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Introduction 

The 88-inch cyclotron d e f l e c t o r  is an e l e c t r o s t a t i c  channel which extends 108' 

azimuthally. The ground e lect rode is pivoted 72' downstream from the channel entrance. 

The high-voltage electrode,  negatively charged, i s  i n  two par ts  which form the 

entrance and e x i t  channels (see Fig. 1 of Faper 1-2, p. 8). The voltage is supplied 

by two r e c t i f i e d  RF power supplies. Detailed information about the  de f lec to r  and its 

power supplies is given i n  ref. 1, 2 and 3. 

The channel entrance is located near the  beginning of a h i l l ;  therefore,  the  

de f lec to r  has t o  be adjusted t o  the  o r b i t  shape, which changes with t h e  f l u t t e r  

(Pig. 1). The p rac t i ca l  consequence of t h i s  adjustment t o  the  o r b i t  shape is t h a t  a t  

ha l f  energy only the entrance channel is effective.  No voltage is usual ly  applied t o  

the  e x i t  channel a t  t h i s  energy. A t  f u l l  energy, however, both channels w i l l  be 

needed fo r  defleotion. We have chosen a septum shape that matches t h e  pa r t i c le  o r b i t s  

(*)Work done under the auspices of the  U.S. Atomic Energy Commission. 

6*)on leave of absence from the  Nobel Ine t i tue  of Physics, Stockholm, Sweden. 

a t  f u l l  magnetic f i e l d ,  believing tha t  the 0.03 

def leo t ion  a t  lower magnetic f i e l d  l e v e l s  is 

s u f f i c i e n t l y  e a s i e r  t o  j u s t i f y  t h i s  choice. N 
L 
g 0 0 2  

For p a r t i c l e s  with a charge-to-mass r a t i o  of 2 
1/2 or  smaller there  is  no problem with 

I I I I I l I I I 

(0 )  - 

def lec t ion  a t  lower f i e l d  levels,  Protons OOlo b Ib I: Ib ;6 

Field (kG) 

of 60 NeV have the same s t i f f n e s s  (Bp) as 2 
K 

alphas of the same t o t a l  energy, yet  they > 
S 

have only one charge. Hence, twioe the  
IMum orbn 12kG gradient i s  required f o r  oomparable deflec- 

tion. Computer ca lcula t ions  with the  CYBOUT 
1 code' , however, indicate  t h a t  protons of g 0 

60 NeV a r e  not more d i f f i c u l t  t o  ex t rao t  ? 2: 
-08 

than full-energy alphas (130 LleV). The ob- 4 
served gradients  and def lec t ion  e f f io ieno ies  

3 

a r e  i n  good agreement with predioted behavior 
Big. 1 (a)  Flutter (FP) versus mgnetio  f ie ld.  

of t h e  beam as f a r  as we can cheok (Table I). (b) Deviation of equilibrium orbit a t  39 in. from 
a oirole  for fu l l -  and half-energy f ie ld.  
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Table I 

Comparison between calcula ted  and a c t u a l  de f l ec t ion  proper t ies  of 

88-inch cyclotron 

The Deflector and Septum 

The d e f l e c t o r  is made of Inconel, which has a good res i s t ance  t o  sparking, with 

a typ ica l  cross  sec t ion  as shown i n  Fig. 2. The entrance and e x i t  high-voltage sec t ions  
1 a r e  each supported by movable arms which allow changes i n  channel shape2 . Operating 

experience and the t e s t s 4 )  show tha t  the  l a r g e  surface presented by these  s t r u c t u r e s  

a r e  a hindrance t o  voltage-holding capabi l i ty .  It has a l s o  been found t h a t  8% of the  

beam a t  the  channel entrance is contained wi thin  a 1/8 in. height. Consequently a 

revised design is planned, which w i l l  reduce the  channel height  and minimize the high- 

voltage surfaces. 

The bes t  septum shape we have used so f a r  is a tapered s l o t  having the  cross  

sec t ion  shown i n  Fig. 3. The i n i t i a l  tapered p a r t  is provided t o  d i s t r i b u t e  and absorb 

the power of the v e r t i c a l l y  blown up beam; whereas the small s l o t  d i s t r i b u t e s  the power 

of the ex t rac tab le  beam. Obviously a good alignment i s  essent ia l .  We achieved a 

c losely  uniform heat  d i s t r i b u t i o n  along the  s l o t  observed with the  telescope. 

