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The PPA machine operates on a 20 cycle per 
second machine r a t e  and is  not flat topped. Due 
t o  these two factors  s p i l l  lengths i n  the region 
of 5 - 10 milliseconds we not only "long" but 
contain up t o  K$ energy mduk t ions .  
"short" s p i l l s  are those occuring i n  less than a 
few hundred inicroseconds. 

Conversely 

Another unusual feature  of the PPA machine is  

This feature  w a s  inherent w i t h  the  flrst 
the one t o  two nanosecond rf bunch width a t  s p i l l  
tiple. 
s p i l l  techniques and has proven invaluable t o  ex- 
perimenters doing t i m e  of f l igh t  measurements i n  
neutral  secondary beams and separating K ' s  from 
IT'S. 

Consequently the preservation of the rf 
bunching during s p i l l  has become a prerequis i te  
for  any PPA s p i l l  system. Within t h i s  boundary 
condition only the following target ing teckdques 
a re  feasible: 

1. Moving Targets 3. Magnet Steering 

2. RF Steering 4. Resonate Blow-up 

Each of these techniques is presently u t i l i z -  
ed by PPA with techriiques two and four being our 
primary controls and techniques one and three used 
as secondary controls. 

W Steering 

The f i r s t  target ing system u t i l i zed  at PPA 
w a s  rf steering. The or ig ina l  system consisted 
of a pedestal generator control l ing the -3 fre- 
quency and thereby the s p i l l .  
served that the  d iscre te  s teps  of the pedestal 
generator was creat ing spikes i n  the  s p i l l  and ex- 
c i t i ng  synchrotron osci l la t ions.  
fore  uodified by replacing the  pedestal  generator 
with a polynomial function generator and a reason- 
able improvement i n  s p i l l  qual i ty  w a s  obtained. 

This constituted the normal operating spilZ 
control  a t  the end of 1965 giving a character is-  
t i c  s p i l l  as seen i n  Fig. 1. 

It was quickly ob- 

It was  there- 

New Master Osci l la tor  

A t  this time special  emphasis w a s  placed on 
s p i l l  qua l i ty  improvement and three projects  in-  
i t i a t ed .  The f irst  of  'these was the construction 

of a "narrow" band 29-30 mc s p i l l  master osci l la-  
t o r  for  use only during s p i l l  time. The ration- 
a l iza t ion  behind t h i s  project  was that the  noise 
and j i t t e r  of the wide band 2.5-30 mc master osci l -  
l a t o r  was both making precise control  of s p i l l  
impossible and exciting synchrotron osc i l la t ion ,  
A t  the  present t i m e  no technique fo r  changing 
osc i l la tors  during the machine cycle has been de- 
veloped but by sinrply phase locking the  old osci l -  
l a t o r  to the new one during s p i l l  time, s p i l l s  as 
shown i n  Fig. 4 were achieved. It is o f  particu- 
l a r  i n t e re s t  i n  t h i s  photo that not only i s  the 
general s p i l l  shape b e t t e r  but  t he  peak synchro- 
t ron  osc i l la t ions  are smaller t h a n  i n  Fig. 1. 
This phase locking technique became part of the 
standard operating procedure during November of 
1966. 

Self  Corrector 

Another of the  projects  i n i t i a t ed  i n  1965 
w a s  the construction of a s p i l l  "self corrector". 
This device compares the  actual spi l l  occuring 
during each 100 psec period within the s p i l l  t o  
t he  desired o r  "ideal" s p i l l  for the  same time 
period. The result i s  stored i n  a memory bank 
tha t  integrates  the  e r ro r  fo r  each in t e rva l  over 
several  hundred machine cycles. This integrated 
memory of the e r ro r  i n  each 100 Vsec period i s  
%hen read out of the  memory and i n t o  the  s p i l l  
control  program as a correction on succeeding 
machine cycles. !!?his type of s e l f  correcting 
function generator i s  f a r the r  described i n  PPA 
Technical Note ED 54. 

can be seen by comparing figures 4 and 5. 
advaritages not seen i n  the photos are: 

The resul t ing improvement i n  s p i l l  s t ructure  
Other 

1. Manual adjustment of the s p i l l  controls 
i s  required, on the  average, only every 
4 hours instead of one minute without the  
the  s e l f  corrector. 

