo-

[15]. mentum transfer.
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