
OPERATION OF THE BERKELEY 88-INCH CYCLOTRON 

H. A. Grunder and P.B. Selph 

Lawrence Radiation Laboratory 

 resented by H.A. ~runder ) 

The Berkeley 88-inah cyclotron is a Fsector, AVP, variable-energy cyclotron 

designed to accelerate protons up to 60 NeV, deuterons up to 65 MeV, and heavier ions 
up to comparable energies. The shaping of the magnetic field that is required to en- 

sure isochronous acceleration is accomplished by means of 17 trim ooils. For first 

harmonia shaping of the field, five sets of valley coils are used. A plan view of 

the pole face is shown in Fig. l, which shows some of the important machine components. 

Construotion details and an acaount of the early beam-development work were given in 

several papers presented at the 1962 International Conferenoe on Sector-Pooueed 
1 )  Cyclotrons . 

Fig. 1 Plan view of pole f ~ e .  

E * )  Work done under the auspioes of the USAEC. 
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In te rna l  bems of protons, deuterons, and a p a r t i o l e s  have been developed a t  

energies  up t o  and inoluding maximum design energies.  A summary of these is  

presented i n  Table I; a p a r t i o l e s  and deuterons a r e  shown together i n  the  t ab le  a s  

no di f ferenoe i n  the magnetic f i e l d  s e t t i n g s  is required i n  ohanging from one t o  the 

other. The l a r g e s t  i n t e r n a l  beam our ren t s  run t o  date have been on the order of 

500 pA, f o r  shor t  periods of time. The more usual in te rna l  beam current  is  on the 

order of 50 pA, of which we a r e  ab le  t o  ex t rao t  20 pA f o r  the  external  beam. The 

a rea  of r a d i a l  phase spaue ocoupied by 9% of the def leoted 65 MeV a beam is 

50 mill imeter mi l l i r ad iane  (mm mad) ,  v e r t i o a l l y  90 mm mad. The amount of ext raoted 

beam obtainable is being gradually pushed upward a s  we l ea rn  how t o  make a septum 

t h a t  w i l l  withstand l a rge  beam ourrents  and a t  the same time permit ef f  i o i e n t  

ext ract ion.  

Table I 

Beams avai lable  a t  ex t rac t ion  rad ius ,  

April 1963 

P a r t i c l e  Energy Extract ion Fig. No. Remarks 
(MeV) ($1 

2 5 - 12 
Proton 

50 1.5 12 Not ava i l ab le  external ly  
with present  def l ee  t o r  

~ e ' +  25 - 13 

65 40 6 20 pA maximum external  beam, 
determined by septum heating 

Alphas 
(deuterium 25 t o  80 25 t o  35 11 Any intermediate energy 
and H2 ava i l ab le  (max external  beam 
of i! FJ 0.49 kW) 
energy) 

130 - 3 Not ava i l ab le  ex te rna l ly  

Beam Develspment 

A h i s t o r y  of the  e f f o r t  required t o  obta in  a beam of 130 MeV a p a r t i o l e s  w i l l  

i l l u s t r a t e  the methods employed. The f i e l d  shaping, whioh must be done by the t r i m  

oo i l s ,  is most exaoting f o r  t h i s  oase. The f i r s t  s t ep  was the  ca loula t ion of the 

optimum main f i e l d  and t r im-co i l  ourrents  with a l i n e a r  programming method2) that 

minimizes the  phase exoursions of the p a r t i c l e s ,  consis tent  wi th  the s u i t a b l e  f i e l d  

gradients  required f o r  r a d i a l  and a x i a l  e t a b i l i t y ,  and with aons t ra in t s  imposed by 

t r im-uo i l  l imi ta t ions .  With the  cur ren t s  s e t  aocording t o  th in  oaloulation,  the 
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30 beam was obtained out  t o  36.5 in .  

