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Modification of the saturation model: Dokshitzer-Gribov-Lipatov-Altarelli-Parisi evolution
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We propose to modify the saturation model of Golec-Biernat andtiédf by including Dokshitzer-Gribov-
Lipatov-Altarelli-Parisi evolution. We find considerable improvement for the total deep inelastic cross section,
in particular in the largeQ? region. The successful description of deep inelastic scattering diffraction is
preserved.
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The saturation modg¢lL—3] has provided a successful de- formulation. Within the dipole formulation of the* p scat-
scription of DESYep collider HERA deep inelastic scatter- tering,
ing (DIS) data, in particular for the transition from the per-

turbative region to the nonperturbative photoproduction Vb o ) N -

region. This includes both the totaf p cross section and the or,L(XQ )_J d rf dzyr  (Q.r.2)a(X,r)

DIS diffractive cross section. Whereas the formulas are par-

ticularly appealing through their simplicity, they also have an X7 L(Q,r,2), 1)

attractive theoretical background, namely, the idea of satura-

tion. Despite its success, the model suffers from shortcomhereT,L denotes the virtual photon polarization, the dipole
ings which should be cured. In particular, the model does nog"0ss section was proposed to have the form

include logarithmic scaling violations; i.e., at larger values of

Q? it does not exactly match with QCD evolution - re
[Dokshitzer-Gribov-Lipatov-Altarelli-PariSiDGLAP)]. This ‘T(X’r):%[ 1—exp( T 4R%(%) ] , 2
becomes clearly visible in the energy dependenc&tﬁf’ in °

the regionQ?>20 Ge\? where the model predictions are where Ry(x) is the saturation scale which decreases when
below the data. One expects that QCD evolution should enx—Q,
hance the cross section in this region.

It is the purpose of this paper to propose a modification of 1 [ x\*
the saturation model. We attempt to preserve the success of R3(x) = —(—) (3
the model in the lon@? and in the transition regions, while GeV? | Xo

incorporating DGLAP evolution in the larg®@? domain.
Since the energy dependence in the la@fetegion is  Inorder to be able to study the formal photoproduction limit,
mainly due to the behavior of the dipole cross section athe Bjorken variable<=xg was modified to be

small dipole sizes, our changes will affect mostly the small-

r region. At the same time, particular attention will be given

to DIS diffraction for which the saturation model correctly X=Xg| 1+
describes the energy dependence. Since the inclusive diffrac-

tive cross section mostly depends upon the lardeehavior

of the dipole cross section, we attempt to leave the dipol
cross section unchanged in this region. A recent attgdipt
along the same lines indicates that, in fact, diffraction pro
vides a highly nontrivial restriction on possible modifications
of the saturation model.

4m(21) :Q2+4m§ @

Q2 W2

é/vhere mg is an effective quark mass, aMi? denotes the
v*p center-of-mass energy squared. The parameters of the
‘model, 7y=23 mb, \=0.29 andx,=3x10"* (for the as-
sumed quark mass,=140 MeV) were found from a fit to
smallx data[l]. For alternative forms of the dipole cross
section parametrization s¢g|.

As it is well known[6], in the smallr region the dipole

|. THE MODEL cross section is related to the gluon density
. L g . . 2
Before we describe the modifications of the saturation (X r):ﬂ_rga Xg(X, 112) )
model, we briefly review the main features of its original ' 3 XU,
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where the scalg? for smallr behaves a€/r?. Equation(5) larger, the scaleu? is frozen at the valuag. This prevents

is valid in the double logarithmic approximation in which the the effective scale of the gluon density from becoming un-
constantC is not determined. In the saturation model, Eq.reasonably small. The saturation value of the dipole cross
(2), we find for smallr <2Ry(x) section iso(X,r)~ o, as in the original modeR). The tran-
sition from the small to the largeregion depends or, but

F(X,1) = r @ N detail it will be different from the original model. This will
’ AR%(x)’ be discussed in detail in the section presenting numerical
o(x)
results.
i.e., the gluon density is modeled as
Il. MOMENTUM SPACE FORMULATION
3 o
xg(x, u?) = 5 > o (7) Although in this paper we will restrict ourselves to the
47 as Ry(X) total (and later on to the diffractiyecross section, it is in-