For the s e l e c t i o n  of material  for  the septum, there  a r e  severa l  c r i t e r i a  : 

(a )  a b i l i t y  t o  hold voltage with the beam impinging upon it, (b) a b i l i t y  t o  d i s s i p a t e  

heat without excessive erosion and ( c )  low res idua l  ac t iv i ty .  Three mater ia ls  have 

been t r i e d  : graphite,  tantalum, and tungsten. 

Graphite is good i n  regard to  heat d iss ipat ion.  For very  shor t  times, up t o  15 kW 

was d i s s ipa ted  i n  a simple s l o t t e d  graphi te  septum of 0.03 in. thickness ( ~ i g .  3). 

Energy a t  f u l l  
radius  and type of 
p a r t i c l e  

65 NeV a 

Assumed Calculated 
Radial Dee U. Channel 
amplitude Vol tag9 gradient  transpa- 

rency 

inch kY kV/cm % 

Observed 
Dee - Channel 

Voltage gradient  transpa- 
rency - 

kV kV/m % 

50 80-100 50-60 

- 
65 170 5* 

(33 hieV d, 
33MeV H,+) 

I 
1 0.13 36 93 a 

* With tes t -def lec tor ,  high-voltage e lec t rode not adjustable.  With the  same 

d e f l e c t o r  the 65 NeV a channel transparency w a s  1Ho. 

130 NeV a 

(65 NeV d, 
65 NeV H,') 

50 MeV p 
l 

0. 13 70 153 56 

0.13 70 153 30 
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W A T E R  COOLING PASSAGES 

GROUND 
3: ELECTRODE ELECTRODE 

PRESENT DEFLECTOR 
ELECTRODE GEOMETRY 

T 

PRESENT TUNGSTEN SEPTUM 
SECTION SHOWING GROUND ELECTRODE, 

SEPTUM, AND HlGH VOLTAGE ELECTRODE 

PRESENT SEPTUM GEOMETRY 

WATER COOLING PASSAGES 

ELECTRODE 

PROPOSED COPPER SEPTUM 
SECTION SHOWING GROUND ELECTRODE 

SEPTUM, AND HlGH VOLTAGE ELECTRODE 

PROPOSED SEPTUM GEOMETRY 

Fig. 2 Deflector cross  s e c t i o n s  and septum shapes of the  88-inch cyclotron. 

- IVe hope eventually t o  have a septum tha t  w i l l  s tand 30 kW. Graphite is a l s o  very good 

from the standpoint  of res idual  a c t i v i t y ,  However, it is very poor i n  regard t o  

holding voltage. Apparently, when the beam s t r i k e s  the  septum, the graphite evaporates 

and contaminates the high-voltage electrode. A beam power of l e s s  than 1 kW reduces 

t h e  voltage the de f lec to r  oan hold t o  6% of t h a t  a t t a inab le  with no beam, 

Tantalum works moderately well  a t  low beam levels. The beam slowly cuts  a s l o t  

i n  the septum. This could be to le ra ted  i f  the drople ts  formed d i d  not prevent the 

def leotor  from holding s u f f c i e n t l y  high voltage. 
From the  overal l  standpoint, tungsten is the  bes t  material  t r i e d  so  far. It is 

poor i n  regard t o  res idua l  a c t i v i t y  and, because of t h i s ,  aepta  of tungsten w i l l  
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require specia l  handling devices. 

Prac t ica l  Deflection 

In order t o  de f l ec t  a beam, we choose a radius fo r  the leading edge of the 

septum (point  1 i n  Fig. 1 of paper 1-2, p. 8). This radius  is  usually ar r ived at by 

complter calculations. For instance, fo r  65 MeV a, 39.3 in. is our preferred radius. 

A t  t h i s  radius,  the 65 NeV a beam ahs the following properties. 