[ r i g .  2 (a ) ] .  We l a t e r  found a small 
20 

e r r o r  i n  t he  f i e l d  d a t a  f e d  t o  the 

10 
computer. Without t h i s  e r r o r  t he  b e a r  

would have probably come out  somewhat 
+ o f a r t h e r .  The H2 beam shown was found 

25 89 kc/s below the a resonance. This beam 
20 

was from a source which had been running - 15 
4 

-' l0 with  helium f o r  over  24 hours. To prevent  

5 confusion when working w i t h  a new beam, we 
o found t h a t  i t  is a good idea  t o  i d e n t i f y  

both resonances. 

The phase behaviour of t h e  a beam 

was then deduced from reco rds  of beam 

1 0  15 20 25 30 35 40 cur ren t  v s  r a d i u s  f o r  severa l  f requencies  
Radius (~n) 

above and below the optimum frequency 

Rig. 2 Development of the 130 MeV a be=. ( a )  The f i r a t  [R'igs. 2 (b)  and 2 (C)]  , by us ing  a method 
a beam obtained, with  the corresponding H.+ beam. 

5 )  ( b )  and ( c )  The a beam as a function of frequenOY- devised  by Garren and Smith Since i t  

w a s  concluded from probe meaeurements t h a t  

t h e  l o s s  of beam between 35 and 37 in. is due to  phase l o s s ,  it i s  c l e a r  t h a t  t he  beam 

p a r t i c l e s  l a g  the  RF by w/2 i n  t h i s  reg ion ,  as a smll increase  i n  frequenoy (caus ing  

a d d i t i o n a l  phase l a g )  r e s u l t s  i n  a l a r g e  l o s s  of beam at  35 in., whi le  a r e l a t i v e l y  

l a r g e  decrease i n  frequency causes only a small l o s s .  These changes loca t e  p o i n t s  1 

and 2 on the phase diagram [ r i g .  3(a) ]  as the l i m i t  of the beam i n  phase at the 

optimum frequency of 12.513 Mc/sec. Now when the  frequency is s h i f t e d  an  amount Af, 

each  p a r t i c l e  i s  s h i f t e d  an a d d i t i o n a l  amount i n  phase, given approximately by 

A s i n  B (27? D I ~ R ~ ~ V )  AI (1) 

where m is the mass and q the charge of t he  p a r t i c l e ,  V the dee vol tage ,  and R i s  

t h e  r ad ius .  For Af = + l  kc/s,  the p a r t i c l e s  of t h e  beam which a r e  lagging  by w/2 

a r e  a t  p o i n t s  3 and 4. The p o s i t i o n  on the  phase diagram [ r i g .  3(a) ]  is  then found 

by computing s i n  @ = (1.0 - A s i n  9) f o r  each poin t .  The edges obtained by the  o t h e r  

p o s i t i v e  frequency s h i f t s  a r e  p l o t t e d  i n  the  same manner. With Af = -10 kc/s and less ,  

the  p a r t i c l e s  a r e  leading the RF by u/2 when the  beam disappears ,  and the p o s i t i o n  on 

the  phase p l o t  i s  found as s i n  @ = -(1.0 - A s i n  B). I n  completing the  diagram, use  

i s  made of the f a c t  t h a t  the phase width remains cons t an t  w i t h  r a d i u s  as long as the  

phase is wi th in  the 2 u/2  l i m i t s .  A check on t h e  accuracy of t he  d a t a  is a f fo rded  

by the agreement between p o i n t s  obtained from the  + u/2 l o s s  w i t h  p o i n t s  obtained 

from - u/2 loss .  With the phase p l o t  t hus  obtained as a guide, adjustments  were made 
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t o  the trim-coil currents ,  which brought 

t h e  beam to t h e  maximum radius ,  40 in. 

on the  t a r g e t  probe [ ~ i g .  '3(b)]. 

