What HERA can tells us about saturation
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Abstract
Indications of gluon saturation in the proton in the HERA&adare
briefly discussed.

1 Saturation at HERA?

In 1992, HERA began to explore the proton structure betosf 102 for the first time. Many
expected that at such lowthe description of the proton structure functiBnusing the DGLAP
equations will break down; this was a reasonable assumptsed on the presence of terms
of the typeaslog(1/x) in the DGLAP splitting functions. We expected the behavibrFo

at low z to be described by BFKL equations, and perhaps observeatiaturi.e. that parton
recombination processes will begin to be important as thergtensity increases at law The
naive expectation at that time was that we may observe sopgedfyflattening, even a turning
down, of the rising gluon at low visible at a fixedQ? as we probed lower and lower in as
shown in Fig. 1(left).
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Figure 2: Small-z behavior of the ture function: dard QCD evolution versus
“true QCD" evolution. A is the perturbative region, B the transition region, C the
nonperturbative region.
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Fig. 1: Left: A figure from the 1991 HERA Workshop Proceedidpwing the qualitative features expected in
the HERA measurements @f.. The region marked A is perturbative (including BFKL). Irgien B, non-linear
recombination (saturation) effects become noticeablgidreC is the non-perturbative region. Riglit; as actually
measured at HERA shown with the results of a perturbative Q@BLAP) fit.

HERA stopped data taking in 2007; a precision down to a fewgqmgrhas been reached in
the measurement @ in large areas of the measureable phase space. The DGLAfptieswf
the F3 structure function to the lowest measuretias been excellent as shown in Fig. 1(right).

While DGLAP failed belowQ? of 1 GeV [1], where the applicability of perturbative QCD
is suspect in any case, there seemed to be no room in the datayflow-x effects, let alone sat-
uration. Most HERA experimentalists considered then thatration not to have been observed



in the HERA data; this is also the case today. On the other,lihatk are several indications in
the HERA data that DGLAP may not be the whole story.

2 Diffractive DIS and the Saturation Model

One of the surprises at HERA has been the observation o&diife deep inelastic scattering
(diffractive DIS). While pQCD analyses in terms of diffragt (or Pomeron) structure functions
have had successes in fitting the data (see for examplet[& ot obvious how a description of
the total DIS cross-sectiorF§) in terms of DGLAP evolution is reconciled with the charaiste
tics of diffractive DIS. In particular, the fact the diffrtae DIS is a constant fraction of the total
DIS cross-section as a function ofat a fixed@? is difficult to understand.

In 1998, the saturation model of Golec-Biernat and Wueg¢8jffvas introduced. In this
model, both the DIS and diffractive DIS are formulated inrisrof the cross-section of a color
dipole (from the virtual photon) and a proton. The measurégmat HERA (both diffractive and
inclusive DIS) were qualitatively well-described in thiodel only if HERA data were probing
the region in which the dipole-proton cross-section hadra#td, i.e. become constant as a
function of the dipole radius. The model implies that@t of 2-5 Ge\?, and atx of 107,
HERA has sensitivitiy to saturation effects.
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Fig. 2: Left: dF»/dIn@? as a function of: and changing)? (scale at the top). Cented:F, /dinQ? as a function of
z and@? from the paramerized of D. Haidt. Right: Critical-line of saturation from the gihal paper of GBW.

3 Perturbative—non-peturbative boundary

Real photon-proton cross-section, as all hadronic cressesis at high energy, obey the expecta-
tions of Pomeron exchange in the Regge framework. The a®sin rises slowly as a function
of the cms energy. On the other hand, in DIS, interpreted asllsion of a virtual photon
and a proton, the cross-section rises rapidly — correspgnidi the increasing gluon density in
the proton. The two behaviors must match together in@Rez plane if physics is to remain
smooth. Indeed it is possible to see where this transitikastplace by looking at the deriva-
tive dF, /dInQ? as a function ofr (andQ?) as shown in Fig. 2(left) [4]. The shape of the Fig.
2(left) plot can be understood by visualizidgy /dinQ? in thex and@? plane in any reasonable



model [5] that interpolates between the Regge behavi@?at 0 and in the DIS region as shown
in Fig. 2(center). The Fig. 2(left) plot showd?, /dinQ? essentially at a fixedl.

It should be noted then that the “critical line” (shown in F&fright)) in the Golec-Biernat—
Wuestoff (GBW) model [3] that signifies the onset of satunaffects is at more-or-less the same
position as the fold that can be seen in Fig. 2(center). ltkhalso be noted that this behavior
is very difficult to observe fof, as a function of: at a fixedQ? in the manner shown in Fig. 1.

If satuation in the model of GBW is taken seriously, it appetiat the HERA data, at
about@? of 2-5 Ge\? at z~° is indeed in the saturation region. It also appears thatahe s
ration transition-line is, perhaps unsurprisingly, rethalso to the boundary of Regge-like and
pQCD-like behavior of,. Unfortunately, the)? range at which HERA data could be observing
saturation phenomena may be already too low for pertud&i€D to be strictly applicable.
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Fig. 3: Left: geometric scaling af». Right: geometric scaling of diffractive DIS.

4 Geometric scaling

The saturation model predicts a behavior called geometatirg) of the cross-sections [6]. If
cross-sections scale geometrically, they become a fonaithly of 7 = Q2 /Q?(x) rather than:
andQ? separately. This behavior for both inclusive DIB)) and diffractive DIS [7] are shown
in Fig. 3. Other exclusive DIS cross-sections which are etqukto have the same behavior
indeed show this behavior. These include exclusive Vectesd production in DIS and Deeply
Inelastic Compton Scattering.

It is somewhat curious, however, that geometric scalingabieln appears to extend to
much higherz andQ? than would be expected from our understanding of the saareggion.



5 What does it all mean?

We've seen that DGLAP evolution describEs at HERA very well. On the face of it, this pre-
cludes any type of saturation effect observable at HERA.I@mother hand, saturation models
based on the dipole picture give an elegant and simultahe@uslitatively) correct description
of low-z I, low-Q? F, diffractive DIS, VM production, DVCS and other phenomeseas|, for
example, C. Marquet in these proceedings) which are otkerdéscribed by rather separate the-
oretical treatments. Furthermore, the saturation modatsmonto experimental and theoretical
ideas at RHIC (see, for example L. McLerran in these procem)li

While how saturation models correspond to more rigorousrétieal ideas such as BK,
JIMWLK and BFKL is becoming clearer (see, for example, C. et and C. White in these
proceedings), there are also still quite a number of thealaibjections to the model to be found
in the literature.

If indeed saturation is being observed at HERA, is appeat®tim the regions of)? at
the edge of applicability of perturbative QCD. Howevercsirt is likely that whatever physics
governs the behavior df; is continuous, DGLAP cannot then be the sole explanationhaftiis
being measured at HERA — this is in apparent contraditioried@ood description afy using
DGLAP alone.

The most precisé, at HERA in the low to mediung)? region will come from the HERA
Structure Function Working Group soon. It maybe that thisiaall help in beginning to answer
the question of whether saturation has been observed at HERA
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