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Diffractive production and the total cross section in deep inelastic scattering
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We explore the consequences for diffractive productigip— Xp, in deep inelastic scattering at low values
of x=Q?/W?<1 that follow from our recent representation of the total photoabsorption cross secliqn,
in the generalized vector dominance or color dipole picture that is based on the generic structure of the
two-gluon exchange from QCD. Sum rules are derived that relate the transverse and the londitirdiad!
photoabsorption cross section to diffractive forward productioc@&tates that carry photon quantum num-
bers(“elastic diffraction”). Agreement with experiment in th&/? and Q2 dependence is found favl §</Q2
<1, whereMy is the mass of the produced syst&mAn additional componertinelastic diffraction”), not
actively contributing to the forward Compton amplitude, is needed for diffractive production at high values of
My . Our previous theoretical representation of the total photoabsorption cross secligh; o, (%), in
terms of the scaling variablg=(Q?+ mS)/AZ(WZ) is extended to include the entire kinematic domain,
=<0.1 and allQ? with Q?=0, where scaling iny holds experimentally.
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[. INTRODUCTION tion in its connection with the total virtual photoabsorption
cross section. In terms of the virtual forward Compton scat-
Any theory of diffractive productiony* p—Xp in deep tering amplitude, DIS at lowx corresponds to diffractive
inelastic scatteringDIS), at low x=Q%*W?<1 has to dis- scattering of the hadronioqf)) states the photon fluctuates
criminate between, and take into account, two distinctly dif-into, as conjectured by generalized vector domindi&ea

ferent components: an “elastic” and an “inelastic” one. The |ong time ago. Theﬁstates the photon is coupled to interact

elastic 'component, by definition, consists of all and Onlyviaatwo-gluon exchandd] with the target nucleon. Thgq
those final stateX that carry the quantum numbers of the states form a color dipole, and the forward scattering ampli-
photon. Accordingly, theimaginary elastic diffractive pro-  tyde resulting from the two-gluon exchange becomes diago-
duction amplitude is reSponSible for tﬁeirtual) forward nal when expressed in terms of tl’(ﬁ’ansversk quark-
Compton scattering amplitude that, via the optical theoremantiquark separation in position sp4&é. When transformed
represents the total photoabsorption cross sectiorinto momentum space, off-diagonal transitions of a destruc-
ay*p(Wz,Qz). The inelastic component contains hadronictive nature appear with respect to the masses in the propaga-

statesX that do not carry photon quantum numbers. In par+ors of the incoming and outgoirgy states, essential for the
ticular, the inelastic component contains sta¥e®f spins  convergence of the whole formalism, as anticipated by off-
different from the spin of one unit carried by the photon. It, diagonal generalized vector dominar{& in the pre-QCD
obviously, does not contribute to the Compton forward scatg g1 oyr approacH8-10 to DIS, which is based on the

tering amplitude. . , o _generic two-gluon exchange structure and incorporates the
Direct evidence for an inelastic component in diffractive empirical scaling ofe *p(WZ Q=0 *p(ﬂ(Wz Q) with
Y ! Y !

production in DIS is provided by the experimentally ob- nE(QZ-i—m(Z))/AZ(WZ) [8], is appropriately called the gen-

served properties of the hadronic state in diffractive DIS. Theeralized vector dominancéGVD) or color-dipole picture
thrust and sphericity distributions of the statere approxi- (CDP)

mately identical[1] to the ones observed ie"e”—qq— In the present paper we will show that the total cross
hadrons. The strong alignment of the jet axis of tlyg)(  sectiono«, at smallx can explicitly be represented by a
state X in its rest frame with respect to the virtual photon sum rule that contains the elastic diffractive production am-
direction, however, is different from the-+icosd depen- plitude integrated over the masses of the diffractively pro-
dence observed ie*e” annihilation, and this difference duced stateX. The direct connection af .« , and diffractive
provides evidence for the presence of higher spin states iproduction by the sum rule will be seen to suggest an im-
the systenX. Also, in hadron-hadron interactions, diffractive proved expression foer«,=o,«y(7) in the GVD-CDP,
production of states, different in spin from the initial beamsuch that the GVD-CDP covers the full kinematic range
particles, is a common feature. The change in spin is con-
nected with a change in parity that obeys the natural-spin=—""—
parity connection ¢ 1)’ [2]. 1Compare also Ref.7] for a discussion of the relevance of off-
In the present investigation, we consider elastic diffrac-diagonal generalized vector dominance.
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where scaling inp was establishe@8], i.e. x<<0.1 with all Il. THE VIRTUAL FORWARD COMPTON SCATTERING
Q?=0. AMPLITUDE AND o