The l a rge  decrease i n  bearm 

i n t e n s i t y  oocurring ins ide  27 in.  is not 

due t o  phase loss ,  however, but 

apparently t o  par t i c 1  es f  o l l m i n g  the 

s p i r a l  r idges ;  hence we c a l l e d  the  beam 

a spurious beam o r  "spurium". This beam 

does not  disappear when another probe is 

run i n t o  the cen t re  of the machine, 

which of course would s top a l l  of the 

orthodox beam [ ~ i g .  ~ ( b ) ] .  The dis-  

appearance of this @Purious Fig. 3  Development of the  130 LleV a beam. ( a )  The phase 
p l o t  deduced from the  c u r v e s  of Fig.  2 ( b )  and ( c ) .  

27 in. 000111-S because the Spira l  r idge  ( b )  The beam obta ined  a f t e r  t r im-coi l  ad jus tments  
were -do. The s p u r i o u s  bear ,  c b t a l n e d  by b locking  

Curves away from the  probe t rack i n  the  orthodox beam w i t h  another  probe,  i n  a l s o  shown. 
(E) A f t e r  c e n t e r  r e g i o n  ad jus tment  wan made t o  

t h i s  region. This beam w a s  el iminated e l i m i n a t e  spurium. 

by moving the  ion eource and p u l l e r ,  

while observing orthodox beam on the 

dee probe and spurious beam on the 

t a r g e t  probe, u n t i l  a pos i t ion  w a s  

reaohed i n  whiah the  spurious beam 

largely  disappeared and the or  thodar 

beam i n t e n s i t y  was unimpaired [ ~ i g .  3 

(c) ] .  A 3-finger probe reaord is  shown 

i n  Fig. 4. The e f f e e t  of lowering the 

dee voltage,  shown i n  Fig. 5, is t o  

e x t r a a t  l e s s  beam from the aen t re  region. - 
The f l a t  I vs  R curves show t h a t  the beam Q, - 
is not l o s t  i n  phaae as the voltage is M 

lowered. This is a good t e s t  of iso- 

ahroni am. 

Reoords made with the th ree  probes 

i n  turn  showed t h a t  the beam was off 

centre  about 1 in. toward the t a r g e t  

probe. The d i r e c t i o n  of t h i s  o f f -cen t re  

displaoement oould be r e a d i l y  ohanged t o  

any azimuth by using the va l l ey  co i l s .  o 1 0  20 30 40 

Centring waa t r i e d  by reposi t ioning the Radius ( inches)  

ion  SOUrCe, but t h i s  W a s  not S ~ ~ ~ e s s f u l *  Rig. 4 Record of 130 MeV a beam made wi th  a 3- f inger  probe. 
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Pig. 5 The 130 YeV a beam; e f f e c t  of varying the dee voltage. 

10 65 MeV a beom 

5 

4 0 

Fig. 7 The 65 YeV a bear  a s  a funct ion  of frequency. 

" 
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Pig. 6 The 65 YeV a beem with which an e x t r ac t i on  
e f f i c i e no y  exceeding 4096 han been obtained. 

1.0 
65 MeVa beam 
Dae vdtape 53W 

135 rf) Frequency 8.960 MC 

0 
(0) 

,---.d. 

a5  orti tide kods rf) /' 

1.0 

65 Mdl a beom 
Oee voltage l9 W 
Frequsncy 8.993 MC 

"+m from podtive A f  curies 
fmm napative Af curves 

L '  / 

Fig. 8 Phase p l o t s  of the 65 MeV a beam. ( a )  By us ing  
curves of Fig. 7. (b)  By us ing  curves made with 
a dee vol tage  of 19 kV. 