Radial betatron frequency : v = 0.88 (calculated) r 
Vertical  betatron frequency : v = 0.60 (caloulated) z 
Incoherent r ad ia l  amp1 i tude : % = 0.25 2 0.15 in. (estimated) 

Coherent r ad ia l  amp1 i tude  : = 0.3 2 0.2 in. (estimated) 

Turn separat ion f o r  50 kV on dee : ARbo = 0.07 in. (ca lcula ted)  

Phase width : A@ = 80 2 10  deg (measured). 

The next s t e p  is t o  move point 3 of the de f l ec to r  r a d i a l l y  i n  o r  out u n t i l  the 

beam h i t s  the septum tangentially. The glow of the beam along the septum is observed 

with a telescope. The high-voltage electrode is then positioned t o  ensure a l a rge  

gradient. With the e x i t  def lec tor  wide open, point 4 is moved u n t i l  a small amount 

of def lec ted  beam is detected with the t a rge t  probe. A s  soon as the  f i r s t  measurable 

beam is obtained, the def lec t ion  becomes easy. 

The beam is maximized by readjus t ing  points  2, 3 and 4, the de f l ec to r  voltage, 

the  first-harmonic c o i l s ,  the dee voltage and frequency. For the measurement of the 

external  beam we use the so-called five-finger probe (Fig. 1 of paper 1-2, p. 8). The 

f i v e  v e r t i c a l  f ingers  a r e  insulated, and give a f a i r  impression of the beam width and 

its in tens i ty  d is t r ibut ion .  

The principal  object  i n  working with the extracted beam ahs been t o  make the 

ext rac t ion  ef f ic iency ar large as possible. To make t h i s  concept precise, we define 

ext rac t ion  ef f ic iency as the r a t i o  of the extracted-beam in tens i ty ,  measured external- 

l y  t o  the cyclotron, t o  the in ternal  beam in tens i ty  measured a t  30 in. radius. In 

working with a beam of 65 AIeV a pa r t i c l e s ,  a reproducible ext rac t ion  ef f ic iency of 

about 40$ has been achieved. However, the channel transparency, which is the r a t i o  of 

beam leaving the de f l ec to r  t o  beam reaching the def lec tor ,  is about 50%- These f igures 

represent what the machine can de l ive r  during several  hours of operation, with only the 

normal a t t en t ion  of an operator. For a shor t  period, with careful  tunings, a maximum 

ef f iciency of 53% has been recorded, with a channel transparency of 63% 

The p a r t i c l e s  tha t  a re  not extracted can be grouped i n t o  three  oategories : 

( a )  those which acquire v e r t i c a l  amplitudes l a rge  enough t o  s t r i k e  the inside of the 

dee, (b) those which l ag  or lead i n  phase enough t o  be decelerated, and ( c )  those 

which s t r i k e  the deflector.  With the 65 MeV a beam, about 2% of the in tens i ty  is l o s t  

by the f i r s t  two mechanisms. 

Defining slits a r e  provided i n  the center region of the 88-inch cyclotron5). They 

c l i p  the beam at the second or t h i r d  turn. A t  the time when we had a large  loss  c lose  
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t o  f u l l  radius  due t o  phase l o s s  and v e r t i c a l  blowup, the def ining s l i t e s  increased 

the de f lec t ion  eff ic ieney by c l ipping t h a t  pa r t  of t h e  p a r t i c l e s ,  which would other- 

wise be los t .  We have now learned t o  avoid most of the phase l o s s  a t  nearly f u l l  

radius by using f irst-harmonic a o i l s ;  hence, the  defining slits mainly reduce the 

in te rna l  beam. 

In the beginning we def lec ted  the beam without using first-harmonic coils .  The 

best  beam q u a l i t y  should be expected with a well-centered beam; therefore,  we t r i e d  

t o  center the beam by changing the  center region parameters. These center  region 

parameters a r e  : (a)  ion source r a d i a l  posit ion,  (b) ion source azinuthal  posit ion,  

( c )  ion source rota t ion,  (d)  pu l l e r  posit ion north-south, and (e )  p l l e r  posi t ion 

east-west. If  there  a r e  neg l ig ib le  magnetic-field d i s t o r t i o n s  it  should be possible 

t o  center the  beam by varying these center  region parameters and the  dee voltage and 

frequency. 

