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I n t r o d u c t i o n  ~ and Summ.iry 

The CERN Antiprotot i  (:oll.cctor ( " A . C .  " 1  
imposes s t r i n g e n t  requj.rement.s on t.he pro ton  primary 
beam from t h e  PS (bunch l e n g t h  s h o r t e r  t h a n  25 n s ,  .itid 
more t h a n  2*10 protons p e r  bunch a t  t h e  prodi ic t ian 
t a r g e t )  [ I ] .  

1 2  

A t e c h n j  que has  been proposed which psovi.drr; 
t h a t  beam by a quasi - a d i a b a t i c  merging of pair : j  o f  
bunches [ 2 ] .  
have been t e s t e d  dur  imj r e c e n t  machine exper iments .  
Per formmce 'is at- present .  1 i m i t . d  by t h e  R.F c a v i t y  
sanipl i . f iers .  Never thr l  e:;s, t h e  m o s t  d e l i c a t e  pari: o f  
t h e  process ("bunch  pa i r  mcrg.i.ng" ) was, ~ i i c c ~ . r ~ r ; f u l l y  
car r i . ed  O u t  up t o  an  j .nten: j i ty  o f  3'10 protons  per 
bunch a f t e r  mergi ng. 

Most of the envisaged  RF manipulation:; 

The experienc:e ga ined  from t h e s e  
te:jts is pre:jented. 

Cons iderable  e f f n r t  went i n t o  RF hardware 
development.  The l o w  power p a r t  is comple te .  T h c  
d e s i g n  of t h e  h igh  power system i s  now bc ing  finalized 
and con:jtrur:ti.on i s  a b o u t  t o  s t a r t .  

Rnth p a r t s  a)'? d e s c r i b e d  i n  t h i s  1~npt-r 

H i q h  in tengi . ty  bunclie:? j.n t h s a  

The pre: j r?nt  maxj-mum i ntens i . ty  per  bunch i n  
t:iie PS i - n j w t o r  ( P S R )  i s  2 * 1 o Y 2  -L;rotons, 1eadi~nrJ ~:o 
10 t o  20 p e r c e n t  less a t  26 GeV i n  t h e  PS. Two 
1;cchni.ques are undcr i.nvc:;i:igation whi.ch t r y  t o  inergc 
protons from 2 PSI: bunchcs i n t o  a s i n g l e  on6; %ti t h e  PS 
and t:lii:oreti.cctlly doiibte the PS hunch i n t e n s i t y .  

Thc first one works a t  i n j e c t i o n  energy  and  
proceeds  by i n s e r t i o n  of 2 b u n ~ h e s  i n s i d e  a :;i.ngle P S  
bucket [ 3 ] .  I t  i s  s t r o n g l y  non a d i a b a t i  bill- has becn 
zkiown t:o increase j.ni:on:iity u p  t o  2 , 2 * 1 o F ' ?  proton:; per  
blmch, wh.ilt. k w p j n g  losses at a reascmable l e v e l ,  

The :;i?i:ond one c.sn r w l i z e  ,in a d i a b a i  
mvrgi  ng ; i t  ii higher  eireryy, whrrr bucket a r , r ~ % p t a n c e  i s  
large.  [ % I .  This rcport  .! :; c e n t e r e d  on t h i s  last. 
method , 

Adi a b a t i c  scheme 

10  id jniwit. hunches a re  i n  j e c t c d  from t.he PSR 
and c d p t u r e d  . in  10 PS h-20 b u c k e t s .  A f t e r  a c c e l e r a -  
t i o n  t o  3 . 5  G c V ,  p a i r s  c ~ f  bunchc:; a r c  mcigrd by s lowly  
[:hanginq the I ian"ic  number of the RE' v o l t a g e  from 
h::21'? t o  !-[. 10. 5 lriinc.!1+:: rr,ina.in wh ich  have t o  hr? ar.rcl 
orat:ed on h : I0  u p  t-1:: mnrirtit~w energy  ( 2 6  (;ev) . Then {;lie 
RF I?i!rmrwic iiiimbcr i s  q!ia:;i -ad i  a l ra t j  r:al I y  i ncreascd 
u n t i l  the 5 bunchss r e s i d e  i n  a d j a c e n t  h=20 b u c k e t s .  
That  i.s o b t a i n e d  by r r p e t i t . i o n  of a basir  scheme where 
t h e  v o l t a p e  on harmonic niimbcr h t 2  i n  fj.r:;t increased 
a n d ,  when i t  i:; maxinnim, vo l  knye on harmonic h inii..i-. 
a l l y  bunching t h o  bmm i s  g e n t l y  reduced. Figurt: 1 
i 1 l as t ra tcs  t h a t  tl;isi i' p r o c e s s .  

