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Abstract

The qualitative analysisof the electroncloud formation
is presentedResultsarecomparedvith simulationsfor the
NLC dampingring [1].

1 INTRODUCTION

Since the discovery of instability at KEK photonfac-
tory [2], it wasrealizedthat the electroncloud candrive
the fastmulti-bunch[3] and, later, the single bunchinsta-
bilities [4] in the positronstoragerings. The instabilities
affect performancef the B-factoriesanddesignof the fu-
turelinearcolliders.

Effects of the e-cloudon the beamdynamicsis corve-
niently describedy the effective wake field [5] which can
be calculated6] giventhe densityof the e-cloud. Thees-
timate of the densityis the main difficulty of the problem.
The e-cloudis neitherstaticin time nor uniformin space
and dependson the bunch populationVy,, bunch spacing
sy, geometryof the beampipe, theflux of the synchrotron
radiation (SR) photons,and the yield of secondaryelec-
trons. Due to thesedifficulties, the densityis usually de-
terminedeitherby elaboratesimulationsor consideredas
a fitting parameter Neverthelessit is highly desirableto
have someanalyticestimateof the densityto interpretthe
resultsof simulationsandfor scalingof theseresultswith
machineparameters.The goal of the paperis to provide
suchanestimate Resultsof the analysisareappliedto the
NLC main dampingring and comparedwith the simula-
tionsfor theNLC [1]. Therelevantparametersf thering
arelistedin Table.

Theelectroncloudwhereelectronamovesrandomlyand
canbecharacterizethy somequasi-steadgquilibriumdis-
tribution canexist only in the caseof small currents.That
is truefor both practicallyimportantcasesvhereelectrons
aregeneratedy synchrotronradiationor areresultof the
beaminducedmultipactoring.

Thepaperis organizedasfollowing. We startwith asim-
ple caseof the coastingbeamwhereelectronsoscillatein
the self-consistenpotentialwell and canbe describedcby
the Boltzmanndistribution. Then,to definethe tempera-
ture of thedistribution, we needto considetunchedbeam.
The temperaturas definedby the equilibrium of the en-
ergy lossesThenext stepis to take into accounthe multi-
pactoring.lt is shavn thatthe space-chayepotentialof the
secondanelectrongyenerates potentialbump at the wall
which definedby the equilibriumof the averagenumberof
electronsn the cloud. Effect of the finite bunchlengthin
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Section6. Whereverit is possible purresultsarecompared
with simulationg1].

2 STEADY-STATE: COASTING BEAM,
NO SR

Let us startwith a coastingbeamwith the averagelin-
eardensity N, /s, in aroundbeampipe. Electronsof the
cloudoscillatein the steady-statpotentialof therelativis-
tic beam( in unitsof mc?)
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The potentialis monotonicwithin the beampipe andde-
pendsontheparametey = N/ (mwsyb?no), whereng isthe
electrondensityaveragedverthebeampipecross-section.
For g < 1 the potentialhasmaximumat the distancer,,,
rm < b, andthebeamcannotbestable:electrongjoto the
wall andthe clouddecays.Theconditiong = 1 defineshe
maximumdensity

- 7T$bb2 )

®3)

This is the well known condition of neutrality which is,
actually independentf theform of thedistribution n(r).

FortheNLC parametersyq = 2.2107 em3. Thisagrees
quitewell with theresultsof simulationg1] which givethe
averagein time densityat saturation3.0 107 em 2 atlow
level SR.

The averageover time distribution function of electrons
trappedin this potentialwell canbe taken as Boltzmann
distribution

p(r,v) = |N|e*%[(1/2)(v/c)2+U(r)17 (4)

where T is temperaturein units of mc?, |N| is the
normalizationfactor relatedto the averagedensitynyg is
J 2wrdrdvp(r,v) = 7b?ng. Thedensityof the cloud

_u/r b2 er/T
ncl(T) = dUp = |N|CV 2nTe = nogm
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ThepotentialU in Eq.(5) is thetotal potentialU = Uy +
U, of the beamandthe cloud. The lateris definedby the
Poissonequationwith the right-hand-sidgRHS) propor
tionalto n (r).