2. "he a b i l i t y  t o  set e i the r  constant aver- 
age length o r  constant average in tens i ty  
as the s p i l l  mode. 

Fast S p i l l  Magnet 

The th i rd  improvement in i t i a t ed  i n  1965 i s  
t h a t  k n m  as the  f a s t  spil l  mgnet. This system 
is  essent ia l ly  a magnetic verner adjustment of 
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t he  rf s teer ing  and is not capable of s p i l l  con- 
t r o l  by itself as i t s  dynamic range, i n  terns  of 
o r b i t  displacement a t  the  target ,  i s  approxhately 
5 millimeters. However, the  system has a rad ia l  
beam slew rate of approdmately 10 millimeters per  
microsecond and consequently can modulate the in-  
stantaneous spil l  in t ens i ty  at frequencies i n  the 
hundreds of kilocycles. 

The primesy purpose of t h i s  system which con- 
sists of a magnet, a photomultiplier, and an am- 
p l i f l e r  i s  t o  reduce the 10 kc synchrotron osci l -  
l a t ions .  
beam t o  match an idealized s p i l l  command signal. 
The closed loop response of t h i s  system indicates  
a unity gain point of 500 kc. The amplifier in-  
volved has 120 db gain w i t h  a peek output of 400 
KVA. Additional data  on this system was  presented 
at the  1965 conference. 
c a l  reduction of synchrotron s t ruc ture  obtained 
by t h i s  system. 

It accomplishes t h i s  by servoing the  

Figure 6 shows the typi-  

Resonant Blow Up 

The second primary target ing system ut i l i zed  
by PPA is  resonant blowup, employing the Vr = 2/3 
resonance. Tests on t h i s  system were in i t i a t ed  
i n  ~ a ~ r  of 1966 and it was  placed i n  ~LIU operation 
f o r  experimenters i n  Februazy 1967. 

The technique consists of exciting r ad ia l  
betatron osc i l la t ions  of la rge  amplitude i n  pre- 
c i se ly  the  same manner as when the  primary beam is 
extracted. See paper F-8. at this conference. 

Resonant target ing differs i n  i t ' s  character- 
i s t i c  from rf s teer ing  i n  the following ways: 

A. 

B. 

C. 

D. 

E. 

I n  t h i s  mode of target ing a l i p l e s s  tar- 
ge t  i s  used and the ta rge t  i s  illuminated 
i n  depth rather than only on the surface. 

The t i m e  spread of the  secondary par t ic-  
les is 2 nano seconds at fullwidth half  
maximum with resonant target ing versus 
1.1 nano seconds for rf steering. The 
difference is due t o  the  f a c t  that par- 
t i c l e s  are targeted indescriminant of 
t h e i r  position i n  synchrotron phase space 
by the resonant system. 

The resu l t ing  s p i l l  i s  charac te r i s t ica l ly  
free of synchrotron osc i l la t ion  s t ructure  
for  the  same reason. 

The r ad ia l  extent of the  source i s  great- 
er and i s  controlled by the amplitude of 
the resonance driving f ie ld .  I n  the case 
of shadow targeting, only a f ract ion of 
t he  par t ic les  w i l l  s t r i ke  the ta rge t  and 
the rest w i l l  be extracted. Lq t h i s  case 
the shadow t a rge t  w i l l  be m a r l y  uniform- 
l y  illuminated radial ly .  

The ultra precise  frequency control of 
t he  rf and the  fast s p i l l  magnet a r e  
inappropriate for  t h i s  target ing method. 