A comparison of the results for elastic diffraction with the

H *
lexpenmental (.jata' foy™p—Xp re"e.a's the preser;ce 2f a X, as mentioned, results from the diffractive scatteringﬁf
arge excess in high-mass production, i.e. B=Q</(Q
2 . . . o ... States on the proton,
+M%)<<1. This excess is to be associated with inelastic dif-
fractive production.
In Sec. Il we briefly present the GVD-CDP for,«,. In
Sec. lll we describe elastic diffraction. A companson of the
representations in Secs. Il and IIl implies the sum rules ofvhere both the incoming and outgoirgg pair carry the
Sec. IV. The comparison with the experimental data for dif-guantum numbers of the photon. In particular, the incoming
fractive production in Sec. V reveals approximate agreemerdind outgoingyq states in Eq(1) have spin 1. Tha—0 limit
for small diffractively produced masses, i.e. ®# 1, while  of the two-gluon-exchange virtual forward Compton scatter-
showing the mentioned excess 8+ 0. The improved rep- ing amplitude is embodie[d] in the position-space represen-
resentation ofr«,(7) is given in Sec. VI, while Sec. VIl tation [5] for the transverse and longitudinal parts of the

summarizes our main conclusions. photoabsorption cross sectioan p and Typs

r*p

The virtual forward Compton scattering amplitude at low

-+ proton—qg-+ proton, (1)

O-‘y_l*_’Lp(WZ!QZ): J dzf der 2 |lzb()\ - )(rL 121Q2)|20'(qa)p(r_)i ,Z,WZ) (2)

AN =%1

with the Fourier representation of the color dipole cross section,
Tieli 2 W) = [ 01T 2 W) (1) ®

that incorporates color transparency dhddronig unitarity[8]. In Egs.(2) and(3) we use the conventional notation, in which
r , denotes the transverse interquark separationzahd fraction of thgvirtual) photon momentum carried by thequark. The
transverse gluon momentum is denotedlby The square of the photon wave function réads

> |¢%'}?I’.)\,)(FJ.’Z;Q2)|2:3.(16#3)2f dzkifdsz T (kD Z.Q) My (K ,z,Q)exp(ik] —K, )T, “)
NN
where
87TC(([(1'|ZL)Z Qf2[22+(1_z)2]
* k’r Z, 2y . E ,Z, 2y = — = S)
M2 Q) Mtk 2 0 P R 7 a0 R ©
and
327TaQ22 Q?7%(1-2)?
M,LC(IZ, leQZ)‘ML(EJ_ ’Z!Qz): (6)

[2(1-2)Q?+K'2|[2(1-2)Q%+K?]

Substitution of the photon wave functidd) and the dipole cross sectidB) into (2) takes us back to the momentum space
representation of the photoabsorption cross section

735 oW == [ az [ Pk [ o117 2 W) [ Mr (2K Q- My 2K HTLQA (D)

2In contrast with Ref[8], we include the color factoN.=3 in the wave function squared.
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Here,k, denotes the transverse momentum of the quark if~or later reference, we note the representation of the trans-

the qa state that originates from th@/irt_ual) photon. The
two-gluon exchange interaction of thgg pair in Eq. (7)

involves integration over théransversemomentum| | , of
the gluon. Guided by the empirical scaling 148},

O yx p(WZIQZ):O-y*p(n(W21Q2))1 (8)
with
Q%+mg
2 2\ —
PR = ©

whereA?(W?) increases slowly with energy ama, denotes

a threshold mass, the distribution in the gluon momentum

inthe GVD-CDP is approximatel8,9] by a é function situ-
ated at the averagéor effective gluon momentum deter-
mined by A (W?), i.e.

