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The c a l c u l a t i o n s  descr ibed  here  a r e  r e l evan t  t o  t he  beam e x t r a c t i o n  system 

system which w i l l  be used when high ex te rna l  beam c u r r e n t  w i th  good energy r e s o l u t i o n  

is  des i red .  Ex t r ac t ion  of H- beams v i a  e l ec t ron - s t r ipp ing  W ill be used when a l a rge  

duty  f a c t o r  i s  p re fe r r ed  t o  good energy r e so lu t ion .  The proposed e x t r a c t i o n  system 

i s  a modif ica t ion  of t h e  9-esonant-ex t r a c t i o n w  method1 which incorpora tes  advantag- 
1 eous f e a t u r e s  of t h e  Berkeley system2 . I n  the proposed scheme t h e  ions  a re  

acce l e ra t ed  through the  vr = 1 resonance wi th  a small f i e l d  bump a c t i n g  t o  d r ive  the 

o r b i t s  off-center .  A s  the value of vr drops sharp ly  i n  the edge f i e l d ,  the d isp laced  

o r b i t  c e n t e r s  undergo r a p i d  precess ion  thereby genera t ing  s u f f i c i e n t  turn  separa t ion  

t o  f a c i l i t a t e  en t ry  i n t o  an e l e c t r o s ~ a t i c  d e f l e c t o r .  With a r e l a t i v e l y  s h o r t  

d e f l e c t o r ,  adequate c learance  i s  achieved t o  permit  use of a magnetic channel which 

then completes the beam de f l ec t ion .  

These c a l c u l a t i o n s  were made f o r  a pre l iminary  magnetic f i e l d  which d i f f e r s  some- 

what from the  f i e l d  f i n a l l y  adopted f o r  our machine. Although the conclusions a r e  

gene ra l ly  v a l i d ,  the  f i n a l  des ign  w i  l1 d i f f e r  i n  d e t a i l  from the r e s u l t s  given here. 

Fig. 1 Proper t ies  of "83.3" magnetic f i e l d  : a )  average 
magnetic f i e l d  B. i n  kilogauss versus radius  r 
i n  c.u. ( 1  C.U. = 90 in. f o r  a l l  r e s u l t s  here in)  
and proton energy E i n  UeV; u = 0 a t  %.7+ leV. 
b) (1  - and (2v - v veFsus P i n  edge 
region; v = 1 a t  E'= 50fl  MeV, 2vZ = ur a t  
P = 51.1 r ~ e ~ .  

Fig. 2 Radial and ax i a l  p ro f i l e  of the beam from 50 t o  
5.4 NeV, obtained by assoming the ( r ,~ , , ) .and 
( zSp  ) coordinates of the ions oocupy eigen- 
e l l i s s e s  of constant area. a )  Radial width i n  
c.u. of benm versue B, normalized to  A r  = 0.2 in. 
a t  4 = 0, E = 50 MeV. b) Axial height lzl  i n  
a r b i t r a r y  u n i t s  versus 4. Note t ha t  the dees a r e  
positioned such tha t  the dummy-dee region extends 
from 4 = 45' t o  4 = 90' where the o rb i t  protrusion 
i s  g r ea t e s t ,  hence minimizing the a r ea  of the dees. 

(*) Work supported by the  National  Science Foundation. 
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Fig. 3 Evolution of fixed-point diagram ( 6  = 45' t o  
50.5 MeV i n  0.25 MeV s t e p s ;  X = r - r i n  C.U. 
and p = p - p i n  & c  u n i t s ,  wheree(r ,p ) 
a r e  .'the Cquilf8rium o r b i t  (SO) ~ o o r d i M b t e e ~  
a t  the given energy. a )  Contraction of t h e  
t h r e e  uns tab le  (U) fixed-points,  which park 
the  s t a b i l i t y  l i m i t s ,  from 48 t o  50 MeV. 
b )  Contract  ion of s t a b l e  f ixed-points (open 
c i r c l e s )  from 49 t o  50.5 UeV, and expansion of 
uns tab le  fixed-points from 50.25 t o  50.5 MeV. 
Note t h a t  benm occupies an approximately 
c i r a a l a r  a r e a  of rad ius  0.001 C.U. 