Letusdefinedimensionless = r/b andmeasurall po-
tentialsin unitsof T', introducingV (z) = (U(r)/T)r=bz-
Then, for a cylindrically symmetricbeampipe, V(z) =
Ve — gIn(1/z) where
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The Poissorequationfor V,; takestheform
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In thestationarycasethetotal potentiall (r) andtheforce
dU(r)/dr arezeroatr = b. That givesthe boundary
conditionsV (1) = 0, (dV/dz),=1 = 0 or, for the space-
chagepotential,or

dVy

‘/cl(]-) =0, ( dz

=1 = —g- (8)

Thespace-chayepotentialis finite atz = 0. Integration
of Eq.(7) with the weight z gives (dV,;/dz),—1 = —§.
Comparisonof this resultwith Eq.(8) givesg = ¢ and
defineghe averagedensity
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reproducingthe densitygiven by the conditionof neutral-

ity. Note,thatthe averagedensityny is independenof the

shapeof thedensityn;(r) andtemperaturd’.
PotentialsV (z), V¢ (z), and
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dependonly on oneparametey. It is definedin the next
section.

3 STATIONARY DISTRIBUTION,
BUNCHED BEAM

In the approximationof the averaged beam poten-
tial, electronshave regular motion oscillatingin the self-
consistenpotentialwell. Theaveragingof thebeampoten-
tial is a standardrick usedfor the similar problemof the
ion instability. For the e-cloudthis approximatiorrequire
justificationdueto high frequeng of the electronoscilla-
tions. For example,for the NLC DR, thelinearfrequeny
of oscillations
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is equalto Qo’y/27i' = 31.7GHz andthe numberof oscil-
lationsbetweerbunches()g , s3 /(2m¢c) >> 1. Obviously,
the beampotentialcannotbe approximatedy a potential
of the coastingbeam.
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Figurel: Total self-consistent potential V' (z) and the beam
potential V;, = —gln(1/z) vsz = r/b. Parameter g is
found from Eq. (16).

Neverthelessan electronmovesbetweenbunchesonly
by the distancesmall comparedto beam pipe radius.
Hence,beforean electroncanreachthe wall, it is kicked
by v/c = 2Nyr. /r severaltimes. Electronsmove chang-
ing directionandthe motion is similar to a randomwalk.
We canestimatethenumberof kicks n,,,ss anelectrongets
beforeit canreachthewall from

Mipass < (%)2 >=1?, (12)
what definesn,,ss. It is clearagainthatit makes sense
to speakaboute-cloudonly for p << 1. For the NLC
parametersy,,ss ~ 3 — 4 in agreementvith simulations.

In theprevioussection thetemperaturd’ remainsunde-
fined. Now we take into accountthe beambunchingcon-
sideringbunchesas point-like macroparticles. The goal
is to definethe temperaturel’ and the averageover time
densityof thecloud.

The bunching of the beam has several implications.
First, an electronin the beampipe experiencesperiodic
kicks. Neglecting the space-chaye potential, we can
write a simplecticmap M (z,v) giving transformationof
the electron coordinatesper bunch spacing [z,v]— >
[Z,0] = M(z,v)[z,v]. Theeigenvaluesof the Jacobian
D[M][z,v],{z,v}] arerealonly for z < o, /b, i.e. in the
region of thelinearmotion.

Elsavherethe motionis chaoticandthe averagein time
distribution functioncanbetakenin theform of Eq.(4) al-
thoughtheapproximatiorof thecoastingoeamis notvalid.
That is possibledue to the other effects of the bunched
beam: heatingof the cloud causedy the kicks balanced
by the cooling of the clouddueto thelossof electrons.

A kick from abunchincreasesheaverageenengy of the
e-cloudby

2Ny,
AByuin = 27 / rdrdop(r,v)(222Tey2 (13)



