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Abstract

The two different. coalescing schemes used in the Fermilab
Main Ring during the last collider run are compared using
the ESME [1] simulation program. The simulation results
are compared with the operational data. Finally, possible
improvements are suggested.

INTRODUCTION

Two types of coalescing are being used in the Main Ring
during this collider run. The first 1s the traditional type
of coalescing which was used before [2], and the second is
the so called “SNAP” coalescing used for protons. The
voltage waveform vs. time for the two types of coalescing
is shown in Fig.1. In the regular type of coalescing 11-15
h=1113 (53 Mhz) bunches are accelerated to 150 GeV in
the Main Ring and the RF voltage is adiabatically reduced
by paraphasing to a low value {(depending on the beam
emittance) until the beam area fills the f bucket. Then
the bunches are coalesced by a rotation in a 2.5 plus 5.0
MHz bucket and recaptured in a 53 MHz bucket. The
whole coalescing process 1n this case takes about | sec.

In SNAP coalescing the paraphasing has been re-
placed with a rotation. The 53 MHz voltage is suddenly
reduced to 30-50 kV (depending on thie beam emittance)
where the bucket Leight equals tlie beam Leight. Then the
beam 1s left to rotate for a quarter of a period in order to
achieve the minimmn AE. The rest. of the coalescing pro-
cess 1s the same as iu the regular coalescing. The SNAP
coalescing process takes about 200 msec.

ESME COMPARISON

The program ESME was used to cotipare the two coa-
lescing schemes. We considered 11 bunches with variable
longitudinal emittance rotated 1 a bucket formed by 20.6
kV of 2.6 MHz and 4.12 kV of 5.0 MHz. These values were

chosen because they are the maxinnun voltages available.

*Operated by the Unmiversities Research Association uonder con-
tract with the UL S, Department of Energy
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Figure 1. Voltuge vs time for Regular and SNAP Couslesc-

my

TABLE 1: MINIMUM AE va. EMITTANCE FPOR REGULAR AND

“SNAP* COALESCING COMPARED WITH THE IDEAL CASE
EMITTANCE REGULAR ~SNADP” IDEAL

{eV-gec) COALESCING COALESCING AE
AE (MeV) AE (MeV) {MeV)

0.10 4.60 6.00 2.60
0.15 6.70 8.50 4.00
0.20 B8.60 11.10 5.30
0.25 10.70 13.10 6.60
0.30 12.90 16.00 7.90

The capture voltage used was 800 kV, resalting 1 a final
longitudinal emittance of 378 eV-sec. It turns ont that
ever in regular coalescing where the 53 MHz rf voltage s
reduced till the beam fills the bucket, the maximum bucket
height achieved s still Taoeger than the AE of a vectangle
with base equal to the 53 MHz bucket width of 18.9 nsec
aud area cqual to the bein ennttance. In SNAP coalese-

ing, due to nonlinearities 1n the rotation, the heam does

g,
not extend to the edges of the hucket. As a result, the
AFE after the rotation is larger than thie AE m the regular

conlescing. Table | contaius the 95% AFE of the beam as
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Figure 2: Capture efficiency vs long. emittance for Regular
and “SNAP” Coalescing computed by ESME
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Figure 3: Fraction of beam captured in sattelites vs lon-
gitudinal emittance for Regular and “SNAP” Coalescing
computed by ESME

caleutated from ESME at thie end of paraphasing for reg-
ular coalescing and at the end of the 53 MHz rotation for
SNAP coalescing, compared at different heam emittances.
Also shown iu the same table is the AE for the equivalent
rectangle. As shown in Table 1, the paraphasing in regnlar
coalescing leads to a blowup in the beans emittance of a
factor of 1.6, while the rotation iu SNAP coalescing leads
to a blowup of about 2.0, The capture efficiency for hoth
coalescing schemes versus long. emittance as caleulated
by ESME is plotted in Fig. 2. As expected the efliciency
varies linearly with long. emittance. The fraction of the
beam captured in the two nearest sattelite huckets as a
function of the longitudinal emittance for the two coalese-
ing schemes is plotted in Fig. 3
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Figure 4: Capturc ¢fficicncy vs long. emittance for Regular
Coalescing
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OPERATIONAL EXPERIENCE

ESME sinmlation results were compared with experi-
ment. by nsing a Main Ring cycle with low intensity (to
avold emittance blowup at transition) and using an injec-
tion phase mismatch to vary the longitudinal emittance.
The resnlts of this comparison are plotted in Fig. 4 and
Fig. 6. From these figures we see that the experimen-
tal data agree fairly well with the ESME simulation pre-
dictions. The data also show that the capture efficien-
cies achieved with regular coalescing ave about 10% higher
than SNAP coaleseing for the sme emittauce. The prob-
lenn with regular coalescing is that at higher intensities the
bunches become unstable during the adiabatic debunch-
ing. having as result the blowup of the longitudinal emit-
tance and the eventual detevioration of the coalescing ef-
ficiency. Tlhis i the reason that regular coalescing is used
ouly for the low tensity antiprotons while SNAP coa-
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lescing is used for the protons. During collider operations
we coalesce 13-15 proton bunclies with typical intensities
of 2 x 10*" ppb and emittances of 0.28-0.30 eV-sec. The
capture efficiency varies between 54 % for 15 bunches to
61 % for 13 bunches with about 20 % of the beam cap-
tured in the two neighboring sattelites. Typical coalesced
proton bunches have intensities of 130 — 150 x 10° ppb,
while a few bunches have been observed with 165 x 107
ppb. These values agree with ESME predictions which are
58% for 15 bunches and 62% for 13 bunches. Antipro-
tons have a parabolic bunch intensity and emittance pro-
file, i.e the intensity and emittance is larger for the central
bunches. The typical longitudinal emittance of the central
antiproton bunches is 0.23-0.25 eV-sec and the coalescing
efficiency is about 85-88% iu agreement with the ESME
values of 89-92%. Typical coalesced autiproton intensities
are 65 x 10"

CONCLUSION

A new method of coalescing called SNAP has been sue-
cesfully tried in the Fermilah Main Riug in order to avoid
the instability problems happening during adiabatic de-
bunching at high intensities. In the future we planu to add
a second harmonic cavity (106 MHz) iu order to linearize
the rotation in the 53 MHz bucket. This will make SNAP
coalescing as eflicient. as regular coalescing.
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