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Beam-Beam Tuneshift Compensation

19.d.
Background
The mission of the R&D project of Beam-Beam Compensation (BBC) with an electron beam is to install two “electron lenses” in the Tevatron collider, to investigate their effect on the antiproton-beam dynamics, and to study their potential for increasing the collider luminosity.  Linear BBC may lead to some 5-10% luminosity increase; non-linear compensation may lead to a 10-30% increase.  

The first TEL (TEL = Tevatron Electron Lens) was installed in the Tevatron in March 2001.  In the second half of FY01 and the first half of FY02, the TEL operated in a single bunch regime with an electron pulse repetition rate of 47.7 kHz.  Most of the TEL operation was devoted to beam studies with 980 GeV beams.  All specifications for the electron beam were met during the course of beam studies in 2002-03.  The effect of the TEL on the proton beam lifetime has been greatly reduced.  The first indication of successful operation of the TEL for Beam-Beam Compensation in an actual HEP store took place in May 2003 when the emittance increase of a specific antiproton bunch was reduced.

Since January 2002, the TEL has been in routine use for cleaning DC beam out of the abort gaps in the Tevatron beam. Given the great operational importance of this cleaning function, the fabrication of a second electron lens has been started.

The A11 location in the Tevatron tunnel has been chosen as an appropriate candidate location for the second TEL.  

19.f.
Accomplishments in FY04

In the second half of FY03 and the first half of FY04, the TEL has been in continuous use for cleaning DC beam out of the abort gaps in the Tevatron beam.  Several end-of-store studies were devoted to Beam-Beam compensation with 980 GeV proton and antiproton beams colliding in the Tevatron.  It was demonstrated that the electron-antiproton interaction does not affect the proton beam, allowing the frequency bandwidth of the TEL HV modulator to be significantly reduced.  A new electron gun is being designed to replace the Gaussian gun with a wider electron beam with smooth edges.  A second HV modulator and collector have been built. 

IHEP (Protvino) fabricated the magnets for the second TEL in FY04.  The electron gun, collector, vacuum system and diagnostics are being fabricated at FNAL.  As with the first TEL, the second TEL will be tested in the E4R building prior to installation in the tunnel.

The second TEL is to be installed at A11 in the A0 sector.  This location is subject to higher radiation levels; special shielding is being designed for this TEL’s superconducting magnets. 

19.g.1.
Accomplishments Expected in FY05

We plan to continue beam studies with the TEL in FY05.  The major goal of studies will be improvement of the antiproton emittance lifetime using the Gaussian electron beam.  The TEL will be operated continuously for DC beam cleaning and as the DC beam intensity diagnostics tool as needed in Run II with 36x36 bunches.  

The present absolute accuracy of the beam position measurement is about 0.5 mm for all three beams – proton, antiproton and electron (the relative position measurement is good to 20-50 micrometers).  It is planned to install new BPMs to improve this accuracy by a factor of 3 for the TEL at A11.  

Further studies will allow us to further develop the theory of TEL-Beam Beam Compensation.  

19.g.2.
Future Accomplishments Expected in FY06 and Beyond
It is expected that the second TEL will be operational and available for high luminosity Tevatron operation.  

Beam studies/demonstration in the Tevatron with both TELs include (in order of priority):

1. High current TEL tune shift manipulation with 3 bunch trains (rep. rate of 2.5 MHz, pulse width 2-5 microsec, electron-current ~ 0-3 A).

2. Initial studies of non-linear electron-antiproton beam-beam effects (single bunch operation, Gaussian or “hat” e-current profile, e-current ~ 0-2 A).  The topics to be investigated will depend on theory predictions.
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