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OUTLINE

» The beam-beam effect limiting RHIC pp luminosity is partially
compensated by using two electron lenses.

» Alignment of the overlapping electron and proton beams in these
lenses is critical.

» A new beam-overlap diagnostic tool, the electron backscattering
detector (eBSD), is described in detail.

» Results are described for the commissioning of these instruments
and for their successful use during the 2015 pp RHIC run.

» Other possible non-invasive, real-time diagnostic applications are
briefly mentioned.



One electron lens for each proton beam cancels the beam-beam radial kicks.
Coulomb — scattered electrons are used for beam overlap optimization.
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Electron lens misalignment effects

» Only a slight misalignment can be tolerated for
effective compensation of the beam-beam effect.

» A significantly misaligned lens is worse than no lens at
all.

» The maximum tolerable misalighnment is of the order
of 0.3c:
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Using BPMs for achieving and maintaining alignment
is very challenging.

The DC electron beam needs to be chopped, which
may affect its stability.

Very different pulse shapes lead to unavoidable
electronic offsets.

Instead of determining individual beam position, an
overlap or luminosity monitor is required.






Approach for estimating scattered electron energies an intensities

A coordinate transformation to the proton frame (top) lets us use standard Rutherford-
scattering equations. Transforming the results back to the lab frame (bottom) yields the
results shown on the next slide.
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Scattering angles in the lab frame of 5 keV electrons scattered by 250GeV
protons as function of the corresponding angles in the proton frame. In the
proton frame, the electron beam energy is 157 MeV.
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Energies and scattering cross-sections of 5 keV electrons and 10
eV electrons (dotted lines) backscattered by 250 GeV protons as
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Electron beam trajectory and values of the guiding magnetic field
in one of the two e-lenses
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Perspective and plan view of one of the RHIC electron lenses.
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Simulated trajectories of two scattered electrons
generated inside the 6 T solenoid
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Schematic of the
electron
backscattering
scintillation detector
(eBSD) and its
housing.
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Stopping power (blue) and energy loss in the 100 um thick titanium
window (red) as function of electron energy.
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Mechanical details of
the detector housing
and of the 100 um
thick titanium vacuum
window
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Counting rate as function of vertical displacement of the eBSD detector
obtained with a 3He beam consisting of 93 bunches with 4.7 E10 ions per

bunch and a 6 keV, 88 mA electron beam.
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Horizontal and vertical 35000
beam separation scans
obtained by steering the
5 keV electron beam
with respect to the 100
GeV/nucleon gold beam.
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Manual beam
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Pulse height spectrum from the scintillation detector used in one
of the RHIC electron lenses.
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eBSD pulse-height spectra including the signal of a high precision light pulser (right
peak) obtained at the beginning and the end of the 2 month long proton run.
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PERFORMANCE DURING ONE STORE
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Source of one of the
systematic errors

Magnetic field profile (a)
and beam trajectories and
envelopes (b and c) used
for the evaluation of one of
the systematic error
sources.

Over a small fraction of
beam the overlap regions,
the electron beam isn’t
centered with respect to
the proton beam.
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Systematic error analysis

Simulated peak asymmetry 100
(blue) calculated for the
parameters shown in the
previous slide. The
calculated peak position
error was 18 um which was
negligible in this case but
could be applied as a
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Residual gas effects

Time-of-flight spectra of
electrons generated by
the interaction of the
100 GeV/u proton beam
with the residual gas.

The intensity pattern
reflects the proton
bunch intensity
variations.
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Potential use of eBSDs for <
beam halos monitoring. < =

Electrons from a hollow electron
beam (blue) are scattered by
halo ions (pink) , spiral along
field lines and are counted in
eBSDs (left). Extremely good
vacuum is required to minimize

. . . ) = Electron beam = Residual gas
counts originating from ION-8as interactions interactions

interactions (right).
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Concept for a Coulomb scattering
“electron wire” beam profile monitor.

A magnetized ribbon-shaped electron beam intersects the ion beam. The scattered
electron counting rate measures the degree of beam overlap. The ion or the
electron beam is scanned to obtain a profile.
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Concept of a multiple beam BPM based on scattered
electrons from the residual gas.
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CONCLUSIONS

» High energy electrons produced in small impact
parameter Coulomb interactions with relativistic
ions are being successfully used for beam alignment
in the RHIC electron lenses.

» Based on this experience, other such non-invasive,
real time beam diagnostic tools may be developed
in the future.
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