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Abstract

The densityandthe wake fields of the e-cloudarequite
differentat low andhigh beamcurrents. The wake fields
arederivedandappliedto theupgraded®EP-1I B-factory

1 INTRODUCTION: EXAMPLE

Thereare plansfor upgradingthe PEP-I1I B-factory to
higherluminosity [1]. This could be achiezed, mostly, by
increasingthe beamcurrentsup to 10-20 Amp. Tablel
presentsfour possiblescenariosof upgradingthe PEP-II
B-factory Many potentialproblemshinderwith the plans,
themostobviousof themarerelatedto the RF andthesyn-
chrotronradiation(SR) heatloading. Herel would like to
consideronly adwerseeffectsof the beaminteractionwith
the electroncloud.

Thepresentvisdompredictsthatthedensityof thecloud
is definedby the conditionof neutrality

o )

Therefore the interactionwith the cloud and, particularly,
thetuneshift
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grow proportionato thebeamcurrent. Thevariationof the
tunealongthe bunchis of the sameorder For thenominal
PEP-II parametersTable | (1stcolumn), AQg = 0.052
andis unacceptablyargefor highercurrents.

I would like to argue that sucha prediction might be
wrong andthe pathto the high currents,at leastfrom the
point of view of e-cloudeffects,is nothopeless.

AQp = ()

Tablel: Parameter$or upgradedPEP-IILER

Parameter  (I) (1 am v

np 750 1658 3400 3492
Iyeam, AMmp 1750 4.0/1.4 10.0 18.0
Ipuncn/mA 233 241 294 5.5
o 119 0.8 0.5 0.13
a,1073 123 1.23 241 241
80,1074 7.7 7.7 77 7.7

Ny10~1! 1.07 11 135 2.36

*Work supportedby Departmentof Enegy contract DE-AC03—
76SF00515.

2 RELEVANT PARAMETERS

There are two groupsof electronsin the cloud: pri-
mary photo-electronggeneratedby the SR photonsand
secondarelectrongyeneratedby the beaminducedmulti-
pactoring. Electronsin the first group generatedat the
beampipe wall with the radiusb interactwith the parent
bunch and acceleratedby a shortbunch)to the velocity
v/c = 2Nyr. /b, Wherer, is the classicalelectronradius
and NV, is the bunch population. Electronsin the second
group,generally missthe parentbunchandmaove from the
beampipewall with the velocityv/c = \/2Eqy/mc? until
thenext buncharrives. Thevelocity is definedby theaver
ageenepgy Ey ~ 5 eV of the secondaryelectronsand, at
high Ny, is smallerthanvelocity of thefirst group.

The processof the cloud formation depends,respec-
tively, ontwo parameters:
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Theseparameterarethe distance(in unitsof b) passedy
electronsof eachgroupbeforethe next buncharrives.

At low currents,x << 1, electroninteractswith mary
bunchedeforeit reachesheoppositewall. In theopposite
extremecase,x > 2, all electronsgo wall-to-wall in one
bunchspacing.

The transitionto the secondregime can be expected,
thereforefor k ~ 1 wherethe cloudis quitedifferentthan
it is atlow currents.For k > 1 and¢ < 1, secondarelec-
tronsare confinedwithin the layer{ < (r/b) < 1 atthe
wall andarewiped out of theregion0 < (r/b) < ¢ close
to the beamby eachpassingounch. This makestherange
of parametergx > 1 and2 — k < ¢ < 1) quitedesirable
to suppresshe adwerseeffectsof the e-cloudon the beam
dynamics.

The initial enegy of the electronandthe space-chaye
force neglected above do not changesubstantiallythis
statement. The caseof high « is considerecherefor the
upgrade®f the PEP-II B-factory

To avoid confusionwe notethatthe enegy of electrons
hitting thewall E,, = (mc?/2)(2Nyr./b)? andtheenegy
depositedo thewall increasesvith currentbut dependence
is only linearinsteadof quadraticoneatlow currents.