~ . 1 .
oap(1T 2 W)= 3T —2(1-2) A%(WP)].
(10

The asymptotic value of the color dipole cross sectidn
o), turned out to be constant in good approximati&f
The factorz(1—z) in Eq. (10) is a model assumption that is
particularly relevant aQ?s>mj3. The energy dependence of
A2(W?) was parametrizefB], alternatively, by a power law

verse and the longitudinal cross sectiof) obtained upon
substitution of Eq(10) and upon having carried out all inte-

grations except the one ovéf . In terms of theqamass,

|22
2 L
we finc?
2
w2 o2y @Rt (m)f , 1 M
TpWLQ0 =g e médM Q*+M?| Q*+M?
1(1+ M2-A%(W?) —Q?
217 JIMZHAZ(WA) + Q72— 4A2(W?)M?
(13
and
aRgt o 1 Q?
xp(W2,Q2) = ——= <°°>f dM?
(W QD=5 m Q%+ M2 Q%+ M?
Q2
- IMZEAZ(WR) + Q72— A2 (WA) M2
(14)

The total photoabsorption cross section,,(W?,Q?)

=o0,,to0,x,, scales in the variabley given by Eq.(9):
or by a logarithm, iegyTp e s y Ea.(9)
2 \W2\C
ColWH W)™ 2 o2y “Rete” (o))
AZ(WZ): 2 (12) Uy*p(W Q%)= ?0— 1= (7), (19
Ciln —2+Cé .
Wo with
|
ol o m | _1 -1+ p?-du 1 1+ 1+4(n—p)]
I N ==In +
AX(W3)) 2 27

the dependence dfY) on m3/A2(W?) being negligible for
m3/ A?(W?)<1. We also note the asymptotic form
o p(W2,Q7)

aReJre—
37

In(1/5) for n—ma/A2(W?),

e
1/27n for n>1.

7

Il 1
217407 p) P4ﬂ—1—37)+\/[1+4(77—M)][(1+77)2—4M(]16)

With three active quark flavorRg.+e-=2, we haveo(”)

=80 GeV ?=31 mb, while with four active flavorsRq+o-
=10/3 ando*)=48 GeV 2=18.7 mb[8]. For further ref-
erence, we note the parameters entering the scaling variable
7 and thew dependence ok ?(W?), as determined by the fit

to the total cross sectig8]. For the power law in Eq(11)

we have

The agreement of the photoabsorption cross section with°Here we ignore the additive “correction termfg] that assure an

photoproduction folQ?>—0 determines the product

Rete 0M=0™3> Q2. (18
f

identical threshold mass),, for the incoming and outgoingq pair

in the forward Compton amplitude. The correction terms will be
given below. For the transverse cross section, the correction is neg-
ligible, while in the longitudinal one, contributions are of the order
of 10%.
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—_— 2_

~0.16+0.01 Ge\, W3=882+246 GeV, i Trp(WAQ% 21)
2 ]

W2~>OC pr(W )

C;=0.34£0.05 (GeV)'~ %2, C,=0.27+0.01, O2fied

(19
i.e., virtual and real photons have the same cross section at

while for the logarithmic dependence, infinite energy(“saturation”).

5 ll. ELASTIC DIFFRACTION
=0.157-0.009 GeV}, W’'§=1015+334 GeV/, , , , ,
We turn to diffractive production. The diagonal for(®)

of Tyx b in transverse position space develops its full power

when considering diffractive(forward) production, y* p
—Xp. Indeed, the diffractive production cross section of
We note that the GVD-CDP with scaling in leads to the stateX of spin 1 in the forward direction, via the two-gluon
important conclusionf9] that exchange generic structure-¢0) becomeg11]

C;=1.644-0.14 Ge\f, C,=4.1=0.04. (20)

doys poxpW2Q2D)
dt

2 (A N) 22 2 =2 2
t=0 16“7f de ‘ U)\ N =1 Wi (rs,2.Q0) T qplTL 2 W) (22

The representatiof22) contains the square ¢fhe imaginary paftof) the forward production amplitude for reacti¢b) that

enters(2) linearly and necessarily only involveqﬂ pairs that couple to the photon and accordingly carry photon quantum
numbers“elastic diffraction”). The factor 1/16- in Eq. (22) stems from the application of the optical theorem when passing
from the forward scattering amplitude of reactid to the total cross sec’uorar(qq)p Diffractive production of higher spin