whereintegrationis over the phasespaceof the cloud.
The electronsin the vicinity of the beamarekicked to
the wall and are replacedwith the low enegy secondary
electrons.The later procesproducescooling. To belost,
anelectronhasto reachthewall beforethe next bunchar
rives. The trajectoryof an electronbetweenbunchescan
be estimatedasfollowing. Consideran electronwith the
initial conditionsr,v/c just before a bunch arrives. A
bunchchanges = v/cto By = v/c — 2Npre /7. After
that, an electronmovesin the field of the spacechage.
Let us assumefor a moment,a uniform density of the
cloud, nq(r) = no. Then, the space-chae force is
2nrengr andthe electronis at ¥ = r cosh(Qysp/c) +
(eBo/Qp) sinh(Qy,s/c) atthetime of arrival of the next
bunch.Here(Q,;/c)? = 2mngr.. A quasi-stationargloud
canexistonly if (Q,85/¢)> = po << 1. FortheNLC pa-
rameterspg = 2.2107 em 3, and(Qsp/c)? = 0.277. In
thecaseof small(Q,;/c), 7 = r + (v/c — 2Nyr. /7)sp and
is independenobn ng. Theelectronhits thewall if |7| > b,
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All electronswithin this partof the phasespacegetlostand
arereplacedby the electronsfrom the cloud. The enegy
lossis equalto the enegy of the lost particlesbeforethey
werekickedto thewall:
102
AE‘loss = ZW/Tde'Up(T,'U)[ic_z + U(T)], (15)

whereintegrationis restrictedby theconditionEq.(14)and
0 < r < b. Herewe neglectedthe enegy broughtto
the cloud by the low enegy secondaryelectronscoming
in from thewall.

The balanceof enegiesEq.(13) andEq.(15) givesthe
following equation:
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where
F(z) = (1/2)(BErflz4] + Brflz-]), p=2Nyress/b?,
(17)
and
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Let us remindthat, given p, V(z) dependsonly on g.
Eq.(16) definesg, i.e. thetemperaturel’. It is plausible
to expectthatg ~ 1/1In(1/pg). Givenpy, the solutionof

Eq.(7) andEq.(16) canbe obtainednumerically Calcula-
tionsfor the NLC parametep = 0.277 defineg = 0.552,
whatis closeto the estimateabove, 1/1n(1/p) = 0.780.
The temperaturén units of mc? is T = g(2Nyr./sp), OF
T = 92.4 eV. The potentialV (z) is shawn in Fig. 5. At
small distancest goesasbeampotentialbut at large dis-
tanceds flatter dueto the spacechage contribution. The
densityprofile n(z) /no, Eq. (10),for thesameparameters
is shovn in Fig. 2. The densityat the beamline (at the
momentof a buncharrival) is substantiallylarger thatthe
averagedensityng.
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Figure 2: The density n(r)/no, no = 2.210" em™2 vs
x = r/b for the NLC parameter 2N, r.s;/b? = 0.277.

The numberof electronswith the enegy E hitting the
wall of thedrift chambemvith thelength L is
dN (E)
dE

)?+U(r)-
(19)

whereintegrationis taken over the regionv/c > 2Tz,
andv/c < —v2Tz_, andp is the distribution function at
themomentof buncharrival.

Theresultof calculationds shovnin Fig. 3. Parameters
arethe sameasin Fig. 2.

Finally, thenumberof electronshitting thewall perpass-
ing bunchis givenby theintegral

1.v 2Ny,
= 27rLd/rdrdvp(r 1))5[2(7; Tbr

Nipss = ZWLd/rdrdvp(r, v) (20)

wheretheintegrationis overtheregionv/c > v/2Tz, and
v/c < —/2Tz_. Calculationgives Nj,ss = 5.5310°,
31% of thetotal Ny = wb2Lgng = 1.7410'° electrons
in the cloudin thedrift with length L. Thisresultmaybe
comparedwith the simpleestimatewvhich assumeshatall
particleswithin radiusr, where(2Nyr. /r)sp > b arelost.
If thedensitywould beconstantiy = 2.2107 1/em?, then
Nioss = 1.3710°. Theactualnumbeiis higherbecauséhe

E],
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Figure3: Number of electrons per bunchdN/dE 1/eV ac-
celerated from the e-cloud and hitting the wall with energy
E.

densityat the beamline is higherthanthe averagedensity
ng.
Thetotal enegy lossis givenby theintegral

Ejpss _ 7Tb2n0 /mdme*V(z)
=1
T Jy xdzExp[—V (z)]
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Herethevariableu = (v/c)/v2T, andtheintegralis taken

over|z+u+/2po/g—po/x| > 1. Numericintegrationgives
powerloss(c/sp) Eipss = 101 W/m.

(21)

4 JETS

Anothereffect of thebunchedbeamis productionof jets
of electrons.