By measuring the  de f lec ted  beam versus dee voltage, we observed d i s t i n c t  peaks 

of external  beam (Fig. 4). We suspect that  these  peaks a r e  connected with the  

precession of r a d i a l  betatron osc i l l a t ions .  Whether the beam is centered or  merely 

has a favorable angle f o r  de f lec t ion  at the  peaks has not been shown. However, the re  

a r e  indicat ions  t h a t  coherent o s c i l l a t i o n s  ease the def leot ion,  and i t  seems l i k e l y  

tha t  the peaks correspond t o  a favorable amount of coherent osci l la t ions .  

DEE VOLTAGE kv 
Fig. 4 External beam versus dee voltage with and without use of first-harmooia aoi ls .  
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The number o f  precessions P required t o  achieve f u l l  radius i s  given by  

E P = - (  < v r > - l ) ,  
e ( 1  1 

where E i s  the  part ic le  energy, E the  average energy gain per turn ,  and < vr > t h e  

average radial betatron frequency. Since e i s  proportional t o  dee voltage V, the  

change i n  dee voltage AV required t o  increase P by one i s  seen t o  be approximately 

The in terva l s  between the  peaks o f  Fig, 5 are i n  good agreement with Eq. ( 2 ) .  The 

machine was i n i t i a l l y  tuned for 51.5 kV, which means the  external beam had been 

maximized wi th  center region parameters and frequency for t h i s  dee voltage. 

Measuroment o f  only  the external beam current i s  somewhat misleading, because 

wi th  increasing dee vol tage,  the  internal beam increases for the  same center region 

geometry. Therefore we studied the  d e f l e c t i o n  e f f i c i e n c y  as a function o f  center 

region geometry5) and dee voltage. 

We chose f i v e  d i f f e r e n t  source positions with f i v e  corresponding puller positions. 

The source moved only rad ia l l y  and the puller was moved only  north-south. By 

expriment ing we convinced ourselves that  the  d e f l e c t i o n  e f f i c i e n c y  was rather insensi-  

t i v e  with respect  t o  the east-west motion o f  the  puller,  and therefore  made no attempt 

t o  correct the  east-west posit ion o f  the puller as the ion source was moved radial ly .  

The de f in ing  s l i t s  were not used i n  t h i s  study, and the de f l ec tor  posit ion 

remained unchanged, optimized for  ion source position 0.9 in. ( B i g .  5). With respect  

t o  dee voltage,  frequency, and d e f l e c t o r  voltage,  small tuning changes were made t o  

compensate for  the d r i f t  o f  machine parameters. In a l l  these  t e s t s ,  the  frequency 

was not adjusted more than 1 part i n  l o 4 ,  and the  d e f l e c t o r  voltage not more than 1 

part i n  102. 

The d e f l e c t i o n  e f f i c i e n c y  drops o f f  remarkably fas t  as the  ion source i s  d i s -  

placed. For 52 kV dee vol tage,  a radial motion o f  0.15 i n ,  i s  enough t o  reduce the  

d e f l e c t i o n  e f f i c i e n c y  by a factor o f  2. I t  seems l i k e l y  tha t  one could regain p a r t  

o f  the l o s t  e f f i c i e n c y  by changing the  d e f l e c t o r  position. We have not been able t o  

demonstrate t h i s  point so far. 

That the  peak o f  the d e f l e c t i o n  e f f i c i e n c y  wi th  increasing voltage s h i f t s  t o  

increased radial  posit ion o f  the source r e f l e c t s  the energy gain i n  the  f i r s t  turn  and 

hence the centering o f  the  beam. 

The next attempt was t o  add the in f luence of first-harmonic c o i l s  ( v a l l e y  c o i l s )  

t o  maximize the  d e f l e c t i o n  e f f i c i e n c y  ( F i g .  6 ) .  Again the  channel posit ion remained 

unchanged. Naturally the  s k i l l  o f  the operator onters i n t o  such an experiment t o  a 

large extent.  Therc are f i v e  v a l l e y  c o i l s  w i th  steps o f  100 i n  a z i m t h  and a 

continuous variat ion i n  current up t o  200 A6), 

Two conclusions could be obtained. The majority o f  points indicate higher 
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Fig. 5 Deflection efficiency versus ion source position in inches without use of first-harmonic coils. 

def lect ion e f f i c i e n c i e s  with va l l ey  c o i l s  thant without. In addit ion,  the ion source 

posi t  ion 1.0 in. gave ra the r  promising def lec t ion  ef f ioiencies.  Therefore we decided 

t o  use t h i s  ion source posi t ion with about 52 kV on the dee, and by fu r the r  experiment- 

ing we reached the  quoted def lec t ion  eff ic iencies .  