Fig. 5 E f f e c t s  on accelerated o r b i t s  of f i e l d  h m p s  : 
b(r ,6)  = -h,cosff. a )  Accelera t ion  phase-plots 
showing X versus  p=, p l o t t e d  once per t u r n  a t  
9 = 45'. f o r  a c c e l e r a t e d  o r b i t s  s t a r t i n g  on 
0 E a t  Y = 46 NeV, p = -7.5'. f o r  bump f ~ e l d s  
having h, = 2 and 4 gauss;  p l o t s  show o r b i t -  
c e n t e r  displacement genera ted  by f i e l d  bump v i a  

- 1 resonance. b )  Var ia t ion  of a x i a l  'r T o s c ~ l l a t i o n  amplitude l z l  with encrgy 6 f o r  these 
o r b i t s  (and a l s o  f o r  o r b i t  with H, = 6 g a u s s ) ;  
p l o t s  show degree  of a x i a l  i n s t a b i l i t y  produced 
by vr = 2vz resonance (see  Fig. 4 )  

Fig. 7 Evolution of r a d i a l  phase-spncc a r e a  a s s o c i a t e d  
with o r b i t  "C" of Fig. 6b from 46 t o  54 NcV. 
The inner  "shaded" a r e a  which is bounded by the 
a e t  of o r b i t s  "S", corresponds t o  the  expected 
s i z e  of the  beam. 
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Fig. 4 E f f e c t  of r a d i a l  o s c i l l a t i o n  amplitude on 
a x i a l  i n s t a b i l i t y  due t o  v = 2v coupling 
resonance. a )  ~ c c e l e r a t i o x  phasf p l o t s  
showing X versus p p l o t t e d  once per turn  
a t  6 = 45' f m  thrge o r b i t s  a c c e l e r a t e d  
from 50 t o  56 UeV wi th  i n i t i a l  x-dieplace- 
ments of 0.002. 0.004, and 0.006 C.U. 
b )  Resul tan t  v a r i a t i o n  of a x i a l  o s c i l l a t i o n  
amplitude le l  with energy E f o r  such o r b i t s ;  
l z l i s  normnlized t o  u n i t y  a t  i n i t i a l  E = 50 NeV 
i n  each case. (The a c t u a l  value of z i n  each 
case  was taken s u f f i c i e n t l y  s n a l l  t o  have 
n e g l i g i b l e  inf luence  on the  r a d i a l  motion). 

Fig. 6 Accelern t ion  phase p l o t s  showing orb i t -center  
d isp lace~nent  prochced by two d i f f e r e n t  bump 
f ie lds .  a )  Orbi t  "2" f o r  which h, = 2 gauss. 
indopendent of r (same a s  t h a t  shown i n  Fig. 5s).  
b )  Orbit  "C" with same i n i t i a l  condi t ions  f o r  
which h, = 0 f o r  r c 0.302 c.u.. h, = 4 gauss 
f o r  r > 0.325 C.U. and is n e a r l y  l i n e a r  i n  
between. 

Fig. 8 ( r , ~ , )  l o c a t i o n s  of o r b i t s  on t u r n  n = 28 ( 4  = $5') 
where e l e c t r o s t a t i c  channel begins,  and on previous 
t u r n  n = 27 ( 0  = 45'). a )  Orbi t  "C" (Fig. 6b)  and 
o r b i t  s e t  "S" (shaded a r e a  of Fig. 7). b )  O r b i t s  
A, A ' ,  B. U '  r e l a t i v e  t o  C; number i n  parenthes is  
g ives  encrgy d i f f e r e n c e  r e l a t i v e  t o  C i n  NeV. 
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The ions chosen f o r  t h i s  study a r e  protons which have about 53 MeV energy at extrac- 

tion. Acceleration i s  accomplished by a two-dee system each dee having 70 kV t o  

ground and a n  assumd angular width of 135'; thus, the  peak energy gain/turn i s  

E 1 = (280) ~ o s ( 2 2 . 5 ~ )  = 258 keV/turn. Orbit  computations were performed with the 

previously described General Oribt  Code 3 

S t a t i c  Orbi t  P roper t i e s  

The pe r t inen t  p roper t i e s  of s t a t i c  o r b i t s  i n  the ex t rac t ion  region of the  f i e l d  

a r e  displayed i n  Figs. 1-3. Since tu rn  separa t ion i s  t o  be achieved predominantly by 

displaced o r b i t  center  precession, ext raot ion should comence above E = 52.5 MeV 