-1.0 

With the va l l ey  oo i l s ,  however, i t  was poss ible  t o  obtain a beam t h a t  was well 

+, //-+' 
I l 

centred. The method employed w a s  t o  pos i t ion  the  dee, t a rge t ,  and de f l ea to r  probeo 

0 10 20 30 40 
, '\l, 

Radius (in) 

a t  20 in., then ad jus t  the  aurrento i n  v a l l e y  c o i l s  1 and 2 u n t i l  a l l  three  probes 

read the same beam current .  A s  t he  probes a r e  symmetrically located r e l a t i v e  t o  

the  p a r t i a l e  o r b i t s ,  t h i s  should be a  good t e s t  of centring.  The proaess was 

repeated by using v a l l e y  o o i l  3 with t h e  probe posi t ions  a t  25 in., va l l ey  a o i l  4 
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wi th  probe pos i t ions  at  30 in., and v a l l e y  c o i l  5 with  probe pos i t ions  a t  37.5 in. 

The d i s t r i b u t i o n  of i n t e n s i t y  on the three  probes w a s  not  very s e n s i t i v e  t o  

frequency when t h e  beam was centred i n  t h i s  fashion. 

Sparking d i f f i c u l t i e s  with the e l e c t r o s t a t i c  de f l ec to r  have so f a r  prevented 

ex t rac t ion  of the  130 MeV a beam. Extensive work has been done with the  65 MeV a 

beam t o  inves t igate  p roper t i e s  necessary f o r  good e x t r a c t i o n  eff  iciency. Typical 

probe records a r e  shown i n  Figs. 6 and 7, and phase diagrams i n  Fig. 8. The 19 kV 

dee voltage represen t s  an e f f o r t  t o  achieve the maximum number of p a r t i c l e  o r b i t s  

and s t i l l  g e t  some beam out. I n  t h i s  machine, probably the lowest dee voltage i s  

determined by the  centre-region geometry ra the r  than by the threshold voltage f o r  

p a r t i c l e  ex t rac t ion  from the ion source. 

The use of va l l ey  c o i l s  doubles the  ex t rac t ion  eff ic iency f o r  the 65 MeV a 

beam. We do not understand a t  present  why t h i s  is  so. Attempts t o  obta in  s imi la r  

r e s u l t s  without v a l l e y  c o i l s  have been unsuccessful. The records of Fig. 9 show 

t h a t  the e f f e c t  of these c o i l s  on the beam is t o  reduce great ly  the amount of beam 

l o s s  a t  ex t rac t ion  radius.  The beam centr ing i s  e s s e n t i a l l y  unaffected,  although i n  

t h i s  case the valley-coil  tuning was done by looking a t  the external  beam without 

regard f o r  centring.  The improvement i n  beam i s  evident ly  i n  l e s s  phase loss ,  

because a speciial probe which record8 blowup shows no s i g n i f i c a n t  change i n  i n t e n s i t y  

between the two cases. It is  probable t h a t  evaluat ion of beam-centring s tud ies ,  such 

a s  shadow measuremnts, would throw some l i g h t  on t h i s  r e s u l t ,  but we can repor t  

l i t t l e  progress so  f a r  i n  such attempts. 

Shadow measurements made wi th  the three  probes a r e  reproduced i n  Fig. 10. With 

a completely symmetrical centred beam, these records would be ident ica l .  They show 

k t w  pobefiaed al381n.radin 

Volley coils on 

=i 10 
Volley coils o f f  

Radius  ( i n c h e s )  

Fig. 9 Uae of  v a l l e y  c o i l s  1, 2 and 4 with the 65 YeV 
K be-. Records of (a)  def lector  probe, 
(b) target probe and ( c )  dee probe. 

Targel probe mdius 

To@ pmba fPed o13sm mdia l 

Dee pmba fircd ot 38in md~m 

37 38 39 
Dd**a poba (in) 

Fig. 10 Shadow measurements of the 65 UeV a b e u .  
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External ; 
Q 

25 MeV 

50 M.V - 5 

0 
10 15 2 0  25 3 0  35 4 0  

Radius ( in.)  

Fig. 12 The 25 and 50  YeV proton beua. 