, . L . structive to rephrase these features in momentum space. In a
For fixed as this gluon density is clearly scale independent. 1o step, we intend to study the effects of saturation in

which contradicts the QCD DGLAP evolution. Thus, in or- 56 exclusive final states, and the translation of our dipole
der to correctly take into account the scale dependence gs,ss section into momentum space may serve as a first step
given by the DGLAP evolution equations we have to modifyj, his direction. For this purpose let us start with the
the smallr behavior of the dipole cross section by incorpo- k{-fatorization formuld 8] for the y* p cross section, e.g. for

rating the properly evolved gluon density. At the same timethe transversely polarized photp®
we wish to preserve the idea of saturation, which reflects '

unitarity, and to keep unaltered the langdehavior of the o Qem , (! 5 )
dipole cross section which determines the diffractive cross oy P= - Ef €f fo d4z°+(1-2)7]
section.

Therefore, we propose the following modification of the d2l
model (2): Xf dzkf|—4asf(x,|2)

202 (2 2
T as(g;XQ(X.M ))] ®
0

&(x,r)zao[l—exp(— k k+1 |?
8 K2+Q?  (k+12+Q?) ' an
where the scalg.? is assumed to have the form
wheref(x,1?) is the gluon amplitude describing an interac-
M2=E+MS- ) tion of the qq pair with the proton] is the transvgrse_mo—
r2 mentum of the gluon coupled to the quark pair a@d
=z(1-2)Q?. Using the relation
The parameter€ and ,ué will be determined from a fit to
DIS data. In a first approximatiom(x, «?) is evolved with k  —(dr T —
the leading order DGLAP evolution equation for the gluon K2+ Q2 _'Qf 5-€ rKuQr), (12)
density. In the spirit of the smaX-limit, we neglect quarks
in the evolution equations. We assume the following gluonthe following formula is found:
density at the initial scal®3=1 Ge\?:

3aem

272

1

Xg(x,Q3) =Agx Ma(1-x)5%, (10) oy P= Z e?fo dZ 2%+ (1-2)%]Q?
whereAgy and\ 4 are parameters to be determined from a fit -
to data. The exponent 5.6, determining the laxgeehavior, Xf dzrf d2r'—— K, (Qr)K,(Qr")
is motivated by one of the versions of the Martin-Roberts- rr’
Stirling-Thorne (MRST) parametrization[7] of the gluon
density. d%k

For smallr, the exponential in Eq8) can be expanded in Xf (27)2
powers of its argument, and the relati@), with the running
as= ag(u?), is found. In contrast to the original dipole cross where
section, the rise in ¥/now has become dependent. When

eik-(rfr')D(r,r/)’ (13)

inserting o into Eq. (1) and convoluting with the photon 2w (d? ) " iy
wave function, the integrand peaks near2/Q for largeQ?, D(r.r )_? |—4an(x,| )(1-eh)(1-e"TT).
and the argument of the gluon density turns ipte~ Q2. (14)

Consequently, with increasin@?, DGLAP evolution will
strengthen the rise in X/ whereas in the original saturation If the argument of the strong coupling, and the variable
model the power of ¥ had been constant. For sufficiently in the gluon amplitude irD(r,r’) do not depend on the
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guark transverse momenka the integration ovek in Eq.

(13) gives the delta functions?(r—r’) which reflects the
conservation of a dipole transverse size vectaluring the
collision. In this case the dipole formu(a) is obtained with
the following identification of the dipole cross section:

d?r
(2m)?

asf(x,1%) 3
TR

explil-r}

X{0..(X) = a(X,1)}

3 “ ~ ~
:QL drrJo(In{ow(x) = o(x,r)}.

A 27 ( d? . i
a(x,r)=?f|—4asf(x,I2)(1—e"'r)(1—e i, (18)

(15) In the original dipole model we finf2]

ag f(x,12)= % R2(x)I%exp —R2()1Z).  (19)
s

Going beyond the leading log§l/ approximation in which
Eq. (11) was derived, e.g. by taking into account the exact
gILEn kinematicg10] or considering a quark virtualitk?