states(inelastic diffraction requires an additive termz(qq)p (qu)er A‘T(qq)p in Eq. (22).
Note the close analogy of E¢R22) to the simplep® dominance formula, where in photoproductidrs]

do 1 am ,
|, (P =ger ooy (23
t=0 Yo

The constantyr/ 7’/% denotes the photop? coupling strength as measuredgne ™ annihilation. The generalizatiai22) of Eq.
(23) is an outgrowth of the diagonalization of the proceds— Xp that is specific to the use of the variabrqsandz. Itis

precisely with respect to these variables that the prog&ps— Xp is truly elastic: aqq dipole being specified bE/L andzand
carrying photon quantum numbers undergoes elastic forward scattering.

Inserting the photon wave functidd) as well as the representati@d) for the dipole cross section into E(2), we obtain
the momentum space representation

d(T'y_T_YLp—>Xp(W2!Q2!t)
dt

t=0

2

1 ~ . > N N
dz | @5 a1 2WA My (R, 2000 Mr (K41, 2071 (4

167 1673)0

a2k,

We emphasize the distinctive difference between Ed@s.and (24) with respect to the order in which the square of the

integrand is taken and the integration over the transverse gluon momerrlturis, performed.
Upon substituting Eq95) and (6) into Eq. (24), and upon carrying out angular integrations with Ef), the diffractive
forward production by transverse photons becomes

“Neglecting a potential contribution from a real part to th[ﬁXp forward scattering amplitude seems justified on phenomenological
grounds from the empirical knowledge on photon- and hadron-induced reai@ipior a brief theoretical estimate of tii@mal) ratio of

the real to imaginary part of theqa)p forward scattering amplitude with two-gluon-exchange interaction, compare witH F2&f.
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doyip_xp @Ry - dmz [ M2 1 M2— A2(W2)— Q2 2
- (oo>)2J - (25
dt |, 3x16a? Q*+m2 \/[M +AZ(W2) + Q%2 —4A3 (WA M?
while for longitudinal ones,
dostp-xp| _ aRere- (a(‘”))zf av?[ Q@ Q2 ? 6
dt | _, 3x16n? Q% [Q%*+M? \[MZ+AZW?)+QZ?—4A2(WH)M?

The integrands in Eq$25) and(26) yield the mass spectrdpy pﬁxp/dtd M2, for diffractive forward productiont&0) of

statesX of unit spin by transversely and longitudinally polarlzed photons, respectively.
Taking the sum of Eqg25) and(26), one finds

2
_ aRgte- (0_(00) Zf dm
—o 3x3272 M?2

do (M2+Q?)%—(M?- Q%) A%(W?)

M2+ Q?)\[MZ+ A2(WP) + Q22— 4A2(WO)M2’

Y*p—Xp
dt

(27)

The integrand in Eq(27) yields the mass spectrum for the case of unpolarized photons. Carrying out the integra{2@)Eqg.
we find the total elastic forward production cross section in the mass intdv\ff;\IM %),

(M$, M) R u2
__v*poXp| ¥ Meter 2 A200W2) M2
dt t=0 37X 167 HO(Q ,A (W ),M ) 2 (28)

1

with

2 ) o o r2
Mo(Q% AZ(W?),M?)=> (ATHQA(XH QA AR + MA(Q?A?)

X+ M2+ Q23— A2
A? \/W\/—+A2(3Q2 M +A2)
g Ay Q@ =

where the short-hand
p(W ,Q?) \/1677\/ f Q2+M2

X(M 2,Q2,A2(W2))E[M2+ AZ(W2)+Q2]2_4A2(W2)M2

30
(30) dor:
is being used and ?=A2(W?) in Eq. (29). TtdME (32)
t=0
IV. THE SUM RULES For the unpolarized cross section, by taking the sum of Egs.