Simulationsshaw that, at the high level of the SR, the
averageelectrondensityis higherthanat the low level of
the SR by a factorof two. (It is worth notingthata round
beampipe without the ante-chambewasusedin simula-
tions). For large SR, the primary photo-electronsnove as
acompactet towardthe beamline gettinga kick

(Y 2Nbre
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(22)

from the parentbunch.

Thedensityof ajet maybehigherthanthatgivenby the
condition of neutrality and dependson the yield 5 of the
secondaryelectronemission,numberof jets k;.s within
the beampipe, andthe volume of a jet. The densityav-
eragedover the length Ly of the drift sectionwhereSRis
absorbedindoverthe beampipe cross-section,

N, N
< Ney >= Y#szjetsa (23)

is proportionalto the numberof photons

_ ooy Ly
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radiatedby a positronin the bendwith radiusR andlength
Ly perpass.

FortheNLC parameterandY = 0.2, kjct, = 2 andthe
averagedensity< n., >= 5.5107 1/cm? is very closeto
the resultof simulations6. 107 ¢cm =2 with the large yield
Y of theprimaryphoto-electrons.

The jets may also explain why the electrondensity at
the beampipe line in simulationsis muchhigherthanthe
averageelectrondensity

Initial enegy spreadof the primary photo-electrons
leadsto the differencein the distancef electronsin the
jet from the beamline. Interactionwith the bunchtrans-
latesthis differencein the enegy spreadof the electrons
hitting the beampipe wall. If the shortestdistanceof the
jet centroidfrom thebeamline is d, then

(24)

dN _YN;N, 2Nbre) (m02)3/2 (25)
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Thedistributionis shovn in Fig. 4forY = 0.2.
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Figure4: Number of electrons dN/dE hitting the wall per
bunch. Electrons are accelerated by the beam while a jet
crosses the beamline. Y = 0.2

5 SATURATION

High enegy electronsitting thewall producesecondary
electronswhich, after thermalization,may increasethe
densityof the cloudin the avalanche-lile way. Let uses-
timate the numberof bunchesm neededo reachsatura-
tion of the cloud densityny = 2.2107 1/em?®. At thelow
level of thephoto-electrigield Y = 0.002 takenin simula-
tions[1], theSRaddsto theaveragedensitynsp = 5.5 10°
1/em? perbunch(seeEq.(23)). Most of theseelectrongyo



wall-to-wall andonly (n — 1)ngg of the secondanelec-
trons remainin the cloud. Due to the multipactoringthe
densityincreasegxponentially:

dn

NSk E(n—1)m
(26)
Hereweintroducedparametef = Ny, /Nior definingthe
fraction of the cloud participatingin multipactoring. The
estimateof the previoussectiongives¢ = 0.3 andtheden-

sity reachesaturatiorafter

= =&n+nén+(m—1)nsg, n=

m = #m[ﬂ
&M —1) 'nsr

passesFortheNLC DR, m = 19forn = 1.45. At thehigh
SRphotonflux, wherengg ~ ng, thenumberof passeso

reachsaturatiorosof theorderof [¢(n — 1)]~! ~ 7. These
estimatesirein reasonablagreementvith thesimulations.

E+1] (27)

6 EFFECT OF THE MULTIPACTORING

It was mentionedabove, that, for p > 1, therearetwo
region of distancedrom the beamline: in the vicinity of
the beam,whereelectronsare wiped out by eachpassing
bunch,andanothemnecloseto thewall.

The multipactoringaddsthe third region. Generally
thereis a bump of the potentialwell in the vicinity of the
wall which defineshow mary of the secondaryelectrons
can go to the centralregions. Sucha sheathworks asa
virtual cathode Thedensityin the sheatiearthewall de-
pendson the balanceof the numberof electronskickedto
thewall from thecentralregionandthenumberof electrons
producedat thewall by the SRandmultipactoring.

In the equilibrium, the numberof lost particlesis equal
to the particlescomingto the cloud from the wall. If the
yield of secondaryelectronds high, to sustainthe equilib-
rium, the total potentialchangego stopthe backflow of
thesecondanglectrons.