+Q? as an argument of the running coupling, we find
thatr is no longer conserved during the scattering proces
and the simple relatiofil5) ceases to exist. As a result, the
k-factorization formula11) can no longer be written in the
form (1), and the simple dipole picture fails. We want to
avoid this situation, thus we assume that the argumemnt;of
is given by the gluon momentumd and Xx=Xgj. Since the
integration in Eq.(15) includes also small momenta, the
modeling of the infrared behavior @iy cannot be avoided. Let us now turn to numerical results. We performed global
However, we will hide this fact by analyzing the combined fits to the DIS data withx<<0.01 in the range of? between
quantity a¢f (x,12). 0.1 and 500 Ge¥ For H1 and ZEUS HERA experiments
From the requirement that in the double logarithmic limit the new 1996—-1997 data sets were Ugddd-13. In addition
(DLL) formula(11) should be consistent with the DLL of the to the HERA data also the data of the E665 experini&d}
DGLAP formalism one can derive a relation between thewere used. The statistical and systematic errors were added
gluon amplitudef (x,12) and the conventional gluon distribu- in quadrature. The number of degrees of freedbig;,, was

For the modified dipole cross section, this inversion has to be
done numerically. DGLAP evolution will affect mainly the
%argel behavior while at small our modification should be

bss severe. The most interesting question to be addressed
below concerns the transition region: to what extent does our
modification affect the region of moderate momenta, i.e.
could one “see” saturation in diffractive final states?

IIl. NUMERICAL RESULTS

tion xg(x,Q?). Starting from Eq.(11), using the relation
F1=Q%(4m2aey)o? P and imposing the strong ordering
condition: 1><k?<Q?, one arrives at

2

02d?l

2

IFr(x,Q%) 1

>

= f(x,12).
a|ogQ2 3 : as( )

(16)

around 330.

The new data sets are considerably more pregigth
much smaller statistical and systematic errdhan the ones
used in the original analysid]. As a preparatory step, we
applied the original mod€R), using the parameter values of
the original fit, to the new data and obtained a rather high
value of y?/Ng~3 (for the old data, the corresponding
value wasy?/Nys=1.18). Next, we allowed the new data to
determine their own values of the parameters of the original
model,oy, A andxg in Eq. (2). This led to an improvement

By comparison with an analogous formula obtained in theof the fit, x?/Ny¢~2.2. Nevertheless, this relatively poor

DLL of the DGLAP evolution equations, one finds the fol-
lowing relation at largeQ?:

242
masf(x,lz).

as(Q?)xg(x,Q%) = f © (17)

In the model(8) we go beyond thés-factorization for-
mula(11) wheref(x,1?) represent a two-gluon amplitude. In
the region of small?, the relation(17) betweenf(x,1?) and
the gluon density no longer holds, arix,|?) is defined
through relation(15), where for the left-hand sidéhs) we

use our mode(8). In general, provided the dipole cross sec-

tion has a finite limit: lim_,..o(x,r)=o.(X), Eq. (15) can
be inverted with the help of the following relation:

agreement indicates that the original model is doing not so
well with the new data, especially for large valuesQ@f. As

a first step for the improvement, we modify the dipole cross
section at small values afby including QCD DGLAP evo-
lution, as given in Eq(8).

In the modified saturation model, there are five param-
eters to be determined, C, Mg, Ag4 andi g from Egs.(8),

(9), (10). We use the leading order DGLAP evolution equa-
tion for the gluon density, and we pitgcp=200 MeV in

ag and set the number of active flavoks=3. Thus, al-
though the evolution equation for the gluon is decoupled
from the quarks, their presence is encoded in the assumed
value ofN;.

We performed first the fit leaving all five parameters free
and assumed the value of the light quark masg
=140 MeV, as in the original formulatiofi]. A good qual-
ity fit was obtained withy?/Ng¢=1.05. The found value of
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TABLE I. The parameters of the fits to the ZEUS, H1 and E665 data xvt.01 (333 point$. The H1
data were rescaled by a factor of 1.05. The numbers in bold are fixed during the fits.

my(MeV) oo (mb) Aq Ng C wh X3 Ngs
Fit 1 140 23.0 1.20 0.28 0.26 0.52 1.17
Fit 2 0 23.8 13.71 —-0.41 11.10 1.00 0.97