A comparison of the mass spectra in E¢&5) and (26) (31) and (32), we have
with the expressions for the total cross sec in Egs.
P BB (WE,QY)= T6r

(13) and(14) allows one to represent the total cross sections
in terms of diffractive forward productiony* p— Xp, of

d(rﬁ
\/ 2
dtdM=| _,

statesX that carry photon quantum numbegdastic diffrac- f M2
tion). One finds the sum rules m? Q2+ M2
o W?,Q2 J 2 do N
(W2, = T6m Y +M2 NNy kol B (33
M? N dtdm?|
do . x
s — T 31) In order to simplify the notation in Eq¥32) and (33), we
dtdm?| _ have dropped the argume#, Q? t, andM? that the dif-
fractive production cross sectlonswk /dM?dt depend
and on. We stress that the sum rulesl)— (33) follow from the
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two-gluon exchange structure of QCD that is contained in(vectop states; otherwise the produced states would never
the representation of the cross sectié®sand (22) in con-  couple to the photon and build up the imaginary part of the
junction with the form(3) of the color-dipole cross section. (virtual) forward Compton scattering amplitude. A direct ex-
The s-function ansatZ10) for the gluon-momentum distri- perimental verification of Eq931) to (33), accordingly, re-
bution, also used in the above derivation of the sum rulesquires the projection of the spin-1 component contained in
does not introduce much loss of generality. It is suggestethe diffractively produced stat¥ of massM. In addition,
and supported by the empirical scalingsn the gluon trans-  diffractive production by transverse and longitudinal photons
verse momentum is fixed to coincide with its average orhas to be separated; an assumptios-diiannel helicity con-
effective value determined by ?(W?) [9]. servation[15], as in vector meson production, may be help-
It is amusing to note that E433) is the GVD analogue of ful, as long as no direct separation of production by trans-
the photoproduction sum rule from vector meson dominanc&erse and longitudinal photons will be available.
[13] We note that, independently of their direct experimental
verification, the sum rule&€31)—(33) are of theoretical inter-
o am doypv, est. The_y most explicitly_ demonstr_ate that E2pR) [contain_—
T yp(W5) = 02 v16m 2 dt : ing a dipole cross sectionr,y,, identical to the one in
V=phed. ... W t=?34) o+ In Ed. (2)] describeselastic diffraction, elastic with
respect to the photon quantum numbers carried by the in-

Indeed, multiplying theimaginary part of theamplitude for ~ coming and outgoingjq states; had the diffractively pro-
v* p— Xp by the propagator factiv?/(Q?+M?) and a fac- duced stat&X quantum numbers been different from the ones
tor 1M for the strength of the photon coupling normalized Of the photon, e.g. a different spin, the sum rul@s)—(33)

by Va-Rg+e/3, implies (31).5 An additional well-known ~ could never be valid. In order to incorporanelasticdiffrac-
factor of yQZM?Z [15] is needed for the longitudinal cross tion, the dipole cross section in the expression for diffractive

section in Eq(32). Note that this derivation of the sum rules Production(22) has to be replaced by the addition of a term

(31)—~(33) is dependent on the production mechanism ford€scribing inelastic diffraction.

¥* p— Xp insofar only as th&? dependence induced by the

transition from the timelike four-momentum squareef V. COMPARISON WITH EXPERIMENTAL RESULTS ON

=M?, of the final stateX to the spacelike four-momentum DIFFRACTIVE PRODUCTION

squaredQ?, of the virtual photon coupled tiis assumed to We turn to a comparison of our results on elastic diffrac-

be fully contained in the aforementionéfropagator fac- e production with the experimental data. The ZEUS Col-
tqrs. In other wc.)rds,. it is assumgd that the underlyln'g raNiaporation has presented date8] for the mass distribution
sition from the timelike to spacelike four-momenta with re- integrated over the distribution in momentum transfeks-

2
spect to the vector statédoes not affectd,x ,/dMdtat  gyming an exponential behavior, exift), the experimental
t=0. This condition is fulfilled in the GVD-CDP based on data ondo ,«,_.x,/dMy are related to the mass spectrum in

