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RF MANIPULATIONS IN THE FERMILAB MAIN INJECTOR

|. Kourbanis, and D. Wildman, FNAL, Batavia, IL 60510 USA

Abstract

The Fermilab Main Injector willhave amultifunctional
role in the Run Il Collider run. It will not onhprovide
beam for antiproton stackingnd intense proton and
antiproton bunches to the Tevatron collider, but wiflo
decelerateantiprotons for recycling in the newRecycler
Ring [1]. To accomplish these goals a series of
manipulations will be needed.

A total of 36 coalescegroton bunches will beeeded in

the Tevatron foreach store so toavoid repeating the

coalescing process 36 times, we plan to eventually inject

from the Booster 4 groups of 5-7 bunches egmdrced 400

nsec apart accelerate them to 150 GeV, and coalesce them.

en the 4coalescedouncheswill be transferred to the

evatron and the whole process will be repeated 9 times.

In order for the multibatch coalescing to wafficiently

we need toapply beam loading compensation to the 53

MHz cavities during the 2.5 MHz rotation.

1 PROTON COALESCING

In order to provide intense proton bunch&gqx 10°ppb) 2 ANTIPROTON ACCELERATION
for the Tevatron, five to seven 53 MHz protbanches
will be colalesced using a rotation in a 2.5 Mklrmonic
RF system [2],[3]. The coalesced bunch is thesaptured
with 1 MV of 53 MHz and then the voltage is
adiabaticallyreduced t0440 KV to match the 1 MV
Tevatron voltageBefore coalescingeach ofthe proton

bunches has a longitudinal emittance of about @'Sec o0 o 061 5 eV.sec andntensity of 60x10°p each.

and atypical intensity of 40-50x10"p. The coalesced Since we are going to exceed the Main Injector

bunch will have a longitudinal emittance of 1.4-2.0 evr'nomentumaperture if wetry to acceleratethese large
sec depending on the number of coalesced bunches.

) ; . longitudinal emittance bunches trough transition, the 2.5
The coalescing process has been simulatitd ESME d 9

a1 A tai f lescing is sh in Fi MHz coalescing cavities will beused for crossing
[4]. A mountain range of coalescing is shown in Figure }ransition. This willrequire a2.5 MHz low level control

system with aradial position loop inorder to keep the
beam in the design radius during the acceleration.

Four antipron bunches at a time will lmgectedfrom the
Recycler at8.9 GeV in 2.5 MHz buckets. The 2.5 MHz

fé\\& voltage will be adiabatically raised from 2.0 KV

To providethe 36 antiproton bunches for thieevatron
collider, Main Injector will have to accelerate cooled
antiproton bunchesprovided by the Recycler. No
antiproton coalescing isieeded.The cooled antiproton
bunches from theRecycler will have a longitudinal

3x10t

(matching value at injection) to 60 KV. Then tieur
antiproton bunches will bacceleratedhrough transition
to 25 GeV. At 25GeV abunch rotation igperformed by
dropping the 2.5 MHZ voltage to 6 KV for 1/4 of a
synchrotron period and then raising it back to 60 KV for

ox 10t

Turn Number

2 f % % another 1/4 period. After bunch shortening, the antiproton
%%&% bunclhest a:jret O:rles%ap(t;r?/d indthti 53‘t MI]-JZ r(l; . t;ucl;ﬁts,
Do ooy oo o o o ol accelerate eV, and then transferredinto the

) MJW%M Tevatron. This entire process is summarized in Fig. 2.

- 0 1 The entire acceleration process afe antiprotonbunch
e ¢ [dearee] has been simulated using ESME. A mountain range of the
transfer from 2.5 MHz to 53 MHz at 2BeV is shown in

Figure 1: Mountain range picture of theoalescing

process. One degree equals 31 nsec. Fig. 3.
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Figure 2: Acceleration ofantiproton bunches from the
Recycler into the Main Injector.

Figure 3: Mountain range picture of ttransferfrom 2.5
MHz to 53 MHz at 25GeV during the antiproton
acceleration.