the dipole cross sectiom,=27.4 mb, however, was higher With the DGLAP improved mode(8) and the dashed lines
than the saturation model valuey=23 mb. Also, the cor- ~correspond to the saturation modg) with the original pa-
responding value of the photoproduction Cross SeCtiﬁﬁ)( rameters fron[l]. We see that the DGLAP evolution Slgnlfl-
—204 mb) was significantly higher than the measured valugantly improves agreement with the data at la@fewhile at
174+1(st) +13(sy9 mb atW=209 GeV[15]. Thus we sSmall Q? the results are practically the same. This effect is
decided to decrease, and fixed it to the saturation model Summarized in Fig. 3 where the effective slopg®?), ob-
value 23 mb. This value is also advantageous for the detained from the parametrization of, at small x: F;
scription of the inclusive DIS diffractive cross section which ~x M@ are plotted. Thus, the DGLAP modification of the
is more sensitive to large dipole sizes, i.e., to the saturatiodipole cross section for smatl is crucial for much better
region, than the totaly* p cross sectiorf2]. The resulting agreement with the data. The same effective slopes charac-
parameters in such fit are presented in Tabl€it (L). The terize the energy dependence of th&p cross section:
description is slightly worse than that described above, bug»* DN(WZ)A(QZ). The change from a soft dependence at
both the photoproduction cross sectian’t=189 mb) and  small Q2 to a hard one for larg®? is shown in Fig. 4. In
the diffractive cross section are properly described. This isjg. 5 we show another aspect of the transitiorFgfto low
because we modified only the small dipole size part of they2 ygjues, namely the emergence of the behawigr: Q2
dipole cross sectio(®), without affecting the saturation part. approached in the limi?— 0 andy=W2/s fixed. The class
The found gluon density gives 39% of the total proton mo-of the saturation models described here nicely reproduces
mentum carried by gluons resolved at the initial SC®  this behavior; see recent RéL6] for more details on this
=1 Gel\~. transition.

The results of Fit 1 are compared to the dateFgrin Fig. In the second step of our investigations we relax our re-
1 for Q°<1 GeV? and in Fig. 2 for largeQ? points. In all  quirement of staying in the lov@? region as close as pos-
presented plots, the solid lines refer to the results obtainegible to the original model. In particular, we allow the quarks

in the qadipole to become massless. Thus wersgt=0 in

ZEUS BPT97 the wave functio?’ | and in the kinematic relatio). In
o - . . . . the original model, the quark mass was introduced as an
i @=0045 v @=0085 | @’=0.085 effective parameter for modeling the largésehavior of the

o2r E E photon wave function. The non-zero quark mass allows us to
study the photoproduction limit of our model after the modi-
fication (4) of the Bjorkenx in the dipole cross section;
therefore, setting this parameter to zero eliminates this pos-
sibility. It allows, however, for a better description of the
current data. We also fix the minimal valyg of the scale
u?inEq.(8)to 1 Ge? in the fits in order to avoid negative
gluon density below the input scal@3=1 Ge\? for the
gluon evolutiont Since the parameters, and Ay are
strongly correlated, we have performed a systematic search
of the besty? on the grid of fixed ¢, \g). In each case, the
remaining parameterg,; andc, were fitted. In this way we
found two local minima fory?, shown in Fig. 6, for a posi-
tive value of\ g in Eq. (10) leading to strongly rising gluon
density, and for a negative value Xf, corresponding to the
valence-like initial gluon. The latter scenario gives a consid-
B B erable better descriptiofwith x?/N4;=0.97) than the first

PN IR R RTINS one (with x%/Ng¢=1.13). In the final analysis, after a quan-

FIG. 1. F, as a function ok for fixed low Q? values. A com- The valence-like gluon density preferred in the massless fit, as
parison with the lowQ? data from ZEUS. The solid lines indicate described in the text, becomes negative below the input scale due to
the model with the DGLAP evolutio(8) (Fit 1) and the dotted lines backward evolution. In this case the dipole cross seat®moes
indicate the saturation modé&?). not saturate at large
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full ZEUS open H1 e ZEUSBPTO7 oo Satur—Mod, no evol
Ny *27 Q*=35 Q*=4.5 Q°=6.5 = [
T [ eV
s o o [ ] (scale)
F 0.20(3.8
o o 0725 53,1;
o L |
0 L A L L A A L ! L A " " A L A " —~ 0.30 (2.4)
\ 085 N\ @=10 Q%12 Q%15 -g
\ A\ =02 0.40 (1.8)
1 F L L L £2 [ 050019
] [
° [ 065(1.1)
0 d 'l L d 'l 'l 1l L il il il d L i il
N\ Q=18 "\ 0°=22 W\@'=27 \Q?=35 [ 20(1.5)
NN d A d A d A | 25(1.3)
LI ‘e 27(1.1)
0 Tl i L d i 'l 1l L il 1l 1l d L Tl L 3’5 (1)
\\@P=45 =60 2-70 290 10 - 45(1)
[ 65(1)
1 r r - [ 85(1)
> o, . ‘. [ 10.(1)
4 12.(1
0 d i L l i "l l L 'l l l d L i l .
“&P-12 %15 ‘F=200 =250 15 2’;
L 200 (1)
r . - F . F . 27.(1)
a.“ L ., | .. . 1L 35.(1)
0 L A ! L A A L ! L A L L A L A L L ;g (:)
10t 0% 10t 1% 10t 10 10" 10 Lo
X L
) _ [ 90.(1)
FIG. 2. H1 and ZEUS data oR, as a function ofx for fixed " 120 (1)
values ofQ?>1 Ge\? and the saturatiom model curves. The solid L 150. (1)

