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Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.
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, Observation or the Coalescing of Beam Into an Asymmetric RF

Bucket by Stochastic Cooling

Atf,ed MUu_H,II_. X_mPingLu
Fenm_ AcceJm_rUeomme/t
P.O.Box 500.Bmvia, IL 60510-0f_0

beamdistributionobserved on a gapmonitoris _ in
ABSTRACT Figu_I.TheRFvoltageisalsoshown.Therelativelimeof

Antipmwnsinthede,buncherring at FermilabImvebeen theRF withrespecttothepp mcmiu_hasbeenadjusu_in
obsm'v_tobebunchedoum_leofthe"bmmerbucket"wherethefiguretotheexpectedloca_n.Thepps inthebeam
cooled to small L_p/pwith the stochastic cooling. This disu'ibmioncausedby the trainerbucketareclearlyvisible,
bunchingoccursin thesamelocationasavery smallstable am/lhc dis_budon is noticeably
bucketintheRFwaveform. Thestochasticc_oimg appears
m becausingbeamtlm, is origina/lyuniformlydismbuu_ m o.oo15 ...... ' • • '
bempumdby misstablebocke_ =o.ss_

0.001

L INTRODUCTION _.,.a'n
Duringnennalstacking_ inthePBARsource

an_ sreinjec_.dintomedeb_ snx_q_eringand o.oo_
cooledinalitluee_ bysxochasticcoolingforseveral
secondsbeforebeing u,ansferredto the accumulm_smrqe _ o --
ring.Whileinthedebunchera barrierbucketRF sysuemis _ !
usedm_ a g_. in _hebeamdis_b_ion. Thisensures

thebeammm beinjemedinwthesmallercircumference.o.ooo6

accumulatorwithhigh_. _,_
-0.001
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Figure2.PanicleTrajectoriesintheRF bucket,
Contoursare0.01_spaninAp/p.Thesynchromm
pedodis shownfora few tra_ Thedouedmow is
a passiblepmhthata particlemy rakeas it is cooledby
u_emoclm_ mol/ng.
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Figure1.Beamdiao'i_t_oom thepp moe,_,rafter2.4
_c=_:L_in_ m_dRFvolm_'w'aveform. ,mo
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]I.BEAM DISTRIBUTION _ 2.4 SECONDS a

INDEBUNCHER _ _o
100

Thebeamisinitiallyinjec_duniformlyinw the space
outsideofthebamerbw,keL Aher2.4secondsofcoolingthe o " "
longitudinalenmlDvdisudbutionis roughlygaussianwith a o Oa 0.4 0.6 0.8 1 12 1.4 1.6 .S
sumdm_deviadonof about_plp = 0.08%.At _ time the Time(mc)

Fqpme3. Ptedic limedimribudmofbeaminjecud
unifcmly into the bucket_ in Figure 2 with no

?OpemedbytheUnive_ties P,esem_ _Inc coolingafu=Z4second_
undezccmm_withtheU-q.Deparunentc/'F.nm_.
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IU_BEAM DISTRIBUTION AFTER CC_I../NG For instance, a 400 as wide kicka cenm_d in time it the-- ,
Tbe asymmetryin theJz_e d_ribt_ has beea modded point indicated by the arrow in Fifm_ 4 could injecta f_esh

using a particle m_cing code similar to F..SME.The _ pulse of heron, which the s_ cooling would then cool
uniformbeamis in_ _ mm the_ b.c_ into _e bunch at the leh. In _ this is a much simpler
shown in F'_,ure2. Af_ a few seconds the lime distribution method of stacking than is cummtly used, it may have some
of the beam is predicted to look as in Figure 3. lt is inl_ent sdvanmgeoverthe existing technique.
asymmetricdo to theha tlm the buckethasmorephase space
area on the right hand side. There is good qualitative V. CONCLUSION
agreementbetweenthetwodis_butions. This paper documents another case of bunched beam

If thebeamis ccoled for about lS seconds in the debtmch_ cooling [I'2], a slowly emerging field, lt appears that
thelongitudinalenergydistributionwillstabilizewithan stochasticcoolingindeedcoolsbunchedbeams,andinthe
energy spre_ of sbout &p/p= 0.03%. The beamon the right presence of an asymmetric RF field can cause apparent
hand side of Figun_2 cmnot be cooled if it re,ms/ns on the bunchingof thebeam.
same contourline. _, as it is cooled it spiralsin
a path similar to that shown by the arrow in Figure 2. The
beam distributionon thegapmonitorafterabout 15seconds of VI. R,]_"E_CES

cooling is shown in Figme 4. Almost ali the ant/protons [1] J. Claus ct. al., _E_ml CootingOf Bunc,h_ Beams
have been pushed againstthe edge of the barrierbuckeL The In FNAL'S Accumulator Ring". AD/AP-19 (Feb 1990) "tSp.
large spike and two shoulden in the beam distributionclosely Fermilab LibraryOnly.
matchthe details in the RFwave form.

[2] J. Mm/n= ct. al., "BunchedBe.mnCooling in the FNAL
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Figure 4. Tune _ of beam in Debuncher after
10-20 s_mds of cooling, andtheRF wave fcm.

A seri_ ofin_ showedthatbunc_g deggtxled
only on how much cooling had been done to the beam, Le.
after cooling for I$ seetHis the stochastic cooling could be
turnedoff withouteffecting the distribution. The mount of
bunchingdid notvaryif d_ecoolingsystemwastunedtogive
_¢ bczma net _ er de(:rem_m er_y.

IV. POSSIBLE USES OF ASYMMEI_C RF
BUCKEI'S FOR STACKING

The coale,_ing of beamby _ cooling opens up the
_ssibility of stacking in the time domam rather than the
energy domain,as is now done in the PBAR source at
Fermilab. This could allow stacking in an accelerator with a
moreconventional latticethanthe accumulate, where a very
high dispersionsectionii usedtOphysicallyselxlm_thef_eah
injectedpulsefromthe___m,_,,_'d stack.