If  va l l ey  c o i l s  a r e  used as i n  the 65 MeV a case7),  the beam centering is 

e s s e n t i a l l y  unaffected. In f a c t  the  beam reaches l a r g e r  r a d i i  on a l l  three  diagnost ic  

probes with the va l l ey  c o i l s  on than with the va l l ey  c o i l s  off. The reduction i n  beam 
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Pig. 6 ~eflection efficiency versus ion source position in inches with use of first-harmonic coils. 

loss is very distinct prior to the extraction. Therefore we believe that we brought 

more extractable beam to the septum without appreciably increasing the channel 

transparency. 

Emittance and Effective Sources 

The emittance of the 88-inch cyclotron for 65 MeV a's has been measured, radially 

as well as vertically, for beam currents between 2 and 20 pA continuoue beam, and in 

one case (vertically) for a pulsed beam with a current during the pulse of 450 pA 

internal and 70 a external. The emittance remained constant radially and vertically. 
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We measured the  r a d i a l  emittance (Fig. 7(a)) of 9% of the beam current  t o  50 mm mad,  

and a comparable v e r t i c a l  emittance (Fig. 7(b))  of 90 mm mad. The accuracy of the 

measurement is about 2 2% This is i n  good 

f o r  r a d i a l  measurements a maximum diverg- 

agreement with theore t i ca l  ca lcula t ions  made 
14 by Garren, f o r  the  emittmoe immediately 
12 

a f t e r  the de f lec to r  channel of 30 mm m a d  
l 0  

r a d i a l l y  and 60 mm m a d  ver t ica l ly .  The 8 

measurements ignore any in te rac t ion  between 6 

v e r t i c a l  and r a d i a l  phase space. They a l s o  4 

give only the  average phase space density,  E 2 -  - 
which is probably appreciably lower thant  i O 

- 2 -  

t h a t  for  the  most dense spot. - 4  

The apparatus f o r  measuring the 

emittance (Fig.8) is a s l o t t e d  graphi te  

p la te ,  81, positioned i n  the beam pipe. -12 

This pla te  has 12 s l o t s  of 0.01 in. width. -14 

An appropriate d i s  tance 4 downstream, the -l6 

-18 
probe P1 with a narrow piokup f inger  

30 

ence of 2 1 8  mrad. 
1 8 , ,  , , , I I I I  

The same measurements y ie ld  the  v i r t u a l  l6 6 5 ~ 0  
- VERTICAL EMITTANCE 

source posi t ion and source width. Qui te  90milWnmta mllYrodm 
14 - 9 O X d b . a r  

consistent1 y we have measured the v i r t u a l  12 - 

r a d i a l  source t o  be 2 ntn wide and pos- 10 - 

8 - 
t ioned 75 in. upstream of the physical 

6 - 

pole edge of the f i r s t  quadrupole. 4 - ERROR: t0.2mmd tO.l5mm' 
Since the  v e r t i c a l  source is consider- - 2 -  SOURCE WIDTH 

7mm 
ably  more extended, and the maximum l o  . 0 

divergence smaller  than i n  the r a d i a l  plane, m 2 - 2 -  

the apparatus had t o  be nodif ied as shown i n  -4  - 

-6 - 
Pig. 8. Quadrupole 1 w a s  excited t o  

- 8  - 
2 kG/in. f o r  the v e r t i c a l  measurements. The -10 - 

e r r o r  was increased by about a fac to r  of 2. 