F. The ta rge t ing  eff ic iency i s  higher be- 
cause one is not dependent on the non 
per fec t  act ion,  of the target l i p .  
Measurements have indicated that the tar- 
get ing eff ic iency is  approximately 25$ 
grea ter  when resonant target ing is used. 

Beam Sharing 

The simultaneous e ~ s t e n c e  of these four 
types of s p i l l  controls  allows mny modes of beam 
sharing. 
date, and two more types w i l l  be used i n  the next 
few months. The f i rs t  beam sharing system used 
consisted of  rf s teer ing  i n t o  a ro ta t ing  in te rna l  
t a rge t  t o  generate a spike s p i l l  for the  bubble 
chamber, and then re t rac t ing  the beam until the 
ro ta t ing  t a rge t  moved out of position. 
fol lared by normal in t e rna l  r f  target ing i n  a d i f -  
ferent  s t r a igh t  section. This systemwas used for  
several months last  year. Among the coxt ro l loops  
placed on it were loops to: A )  control  the per- 
centage of c i rcu la t ing  beam spi l led  on the ro ta t -  
ing  target ,  B) t o  only s p i l l  on the ro ta t ing  t a r -  
get  when the  bubble chanber cycle was such tha t  
the pa r t i c l e s  could be ut i l ized,  
t r o l s  f o r  the long s p i l l  on the second ta rge t .  

Two types of sharing have been used t o  

This was 

C )  normal con- 

The second system of beam sharing t r i ed  in-  
volved sharing the  beam between in te rna l  and ex- 
ternal targets .  
shadowing the septun of the  extraction magnet with 
an energy loss ta rge t  so t h a t  the par t ic les  s t r ik -  
ing it f a l l  onto t h e  in t e rna l  ta rge t  and the par- 
ticles missing the  shadow ta rge t  a r e  extracted. 
I n  t h i s  mode long s p i l l s  can be simultaneously 
generated on both t a rge t s  and the sharing r a t i o  
can be controlled by control l ing the r a t e  of the 
beam .excitation. 

This has been accompUshed by 

The two addi t ional  systems planned fo r  opera- 
t i on  involve s p i l l i n g  by r f  s teer ing on an inter-  
na l  t a rge t  f o r  part of the  s p i l l  time. Then re- 
t rac t ing  the beam t o  a cent ra l  o rb i t  and energiz- 
ing the beam extract ion equipment t o  give e i the r  
a long or short  external  s p i l l .  

Future Plans 

So fbr t h i s  paper has simply presented 'the 
accomplishments i n  target ing.  
the major programs t o  improve s p i l l  currently 
act ive : 

The following are  

A. Design of switch such that master osci l -  
l a to r s  can be changed before s p i l l  time. 

Design of a self corrector t o  servo the 
resonant target ing system. 

9. 

C. Flat topping of the  PPA Magnet, t o  
achieve up t o  50 millisecond spills. 

Improvement o f  t he  Fast S p i l l  Magnet. D. 
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Figure & 
Figure #1 

S p i l l  with new master osc i l l a to r  through 
500 KC f i l t e r  a t  2 m/cm and 1 millisecond per 
cm. 

Figure #2 

Figures #1 and #2 were both taken through a 
200 KC f i l t e r  with v e r t i c a l  axies at 5 mv per cm 
and horizontal axies a t  2 milliseconds per  cm. 
Figure #1 is  the s p i l l  as of January 1966. 
Figure ft2 as of  January 1967. 
i s  tha t  the s p i l l  length i n  Figure #1 could not 
be increased. 
greater  energy modulations could be tolerated.  

Figure #5 

Of part icular  note Same as Figure #4 but with the s e l f  corrector 
operating. 

While tha t  i n  Figure #2 could be i f  

Figure #3 Figure #6 

S p i l l  with old master o sc i l l a to r  through 
500 KC f i l t e r  a t  5 mv/cm and 1 millisecond per cm. 

Same as Figure 6 but w i t h  t he  fast s p i l l  
system operating. 
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