(vr < 0.9). A s  shown i n  Fig. 2 maximum o r b i t  separation occurs i n  the "valleys" a t  

6 = 10'; the  s e c t o r  modulation of the o s c i l l a t i o n  amplitude produces a minimum rad ia l  
N 

beam width a t  6 = 58'; and the  o r i en ta t ion  of the dees requ i res  t h a t  the e lec t ro -  

s t a t i c  de f l ec to r  begin at 6 = 45'. The minimum i n  the a x i a l  beam width occuring a t  
0 

6 2 0 may permit the i n s e r t i o n  of probes t o  d e t e c t  a x i a l  i n s t a b i l i t y  a t  the vr = 2v, 

resonance. The fixed-point diagrams displayed i n  Fig. 3 demonstrate tha t  the r a d i a l  

s t a b i l i t y  l i m i t s  f a r  exceed the phase-space a rea  occupied by the beam, except from 

49 MeV t o  50.5 MeV; above 50.7 MeV nsuper-s tabi l i ty"  obtains.  

Limitat ions Imposed by Axial S t a b i l i t y  

The maximum permissible orbi t -center  displacement which can be generated v i a  

the vr = 1 resonance is  s e t  by t h e  axia l  s t a b i l i t y  tolerance of t h e  vr = 2vB coupling 

resonance. Fig. 4 shows r e s u l t s  f o r  several  o r b i t s  accelera ted  from 50 t o  54 MeV with 

near ly  constant  r a d i a l  amplitudes ranging from 0.002 to  0.006 c.u., and the r e s u l t a n t  

v a r i a t i o n  i n  z-amplitude f o r  each. These r e s u l t s  demonstrate t h a t  f o r  r a d i a l  amplitudes 

up t o  0.002 C.U. the resonance has neg l ig ib le  e f f e c t s ;  however, f o r  sus ta ined r a d i a l  

amplitudes > 0.003 c.u., the resonance has a d i sas t rous  e f f e c t  on the a x i a l  motion. 

Ef fec t s  of Weak Field Bumps on Accelerated Orbi ts  

The accelera ted  o r b i t s  i n  these ex t rac t ion  s t u d i e s  were s t a r t e d  i n  the 8.0. 
0 

(equil ibrium o r b i t )  a t  E = 46 MeV with  9 = -7.5 as "standardn i n i t i a l  conditions. A t  

t h i s  energy the e f f e c t  of the vr = 1 resonance is  neg l ig ib le  so t h a t  the assumption of 
0 

i n i t i a l l y  centered o r b i t s  is r e a l i s t i c ;  p =-7.5 was se lec ted because i t  y i e l d s  the 

bes t  average energy ga in l tu rn  from 46 t o  53 kleV. An i n i t i a l  study es tabl ished t h a t  

the r a d i a l  amplitude induced by the e l e c t r i c  gap-crossing resonance was inadequate fo r  
4 ex t r a c t i o n  purposes . The e f f e c t s  of var ious  f i e l d  bumps were therefore  investigated.  

Fig. 5 shows r e s u l t s  obtained with b(r ,9)  = -hl(r)cos6 f i e l d  bumps having hi = 2, 4, 

and 6 gauss (independent of r ) ;  the  amount of orbi t -center  displacement generated, v ia  

the vr = 1 resonance, is nearly proportional  to  the  bump s t rength  (Fig. 5a) ;  the 

corresponding a x i a l  motion is r a t h e r  s t a b l e  f o r  the 2 gauss bump, but  i s  q u i t e  unstable 

f o r  bump s t reng th  => 4 gauss (Fig. 5b). 

Fig. 6 shows accelera t ion phase p l o t s  fo r  two o rb i t s :  one ( labeled "2") f o r  
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t he  2  gauss bump f i e l d  above; the o t h e r  ( l abe l ed  "Cn) f o r  a  f i e l d  bump i n  which 

h  ( r )  is zero  f o r  r < 0.302 c.u., and r i s e s  t o  hl = 4 gauss f o r  r > 0.325 C.U. 1 
A t  the energy chosen f o r  e x t r a c t i o n  (53.2 MeV) the  (x,px), and hence ( r , p r ) ,  va lues  

i n  both  ca ses  a r e  nea r ly  equal .  This r e s u l  t i n d i c a t e s  t h a t  the  o rb i  t -center  d i s -  

placement a t  e x t r a c t i o n  i s  determined mainly by the average bump s t r e n g t h  near  

resonance, and is  not s e n s i t i v e  t o  the  d e t a i l e d  r a d i a l  p r o f i l e .  A p a r a l l e l  study, 

vary ing  the  azimuthal l oca t ion  of the  f i e l d  bump, r e v e a l s  t h a t  here again t he  

( r ,p r )  va lues  a t  53.2 MeV a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  such v a r i a t i o n s .  

