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1. Introduction

Inclusive and diffractive data at smallfrom HERA and fixed-target experiments, can be
described by different realizations of evolution equatiovithin perturbative QCD (see e.g. [1]):
fixed-order perturbation theory (DGLAP), resummation sebe (BFKL/CCFM/CCSS/ABF) and
non-linear evolution (BK). While the unitarity of QCD impk that non-linear phenomena are
unavoidable, existing data do not allow to distinguish agithre different available schemes.

The Large Hadron-electron Collider (LHeC, [2, 3]) is an #lew-proton/ion collider currently
under design at CERN, which will collide 50150 GeVe" against the LHC beams, with a goal
luminosity 16 cm~2s~1. Besides precision QCD and electro-weak studies, andrsesafor new
physics, this machine should allow an unambiguous accets® toovel regime of QCD in which
unitarity constraints are at work - the dense region showsgn 1. With the transition between the
dilute region and the new phase being a density effect, gptwoged approach will be pursued:
either increasing at fixed mass numbek andQ?, or increasing at fixedx and Q2.
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Figure 1. Sketch of the access to the dense partonic region whereitni#ects are essential, from the
dilute one where linear evolution is valid. See the text fqylanations.

From a more practical point of view, our knowledge of the glulistribution at smalk both
in proton and nuclei does not suffice for the required prenisn predictions within collinear
factorization at hadron colliders. In this contribution illweview some aspects of smallphysics
which can be addressed with the LHeC. Due to the lack of spaeill,focus on the possibilities
with nuclear targets, and on inclusive observables. Mdmmmation can be found in [4, 5, 6]), and
in related work concerning the proposed Electron-lon @elliat the US [7, 8].

2. Inclusive observables

The LHeC will give access to a completely new region of@fex plane, see Fig. 2. With this
huge kinematical lever arm and the possibility to measutenly F, but also its flavor decompo-
sition andF_ (see Figs. 3 and 4 for examples of LHeC pseudodata on nuetgas ofF,, F_ and
F»c), the LHeC offers huge possibilities for:

e Constraining the parton densities in DGLAP analysis, bothpi (see Rojo in [3]) an@A (see
[4] and Fig. 4). For this purpose, the combinatiorFefF_andFx., appears to be very promising.
As shown in Fig. 3 foF, andF_in the nuclear case, the expected accuracy of data is mudkesma
than the spread of existing models.
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Figure2: Region of theQ?-x plane that will be explored with the LHeC ép (left) andePb (right), red lines,
compared to those achievable at HERA (black lines on theplef) and existingeA experiments (shaded
region on the right plot). The lines have been drawn for a 9-d§gree acceptance. An estimation of the
saturation scale indicating the dilute-dense transitiondth cases is shown (pink lines).

¢ Disentangling fixed-order evolution schemes from resuronair non-linear ones, see [1] and
[10]. For this purpose, the combination of dataerandF_ is required.
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Figure 3: Predictions from different models [9] for the nuclear ra®gP = F™°/(208F"), i = 2,L, at small
X, see the legend on the plots. Circles with error bars are LpksDdodata.

Work on including flavor decomposition in DGLAP analysisepfLHeC pseudodata, ark
and flavor decomposition ig4, is under progress. Note that the nuclear effect&oat smallx are
unknown, which makes the extractionfefat the smallest problematic in the nuclear case [6].

3. Diffractive observables

On diffraction inep collisions [4, 5], the LHeC will explore a new domain of véoyv 3 (e.g.
down to a few times 10* for Q% ~ 4 Ge\? atxp = 0.003, two orders of magnitude smaller than at
HERA). Several aspects can be highlighted:

o It will give access with enough statistics to diffractive ssas as large as 200 GeV, providing data
to check models describing the transition from low to highsses, and to improve the determina-
tion of diffractive parton densities in DGLAP analysis.
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Figure4: LHeC pseudodata for the nuclear rafgP = F1°/(208F},) at smallx.

e For elastic vector meson production or DVCS, a huge leveriai will be explored (e.g. upto

~ 1.2 TeV for Ec = 50 GeV) with enough precision to disentangle linear evotuschemes from

non-linear ones. The differential spectrunt iwill also be accessible up to~ —2 Ge\2.

e Gribov’s relation between diffraction igp and nuclear shadowing will be checked in a single

experimental setup (see e.g. the FGS and AKST models in [BFan 3).
In eA, the perspectives for the reach in kinematics are verylaini those inep - with the

difference that for nuclei information on diffraction at alnx [5, 6] does not exist at all. The

experimental challenge in separating inclusive diff@tie+ A — e+ X + X’ with a rapidity gap)

from coherenté+ A — e+ X + A) and incoherentd+ A — e+ X +Zp+[A—Z|n) is under study.

4. Final states

Besides the study of jets for the determinationagf(see [1] and Behnke in [3]), the LHeC
will offer huge possibilities for:
¢ Clarifying the dynamics of hadronization, through testihg parton/hadron energy loss mecha-
nism in SIDIS by introducing a piece of colored material - thecleus - which would modify its
pattern (length/nuclear size, chemical composition; semIB in [8]). Energies as high as®10
GeV in the rest frame of the nucleus will be accessible andr#mesition from low to high energies
(with hadronization expected to occur inside or outsidentihdeus respectively) could be studied.
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¢ Establishing the dynamics of QCD radiation though the mmegsant of forward jets in DIS (see
Kutak in [3]).

Studies of hadronic final states through Monte Carlo sinadatising DPMJET-11I [11] for
the purpose of detector design, are under way [5].

Summarizing, | have presented some of the observables gaitopities at smalk, whose
measurement at the LHeC will offer most valuable infornmatio clarify the high-energy behavior
of the strong interaction. Work on all these aspects is imymss, with the aim of producing a
Conceptual Design Report before the end of 2010.
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