(It may be worth noting alsothat at the very large cur-
rents, the enegy of electronshitting the wall is so large
thatsecondanelectronyield (SEY) Y rolls off andmulti-
pactoringat suchhigh currentsis alwayssuppressedThis
happenstx > (\/E/E, whereE ~ 2 keV, k ~ 10. We
will notconsidetthatextremecase).




3 DENSITY OF THE E-CLOUD AT
HIGH-BEAM CURRENTS

The e-clouddensityat low currentsis givenby the con-
dition of neutrality It meanghatthe sumaveragedn time
of thefields of the beamandof the space-chayeis zeroat
thewall.

The conditionof neutralityimplies thatsecondarelec-
trons remainin the cloud for a time long enoughto af-
fect the secondaryelectronsgeneratedby the following
bunches. In otherwords, the condition of neutrality and
the quasi-steadgquilibriumdistribution of the e-cloudare
justifiedonly for small.

It is notthe caseatthehigh currents.n this caseall pri-
mary photo-electronslisappeajust in onepass.The sec-
ondaryelectronsareproducedwith low enegy Ey ~ 5eV
andarelockedup atthewall. Thedensityof thesecondary
electronggrows until the space-chayepotentialof the sec-
ondaryelectrongs lowerthanEy,

U ~ me?b?[1 — (1 = ¢)?]no o Eo.

Thisis avery moderatalensityng ~ 2.8 108 em 3.

The radius of the Larmor circles in the arcs may be
changedby the kick from a passingbunch provided the
bunchis short,wrop/c << 1 wherewy, = eH/mec. Oth-
erwise, thereis the adiabaticinvariantL = mwgr? and
theenegy E = Lw of theLarmormotionis presered. It
meansthat electronsin the arcsareaccumulatecindmay
definethe beamstability at the high bunchcurrents.
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4 SIMULATIONS

Simple simulationswere carriedout for a round beam
pipe b = 4.5 cm assuminghat particlesmove only radi-
ally. Spacechagewasincluded.A bunchandthedistance
betweenbunchess, = 275 cm were sliced and interac-
tion with eachslice was describedas a kick. Therewas
no sourceof particlesexceptinitial fill and multipactor
ing: particlecrossinghewall with alow enegy waskilled
andone with the enegy E > 40 eV was replacedwith
n = 1.45 new electrongandomlydistributedover the en-
ergy rangeb + 2 eV. Thefour currentsconsideredn sim-
ulationscorrespondo parameterg = 0.27 andx = 0.22,
0.94, 1.54 and2.63, respectiely. Thesecasesare noted
belov as(a), (b), (c), and(d), respectiely. Resultsof the
simulationsareshovnin Figs. 1,2,3.

The resultsof the simulationsare consistentwith the
gualitatve argumentgivenabove:

1. The densityincreaseswith the currentand goesto
saturationbut, at the highestcurrent,dropsto zero. This
canbeexpectedvhentheaveragedensityexceedshelock-
up threshold.

2. The snap-shobf the cloud distribution substantially
variesin time betweenbunchesat high currentsand has
only smallmodulationatlow current.

3. Althoughthe averagedensityincreasesvith current,
thevariationof the densityat the beamline in time is sub-
stantially differentfor differentbeamcurrents:it is about
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Figure 1: Total numberof particlesvs time (in units of
bunchspacing). ¢ = 0.27 and Ieqm = 0.5 A4, 2.15 A,
3.5 A and6.0 A for (a),(b),(c),and(d), respectiely.
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Figure2: Density at the beam line for the four beam cur-
rents vstime (in units of the passing bunch number). In the
case (b), the density goes to zero for each other bunch. In
the case (d), all bunches see minimum density.

aconstanin the case(a), it is maximumat the eachother
bunchin the case(b), and, at the high current,the bunch
seesalmostzero densitycloud as it can be expectedfor
k > 2. | think thatthe situation(b) canexplain why lumi-
nosity of eachotherbunchdropsin the PEP-I1[2].

5 WAKESAND TUNE SHIFTSAT HIGH
CURRENTS

The wake field of the electroncloud at low currentsis
definedby the electronscillatingin thevicinity (3-50)
of the beam.Suchelectrongpassthe memoryof the offset
of the previousbunchto thefollowing bunches.

