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In a previousnote1 we pointedout a recoherenceechophenomenonwhich may beelicited

in longitudinalacceleratorbunchdynamics,and suggesteda plausiblescenariofor demon

strating it at the IndianaUniversity Cyclotron Facility IUCF Cooler Ring. As space

chargeeffectsinhibit the initial decoherencewhich is a necessaryprerequisiteto a recoher

enceecho, it is essentialto suppressthe electroncooling normally usedin this ring, so as

to be ableto attain a low proton density. At the 45 MeV injection energy,however, the

absenceof cooling severelyimpactsbeamlifetime, so it wasfelt advisableto investigatethe

scenariowherethe 45 MeV injected beamis promptly acceleratedto 400 MeV,1 at which

energyuncooledbeamhasa much longer lifetime. It then turns out that the combined

decoherenceand echorecoherencetimes amountto just a few tenthsof a second.1As it is

estimatedthat uncooledbeamat 45 MeV would in fact survive at leastaboutone second.

we are led to reconsiderthe needfor the accelerationstep to 400 MeV, as theproposed

echoexperimentwould be simplified, madecapableof morefrequentrepetition,and made

morereproducibleby carryingit out at the 45 MeV injection energy. The purposeof this

note is to presenta technicallyplausiblescenariofor sucha 45 MeV echoat IUCF.

Onceagainwe usethe longitudinal tracking code ESME2 to simulatethe echo,but now

at 45 MeV, taking full accountof the effectsof spacecharge.Again we assumejust a single

bucket,which containsthe lone bunchof 3 x 106 protons,the 0.5 pA of beamcurrentbeing

enoughto permit the phasedetectorto satisfactorilytrack the synchrotronoscillationsof

the bunch centroid. Figure la shows the phasespaceportrait of this bunch, assumedto

be a Gaussianof rms length 12°, which has just been displaced40° in phasefrom the

centerof the bucket. Figure lb shows the samebunch after 100 ms, at which point the

spiral filamentationdecoherenceis well advanced,notwithstandingthe remainingspace

chargeeffectsof this low-density bunch. The rms transversebeamsize hasbeentaken

to be 3.4 mm within a beampipe which averagesabout 51 mm in diameter,and the RF

voltagehasbeentakento be 95 volts. Additional relevantparametersfor theIUCF Cooler

Ring areits transitiongammaof 4.85 and its circumferenceof 86.82 m. The RF voltage

is now increasedfrom 95 volts to 165 volts for 0.1 ms about 103 turns, after which it is
restoredto its former95 volt value, thus producingtheRF voltagepulsewhich is supposed

to initiate the echo. Figure lc shows the elliptical deformationof the phasespacespiral

which resultsfrom this RF voltagepulse. Decoherenceof this ellipticaily deformedspiral

leads,by 200 ms after the phasedisplacement,to the characteristicconfluenceof phase

reversaltips which comprisesthe echo peak, as seen in Figure id. Figure 2 displays
the completehistory of the echo in terms of the bunchcentroid’ssynchrotronoscillation

amplitudeversustime. Again we seethat thefull time neededfor the echophenomenonis

just afew tenthsof a second,which ought to be comfortablycompatiblewith theestimated



one-secondlifetime of the uncooled45 MeV beam. It is hoped that an echoexperiment

alongtheselines can be carriedout during the summerof 1993 at the IUCF Cooler Ring.
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Figure 1. a Phasespaceportrait of 12° rms length Gaussianbunch at 0 rns, launchedat 45 MeV with
a 40° centroid displacement. b Same bunch after 100 ins, now decohered,notwithstanding
the effects of spacecharge3 x 106 protons in the bunch. c The decoheredbunchelliptically
deformedby the RE voltagepulseRF voltage was increasedfrom 95 volts to to 165 volts for 0.1
ms, and then restoredto 95 volts. d Confluenceof the phasereversaltips at 200 ms, nearthe
peakof the echophenomenon.
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Figure 2. Centroidsynchrotronoscillation amplitudehistory of the echowhich hasbeendepictedin Figure 1
by meansof selectedsuccessivephasespacesnapshots.Long vertical bar locatesthe time 100ms
of the BY voltagepulse.
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