(0.01 in.) can be moved across  the beam X (mm) 

Fig. 7a Radial u i t t a n c e  for m of 65 bieV alpha beam. 
r a d i a l l y  or  ve r t i ca l ly .  Our setup accepts 

1 6 - , , , , , - , , , ,  

- 6 5  Mev a 
RADIAL EMITTANCE 

50rn1ll1mfer mll~mdmna - 
9 0 %  OI born 

- 
- RADIAL EMITTANCE 

AT VlRTUAL MURCE, 

- 

- 

Fortunately t h i s  e r r o r  can be to le ra ted  

because the v e r t i c a l  emittance is about -'vl ' l l l l ]  

-16 

1 8  - - - - - - - - -J 

twice a s  large  as the radia l .  The v e r t i c a l  
-20  

souroe posi t ion and width can be oaloulated -25 -20 -IS -10 -S o S 10 IS  2 0  2 5  
Y(mm) 

- 

- , ,  ,X, 

t',' 

from these  measurement^ (Fig. 703) ) m  Fig. 7b Vert ical  emittance for M of 65 MeV alpha beam, 

/ 

) 

RADIAL EMITTANCE 
MEASWED AT S1 

- 

ERROR t O l  mrod 
t ~ ~ ~ r n r n  

i?/-J 25 2 0  I 5  10 5 o 5 l 10 l I 5  , 2 0  l i 25 
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RADIAL 

cc- 

/ 
-! L- 12,, [- 

lZFT~---~-- -------_ - S 
----S -----------b. 

/ I 1 1 1 VERTICAL PI 

Fig. 8 Schematic viow of emittance-measurement apparatus. 

The e f fec t ive  source width w a s  estimated tobe7mm and its pos i t ion  approximately 50 in. 

upstream of the  physical pole edge of the  f i r s t  quadrupole. These measurements a l s o  

agree qu i t e  well  with the  theore t i ca l  predict ions.  

Influence of Def lec tor  Voltage Regulation on Optical Beam Quality 

The 88-inch de f l ec to r  has two RF power supplies3). The voltage is regula ted  t o  

2 p a r t s  i n  10'. We studied the d e f l e c t i o n  e f f i c i ency  and the  emittance as a function 

of de f l ec to r  voltage regulat ion.  The d e f l e c t o r  v01 tage w a s  modulated with an  external  

4 ignal. 
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Three cases were s tudied  : 

( a )  Unmodulsted v01 tage k 0.1% v01 tage regulat ion,  

(b)  Modulated with 2 0.5% voltage r i p p l e  of 100 c/s, 

(c )  Modulated with 2 voltage r i p p l e  of 100 c/s. 

Since our se tup  t o  measure the  r a d i a l  emittance accepts  beam of a maximum r a d i a l  

divergence of + 1 8  m a d  only, the  re levant  number w i l l  be the  f r a c t i o n  of the  t o t a l  

beam included i n  these emi t tance  measurements. 

The def lec ted  beam at the  t a r g e t  probe is very nearly the same i n  a l l  t h ree  

cases. However, the  beam width f o r  the  2 2% r i p p l e  is considerably l a r g e r  (Fig. 9 ) ,  

Since the  r a d i a l  emittance f o r  d i f f e r e n t  beam currents  i n  a l l  three  measurements 

is e s s e n t i a l l y  the  same, the primary e f f e c t  has been t o  reduce the  dens i ty  i n  phase 

space. The r a d i a l  v i r t u a l  source width and the  channel transparency a r e  l e s s  influenced 

by poorly regula ted  de f l ec to r  voltage. 

Pig. 9 Radial beam q u a l i t y  versus de f l ec to r  voltage regulation. 
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Beam Handling 
1 A general descr ip t ion of the beam-handling system has been given elsewheree . 

A Layout of the present se tup  is shown i n  Fig. 10. The de f l ec ted  beam is focused by 

a quadrupole doublet Ql  and is d i rec ted  i n t o  a switching magnet which bends the % 
beam i n t o  any of severa l  experiment caves. To reach the high-level oave (provided 

f o r  high-intensity bombardments), the beam has t o  be bent through an angle of lWO. 

This i s  accomplished by means of the  switching magnet M and a 47' sec to r  magnet %. S 
This system has been arranged i n  such a way t h a t  the r a d i a l  s i z e  of the beam at the 

t a r g e t  is p r a c t i c a l l y  independent of the momentum dispers ion caused by the  bending 

magnets, provided proper focusi iy  condit ions a r e  used. 