Egs.(2), (3) and(22) with Eqg. (10). the integrand of Eq(27) by
The above derivation of the sum rulgxl)—(33), based on
the comparison of the QCD-based mass spectra for elastic doyx P=XP _ oM f dtefbthV*pHXp
diffraction in Eqgs.(25) and(26) with the ones foroyhp in dMy X dtd Mi _
Egs. (13) and (14), demonstrates explicitly that the QCD-
based color-dipole picture implies GVD for lowDIS. The _ 2My doyxp o xp
terminology GVD-CDP for our approach to DIS at lowis T b dtd M2 (39

appropriate. t=0

The experimental validity of the photoproduction sum|n Eq. (35) we use the notation of the ZEUS Collaboration
rule (34) was carefully investigated in the late 1960s and thepy the replacemeri! —My. In Fig. 1, following the repre-
early 19704 16]. Insertion of the experimental data for the sentation of the data by the ZEUS Collaboration, we show
total photoproduction cross section on the left-hand side inhe energy dependence @fo«p, .xp/dMy for various
Eq. (34), and of the cross sections for vector meson forwardnassedMy and various fixed values @@?=8 Ge\? to Q?
production on the right-hand side, revealed a discrepancy of 60 Ge\?. As in the total cross sectiofl5), in Egs. (27)

22% that led to the formulation of generalized vector domi-and (35), we have uséd R.+, =10/3 as well asg(*)
nance[3]. A recent experimental test of E¢84) at HERA =48 GeV 2, and b=7.5 GeV 2. Figure 1 shows that dif-
energies was presented in REE7].

An analogous direct experimental test of the sum rules———

(31)—(33) for virtual photons is more difficult to be carried  67ne total cross section is equally well represented in the three-
out. The diffractive forward production cross sections in Ed.flayor option, Ry+e-=2 but =80 GeV 2. In this case,b
(22) and Egs.«(31) to (33) refer to the production of spin-1 =125 GeV2is to be used.
A detailed analysis of the effect of a potent@f or M? depen-
dence of the slope parameter seems somewhat premature in view of
>Based on this GVD argument, the sum rRl) was indeed the available data and the incompleteness of the theory with respect
given beforg14]. to inelastic diffraction.
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FIG. 1. The ZEUS data for diffractive productiop p— Xp, as FIG. 2. As in Fig. 1, but foQ*do p_,Xp/dMX as a function of

a function of the energy, for different masse$1y and photon 2 for different masseMy .

virtuality Q? compared with the GVD-CDP predictions for elastic

diffraction. The excess of the data with respect to theory is due to The substantial excess of the cross section
diffractive production of stateX of massMy that do not couple to - . xo/dMy for My=5 GeV andMy=11 GeV is due
the photon, and accordingly cannot contribute to Vietual) for- 1 fh & prgduction of states that do not couple to the photon
ward Compton amplitude that builds up the total cross sectionand accordingly do not contribute to the imaginary part of
Ty*p- the virtual formard Compton scattering amplitu@eelastic

. . . . . diffraction). From the thrust and sphericity analysis of the
fractive production at low masses is approximately describe iffractively produced statefl], we know that these pre-
by elastic diffraction, i.e., by diffractive production of those '

spin-1 states that saturate tlimaginary part of the virtual dominantly consist of hadronizegly states with soméfairly

Compton forward scattering amplitude. For the highersmal) admixture of agq + gluon component. The excess in
masses oMy=5 GeV andMy=11 GeV, as expected, elas- do«p_xp/dMyx must be associated with states of spin
tic diffraction does by no means fully represent the diffrac-higher than the photon spin. With increasi@f, due to
tive cross section. The discrepancy between theory and ex-

periment decreases with increasi@f, however, i.e. with Pt Aa Yoo 2 S
increasing 8=Q%(Q?+M%). In Fig. 2 we show theQ? 3, F Me<3 Gev
dependence in a plot @Zday*pﬂxp/d My againstQ?. As oos E TR { {
anticipated from Fig. 1, foMx=2 GeV there is reasonable ., £ & % % —
. . . - o *—__—’_,
consistency between the theoretically calculated productior 3 - A S y
of spin-1 states and the experimental data. SRS IR P PR RSV SRS SV TSRS S
In Fig. 3 we show the ratio 006 - * ; i Mp<75 Gev
0.04 | 3
Mp L f + + +
0.02 |-
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0.04 | t i
as a function of the energy. As anticipated from the pre- 44, i
vious figures, there is some discrepancy in normalization anc E | | . . |