The f i e l d  bump used i n  the  s t u d i e s  descr ibed  below is  t h e  one used f o r  the o r b i t  

C of Fig. 6b; hence, t h i s  o r b i t  forms the  "cen t r a l  ray" f o r  a  family of o r b i t s  

r ep re sen t ing  the  beam behavior  du r ing  ex t rac t ion .  The e l e c t r o s t a t i c  channel begins 

a t  the  p o i n t  n  = 28, E = 53.2 MeV marked i n  Fig. 6b; du r ing  the  preceding tu rn ,  X 

i nc reases  by Ax = + 0.0021 U.U. = 0.19 in., and s ince  the  E.O. s h i f t s  by A r e  = 0.08 in .  

A t  t he  same time, the n e t  i nc rease  i n  r is A r  = 0.27 in .  ; hence, s i nce  the  expected 

beam width  is 0.20 in., t h i s  A r  should permit  t he  beam t o  c l e a r  the  septum at t h i s  

po in t .  A f i e l d  wi th  average s t r e n g t h  of a bout  2  gauss poses problems of c o n t r o l ;  

monitoring the a x i a l  amplitude a t  t h e  vr = 2vz resonance o f f e r s  a poss ib l e  s o l u t i o n  

t o  t h i s  problem. 

Transmission of Radia l  and  Axial Phase-Spaoe through Resonances 

A s e t  of e i g h t  o r b i t s  were computed under cond i t i ons  i d e n t i c a l  t o  t h a t  of t h e  

o r b i t  C, bu t  wi th  i n i t i a l  (x,px) va lues  on a n  e igen -e l l i p se  r ep re sen t ing  the  phase- 

space a r e a  of t he  beam ( t h i s  s e t  is h e r e a f t e r  des igna ted  *Sn). A second s e t  of e i g h t  

such o r b i t s  were computed w i t h  (x,px) va lues  twice t h a t  of S. The evolu t ion  of these 

r a d i a l  phase-space a r e a s  is  shown i n  Fig. 7; the  " t r i angu la rn  d i s t o r t i o n  produced by 

the  Vr = 3/J resonance from n  = 15 t o  n  = 20 i s  apparent  (compare w i t h  Fig. 3 ) ;  t h e  

subsequent mshearn  d i s t o r t i o n  due to the  sharply f a l l i n g  edge-field i s  a l s o  apparent  

( n  = 25 t o  n  = 31). Since the l a t t e r  d i s t o r t i o n  inc reases  r a p i d l y  wi th  energy, i t  is 

advisable  t o  avo id  a c c e l e r a t i n g  the  beam too  f a r  i n t o  t he  edge reg ion  of the  f i e l d .  

For t h i s  reason  53.2 MeV was s e l e c t e d  as the e x t r a c t i o n  energy. The r e s u l t s  of Fig. 7  

a l s o  c l e a r l y  demonstrate t he  importance of having the ion  o r b i  ts i n i t i a l l y  (46 hIeV) 

well-centered. 

F .  8 a  s h a s  the r-pr con f igu ra t ion  f o r  the  s e t  of o r b i t s  S  (and C) a t  8 = 45' 

on tu rns  n  = 27 and n  = 28; these  a r e a s  have a  r a d i a l  s epa ra t i on  A r  = 0.07 in. where 

the  e l e c t r o s t a t i c  channel septum would be i n se r t ed .  Fig. 8b compares t he  r-p, l o c a t i o n s  

of t h e  o r b i t  C with o the r  o r b i t s  A-A' and B-B' whose i n i t i a l  cond i t i ons  d i f f e r  from C 

only i n  t ha t :  A-A' start a t  E = (46 5 .05) MeV; B-B' 8twt wi th  Q = -7.5 5 7.5'. 