T o w  l e v e l  RF sy:;t:rm ( F i n .  2) 

In  a d d i t i o n  t o  g e n e r a t i n g  t h e  varii>il:j RF 
exc:it.at.ions i i t ~ ~ ' s s a r y  for  t h e  beam ggmnast.ic~s, the low 
l e v c l  RF w;1s *il:i~ de:;i.gned t o :  

minimize t r a n s i e n t s  by l i m i t i n g  .the number of 
s w i  !xhi.ng action:: d u r i n g  t h e  c y c l e ;  
reduce  i.hc i-iiimbrsr c)f a d j u s t m e n t s ;  

- a1 l o w  v o l t a g e  r r d u c t i o n  by c o u n t e r p h a s i n g  and 
p r e s e r v e  i t  even when t h e  harmonic number i:; swept;  

- -  be decmupled from t h e  o t h e r  RF sys tems a c t i v a t e d  on 
d i f f e r e n t  machine cvcli?:;. 

J U  

m v r .  
F i g .  1 Easjc  RF procesa  f o r  b a t c h  compression 

Dig i t a  1 f r equ t! ni: y :? y n t 

4 d i r e c t  d i q i i r a l  f requency  s y n t h e s i z e r s  
(D.F.S.) a r e  u s e d .  

wi th :  Fclock = inpiit.  r1oc.k frc ,quunry,  
h = d i g i t a l  c o n t r o l  word. 

T h e i r  output .  frFpuency F o u t  i s :  
Fout = Fr lock  * ( h / Z  ) 

D.F.S.0 i s  d r i v e n  by a c r y s t a l  o 
2 1  2 Hz, and i t s  c o n t r o l  word i s  d e r j v e d  from a r e a l  

t.imr: B f i e l d  measurement i n  t h e  bendi.ng magnets. 
Aftcbr m u l t i p l i c a t i o n  by 4 i t .  d e l i v e r s  t h e  32nd 
harmon ir- o f  the  cent- r a l  o r b i t  r e v o l u t i o n  frequency 
which c1trc.k.:; t h e  3 o t h e r  s y n t h e s i z e r ; .  

T h e i r  o u t p u t  f requency  i 7 , g i v e n  by 
Fout = Frev* ( h / 2  ) 

which makes .it e a s y  t.o g e n e r a t e  any harmonir number, 
and al : jo  t o  sweep between s u c c e s s i v e  i n t e g e r s  on ly  by 
incsementi-ng low weight. b i t s  of t h e  c o n t r o l  word "h" , 

A modu1.c cal led " D i q i t a l  Loop Processor" 
d r i v e s  t h a t  c o n t r o l  input-.. I n  ?.he "Off"  status i t  i s  
t t a I I S [ J a r e n t  to the d i g i t a  1 word coming from a "Fast 
Func:t.ion Generat.or" ; t1ij.s i s  t.he c!ase d u r i n g  most. of 
t h e  R F  Qymnastics on f l a t  top:;. I n  t h e  " O h "  s t a t i i s  
i t s  o u t p u t  i s  t h e  sum of: .the dj.g.7:tal word from t h e  
F F C ,  p l u s  a d i g i t a l l y  c o n v e r t e d  anal.oq i n p u t  signal. . 
I t  is  used t o :  
- c l o s e  a phase l o o p  on t h e  beam d u r i n g  accelerat ion;  
- synchroni.ze t h e  D.F.S. ' s  w i t h  r e s p e c t  t o  each other 

d u r j n g  t h e  gymnas t ics .  

lo OFS'J 
driving 2 mvitres START/STOP TIMINGS 

Fig. 2: Simplified block diagram 
of low level R.F. 
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Avi.t.v Phasinq svsm 

During a c c e l e r a t i o n  per iods a l l  10 rav i  t ics  
are e x c i t e d  by D.F .S .  1 .  During RF manj.piilat~.ohs 4 
c a v i t i e s  are s topped ,  and each  D.F.S. drj .ves  2 of t h e  
active ones (Fig. 2 ) .  

Phase-Locked Loops art) i n s r r t e d  i n  l.hr RI: 
l r i v e s  to a1 ].ow p r e c i s e  r e l a t i v e  phase c o n t r o l .  
neasure t h e  phase  of a rav i . ty  probe  s i g n a l  w i t h  
t e s p e c t  t o  t h e i r  RF i n p u t .  Any phase shi.€t due t o  
mwer a m p l i f i e r s ,  cavi t .y  t u n e  o r  beam loadjng  is then 
m t o m a t i c a l l y  compensated. A v o l t a g e  proport i .onal  to 
t h e  harmonic number (FPG a n a l o g  o ~ t p n t )  i s  used for  
phase c o n t r o l .  
r e l a t i v e  phase w i t h i n  c a v i t y  p a i r s  over  a l l  t h e  range  
of harmonics .  