lines indicate the model with the DGLAP evolutid®) (Fit 1) ol el il ol
andthe dotted lines indicate the saturation madel
W (GeV?)

FIG. 4. They*p cross section as a function of energy? at
variousQ?. The solid lines: the model with the DGLAP evolution

Effective slopes (8) (Fit 1). The dotted line: the saturation mod@), shown forx

< 05 ; ; ‘ . <0.01.
045 - ] titative estimation of the position of the best fit in the param-
. eter space using the grid method, we alloyand\ 4 to be
041 B fitted together withAy andc. The values of these parameters
035 ] for the best fit are given in Table F{t 2). The correspond-
| ing value of the gluon momentum at the input scale equals
os b ] 84%. The effective slopk(Q?) from the Fit 2 parametriza-
tion is shown as the dotted line in Fig. 3. As expected, slight
025 ] differences between the two fit scenarios only appear for
small values ofQ?, below 1 Ge\l.
02} 3 It is interesting to compare the results of the Fit 1 and Fit
2 since they lead to a different picture of the dynamics of the
05| 1 y*p interaction. In Fit 1 the initial gluon densitxg(x,Q3),
quickly rises with 1x, whereas in Fit 2 it even decreases
0y .- ] with rising 1k. Therefore, in Fit 1 the rise of the cross sec-
tion with the energy is mainly due to the intrinsic properties
005 1 1 of the initial gluon density, with only slight corrections being
0 , , ‘ . due to the evolution effects at high? values, and consider-
102 107" 1 10 102 able damping effects resulting from saturation at Q% In

Fit 2 the evolution effects are very strofigote the value of
the paramete€C, which is much higher then in Fit)1The
smallx rise of the cross section is due solely to the DGLAP
evolution effects with some corrections coming from satura-
tion.

Further insight into the physical picture lying behind the
fits can be gained by a closer look at thdependence of the

Q*(GeV?)

FIG. 3. The effective slope(Q?) from the parametrization
F,~x @ as a function 02. The model with the DGLAP evo-
lution (8): the solid line (Fit 1) and the dotted liné€Fit 2). The
saturation mode(2): the dashed line. The ZEUS analysis: the open
circles. The H1 dat§20]: the full circles.
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Transition to low Q?

30
/
!\TO\ T T T %
%
% 28
>I!
=103
w 4 . 2
y=0.8 =
(x 4096)
.- *-0e 2 .
y=0.7 4 ==
102L  (x2048)
y=0.6
(x 1024)
y=0.5 e 2
(x512)
y=0.4 <
(x 256)
1 -
0 y=0.33 20 £ : ~
(x128) f\/

[+

'

N

y=0.26
(x 64)
y=0.20 18 o T _—
(x 32)
TE oy 0.2 0.1 0 0.1 0.2 0.3 0.4 05 06
(x 16) Y
y=0.05 g
(x8)
¥=0.025 FIG. 6. The lines of constant values gf in the space of
1071 _0(’;1“; | (d9,—\g) in the massless case,=0. The two local minima are
't indicated by the black dots. The one fer\;=0.4 corresponds to
y=0.007 Fit 2.
x1
| 1 1 | 1 . . .. -
1072 10" ) 10 102 differences are becoming much less visible. It is natural to

