complex would occupy 100 km. These numbers could berelaxed, with non-interleaved chromatic correction, orharmonic rf energy spread compensation, or with abreakthrough in the understanding of breakdown.Regardless, the disruption parameter is sufficiently largethat the beams would be violently unstable in collision.One way out of this dilemma is to relax theconstraint on U, and accept and deal with the copious pairproduction that would result. In this case, one couldcontemplate a machine at wavelengths of cm, gradients ashigh as 200 MeV/m, and a linac 25 km long. There is asecond alternative, and this is the subject of the presentwork.2˚˚NEUTRAL BEAM COLLISIONSWe consider luminosity production by collision oftwo neutral beams, each consisting of two co-propagatinge+ and e- beams. We put aside the issue of initial statetagging. Parameters we have in mind are sx=sy ” sr ~ 2nm, by ~ 220 mm, enx =eny ~ 1x10-7 m-rad, f ~ 550Hz,eNb ~ 2nC. Corresponding two-beam parameters are d ~1, U ~ 3x104, h ~ 1%. As a check of consistency, wetake note of the Oide limit [7], arising from synchrotronradiation in the final focus,

sebegye nye ye nyer r r rF F» �Ł� �ł� » �Ł� �ł�3 6 9 35 7 1 7 3 7 2 7. ./ / / / , ,

where the function F depends on the optics, and is of orderunity. The bunch length is subject to sz £ by , andtheuncompensated disruption parameter Dy ~ 1.4sz (mm).We consider next, what collective limits arise in thissystem. As notedby BalakinandSolyak[8] andRosenzweiget al [9] neutralized beams in collision sufferfrom a charge separation instability. A minute deviationfrom neutrality is amplified as the like-charge beams repeleach other. This effect needs to be evaluatedquantitatively, and a strong-strong, multi-particlesimulation has been written for that purpose. Thefollowing section describes that simulation and the workthat has been done to date to verify it.3 INSTABILITY OF NEUTRAL BEAMSWe employ a particle-in-cell simulation based on athree dimensional grid with charge allocation by areaweighting in the transverse plane, and solution ofPoisson�s equation in the transverse plane. The transversealgorithm is described in references [10, 11], and is bestsuited for approximately round beams which is the case ofinterest. The modification of previous work for this paperis that the simulation has been made strong-strong bysplitting the beams into a number of sliceslongitudinally. For the results reported in this paper theazimuthal bin size was p/8, the radial bin size was 0.01srand there were 16 longitudinal slices, with 105particles/slice/beam.The charge separation instability can be solvedanalytically (see next paragraphs) for uniform chargedensity beams with the assumption that the beam radiusis constant through the collision, and the simulation hasbeen tested by comparing results with this analyticalsolution.

dRdtcDLRdRdtcDLRr r22 22 22 228 8r r r rl l= =;D

r N L e br

= gs 2 ,¶

22 2

22 22

L r DL r r

L r r DL r r R L L R L L

R L L R L L r r r r l l l l l l l ( , ) ( , )

( , ) ( , )

=

=

,

.

~ ( , ) ~ cosh ~ sinh sinh ( )

r L p r r dx R R

r r DLL p L pD r DLL p

L D L xL p p l l l l l l l l l r r = �

Ł � � ł � + ¢ �

Ł � � ł �

+ �

Ł � � ł � + ¢ { } � - 0 2

2 0 2

0

2 0 1 0 2 2 2

2 ,rl lR R Rr0 0 0 0= ¢ = ¢ = ;rRr0 2= D

~

( , ) cosh r L p r p DL L p l l =

�

Ł

�

�

ł

�

2

2 2 D .

1

2

1

1

2

2

2

1 2

D

R L L D r r

n n

L

L

L

L n

r

( , )

( )! l

l

= +

( )

�

Ł

�

ł

=

¥

� .

1

2

1

2

2

1

2

1

1

2 2

2

2

D

R L L D

r

D

L

L n

n n

L

L

L

L n

r

l l

l l

( , )

( )! ( )!

=

�

Ł

�

ł

�

Ł

�

ł

=

¥

-

�

.