200 220
W( Gev)

also in energy dependence. Note, however, that the energ %40 60 8 100 120 140 160 180

dependence, as a consequence of the different structure o

the expressions far ., in Eq. (7) and fordoy«,_ xp/dt in FIG. 3. The ratio of the cross section for diffractive production
Eq. (24), is quite similar. The naive expectatiohb) that the (g the total cross section as a function of the enefgyfor different
linearity with respect to the dipole cross section in the totalajues ofMy and Q2. The theoretical curves, as in Figs. 1 and 2
cross sectior{2) and the nonlinearity in the diffractive pro- show the predictions from the GVD-CDP for the component of
duction cross sectiof22) lead to distinctly different energy diffraction that saturates the imaginary part of the virtual forward
dependences is not valid. Compton amplitudéelastic diffraction.
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propagator effects, the relative contribution of low masse®valuating the integral representations as a function of an
becomes increasingly more suppressed, and the diffractiompper limit,m2. Indeed, the sum rule®1) and(32) suggest
process becomes more elastic. The discrepancy between atis upper limit to be approximately given by the upper end
theoretical curves and the experimental data is decreased @ftthe diffractively produced spectrum of masses.
high Q?, or, in terms of the frequently employed variable  The integration of Eqs(13) and (14) then yields
B=Q?%(Q%*+ M)Z(), elastic diffraction becomes dominant for
B—1. . S aRgto- ) Q? . 1 i Q%+ M?
Any theory of high-masgsmall 8) diffraction has to obey ip— 2 2" o 2 2 A2
the constraint that the component needed in addition to the 37 Q*+M? 2 X+ Q¥ +M2-A
elastic one be truly inelastic in the sense of being unable to 202+ A2
contribute to the imaginary part of the forward Compton - — 5
scattering amplitude. After all, the forward Compton ampli- 2VAS(AT+4Q%)
tude is saturated by the elastic component which contributes
the amount to diffractive production that is shown in Figs. 1 AZ(A*+4Q%)X+A%(3Q*-M?+A?)
to 3. It is worth stressing again the fairly general validity of XIn Q%+ M?2 ,
the sum rule$31)—(33) that saturation property is based on. Mo
Some recent theoretical woft9—-21 on diffractive pro- (37)
duction of large masses, i.8<1, concentrated on adding a

quark-antiquark-gluon ¢(qg) component to theqq wave and

function of the photon. Even though the data on diffractive

production are accounted for, this approach suffers from a aRgt - =) -Q? Q?
serious inconsistency, as, without justification, the additional 7 »p~ ~ 3, ¢ Q2+ M?2 + JAZ(AZ+40?)
gqg component is only taken into account in the photon
wave function entering diffractive productidn.e., in Eq. \/m+A2(3Q2—M2+A2)
(22)], while being ignored in the total cross sectipre., in XIn T

Eq. (2)], thus disregarding the optical theorem. From a the- Q°+M 2
oretical point of view, the interplay afq and qgg compo- (39)
nents in the wave function for diffractive production and the

total cross section is analyzed[ia2]. The approach of Ref. whereA2(W?) is given in Eq.(11), andX(M2,Q2, A2(W?))

[22] treats theqq and qgg components of the photon on s defined in Eq(30). The sum of Eqs(37) and (38), for
equal footing. It does not contain a truly inelastic componentm2=o reduces to Eq16). For completeness, we also give
Accepting a universalmodel-independentvalidity of the  the previously mentioned correction terms that have to be
sum rules in Sec. IV, an approach purely based on an elastigyded to Eqs(13) and(14) as well as to Eqs(37) and(38),
component that describes diffractive production is likely 0, orger to assure identical lower limitsi2, in the initial and

fail for the total cross section. Indeed, inserting an amplitudgne final state of thevirtual) Compton forward scattering
for diffractive production into the sum rules that COinCidesamplitude. The expressions given for these terms in F&f.
with experiment, the resulting total cross section is likely tomay be simplified to become one-dimensional integrals that

disagreee with experiment, since agreement with experimenfe”+, pe carried out numerically. For the realistic case of
is achieved by the much smaller amplitude for elastic dlffraC-A2>4m2 one finds
{0}}

tive production by itself. A clear discrimination between
elastic and inelastic diffractive production is made right from R 5 1
the outset in the color-dipole approach[af]. It is not en- Agx = Sete c,(00)[‘“"‘0) dM———
tirely clear from the presentation 23] by what means a TP 6w (A—mp)? (Q2+M?)
potential contribution of the “inelastic” component to the