Q2 (GeV?) expect that some of these differences should become visible
in more exclusive final states. As a first example, one might
FIG. 5. F,(x,Q?) as a function ofy? for fixedy=Q?/(sx). The  think of DIS diffraction. The inclusive diffractive process,
solid lines: the model with DGLAP evolutiot®) (Fit 1). The  however, is sensitive to the region of smidllor larger and,
dashed lines: the saturation modg). The curves are plotted for therefore, has only limited value in distinguishing between
X<0.01. Full circles: ZEUS data. Open circles: H1 data. the two fit solutions. On the other hand, other physics pro-
R cesses like jet, charm and bottom production should be more
dipole cross sectionr(x,r), and a momentum dependence of sensitive to the behavior of the unintegrated gluon density at
the related gluon amplitudé(x,12). In the first row of Fig. 7 large gluon momentt.
we show the dipole cross section for the two fits. As we have Looking at Fig. 7 notice that starting from certain values
already discussed, for Fit 1 the DGLAP modificatiolid  of 12, the gluon amplitudes become negative. In order to
lines) affects mostly the region of moderately small understand this let us differentiate the relatidd) with re-
(<1 GeV1).InFit 2 both the small and largeregions are  spect to the large scaje?,
affected. In particular, the structure close to the saturation

region is different from that in the saturation mod&) 5 p ) )

(dashed lines The differences between the models are par- asf(x,p )z67| Slas(m)Xg(x, u)}

ticular visible if we turn to momentum space and compute nu

the gluon amplitudexf(x,12) for different values ok, using 2 2
relation(18). The results are shown in the second row of Fig. = ag(u?) MxYX 1) - xg0xp7) . (20
7, where the full lines denote the gluon amplitude from the anu®  In(u?/A?)

DGLAP improved model and the dashed lines correspond to o _ )

the saturation model2). The smallr region of the dipole ~The quantity in the curly brackets in the last equality can
cross section corresponds to the lafgeegion in the gluon Pe&come negative, which is shown in the bottom row of Fig.
amplitude. The dipole cross section from Fit 1 is translatedf bY plotting the right-hand sidehs) of the above equation
into a gluon amplitude with a double-bump structure. Notice(dashed lines In the shown range df?, Eq. (20) is espe-
that the second bump results from the DGLAP modificationcially weII_ se_msfled for the parameters from Fit 2. For Fit 1
of the smallf part of the dipole cross section. In Fit 2, how- the equality is reached for much largeot shown values of
ever, the second bump disappears and the gluon amplitudelis= 4" o 5

similar but significantly broader than the one corresponding N Ref. [1] the critical line in the £,Q%) plane was de-
to the saturation model. Although in Fig. 7 the various gluonfined which marks the transition to the saturation region
amplitudes are clearly distinct, after convolution with theWhere a new behavior of the structure functidf,~Q?,
impact factors and turning to the* p cross sections, these emerges. Near this line, the characteristic size ofc¢thedi-
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FIT1 FIT 2 CRITICAL LINE

~

& (mb)
& (mb)

log,4(1/x)

[+>]

by /“SAT MODEL ]

r (Gev™)

o f(x,1%)
o f(x,1%)

FIT 2

FIT1 /"

1- L I R | L M T R |

10
Q4GeVd)

o f(x,1%)
o, f(x,?)

FIG. 8. The position of the critical line in thex(Q?) plane in
the DGLAP improved moddkolid lineg and the original saturation
model(dashed ling The bands indicate acceptance regions for the
colliders HERA(lower) and future THERA(Uppe).

kinematic range(upper bangl the saturation region lies at
o %100 1 10 1080 Q%~2 GQ\F, which puts the perturbative QCD description
P (GeV?) * (GeV?) of saturation effects on more solid ground.

FIG. 7. The dipole cross sectioa(x,r) (upper row for x
=102...10° (from right to lef) and the gluon amplitude IV. DIFFRACTION
asf(x,12) atx=10"2... 10 * (from bottom to top for the two fits.
The solid lines correspond to the DGLAP improved model while
the dashed lines describe the saturation m¢2elThe dotted lines

One of the main advantages of dipole models is their
straightforward description of diffractive processes. The gen-

in the bottow row show the rhs of EG0). eralized optical theorem applied in the framework of the di-
pole picture allows us to express the cross section for diffrac-

pole,?zZ/Q, equals the saturation radil(x), see Sec. I. tive qg production in which proton remains intact as

In this case the argument of the exponent in E).equals

one, dUdlf

=16r d?r fdszL(Q,r,z)az(xr)

Q?RH(x) =1, (21) dt |_,

J— X 1,2), 23
ando(x,r)~ oo. We adopt the same criterion for the critical Yr(Qr.2) 3
line in the DGLAP improved saturation mod@). Thus, we

