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Ring on Ring Colliders

In this session we three reports on ring-ring colliders  for electrons on protons and heavier ions:  Ring on Ring Electron Ion Colliders by S. Peggs, BNL, Ultimate Luminosity Electron Ion Colliders, A.N. Skrinsky, BINP and HERA, Status and Plans.

Ring on Ring Electron Ion Colliders  (S. Peggs)

Interest grows in scattering electrons from protons and heavy ions.  New projects and additions to existing facilities are being studied.  The EPIC project (MIT-Bates) would be a new facility.  e-RHIC would be an addition to the existing RHIC facility.  Eventual use of HERA for this purpose is also under consideration.  Most projects envision the possibility of having polarized electrons and polarized protons, with pre-polarized beams being injected.

Accelerator physics and technology issues which are common to this type of facility are, for the ion storage ring are long range beam-beam effects, the electron cloud effect, intrabeam scattering and Laslett space charge tune shift.  For the electron ring the issues are synchrotron radiation power and power density, polarization, spin matching and spin manipulation at the IP.

For the ion ring, avoidance of limitation by parasitic beam-beam interactions force the need for quick separation of the beams at the collision point.  In the electron cloud effect, electrons released by ionization are driven to the vacuum chamber wall by the field of the beam where they create secondaries.  This process can lead to a resonant buildup of electron current which deposits energy at the cryogenic temperature of the ring as well as having the potential for exciting beam instabilities.  Intra-beam scattering redistributes kinetic energy of the various degrees of freedom with the practical effect that the beam grown in size, lowering the luminosity.  Electron cooling can overcome this effect.  The space charge tune shift spreads the frequencies of the beam particles and if too large can put them onto resonances which result in beam loss, thereby limiting the acceptable charge density in the bunches.

For the electron ring there will be synchrotron radiation power to be removed in the arcs and in the IP.  The complex nature of the IP and accompanying spin rotators may make for heavy heat loads and severe detector backgrounds that need investigation.  With the need for spin matching and the difficulties of crossing depolarizing resonances during acceleration, it seems that full energy injection with prepolarized beams may be required.

Ultimate Luminosity for Electron Ion Colliders (A.N. Skrinsky)

In this study the goal is to explore the practical limits to luminosity in ring-ring electron ion colliders with and without electron cooling of the ions.  Taken into account are beam-beam parameter limits, 0.005 if no cooling and 0.05 if cooling is used, intrabeam scattering effects, limits to electron charge density via single bunch instabilities, radiative scattering losses of electrons and the effects of practical electron cooling apparatus including the recombination loss of ions as a result of electron cooling.  The focusing parameter at the interaction region, (* of 3 cm is assumed possible in all cases.

The results depend on the atomic number of the ion.  For protons, for example in a 4GeV electron beam on 40 Gev proton beam, a luminosity of 1033 cm-2s-1 seems achievable with or without cooling.  In the case with cooling, however, the electron beam power is greatly reduced, there by reducing concerns of synchrotron radiation power deposition and background liability neat the IP.  In the case of uranium on electrons the luminosities with and without electron cooling of the ion beam are 1031 and 1030 per nucleus respectively, making use of electron cooling highly desirable.

These results were compared with a formal and detailed study made by BINP for GSI, the Electron Nucleus Collider, ECN.  The final parameters of the facility design were very close to those derived quickly based on the principles mentioned above.

HERA Stauts and Plans (G. Hoffstaetter, F. Willeke)

HERA performance continues to improve.  About 70 pb-1 were obtained in 2000 running with positrons.  An average lumi of 1030 cm-2s-1 was seen with a peak lumi of 2 ( 1031.  By now, most means for increasing specific luminosity have been saturated and running with 55% polarization even with unskilled operators is routine.  

A major upgrade is now being completed in which the (*’s will be lowered by adding superconducting quadrupoles and other elements and placing them closer to the IP than was formerly the case (11m instead of 26m).  It is hoped by this means to achieve a peak lumi of 

7 ( 1031 and by pressing on all parameters perhaps 1.3 ( 1032 may ultimately be achieved.  There will be some challenges with the new IR optics coming from the increased synchrotron radiation load and tune-up of polarization.  

Farther future possibilities include further lumi increases through increasing the proton beam brightness by rf coalescing.  Beyond that, depending upon the outcome of the TESLA program, one can envision scattering the TESLA beam off a proton beam in HERA.  Another future might include injecting heavy ions in the HERA proton ring as well as polarized protons.