2
my

2
my
1

m2

imaginary part of the virtual forward Compton scattering % i arcco%AZJer_mg)
amplitude is excluded. 2 2MA
M2_A2_ 2
VI. IMPLICATIONS FOR 0/, +————arctan/Y |, (39
mX
In view of the comparison of our results for elastic dif-
fraction with the experimental data, it will be enlightening to gnd
return to the theoretical description of the total cross section,
o,+,. The strong decrease of the theoretical results for elas- aRgt o (A +mg)? 1
tic diffractive production with increasing madé,=My, by Aoytp= 6 U(w)J 2 2 2
™ (A=mg)? (Q°+M?)

no means implies that contributions due to large masses in
the integral representatior{¢3) and (14), or, equivalently, 5
(31 and(32), for the transverse and longitudinal total cross .—— arctan/Y, (40)
sections become negligible. This may be explicitly seen by X
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FIG. 4. Data for the total photoabsorption cross sectiop,;,

as a function of the scaling variable compared with the GVD-
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[24—-28 is shown in Fig. 4. We emphasize that the experi-
mental data cover the full range of the kinematic variables
(x<0.1, allQ?, including Q?=0) where scaling iny was
established in a model-independent analy8is The results
in Fig. 4 are quite remarkable. They show tliata restric-
tion of m? to values(e.g.m3=100 Ge\?) below the upper
limit of the mass where appreciable diffractive production
was observed experimentally leads to values pf, that for
7=10 lie much below the experimental scaling curve, i.e. a
nonvanishing elastic diffractive production of large masses
My is necessary for saturation of the forward Compton am-
plitude, even thouglii) the previously used,9] value of
m§=oo for »=10 leads to results that lie above the experi-
mental data.

The highest mass bin where appreciable diffractive pro-
duction occurs, according to the resulig from the ZEUS
Collaboration, is given bl y=22 GeV. Accordingly we use

mi=(22 GeW?=484 GeV (42)

which yields good agreement with the experimental data for
0, p(7) in the full kinematic range of<0.1, allQ? includ-

ing Q2=0, where scaling iny was established in a model-
independent analysis of the experimental data.

The fact that an upper limit for the diffractively produced
mass should enter the forward Compton amplitude at finite
energy,W, is not unexpected. It is gratifying that its value
(42) of m;=22 GeV, coincides with the upper limit of the
range of masses where diffractive productiofip— Xp, is
experimentally found to occur. Beyond that mass, inclusion
of the mass spectrum from the GVD-CDP overestimates the
total cross sectionr «,. This deficiency, in an approximate
and admittedly somewhat crude manner, is repaired by re-
stricting the range of integration by the upper limit in Eq.
(42). The deviation from scaling im resulting from the in-
troduction of this upper limit is a fairly mild one.

VII. CONCLUSION

We summarize as follows:

(i) Our ansatz for DIS at low that is based on the generic
structure of the two-gluon exchange from QCD supple-
mented by the empirical scaling behaviet:,= o« ,(7)
leads to sum rules that explicitly expresss, as an appro-
priate integral over the square root of the elastic diffractive
forward production cross section. The agreement of the ex-
pression foro « , with the experimental data explicitly dem-

CDP predictions obtained for different values of the upper boundgnstrates that DIS at lowis understood in terms of diffrac-

mf, on the diffractive mass spectrum that is integrated over in the[
imaginary part of the virtual forward Compton scattering amplitude

describingo . (@)—(c) refer tomi=100 GeV?, mi=c, andmj
=484 GeV, respectively.

where

Y=

(M+A)2+Q2 m3—(M—A)2

(M=A)2+Q2 (M+A)2—m2’

(41)

A comparison of the theoretical results fot« , for different
values of the upper limitm?, with the experimental data virtual Compton forward scattering amplitude.

ive forward scattering of massivgq pairs on the nucleon
(GVD-CDP).

(i) A comparison of the theoretical results for elastic dif-
fractive production, i.e. the production of stat&sin y*p
— Xp that carry photon quantum numbers, is the dominant
mechanism fog= Q% (Q?+M%)— 1. The excess of the ex-
perimental data with respect to elastic diffraction observed
for B<1 is attributed to inelastic diffraction, i.e. to the pro-
duction of statex that do not carry photon quantum num-
bers and are not contributing to the imaginary part of the
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