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Introduction

    Leptons have been used to probe the partonic structure of the proton from the late 1960’s, starting in fixed target deep inelastic scattering (DIS) experiments, and continuing to the present ep collider at HERA.  There has been a steady increase in the resolving power of DIS throughout this period, and along with this, an increasing understanding of the partons containing smaller and smaller momentum fractions of the proton.  After 10 years of ep scattering at HERA, we can reflect on the physics gained in ep collisions and  evaluate priorities for a future ep collider.

Why ep?

   The (as far as we know) pointlike electrons make ideal probes to study proton structure, since, in an ep inelastic collision, there are no leftover pieces of the electron to confuse us in our evaluation of the proton’s content.  The electron scatters intact and, if detected, can be used to completely reconstruct the properties of the ep collision.  By selecting the scattered electron energy and angle, the scale of the hard scattering between the probe and the partonic components of the proton is known and tunable.  At an ep collider, the theory of strong interactions between the quarks and gluons (QCD) can be studied in an almost background-free environment.  Also, some unknown but theorized new physics processes, e.g., leptoquarks, have uniquely defined signatures in ep interactions.

   Finally, an understanding of proton structure, as well as an understanding of QCD parameters and dynamics is necessary to understand potential new physics from future hadron colliders.

Physics Priorities at a Future ep Collider

   HERA was planned as a tool which could discover a wide range of exotic physics signatures, e.g., leptoquarks, quark sub-structure, excited electrons, SUSY, and others, as well as to measure proton structure functions.  As it turned out, HERA was most powerful in its contributions to the understanding of the physics of small momentum fraction partons – low x physics.  What we can project from our experience at HERA is that a future, high energy ep collider will be a very powerful tool to be used in the study of perturbative QCD dynamics and parton densities at low x.  With sufficient luminosity, high x quarks can be studied at very high resolution – their x distributions can be measured and decomposed by flavor.  Finally, at higher (s, searches for new physics that might only couple to ep interactions can be performed.

Perturbative QCD Dynamics at Low x   

   Parton evolution has traditionally been described by sets of linear equations denoted by : DGLAP (evolution in Q**2  at fixed x), BFKL (evolution in 1/x at fixed Q**2), and DLLA (evolution in both variables).  At HERA, even at small x, the DGLAP equations are able to describe the inclusive F2 structure function data – as long as the input gluon distribution at some small scale is large enough.

Colliding 250 GeV electrons from a tangential linear collider on the 20 TeV protons from the VLHC would allow partons with x = 5*10E-7 to be probed at a Q**2 of 10 GeV**2.  F2 evolution in this region should severely test the DGLAP equations.

   At the extreme low x values described above, non-linear effects in parton evolution should begin to show up in the data.  At some point (for gluons, usually when xg ~ Q**2/(s) unitarity constraints require that parton evolution saturates (evolution is balanced by parton re-combinations).  This is a region of highly non-linear behavior even though the coupling is small, because the density of states is at its maximum value.  For inclusive measurements, this unitarity boundary should be reached at x = ~10E-6 with Q**2 = 10 GeV**2, easily reachable in an ep collider at the VLHC.

   Finally, the approach to the high density QCD regime may start in small regions of the proton before spreading throughout its volume.  This phenomenon can be studied by choosing forward-going jets which represent scattering from a small region of the proton at low x.  The rise in cross section as x decreases, but with the jet momentum fraction kept fixed could show saturation effects if they exist.  These small regions have been denoted “hot spots”.  

Proton Structure

   At a 250 GeV e X 20 TeV p collider, the kinematic reach for inclusive measurements of the proton structure function, F2(x,Q**2), extends both the Q**2 and x limits by more than 2 orders of magnitude over HERA.  Here at Snowmass, we have begun a study of the positions of light and heavy quarks in pseudorapidity for various e and p beam configurations.  For the above ep beam configuration, the b and c quarks extend to very large pseudorapidities – up to 9, about 1 unit farther than at HERA.  If a more symmetric option is chosen, the quarks are distributed more centrally.  Further studies will be done for a variety of beam configurations, including the range of possible flavor pdf measurements in both x and Q**2.

Beyond the Standard Model

   Probably the most obvious choice to search for new physics at a future ep collider is leptoquarks.  Again, the above ep configuration could extend the mass limit on such an object up to 4.5 TeV.  Also, evidence for R-parity violating SUSY has the same signature as a leptoquark in ep scattering, so this would also be a natural search topic.  If leptoquarks are found, a future ep collider would be an ideal place to study, e.g., spins, fermion numbers, and branching fractions of these objects.

Detectors for Future ep Options

   Two general configurations have been considered for study – a more probable asymmetric ep beam configuration similar to HERA, and a more unlikely symmetric option.  For the asymmetric case, which would probably be even more asymmetric than HERA, a detector resembling a fixed target detector might be the optimum choice.  It might need a scattered electron detector on one side of the IP, and a forward calorimeter to measure hadrons on the other side.  For the symmetric case, a more conventional collider detector might suffice.  These options are under study.

Conclusions

   A future high energy ep collider at the VLHC is seen as a QCD “Factory”, ideally suited to study all aspects of QCD including parton evolution and the transition to and properties of the high density regime.  Proton structure functions and flavor pdfs can be measured, extending the present data by several orders of magnitude.  Finally, new physics can be investigated at multi-TeV scales.