_ 2 . .
have the following condition: wheret=A“, and A is the four-momentum transfered into

the diffractive system from the proton. In addition to the
2 contributions of theqa states it is important to include the
3000 — S a(pA)xg(x,p?) =1, (22)  contributions of theyqg final stateg17).
In the phenomenological analyg3], the qqg diffractive
where u2=C Q%4+ Mo Equation(22) is an implicit equa- amplitude_ was compgted in the two_—gluon exchange approxi-
tion for the critical lineQ?= Q (x), shown in Fig. 8 for the mation with an additional assumption of strong ordering of

two fits. As expected, for Fit 1 the found critical line is not transverse momenta of ttegg pair and the gluon. This al-
different from that defined in the original saturation modellows us to treat th@qqg system as a color octet dipole ()38
(dashed lingand the transition region stays around 1 GeV in the transverse coordinate representation. Compared to the
in the HERA kinematicglower band. For Fit 2 the critical triplet dipole, the coupling of twd-channel gluons in the
line is situated at lower values @° (around 0.5 Ge%). It  singlet state to the octet dipole carries the relative weight
is interesting to note that both fits predict that in the THERACA/CF:2N§/(N§— 1). Thus, in order to take into account
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ZEUS ton. Therefore, as described[ibg], this data have a substan-
o G=8Gevi, Y Q=27Gev tial contribution of the proton dissociation process which
3 r — Satur. Mod. with evol was estimated as 3115%. To take into account this contri-
QN 0.06 - M, <3 GeV bution, the prediction of our model shown in Fig. 9 were
?g 0.04 g ; s ‘ multiplied by a normalization factor of 1/(10.31)=1.45.
© T B S S SN The agreement of the height of the predicted cross section
0.02 [ —f—&—t % u with the data is satifactory only within the relativly large
r —t—— ! N error of the estimated proton dissociation factor.
0r L L We also_ m_ade a.comparison 01_‘ our .predictions with the
0.06 - 3<M,<7.5GeV recent prellmlna_lry d|.ff_ract_|ve data in which .the forward go-
e % ¢ ing proton was identified in the ZEUS Leading Proton S_pec-
004 b n E $ 4 i | trometer(LPS) [19]. Good agrgement was found whlch gives
U T % — 9 fyrther support to thg dynamlcall picture of th&p interac- _
0.02 - 1 3 Y tions developed in this and previous papers on the saturation
r —F T * model.
0" P AR RN KU B S AT
0.06 - oM ey V. CONCLUSIONS
0.04 - ? In this paper we have proposed a modification of the satu-
L T ?% m ration model which takes into account the QCD DGLAP
0.02 - evolution of the gluon distribution. Fitting the parameters of
: our model we found a solution that describes the new HERA

04;3‘ : ‘6'0' ' '8'0‘ 16012‘01"‘01('501;02602‘20 data onF, significantly better than the original saturation
model, especially in the region of larg€®. The agreement
W(GeV) with the DIS diffractive HERA data is also kept.

Somewhat surprisingly, we found another set of param-
FIG. 9. The ratio ofois; /0o Versus they* p energyW. The  eters which lead to even better data description departing
data are from ZEUS and the solid lines correspond to the results dfom the original saturation model. For this description, we
the DGLAP improved model with massless quafkg 2). set the effective quark mass of the original model equal to
zero, and in our comparison with the HERA data we have
the repeated exchange of a two-gluon system, the equatiafisregarded photoproduction data points. We found indica-
(8) for the triplet dipole cross section is modified for the tions that this solution represents a slightly different physical

octet dipole as picture: the initial gluon density no longer rises at small
5 2 ) ) and QCD-evolution plays a much more significant role than
So(XF) =0 1—ex;{ _ CamToag(u)xg(x, p )) _ in our first solution. The fact that the effective quark mass of
9o 0 Cr 3oy the original model has its strongest influence in the limit

(24 Q?—0 suggests that the largebehavior of the photon wave
function requires further considerations.