The distribution function p(r, v) satisfiesthe Liouville
equationwith the sources,
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Here f(v) is normalizeddistribution of the secondary
electronsover velocity,

flv) =

eiﬁ, /0 dvf(v) =1. (29)
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The temperatureT,, is equal to the average enegy
of secondaryelectrons E, in units of m¢?, T, =
J dv(v?/2¢?) f(v). In the estimatewe assumeE, = 2
eV, T, = 4.010°%. The sourceS,;, the numberof sec-
ondary electronsejectedfrom the wall per unit time and
unit lengthof thebeampipe,is givenby the numberof lost

electronsdN,,,5/ds andthe yield of the secondaryelec-
tronsn, Se; = (1 —1)(¢/s5)dNioss/ds. (More exactly, S
is givenonly by thelost particleswith the sufiiciently high
enegy, E > 50 eV). If thereis the SRflux, it addsSgg,
S =8+ Ssr,

Ssr = YN, N,

C
sola (30)

We imply herethat electronsgeneratecht the wall are
thermalizedand are addedto the e-cloud. This process
works asa sink for the generateclectronsandallows us
to considerthe averagein time electrondensityp(r,v) =
pet(H) + ps(r,v), whereH = v?/2¢? + U(r). Herethe
first term s the distribution function of the cloud andthe
secondermdescribesecondarelectrons,

S f(ev2H)
s\ThV) = o ——F7——
ps(r,v) 57b o230
The densityof the secondanelectronsn, = [ dvp, at
thewall is

(b —r). (31)

) = ——
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Thetotal potentialatthewall V(1) = 0, andin thevicin-
ity of the wall canbe expandedin seriesV(z) = (1 —
2)V1+(1—2)2(V3/2)+... Tohavemaximumatz.,4, < 1,
V5 hasto be negative. The potentialis maximumV,,,,, =
—Vi2/(2W») atthedistanceA = (1 — Zaz) = —V1/Va
from thewall. Hence,V4 > 0. The Poissonequationat

(32)

z — 1 relatesthecoeficientsVy, andVs, Vo — Vi = -G,
where
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G =gl 2T _2mebTo (33
I'VTy T [ zdvexpl—V ()]

Thesecondermin theright-hand-sidés dueto thedensity
of thecloud.

To stop secondaryelectronsto go into the beampipe,
the maximumof the potentialV,,,,, hasto be of the order
of Ty /T. Ve canbe estimatedequatingthe numberof
particlesreturningto thecloudto d N, ss /ds. Electronghat
gobackinto thebeampipehaveto haveenegy v? /(2¢?) >
TVmaza

dN Sp
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Substituting S and equating that to (dN/ds)ioss =
Nioss/ Lq definedby Eq.(??), we get
T YN, N,
T Nloss
Thisdefinesl; = V, + G andA = -V, /V3,

Vinaz = ln[n +

]. (35)
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This resulthasmeaningonly if A << 1, i.e. for thelarge
enaughdensityof the cloud. Otherwise the heightof the
potentialbarrier can not reachT,, and the densitykeeps
building up.

If G << Vimaz:
2Vmaw

o

For the NLC parameteraindn = 1.45, A = 0.082 and
Vinaz = 0.032 0r 2.95 eV.

Althoughtheheightof thepotentialoumpatther,,,,, =
b(1—A) is small,of theorderof Ty, it changesheequilib-
rium densityof the cloud. To seethe effect on the average
density let usagainintegratethe Poissorequation

1d dUy
r drr dr
overr with theweightr in theintenal 0 < r < 7,,,4,. Be-
causel,; is finite atr = 0, we getfor the averagedensity

2 Tmaz
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Tmaw
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2T maz = AT

Thetotal potentialU (r) = Uy — gT In(b/r) is maximum

atr = rpq. Therefore (40, = —gT/Tmqs, and
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Substitutionof g from Eq.(6) andr,,,, = b(1 — A) gives

A=
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= —47reng(r) (38)

< Nl >=

(39)
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< Ny >= TL(]( (41)
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The averagedensityis higherthanthat given by the con-
dition of neutrality but the differenceis small provided
A <<,

It is worth noting that, without the potentialbarrier, pri-
maryphoto-electronsvith positive enegy goabovethepo-
tentialwell. They addto the averagedensityof electrons
but their spacechage reduceghe densityof the cloud in
sucha way that the total averagedensityis still given by
the conditionof neutrality

Electronsreflectedby the potentialbarrier hit the wall
again increasingthe power depositedto the wall. The
power depositedy this mechanisndepend®n theyields,

dP c

N,
= = =2T,[(n — DNrb’neg=22
ds Sp [(n )7T no Ntot

+ YNA,%][I -1+ vmaml)e—VmT/Tw].@z)
Ld Tw

For the NLC DR this contribution is negligible, lessthan

W/m.