Radius (in.) 

Fig. 11 The 25 to 8 0  YeV a beam. With minor trim-coil 
adjustments any intermediate energy can be 
obtained. 

Fig. 13 Attenuation of 25 MeV ~ e "  bear. 

t h a t  the beam is l e s s  than 3 in. off centre ,  a s  well a s  having a d i f f e r e n t  s t ruc tu re  

i n  the three  sectors.  

Since we a re  able  t o  cons t ruc t  p rec i se  phase p l o t s ,  such a s  Figs. 3 (a )  and 8 ,  

from records  tha t  require  only a few minutes t o  obta in ,  trim-coil correot ions  can be 

made quickly and with confidence; t h i s  contr ibutes  g rea t ly  t o  the opera tor 'e  undm- 

standing of machine operation. Also, s ince  with f a i r l y  orude trim-coil s e t t i n g s  the 

beam can be brought out t o  one-half or  g rea te r  r ad ius  and then improved, i t  i s  

poss ible  t o  a r r i v e  at  isochronoue trim-coil s e t t i n g s  without the a i d  of machine 

calcula t ions .  

The records  of Fig. l 1  show a beam t h a t  was developed by f i r s t  using a simple 

graphical procedure to  s e l e c t  t r im-coi l  cu r ren t s  f o r  two energies4)  (50 and 80 YeV .), 

where the cur ren t s  were chosen t o  be a s  s imi la r  as poss ible  i n  the two eases. By 
ueing the phase p l o t s  of the r e s u l t i n g  beams, trim-coil correct ions  were made which 

brought the b e a s  out to ex t rac t ion  radius.  Then, working from these two cases,  i t  

was poss ible  t o  obta in  any energy from 25 t o  80 MeY without exceeding allowable t r i n -  

c o i l  cu r ren t s  o r  having t o  change po la r i ty .  Changes i n  the main-field shape require  

a new s e t  of so lu t ions  above 80 MeY. 

Operating S t a b i l i t y  

An important c r i t e r i o n  i n  const ruct ing the cyclot ron was to secure a high 

degree of s t a b i l i t y  i n  operation s o  tha t  a bean of constant  i n t e n s i t y  would be 

ava i l ab le  f o r  many hours a t  a  time, with only occasional adjustments necessary by the 

operator. Of equal importance is the reproduc ib i l i ty  of machine s e t t i n g s .  Many man- 

hours of work may be necessary to  achieve a p a r t i c u l a r  s a t i s f a c t o r y  r e s u l t ,  and t h i s  

work can be p a r t l y  o r  wholly wasted i f  the  machine condit ions a r e  not precise ly  
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reproducible.  These oons idera t ions  a r e  f a m i l i a r  t o  every  experimenter, and the  

fol lowing d i sauss ion  w i l l  i nd ioa t e  how they apply to  t h i s  oyolotron. 

The output  w i t h  a p a r t i o u l e r  beam w i l l  depend, among o t h e r  th ings ,  upon the 

behaviour of t he  beam i n  phase. P a r t i o l e s  whioh have a phase s h i f t  near  ' u/2 a t  

any r a d i u s  w i l l  no t  be f u r t h e r  aaoe le ra t ed  i f  a frequenay o r  f i e l d  ohange oauses a 

phase s h i f t  g r e a t e r  than w/2 o r  less than  - w/2 t o  ooaur. The most s e n s i t i v e  reg ion  

i e  i n  the o u t e r  few inohes, f o r  t he  phare s h i f t  due t o  such a ohange i e  propor t ional  

t o  the  square of t he  rad ius .  I n  addi t ion ,  the g r e a t e s t  depar ture  from the  i so-  

ohronous f i e l d  (and henoe the  g r e a t e s t  phase s h i f t )  is l i k e l y  t o  oocur a t  the edge 

of the  magnet, where the t r i m  c o i l s  make the  g r e a t e s t  cont r ibut ion .  