These r e s u l t s  demonstrate t h a t  the resonance mechanism ope ra t ing  here  i s  q u i t e  energy 

s e n s i t i v e  i n  t h a t  the ( r , p r )  l o c a t i o n  of these  o r b i t s  is c o r r e l a t e d  wi th  t h e i r  f i n a l  

energ ies .  Va r i a t i ons  i n  phase 9 a r e  s i g n i f i c a n t  mainly i n  t h a t  they t r a n s l a t e  i n t o  

energy va r i a t i ons .  Thus, t he  a t ta inment  of a highly e f f i c i e n t  beam e x t r a c t i o n  system 
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Fig. 9 Evolution of a x i a l  phnse-space a r e a  a s soc i a t ed  
with ccn t rn l  r a y  o r b i t  "C"; v = 2v resonance 
occurs a t  E 51.1 NeV. (z  sc&e i s z a r b i t r a r y ) .  

Fig. 10  r versus B t r a j e c t o r i e s  of o r b i t  C and o r b i t  
s e t  S t raced through electrostatic channel and 
beyond; the e l e c t r i c  f i e l d  E = 100 kV/cm a c t s  
only from B = 45' t o  105'. The cross-hntched 
a r ea  shows the A r  ex tent  of the  o r b i t  s e t  S fo r  
B 2 45'. 

Fig. 11 r versus B t r a j e c t o r y  of o r b i t  C for  n = 28, 
% ? 45'. showing e f f e c t  of e l e c t r o s t a t i c  
d e f l e c t o r  of d i f f e r e n t  lengths. The e l e c t r i c  
f i e l d  e = 100 kV/cm a c t s  t ransverse  t o  the  
o rb i t  from B = 45' t o  45' + AB; R(%) is the  
maximm r a d i a l  ex tent  of the  o r b i t  s e t  S 
(Fig. 7) f o r  n S 28, 8 = 45"; the shaded 
Portion i nd i ca t e s  the a r ea  covered by the  does 
(du ry -dee  extends from % = 45' t o  90'). 

921!,-(y ;B] 
.020 L P ,  *A 3x3 t p, 

.01* 

.A' 
.011 ,021 

Fig. 1 2  Evolution of r a d i a l  phase-space a r ea  from Fig. 8 
(n  = 28) t raced through e l e c t r o s t a t i c  channel 
(B = '5'- 105') and beyond (see  Fig. 10). The 
( r  - R )  value g ives  the r a d i a l  .position r e l a t i v e  
t o  the  maximum r a d i a l  ex t en t  of the  o r b i t  s e t  S 
on a l l  previous turns. 
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r equ i res  a small energy spread wi th in  a given turn. To achieve an energy spread of 

only 100 keV wi th in  a s ing le  tu rn  a t  46 MeV requ i res  a phase spread r e s t r i o t i o n  

AV = 7.5' a t  low energies;  the p o s s i b i l i t y  of achieving t h i s  goal is discussed e lse-  
5 ) where . 

Fig. 9 shows the evolution of the a x i a l  phase-spaoe a rea  associa ted  with the 

o r b i t  C. Although the  behavior of the z-motion is q u i t e  good under these condit ions,  

i t  w i l l  not  be as s a t i s f a c t o r y  f o r  the  e n t i r e  o r b i t  s e t  S above, because of the 

s e n s i t i v i t y  of a x i a l  s t a b i l i t y  t o  r a d i a l  o s c i l l a t i o n  amplitude (see  Fig. 4). 

E f f e c t s  of E l e e t r o e t a t i c  Deflector 

The proposed e l e c t r o s t a t i c  de f l ec to r  has an e l e c t r i c  f i e l d  E = 100 k~/ola and a 

1 o r  aperture.  Fig. 10 shows t h e  e f f e c t  on the o r b i t  C of suoh a d e f l e o t o r  beginning 

a t  n = 28, 6 = 45' ( see  Fig. 8a) and extending f o r  d i f f e r e n t  A% lengths. The curve 

R(%) is  the maximum cartent of the  o r b i t  s e t  S i n  Fig. 7 f o r  n 2 28, 6 = 45'. On the 

bas i s  of these r e s u l t s  a d e f l e e t o r  length A6 = 60' w a s  se leoted  and subsequent 

oomputations assume t h i s  value. 

