SLIP STACKING FOR THE FERMILAB LUMINOSITY UPGRADE

S. Shukla, C. Ankenbrandt, D. Capista, |. Kourbanis, J. Marriner, D. McGinnis, J. Steimel and
R. Tomlin
Fermi National Accelerator Laboratory, Batavia, IL 60510 USA

Abstract

Increasingthe proton intensity available for antiproton
production is part of a plan for increasing the
luminosity in the Fermilab Tevatron in the néature.
We intend to increastine proton intensity using kind

of momentum stacking in the Main Injectcalled Slip
Stacking [1]. We report the status of te#ort towards
its implementation.

1 INTRODUCTION

According tothe currentplan for Run II, the 120 GeV
protonsused inantiproton production will bebtained
by transferring one booster batch into the Miajector
at 8 GeVandaccelerating it tal20 GeV. We intend to
increase the antiproton production rateising Slip
Stacking in the Main Injector. This involves stacking
two booster batchegnd to endbut with slightly
differing momenta, into the Main Injector. The two
batches have different periods wévolution and 'slip’
relative to each other azimuthally and finally overlap.

The fractionadifference inperiods ofrevolution
for the two batches is given by

whereépE is the fractionamomentumdifference and
is the slip factor. The slip factor is given by
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For the MI, y; = 21.8and at injectiony = 9.55

and n 8.86 x 103, The duration of a booster
accelerationcycle, T = 66.7ms. At injection, the
length of a booster batch | = 1.%i&, and theperiod of
revolution in MI, T = 11.14ps. If the twobatches are
injected 46 MeV aparandallowed to slip, they would
overlap completelyafter half a Booster cyclei.e., 33
ms.

When they overlap theyare capturedusing a
single rf which is theaverage ofthe initial frequencies
associated with the two batches. The two batchight
be moved closetogether in momentum if a smaller
longitudinal emittance for the final beam esired.
Since the boostaand Main Injectoracceleration cycles

are 66ms and 1.5s respectively, we expect a substantial

increase in the pbar production rate, if the procassbe
completed efficiently.
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2 RF MANIPULATIONS

The following is a list offactors that determine the
optimum momentum separation between the two
batches, initiallyandjust beforethey are coalesced, and
the rf voltages involved.

1) A larger momentum separationreducesthe time
before the batches can be coalesced.

A larger momentum separationrequires a larger
horizontal aperture.

A smaller momentum separatigust before the
batches are coalesced leads terraller longitudinal
emittance for the final beam, if theffect of the
second rf system is small.

The rf buckets for the two batches get more distorted
as the separatrices move closer together. The losses
become fairlyhigh if the separatriceoverlap. So
the beams shouldpend aslittle time with their
separatriceslose together as possibbefore they
are coalesced.

The procedure used tbnd rf curvesthat would
result in a coalesced beam of small emittance containing
a reasonably large fraction dhe initial beams, is
describecelsewhere]]. A set of acceptable rf curves is
shown in figures la -1d. Figures l1a , 1b, dd 1d
show the variation, before coalescing, of

2)

3)

4)

1)
2)

the rf voltage for either of the two original beams,
the bucket height for either of the two original
beams,

the separation of thequency ofone of the two
beams from the mean of the twiequencies before
coalescing, and

the synchronous phase angle for one of the beams

3)

4)

respectively. The mean of the twieequencies before
coalescing is constant through the RF manipulations and
is the same as the frequency used for coalescing.
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Figure 1a : Variation of rf voltage for either beam.
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Figure 1b : Variation of bucket height for either rf.
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Figure 1c : Variation of the separation of dreguency
from the mean of the two frequencies.
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Figure 1d : Variation of the synchronous phase for on
of the two beams.

Fig. 2 shows the particle distributions justfore
coalescing in simulated beams of low intensitipjected
to the rf curves depicted in figures 1a-1d. The rf bucket
corresponding tothe two frequencies just before
coalescingarealso shown. The two bearase captured
with a single rf while theyare still accelerating. The
efficiency of accelerationand coalescing for a final
longitudinal emittance of 0.34V-s is 95%.The shape
of the final bucket is shown in the figure as taid
line. The dashedcurve inside the final bucket is a
contour containing 0.34V-s of areaThe distributions
were obtainedignoring all collective effects including
beam loading.

At higher intensities, some of theollective
effects are expected tbecomeimportant. We have
investigated the longitudinapace charge effeand the
effects ofbeam loading in the rf cavities. Wind that
the beam loading voltage is higind will have to be
compensated for.
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Figure 2: Beam distributions just before coalescing.

3 BEAM LOADING

If the quality factor, Q, is higlandthe bunch length is
short, the cavity voltage V(t) following theassage of a
bunch of charge is given by

V() :ch_rR e ~(@rort (3)

where Ris the cavity shunt impedanas; is the cavity
resonant frequency, awng1/2Q.
In the case that the bunches are spacedib@r/wy, the
voltage after the passage of n bunches is e#silyd to
be
qer 1- e—nT[(X
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We canapply eq.4 toestimate the beartoading

voltage. As an example, we consider the case where there

are two batches of 84 bunchesch inthe Main Injector
andthat the last 42 bunches of the first batoid the

V(n1) =

Sirst 42 bunches of the last batch overtap areexactly

in phase. We ignore thalifference in revolution
frequencies of the two batches ahé difference between
the resonanc@&equency ofthe cavityandthe revolution
frequencies. Underthese circumstances, one case a
eneralization of eq.4 to estimate the bebrading
voltage as shown in fig. 3. The calculation is for a total
of 9 cavities with R/Q=100Q2 and Q=5000. The
voltage increases when the beam passes through the
cavities. During the time that the two beameerlap
the voltage increases at twice the rate. When the beam is
absent the voltagdecays at aate determined by the
time constantx.

Approximately 0.4 ms later the bunchase out
of phase and the beam voltage becomes very small.

This estimate of the beam loading voltage
indicates that, if uncompensated, the beatnading
voltage (1.5 MV)would dwarf the rf voltage (100 kV).

Our computer simulations show thaeyond bunch

intensities of 4x 109 protons/bunch, the bealwading
voltage would result in loss of beam if ndéalt with.



At this intensity the beam loading voltagecismparable
to the rf voltage.
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Figure 3. Beam loading voltage
We intend to control the beam loading voltage by:

1. Tuning all cavities to the nominal 8 GeV frequency.
2. Using feedforward on all the cavities. A resistive gap
measures the wall current. This curreafter being
properly scaled, can be applied tbhe cavity drivers.
Based on current MaiRing experience it is expected to
achieve a factor of 10 reduction the effective beam
current.

3. Using feedback onall the cavities. A signal
proportional to the gap voltage is amplifiadyerted,
andapplied tothe driver amplifier. This technique is
expected to achieve a factor 190 reduction (based on
previous experience inthe Main Ring and results
achieved elsewhere).
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If all these effortsare successful, beanading
should be reduced sufficiently.

4 CONCLUSIONS

The problems associated with the implementation
of Slip Stacking are being studied using conputer
simulationsandbeam in the Main RingBased on the
studies so far, beam loading voltagppears to be the
most serious problem, and we are working on solving it.
We plan to study the methods ofducingthe beam
loading voltage mentioned in Section 3 and the effects of
the reduced voltage on the beam.
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