The above modification is done in the spirit of multiple We have found it useful to discuss the various versions of

Pomeron exchange, i.e. the term proportional®, result- 0 saturation model not only in thespace but also in mo-

ing from the expansion of the exponent in Eg4), would  entm space since the latter provides more direct connec-

correspond ton exchanged Pomerons with an appropriatejo, with exclusive final states. As a future step, it will be

color factor CA/Cg)". In addition, compared to the difffac- jnsiryctive to trace saturation effects in less inclusive cross

tive qq production, the cross section formula for a diffractive sections.

qqg system contains an overal factdd{— 1)/N,. We consider the modification of the saturation model pre-
One of the most important results of the original satura-sented in this paper as a first step of a more systematic pro-

tion model was that, at fixe®?, the ratio of the inclusive gram. The success of the original model indicates that this

diffractive cross section and the totaf p cross section is simple ansatz contains elements of the correct dynamics.

nearly constant in agreement with data. This prediction is nolext, we have to analyze this model within QCD and to find

changed in the DGLAP improved saturation model since wéhe necessary corrections. With precise HERA data on vari-

modified only the short distance part of the dipole cross secous reactions becoming availathzo], all modifications have

tion. Even in the case of Fit 2, the constant ratio is preserved© be testetd by careful comparisons.

as shown in Fig. 9, in contrast to the attemptg4h The

theoretical curves in thes_e figures are computed using the Fit ACKNOWLEDGMENTS

2 results, and the experimental data are taken from ZEUS

[18]. The results for the Fit 1 computation differ only slightly ~ We thank Jan Kwiecinski and Misha Ryskin for useful

from the Fit 2 conputation. discussions. This research has been supported in part by the
The diffractive data shown in Fig. 9 were obtained with- Polish KBN grant No. 5 PO3B 144 20 and the Deutsche

out the experimental identification of the forward going pro-Forschungsgemeinschaft.

014001-8



MODIFICATION OF THE SATURATION MODEL: . .. PHYSICAL REVIEW D 66, 014001 (2002

[1] K. Golec-Biernat and M. Wsthoff, Phys. Rev. 9, 014017 (1991 [Sov. J. Nucl. Phys53, 657 (1991)].

(1999. [9] N.N. Nikolaev and B.G. Zakharov, Phys. Lett. 82 184
[2] K. Golec-Biernat and M. Wsthoff, Phys. Rev. D60, 114023 (1994.

(1999. [10] A. Bialas, H. Navelet, and R. Peschanski, Nucl. PB803
[3] K. Golec-Biernat and M. Wasthoff, Eur. Phys. J. @0, 313 218(20017).

(2002). [11] ZEUS Collaboration, J. Breitweet al, Phys. Lett. B487, 53

[4] E. Gotsman, E. Levin, M. Lublinsky, U. Maor, E. Naftali, and (2000.
K. Tuchin, J. Phys. @7, 2297(200)); E. Levin and M. Lub-  [12] ZEUS Collaboration, S. Chekant al, DESY-01-064.

linsky, Phys. Lett. B521, 233(2001). [13] H1 Collaboration, C. Adloffet al, Eur. Phys. J. C21, 33
[5] J.R. Forshaw, G. Kerley, and G. Shaw, Phys. Rev6® (2001.
074012 (1999; Nucl. Phys.A675, 80 (2000; E. Gotsman, [14] E665 Collaboration, M.R. Adanet al, Phys. Rev. b4, 3006
E.M. Levin, U. Maor, and E. Naftali, Eur. Phys. J. 1D, 689 (1996.
(1999; M. McDermott, L. Frankfurt, V. Guzey, and M. Strik- [15] ZEUS Collaboration, S. Chekan@t al., Nucl. Phys.B627, 3
man,ibid. 16, 641 (2000. (2002.
[6] L. Frankfurt, A. Radyushkin, and M. Strikman, Phys. Rev. D [16] K. Golec-Biernat, J. Phys. @8, 1057(2002.
55, 98 (1997. [17] J. Bartels, J. Ellis, H. Kowalski, and M. V&thoff, Eur. Phys. J.
[7] A.D. Martin, R.G. Roberts, W.J. Stirling, and R.S. Thorne, Eur. C 7, 443(1999.
Phys. J. €23, 73(2002. [18] M. Derrick et al., Eur. Phys. J. @B, 43 (1999.
[8] S. Catani, M. Ciafaloni, and F. Hautmann, Phys. LetR42, [19] ZEUS Collaboration, International Europhysics Conference,
97 (1990; Nucl. Phys.B366, 657 (1991); J.C. Collins and Budapest, 2001, Abstract 566.
R.K. Ellis, Nucl. Phys.B360, 3 (1991); E.M. Levin, M.G. [20] H1 Collaboration, C. Adloffet al, Phys. Lett. B520, 183
Ryskin, Yu.M. Shabel'sky, and A. Shuvaeyv, Yad. 53, 1059 (2002).

014001-9