The s e t  of o r b i t s  S w a s  t racked through the d e f l e c t o r  and beyond; Fig. l1 shows 

the spread i n  r values  f o r  these o r b i t s  a s  a function of 6 r e l a t i v e  t o  the  periphery 

of t h e  dee and t o  R(@). These r e s u l t s  indica te  a t  l e a s t  0.4 in.  clearanoe between 

d e f l e c t o r  and dee periphery for  insu la t ion  space. The o r b i t s  a r e  not s u f f i c i e n t l y  

de f l ec ted  by the e l e c t r o s t a t i c  d e f l e c t o r  and an addi t ional  magnetic channel is being 

planned. The l a t t e r  w i l l  be introduced near 

6 = 130°, where the clearance between the  o r b i t s  

and dee periphery i s  about 1.4 in. 

Fig. 12 shows (r-R) versus  p, p l o t s  a t  severa l  

6 values f o r  the o r b i t  s e t  S from Fig. 11, and 

a l s o  f o r  the  o r b i t s  A-A' of Fig. 8b. As can be 

seen, the r a d i a l  phase-space area  maintains i t s  

good focusing character  i n t o  the  edge region of 

the f i e l d ;  a l s o  apparent i s  the transmission of 

the o r b i t s  A-A' with 2 50 keV energy differenoe 

from C. Fig. 13 shows the corresponding a x i a l  

phase-space behavior obtained by continuing the 

o r b i t s  of Fig. 9 through the channel and beyond; 

the sharp increase i n  a x i a l  focusing i n  t h i s  

region i s  evident. 

big. 13 Evolution of a x i a l  phase-space area from Fig. 9 
(n = 28) traced through e l o c t r o s t n t i e  channel 
( 4  = 45'- 105') and beyond; corresponding radial  
motion is that of  orbi t  C i n  Fig. 11. 
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DLSCIJSSION 

LAPOSTOLLE : Wnat e x t r a c t i o n  e f f i c i e n c y  do you expect  wi th  t h i s  system? 

CORDON : I t  depends on seve ra l  f a c t o r s ,  you oould presumably g e t  very  good d e f l e c t i o n  
e f f i o i e n c y ,  l e t  u s  s a y  over 80 percent .  

MARTIN : You previous ly  s tud ied  systems us ing  a much s t ronge r  bump, invoking t h e  non- 
l i n e a r  resonance, would you c a r e  t o  comment on your reasons  f o r  your change? 

GORDON : Yes, those systems involv ing  the non-l inear  resonant  e x t r a a t i o n  a r e  we l l  
adapted f o r  a machine a c c e l e r a t i n g  a s i n g l e  i on  to  a f i xed  energy. We a r e  moving toward 
a machine which w i l l  a c c e l e r a t e  many d i f f e r e n t  i o n s  t o  many d i f f e r e n t  f i n a l  ene rg ie s  
and, t he re fo re ,  must have the g r e a t e s t  poss ib le  f l e x i b i l i t y .  Aeaelera t ing  the  beam 
f a r  i n t o  the  edge region  of the f i e l d ,  w i th in  c e r t a i n  c o n s t r a i n t s ,  i s  the b e s t  way t o  
achieve t h i s  f l e x i b i l i t y .  

BLOSSER : On the ma t t e r  of e f f i c i e n c y ,  i f  you can c o n t r o l  the  f i e l d  bump you can g e t  
10% e f f io i ency  f o r  p a r t i c l e s  l eav ing  the source a t  a given i n s t a n t ;  the o v e r a l l  
e f f i c i e n c y  then depends only on how wel l  you succeed i n  trimming the  i n t e r v a l  of RF 
phases t h a t  leave  the source. 

GORDON : This is a ques t ion  of where you def i ne  t h e  beam, on t h e  septum and i n  the  
channel or ,  a l t e r n a t i v e l y ,  near  the source t o  avoid  the  l o s s  l a t e r .  

WALKINSHAW : What f i e l d  s t r e n g t h  do you r e q u i r e  f o r  ex t r a c t i o n ?  

CORDON : For t h e  c a l c u l a t i o n s  we assumed 100 kV/cm w i  t h  an a p e r t u r e  of about l cm. 
Considering the information we r ece ived  here a t  t h e  conference i t  appears  t h a t  we 
oould g e t  150 kV/cm on a l cm aper ture .  I n  t h a t  ca se  we can d e f l e c t  the beam without  
the a d d i t i o n a l  magnetic channel. 
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