Anothereffect of the secondarelectrongrappedat the
wall is theintroductionof a smallazimuthalasymmetryof
the potentialwell for the beamparticles. The dipole com-
ponentof suchperturbationmay causean orbit distortion
andthe quadrupoleomponenteadsto theasymmetriae-
pendenceof the tune on the beamcurrent. The estimate
shaws, however, thattheseeffectsaresmall.

7 EFFECT OF THE FINITE BUNCH
LENGTH

We assumedverywhereabove thata bunchcanbe de-
scribedas a point-like macroparticle. The finite bunch
lengthmay substantiallychangethe numberof lost parti-
clesfrom the region nearthe beam. As it wasmentioned
in Section2, the numberof oscillationswithin the bunch
lengthfor suchelectronss large. (It maybenottruefor the
electrondar away from thebeambecausehefrequeng of
oscillationsdecreasewith amplitude).Thefield of abunch
atagivenlocationaroundthering variesslowly compared
to the period of oscillationsand can be consideredas an
adiabaticperturbation.As it is well known, the amplitude
of oscillationsin this casereturnsto theinitial valuewhen
the perturbationis turnedoff. It means,that an electron
may decrease¢he amplitudeof oscillationswhile bunchis
passinguy, but retainstheinitial velocity andpositionafter
thebunchgoesaway. Theseargumentsneanthatthenum-
berof the high enegy electronghitting thewall andpower
depositionaresmallerfor the larger bunchlength. On the
otherhand,low enegy electronsn vicinity of thebeamcan
live therefor along time whatwould meanlarger density
atthebeamline. Fromthis point of view, it is preferableo
have shortbunchesbut with alarge bunchcurrentto bein
theregimewhereelectronggo wall-to-wall in onepass.

Oneof implicationsof thefinite bunchlengthis the beta-
trontunevariationalongthebunch. Thekick fromthehead
of a bunch causegnotion of the e-cloudelectronstoward
thebeamline andincreaseslensityof e-cloudin thetail of
thebunch. Thetunespreads of the orderof the tuneshift:

AQ = 27reno <R>27
7Q

where< R > is the averagemachineradius. The tune
spreadfor the NLC is large, AQ = 0.0207 at ng =
2.22107 1/em~3. Theinteractionwith the densejets can
changetuneof the bunchesin the headof the bunchtrain
differently than for the rest of the bunchescausingtune
variationalongthe bunchtrain.

(43)

8 EFFECT ON THE WAKE FIELD

Thewake field of the cloudwith the averagedensityng
canbe estimatedanalytically[5, 6]. For along bunch,the
short-rangewvake per unit length hasthe form of a single
mode

113

200 (28) in e 4,

Wbunch (Z) = Wm N

o (44)

wherethee-clouddensityis takenatr,,,;, = bp totakeinto
accountthat the densityat the beamline is differentthan
the averagedensity Q /2 is thelinear bunchfrequeny
of oscillations,

(Q_B)2 N 2Nb7'e
c oy(og + 0y)o. V27

; (45)



¢ =Qpz/c, ly = 0,4/2m, andW,,, u andQ arecharacter
isticsof thewake with weakdependencentheaspectatio
oy /0, andthe beampipe aperture.They were calculated
in thereferencd6]: W,, = 1.2, 4 = 0.9, and@ = 5.
ThebunchshuntimpedanceR, perturn

Rbunch ZO Zn(p)lb
s —9-p™0
0 71'R47r N, Wi (46)
is Ry ~ 2.3 MOhm/m.
8.1 Transverse coupled bunch instability
For a single bunch stability, /¢ = 53 1/em and

Wonas = 4108 em™2.