The arper ienee  wi th  the  130 MeV a beam w a s  t h a t  t o  maintain a beam i n t e n s i t y  

oonetant  w i t h i n  10% a t  39 in. r ad ius ,  t he  frequenoy had t o  be s t a b l e  t o  5 p a r t s  i n  

10' ( f  o r  corresponding s t a b i l i  t y  of the 65 MeV a beam, about  l p a r t  i n  10' is 

requi red) .  The main-ooil ou r ren t  r e q u i r e s  a oorresponding s t a b i l i t y ,  while  the t r i m -  

o o i l  ou r ren t s  must be held cons tant  t o  1 p a r t  i n  $0'. For r e p r o d u c i b i l i t y  of a beam 

t h e  t r i m  c o i l s  r e q u i r e  a oont ro l  and readout  of comparable aocuraoy, while t he  

frequenoy and main-ooi l  ourrent  oan t o l e r a t e  an o rde r  of magnitude l e s s ,  s inoe  the  

frequenoy oan be tuned. For beam diagnos t ios ,  however, a frequenoy readout  accu ra t e  

t o  100 oyoles i s  e s s e n t i a l .  

The 88-inch oyolo t ron  does nee t the  above requirements. The main-coil-ourrent 

r e g u l a t i o n  is about 3 p a r t s  i n  10', and the  frequenoy r e g u l a t i o n  is  about 5 p a r t s  i n  

10'. For s h o r t  pe r iods  of  time, under q u i e t  cond i t ions ,  a more favourable oondi t ion  

oan be rea l ized .  

Operat ing R p e r i e n a e  

The machine ope ra t ing  time is  d iv ided  about  equa l ly  between (1) phyeios 

experilnents, (2) t a r g e t  bombardments f o r  nuo l e a r  ohemi s t r y  , and (3)  beam development 

and maintenanoe ( t y p i o a l l y ,  one maintenanoe s h i f t  p e r  week). The amount of unplanned 

shutdown time has been small ,  l e s e  than S. 
The 88-inoh oyolo t ron  has a hooded ion  souroe') wi th  a water-oooled oopper 

anode. The f i l amen t  and t h e  oppos i te ly  pos i t i oned  cathode a r e  tantalum. With an 

average i n t e r n a l  beam of 40 PA, 65 MeV a, the f i l amen t  lasts 100 t o  150 hours. The 

oathode is  exohanged a b u t  every th ree  f i l amen t  changes. The oopper anode, a f t e r  

500 hours of operat ion,  is  shonn i n  Fig. 14. Since the anode i s  a r a t h e r  oomplioated 

meohanioal p ieoe  and the s l i t  is the only p a r t  t h a t  wears out ,  we i n s e r t e d  a tantalum 

p iece  oontaining the s l i t  (Fig. 15). This  i n s e r t  i s  quickly  exohanged and shows much 

l e s s  wear t han  the o r i g i n a l  copper slit. 

The p a r t i o l e s  a r e  e x t r a o t e d  from the ion  souroe by a carbon p u l l e r  a t  dee 

p o t e n t i a l .  The p u l l e r  shown i n  Fig. 16  was used f o r  500 hours of operat ion.  The 

beam has eroded a l a t e r a l  groove. Both the  ion  source and p u l l e r  a r e  pos i  t ioned by 
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Sess ion  I 

remote cont ro l .  Use of a te lescope  t o  s e e  these  p a r t s  is a help. 