The shortrangewake for a long bunchcanbe approxi-
mated,seeFig. 4, by the wake of a singlemodewith fre-

queny x8,

e (20)sin(u)e 5.

Weypp(z) = Weffm -

(6)
Here, n. is the cloud density Ay = N/(o,v/2m) is the
bunchlineardensity Qy is thelinearfrequeng of thever
tical electronoscillations,(29/c)? = 2\ /(0y(0 + 0y))
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Figure 3: Shap shots of the e-cloud distribution along the
beam pipe diameter. Current increases from the top to bot-
tom: 0.5, 2.5, 3.5 and 6 Amp, respectively.

and¢ = W Numeric calculations[3] which take
into accountthe frequeny spreadof the electronsof the
e-cloud,definedparameterdV,;r = 1.2, 41 =0.9,Q =5
which arewith goodaccurag independentn thermssize
of thecloud.

Figure4: Effective wake W+ (¢, 0) of the cloud as func-
tion of { = Qpz/c.

The mechanisnof the bunchinteractionthroughthe e-
cloud is differentat high currentsandis definedby small
azimuthalasymmetryof the distribution of the electrons
dueto bunchtrans\erseoffset.

Thebunchwith theoffset Az givestheasymmetridick
to the electrondn the cloud generatinghe dipole harmon-
ics of the densitywhich produceghetrans\ersewake

= T0omRal(2) - ()]

W= N, b

()
Fortheparametersisedabore, W, = 7.1 V/pC/cm. This
is by the two orderof magnitudelower thanat low beam
currents(seebelaw).

Additional wake is generatedby the primary photo-
electronswhich are generatedwith the offset dependent
delaytime relative to the parentbunch and get offset de-
pendenkick from the parentbunch.Both effectsaffectthe

interactionwith thefollowing bunch.
The azimuthalharmonicm = 2 of the e-clouddistribu-

tion givesthetuneshift

reR? dN b, .a.,
Qe =Fo5 5 (g QP = L
HeredN/ds is thelineardensityof the cloud,anda is the
distanceto the cloud of thetrailing bunch.

For PEP-IItrain, dQ/dIpeqm = 1.41073, atn, = 800,
dN/ds = 6.110° 1/cm at 1 Amp beamcurrent, mostly
dueto the primaryphoto-electrons.

Them = 1 harmonicof the densityproduceghe orbit
distortion

(8)

2r. AN R 5. b a
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whatchangeshe equilibriumenegy Ap/p = Az/R. For
thesameparameterasabove, theseeffectsarevery small:
Az =1.4 pm, Ap =12eV.

6 HEAD-TAIL INSTABILITY

The wake generatedy the interactionwith the cloud
leadsto the head-tailinstability [4]. A peculiarfeature
of the e-cloudwake thatit dependson I,,,.;, dueto the
electronfrequeny dependenceThe Satoh-Chins formal-
ism[5] canbeused,n principal,to definethe thresholdof
instability. The stability is definedby the eigenvaluesof
amatrix which hasto be,asusual,replacedby a matrix of
a finite rang. Simulationswith alow ordermatrix shav a
certainthresholdof the head-tailinstability. However, the
bunchagainbecomestableat highercurrents.This reduc-
tion of the growth rate may be a resultof a large number
of electronoscillationsperbunchlengthQp,ncpor/c >> 1
at large N,. At the presenttime, it is not clear whether
suchan explanationis correctuntil the numericresultsare
checled with the matricesof higherrang (of the order of
(Qbunchal/c)Q)'

7 CONCLUSION

The presenttheory predictsthat the e-cloud becomes
more dangerousat high currents. The situationmight be
not hopeless. The condition of neutrality predicting the
growth of the e-densitywith currentmight be replacedby
the lock-up conditionindependentf current. The distri-
bution of electronsin the cloud changesand, at the high
currentsbecomesollow. In particular the densityat the
beamline which definesbeamstability decreases.

Thehead-taiinstability is stabilizedat high currentsdue
to high electronfrequencies.

Thesepredictioncould be verifiedwith existing codes.
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