The beam enter ing cave 1 is analyzed a t  the  s l i t  S. In t h i s  case the  focusing 

is such t h a t  an intermediate r a d i a l  image is formed between Q, and N The dispers ion 5' 
caused by IdS adds t o  the d ispers ion of the cyclotron f r inge f i e l d  i f  the v i r t u a l  

source moves inward with energy, as discussed elsewhere1,'). A f i r s t -o rde r  ca lcu la t ion  

of the momentum reso lu t ion  obtained under these  circumstances has been reported 

previously i n  Ref. 8. 

Cave 3 can be considered as a typ ica l  se tup using nonanalyzed beam. The cave has 

two experimental s t a t i o n s  connected t o  t h e  same beam pipe. The focusing conditions 

I 
Fig. 10 layout of oyelotron v a u l t  and e x p r i n n t  mean.  
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used w i l l  depend upon the  r a d i a l  and v e r t i c a l  magnifications des i red  a t  these s t a t ions .  

I f  the beam downstream from M is made p a r a l l e l  both r a d i a l l y  and v e r t i c a l l y ,  the S 
ca lcu la ted  magnifications a t  s t a t i o n  2 a r e  3.4 r a d i a l l y  and 0.97 ve r t i ca l ly .  I f  the 

beam is focused t o  produce an intermediate image a t  C ( i n  both planes) the magnifica- 

t ions  i n  the r a d i a l  and v e r t i c a l  planes a r e  increased t o  about 7.8 and 1.1 times, 

respectively.  The first-nientioned aase, therefore,  is  t o  be preferred i f  a r a d i a l l y  

small beam spot is more important than a small convergence. A t  C an  X-Y coll imator 

can be used t o  col l imate  the beam both r a d i a l l y  and ver t ica l ly .  
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D ISCUSS ION 

BROBECK : I understood Lind t o  say  t h a t  he r a n  with 90 kV on the de f l ec to r  with 5 mm 
clearance, which is 180 kV per cm, whereas you were not ab le  t o  reach 150 kV/cm. Can 
you explain the  d i f ference?  

GRUNDER : The d e f l e c t o r  voltage follows the VE = k law.  The gradient  increases at 
smal ler  aper tures  s o  what we r e a l l y  should compare is 90 X 90/0.5 kV2/cm and, i n  our 
aase, 75 X 75/0.55 kV2/cm. Our problem is high capacity and high voltage surface. 

ALLW : We regu la r ly  operate a t  100 kV with a gap of 3-4 m; 100 kV is  the l i m i t  of 
our power supply. I am sure  we could go t o  25% higher. The s e c r e t  is tha t  you must 
have graphi te  l i n e r s  above and below your de f l ec to r  assembly. We were never ab le  t o  
obta in  t h i s  without the  graphite. We would never use a tungsten septum as your people 
use, but one of graphite. I might suggest the use of pyro-graphite f o r  the septum. 
A s  you know it has the conductivity of copper i n  one direction.  

TICKLE : Where i s  the septum located with respeclt t o  the vr = 1 resonance, and the 
coup1 ing resonanoe? 

CRWER : It is  about 1/2 in. outs ide  vr = 1 and the coupling resonance. 
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WIDEROE : Can you t e l l  us  a l i t t l e  b i t  more about v a l l e y  c o i l s ?  Do they extend over 
the whole rad ius  o r  only over a part of i t ?  Are you shaping your f i e l d  i n  the  valley,  
or  a r e  you simply eras ing i t ?  

GRUNDER : 1,must r e f e r  you t o  the magnetic f i e l d  measurement d a t a  which were reported 
at l a s t  year s conferenoe. 

BLOSSER : Do you see  any change o r  any coupling e f f e c t s  between v e r t i c a l  and r a d i a l  
d i rec t ions?  Does the v e r t i c a l  extent  change f o r  instance as you go t o  d i f f e r e n t  
posi t ions  i n  the r a d i a l  plane? 

GRUNDER : I have not observed any coupling effeclts but I am sure  they a r e  there. I 
think tha t  my measurements a r e  st i l l  too crude. One should probably measure the  
emittance not i n  a two-dimensional but i n  a four-dimensional phase space t o  see  these 
ef fects .  
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