The use of t h ree  symmetrically l oca t ed  probes has been found invaluable  i n  beam 

d iagnos t i c s ,  e s p e c i a l l y  i n  cent r ing .  They a r e  water-cooled, w i l l  s t and  about  3 kW of 

beam, and can be remotely pos i t i oned  t o  an accuracy of 0.03 in. U t i l i t y  of t h e  

i n t e r n a l  phase probe (see Fig. l )  has su f f e red  because of RF pickup problems and a 

lack of s e n s i t i v i t y .  A d i f f e r e n t  type of phase probe suggested by Homer Conzett  of 

our  Laboratory has been cons t ruc ted;  i t  uses  a f o i l  t o  s c a t t e r  p a r t i c l e s  i n t o  a 

s o l i d - s t a t e  de t ec to r .  So f a r  t h i s  has been used only i n  the  ex te rna l  beam. Tenta t ive  

r e s u l t s  of measurements made w i t h  the  65 MeV a beam show a phase width about one- 

t h i r d  t o  one-half t h a t  of t he  i n t e r n a l  beam. 

A p u l s e r  f o r  t h e  R I  system has been b u i l t  and found t o  be use fu l  f o r  obta in ing  

l a r g e  instantaneous va lues  of beam cu r ren t .  I f  run  continuously,  such c u r r e n t s  would 

damage probes o r  o ther  p a r t s  of t he  machine. 

Since we have r e s t r i c t e d  ourse lves ,  so  f a r ,  t o  r e l a t i v e l y  modest beam c u r r e n t s  

(up to  20 pA e x t e r n a l ) ,  n e i t h e r  r e s i d u a l  r a d i o a c t i v i t y  nor neutron production has 

been a problem. We hope t o  keep t h e  r e s i d u a l  a c t i v i t y  i n s i d e  the  machine a t  l e s s  

than 100 &/h of B and y a f t e r  a 24-hr shutdown i n  order  t o  do work i n s i d e  the vacuum 

tank. This  can  be done by c a r e f u l l y  p l a c i n g  carbon i n  f r o n t  of exposed p a r t s .  An 

exception is  t h e  septum; a c t i v i t y  here has  been measured as 50 r at 4 in .  a f t e r  a 

34-hr shu tdown. 
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Copper anode or ion souras a t t a r  
500 hours o f  ooaration. 

more than Fig. 16 Pul ler  a f t e r  500 hours of operation. 

Ilg. I5 Ion souras " $ 0  tmtalum insert. 
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DISCUSSION 

RICHARDSON : What is the magnitude of the f i r s t  harmonic included i n  the  v a l l e y  o o i l s ?  

GRUNDER : For 65 MeV a ' s  we used a f  irst harmonic of about 10 gauss i n  v a l l e y  c o i l  4. 
We ueed mostly v a l l e y  o o i l s  1, 2, and 4. 

STAFFORD : Have you any f i g u r e s  f o r  the  energy s t a b i l i t y  and r ep roduo ib i l i t y?  

GRUNDER : I cannot quote anyth ing  on the  energy r ep roduc ib i l i t y .  The frequenoy i s  
reproduoib le  w i t h i n  5 x IO-'. 
TICKLE : Do you g e t  the b e s t  beam c u r r e n t  a t  f u l l  r a d i u s  wi th  computed c u r r e n t s  i n  
t r i m  o o i l s ,  o r  do you make adjustments  i n  t he  ourrents?  

GRUNDER : Computer calcu l a t i o n s  need some ad jus t ing .  

RESMINI : What i s  the mean magnetic f i e l d  oo r reo t ion  obtained by means of t r i m  
c o i l s ?  

GRUNDER : The ou te r  t r i m  c o i l s  have the  b igges t  inf  luence. We use up t o  2200 A i n  
them; t h i s  g ives  about 300 gauss. 

REISER : Do you use a beam d e f i n i n g  s l i t ,  and what was your experience with i t ?  

GRUNDER : We do no t  use  beam d e f i n i n g  slits. I th ink  t h a t  they reduce the  i n t e r n a l  
beam without  having any inf luence  on d e f l e c t i o n  e f f i c i ency .  

SCHMIDT : Of what mater ia l  is t h e  septum made? 

GRUNDER : We have t r i e d  graphi te ,  tantalum, and tungsten. 
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