No emittance blowup i®bserved duringhe transition
crossing. The final longitudinal emittance is 1.68-sec
with the 10% growth happeninduring the transfer from
the 2.5 to 53 MHz.Beam loading on the2.5 MHz
cavities is a concern that needs to be addressed.

erator Conference, New Y ork, 1999

3 ANTIPROTON DECELERATION

The antiproton bunches left at tead ofthe store in the
Tevatron colliderwill be recycled. For this, after the
proton bunchesare eliminated at 1000 GeV, the
antiproton bunches will bdecelerated td50 GeV. From
there they will be transferred tothe Main Injectorfour
bunches at a time for a total of nine transfers.

The deceleratechntiproton bunches wilhave a typical
longitudinal emittancedetween3-4 eV-secso, as with
the antiproton acceleration, we wilked totransfer to the
2.5 MHz system before going through transition.

The transfer from 53 MHz to 2.5 MHz &complished
at a front porch at 25 GeV. First the 53 MHz voltage is
reduceduntil the beam fills the bucket. The 53 MHz is
turnedoff and the bunchesare rotatedor a quarter of a
period in 2.5 MHz buckets with 60 KV of 2.5 MHz and
12.0 KV of 5.0 MHz. The rotated bunchesare captured
with 300 V of 2.5 MHzand then the voltage is
adiabaticallyraised to 60KV. Next the bunches are
deceleratedhrough transition to 8.9 GeV, the voltage is
reducedill the beam fills the buckeandthe bunches are
transferred to the RecycléeFhis process is summarized in
fig. 4.
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Figure 4: Deceleration process of antiproton bunches in
Main Injector.
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about 1.8 nsec. The rf voltage is thénopped to350 KV
within about 40usec by doing a fast paraphasingdeally

in one quarter synchrotron period ( 4msec ) the
mismatched bunch rotates to spary nsec within the
bucket. At this point the rf voltage is suddendysed back
to 3.5 MV and the bunch rotates anotheaarter period so
that the bunch energy spread becomes 205 Med the
full bunch length becomes 0.8 nsec.

An ESME picture of the proton bunch narrowing is
shown in Fig. 6.
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Figure 5: Mountain range picture of tfransferfrom 53
MHz to 2.5 MHz at 25GeV during the antiproton
deceleration.
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The transition crossing with @V-secbunches results in
a 25% emittance growth, mostlgue to nonlinearities
because of the slow transition crossing (the nonlinear tir £
T, much longer than the non-adiabatic time).

To reduce the emittance growth during transition crossir
a bipolary, jump was considered in ttgémulations. The “ans 0 005

bipolar jump considered maintains a clearance of : e 0 [degree]

o}

[y—yt]20.65=2%Tn, except for about 10 msec.

Figure 6: Mountainrange picture of the protobunch
narrowing. After two successive bunch rotations the
bunch length is reduced by half.

Transition is crossed ai@about d(y —y,)/dt = 130sec?,
almost 30 timesfaster than wthout a jump. ESME
simulations predict that crossing transition with suc, a
jump leads to nagparticle loss and reduceshe emittance
growth to less than 10%. At present there are no plans for
a y; jump during deceleration.
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energy 8 GeV andmomentumspread Ap/ p = 3%. The 4] J 9_'}"225‘&2'@2; ggfi‘é';?”lggguaiss“ﬁe“g_ “User's Guid&3iE
antiproton beam has the same time structure as the
incident protons. The proton bunch spacing-to-length ratio
is made as large as possibte20:1) so that the resulting
antiproton momentunspreadmay bereduced bybunch
rotation in the debuncherring where time spread is
exchanged for momentum spread.

The narrow bunches in the Main Injecte obtained by
doing two successivene-quarter periogphase rotations
within unmatchedbuckets. At 120GeV flattop the rf
voltage isheld at3.5 MV so the proton bunchesith

0.15 eV-seclongitudinal emittance have a full width of

2842



