Kinetic Theory of Periodic Holesin Debunched Particle Beams
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Obsenationsaswell asnumericalsimulationsof coast-
ing hadronbeamsn circularacceleratorandstorageings
have revealedthe excitation of long-lived coherentstruc-
tures superimposedn the beam. Such beams,which
areinteractingwith the electromagnetidields inducedby
the ring ervironment, can develop holes (or notches)in
the longitudinaldistribution functionandin the associated
line densityat thermalvelocitieswherelinear wave the-
ory would predict strong Landaudamping. It is hencea
nonlinearkinetic featureof the VLASOV-POISSONSsys-
tem which is responsiblefor this ubiquitousphenomenon
in beamandplasmaphysics.

In our contritutionwe reportaboutrecentprogresg1-6]
in the theoreticalunderstandingf theseholes,including
thosestructurefoundrecentlyatthe CERNPSB[7].

We shav how the VLASOV-POISSONsystemcan be
solvedself-consistentlyn thesmallamplitude steadystate
limit. The method, which was proposedby one of the
authorsearlier[8], consistsfirst in solving the VLASOV
equationin termsof the constant®f motion (oneof which
is the singleparticleenegy H = % + ¢q®), from which
theline densityasafunctionalof theelectrostatigotential
® canbeobtainedoy avelocity (momentumjntegrationof
the distribution function. In the secondstep,POISSONS
equation,beinga secondorderordinary differentialequa-
tion in the resistive or purely reactve case,canbe solved
easilyfor givenboundaryconditions.

The analysisreveals new intrinsic modeswhich owe
their existenceto a deficieny of particlestrappedin the
self-sustaineghotentialwell, shoving up asnotchesn the
thermalrangeof thedistribution function,seeFig. 1.

Severalconclusionsanbedravn immediately:

1) resonant(trapped)particlesrequire a full nonlinear
analysis(-L Ed, f1 is of the sameorderas ;£ Ed, fo,
namelyO(¥), wheref; = f — foandE = -0, 9, fo
is the undisturbedand f the actualdistribution func-
tion), no matterhow smalltheamplitudeV is;

2) thelinearwave spectrumpbtainedby aLandau(Keil-
Schnell-Ruggiero-¥ccaropravanKampenanalysis,
is incompleteeven in the small amplitudelimit and
hencedoesnot provide anappropriatébasisfor agen-
eralwave theory asit is usuallyassumed;

3) for their existencein plasmasholesdo not requirea
linear instability as they can be excited nonlinearly
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Figure 1: Thedistribution function f(u) andits deviation
from the unperturbedlistribution fo(u) at potentialmaxi-
mum.

evenin linearly stableregimesdueto their property
of beingnegative enegy moded9].

In beamphysics,holesarereportedin bunchedbeamsas
well, andthe presencef ane-cloudmay provide a similar

ernvironmentfor a nonlineardestabilizatiorof the beamby

the negative enegy conceptasin plasmaphysics. Of in-

terestseemdo be alsoa non-perturbatie finite amplitude
analysisof holesin beamsasit wascarriedoutin plasma
physics(se€g[10] andthereferencesgitedtherein).
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