To considetthe CB instability, thelong-ranggLR) wake
hasto bescaledirom the short-rangavake Eq.(44) replac-
ing thebunchlengthby s, and,secondlyusingtheaverage
densityng. Themaximumvalueof theLR wake is:

1n05p , Qpeam
WLR(2) = Wi —t (2250

47
o (2 47)
where Q 5
beam \2 J'bre
= . 48
T “e)

Hererpin ~ Nyresy/b estimateghe rangeof distances
rmin < r < bwhereelectronssurvive afterabunchpass.
TheLR shuntimpedanceR?¢e™ perturn

Rl;eam e
Q ir N,

(49)

is RPee™m ~ 134 MOhm/m for the NLC DR nominalpa-
rameters,by a factor of two larger than in the simula-
tions[1].

The maximumgrowth rateof thetrans\erseCB

1 _ Ibeam Rls’wm

_ Coﬂy e—(Q/c)beanz)2
T (E/e)

4R

(50)
isT=0.01 ms.

9 SUMMARY

At high currentsglectronsnaygo wall-to-wall between
bunchesand electroncloud, in the usualsense,doesnot
exist.

Thermalizationof electrons,takes placeat a moderate
currentwithin somedistancegrom the beam. Evenif the
numberof the linear oscillationsper bunchis large, such
electronscan be describedby the Boltzmanndistribution
dueto randomnessf theelectronmotion.

The jets of primary and secondaryelectronsmay have
high densityand explain the high enegy tail in the distri-
bution of electronghitting thewall.

A simplemodelof the e-cloudformationsallows us to
reproducemainresultsobtainedin simulationsexplaining
the level of the densityat saturatiorandit dependencen
the v — e yield. The temperatureof the distribution is

definedby the condition of the enegy equilibrium. The
multipactoringdoesnot changethe temperaturenuchbut
rather affects the distribution of electronsin the vicinity
of thewall. Thatexplainswhy the averagedensityof the
cloudis closeto that given by the condition of neutrality
Thefinal bunchlengthmay changethe power depositedo
thewall andthe densityof electronsat the beamline. In-
teractionwith the cloud cancausehetunevariationalong
the bunchtrain. Trans\erseCB instability requiresstrong
feedback.
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11 APPENDIX: RESULTSFOR THE NLC
MAIN DR



Parameter Description Value
E, (GeV) beamenegy 1.98
C,m circumference 299.792
Bz, M horizontal 3.64
By, m vertical 7.06
vy, M horizontaltune 27.261
vy, M verticaltune 11.136
Vs synch.tune 0.0035
b,cm beampiperadius 1.6

B, T dipolefield 1.2
Ly, m bendlength 0.96
Lg, m drift length 0.975
Ey, eV peakof secondaryelectrons 5.0
Er,eV enegy spreadf secondarelectrons 2.0

Y, photo-electrigyield (low/high SR) 0.002/0.2
1, secondargmissionyield, 1.45
Sy, M bunchspacing 0.84
Ny 100 bunchpopulation, 1.5
ez, N, Mmmrad norm.x-emitt. 3.86
ey,y, Mmmrad normy-emitt. 0.018
o,, Mm rmsbunchlength 3.6
51073 relat. enegy spread 0.909

Tablel: Globalparametergor the NLC main

dampingring

Parameter Description Simul.  Analytic
Tyeam, AMP averbeamcurrent 0.86 0.86
ng, 1013 m=3 averagedensity 3.0 2.2
ness, 1088 m =3, effective density 3.11
Fream, MHz LR wake frequeng 152
Focam/ frew 100-200 152
Wy r periodin s, 4 4.7

e ™2 shortrangeW,, oz 4.E7

Y m 105m™2 LR Winae 0.60 1.4
RY MOhm/m SRshunt 2.3
RY MOhm/m LR shunt 134
Ty MS LR growth time 0.018
T, Ms LR growth time 0.1 0.01
Av,, incoher tunespread 0.021
T temperaturegV 92.2
Nioss/Niot lostperbunch 0.32
Numberof passeso saturat. (high/low) SR 8/25 7/18
Pyau Wim powerto thewall 80. 87.
Po parameter 0.277 0.0694
g parameter 0.5529 0.743
norm parametelf zdze™" 0.614
Vinaa potent.bump,eV 0.8
A parameter 0.067

Table3: Comparisorof the calculationswith

simulationg1].