They 

That t a k e s  a u t o m a t i c a l l y  !:'are o f  t h e  

Imnroveinent of t h e  hisb-~g&g-RF svst.sm 

From the very beginning  o f  1-hr pTojei-t braa 
loadj.ng was expected t o  be a major source  of t r o u b l e .  
Recaiisc of  t.hc many harmonic numbr:rs iir:i-d i n  I-hn 
p r o c e s s  a wi-de-band HF feedback rr?ducinq t h a  q q a r t w t -  
cavi . ty  impedance [SI i.s t h e  l o g i c a l  c b o j c e ,  I t  has  
31ready been s u c c e s s f u l l y  appt i.ed t o  the RF system;; of 
v a r i o u s  machines (ISR [6], A A ,  T Z A R ,  PSI? . . .  ) .  Tts 
ba5i.c s p e c i f i . c a t i o n s  are  i n  our case: 
. f requency  range:  2 . 6  I-(1 10 MIIz 
~ c a v i t y  impedance reductrion f a c t n r :  10 ( a t  

r e s o n a n r e )  . 

Brcarrsc of t h i s  wide freclucncy range ,  a l l  the 
a m p l i f y i n g  stage:i i n c l u d d  w i t h i n  t h e  H F  feedback loop  
have t o  hc honsed i n  the r a v i t y  b a w .  

Radia t  i n n  

Tn d c p t h  ,?nc i lys i s  h a s  shown t h a t ,  aftcr a n  
exposure  t o  10000 rdid near a h.i.yh energy accelerator, 
semi-conductor  components may d i s p l a y  a degraded 
performance ['I]. Conf i rmat ion  was g iven  by t h e  
observed  d e s t r u c t i o n  o f  a 130 W VMO:; amplifi~:r  d f t c r  
23000 r a d  [83. That  prec luded  t h e  usc n f  semi-- 
coiidiictors i n  t h e  c a v i t y  base ,  s i n c e  t h e  r a d i a t j  on 
dose t h e r e  pxcecds 20000 rad p r r  year  of  t y p i c a l  FS 
o p e r a t i o n  [SI. 

Amplifier e l e c t ~ r o n i c  d e s i g n  

A new d r i v e r  ampl.i€ic?r is iiaplomented, whii'h 
provides  20 dE open loop ga in  a t  t h e  c a v i t y  t u n e  
frequency ( F i g .  4 )  , Two ampl iEica t ion  s t a g e s  a re  
cascaded. They make use of 3 YL1056 (Siemens) tubes,  
with 2 . 0  kW pl;li..c? d i p a t i o n  mpabil i t y  . P,oth s t a ~ ~ ~ > : j  
a re  o f  the groundcd ca thodc  t.ype. 

/I7- v.= 15 w o ;  GLOEAL FEEOeACK PATH 
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Beam c o n t r o l  

I t  a c q u i r e s  t h e  phase r l i f f w e n c e  bptwcen bcCm 
Pll s i g n a l  arid RF nxc:i.tation and mnirols  the frequency 
of D.F.S. 1 t.hrough D.L .P .  f .  A r a d i a l  loop  i s  
i n c o r p o r a t e d ,  a5 wel l  as a "Hereward damping" a c t i n g  
on t h e  a c c e l  e ra t . ing  phase .  

Exiicrimental r e s u l t s  

Many marhine cxpt-rl ments WQKC d e d i c a t e d  t o  
t h e  tes t  o f  t h i s  process [ 4 ] .  Two aims have hecn 

-. s e t u p  and a d j u s t  t h e  ncw low l e v e l  system w.itih l o w  

- 

pur  ed : 

i ntcn:ri.ty btwms; 
rra1i.z.e t h e  most d e l i c a t e *  p a r t  of t h e  proces:j 
(bunches pair m e r q i n f ~ )  a t  high i n t e n s i t y  to  ::f:arch 
for any unexpected beam behaviour  . 

Many hardware improvwtents  were t r i g g e r e d  by 
t h e  f i r s t  k i n d  of cxp=rimc.nts. B u t  the beam manipuld- 
t i o n  i t s e l f  has  n o t  beeti t e s t e d  f u r t h e r  than  reported 
i n  1985 [21.  Thc most impor tan t  l c s s o n  i s  t.hat a d j u s t -  
i n g  t h e  system i s  time-consuming. I n v e s t i g a t i o n s  are 
going on t o  d e f i  ne t h e  optimum adjus tment  ,p rocedure .  

TWO s e s s i o n s  were d e d i c a t e d  to high intensity- 
t e s t s  [ 4 ] ,  and impor tan t  results were recordrd:  
- beawload ing I;otttpen:jat ion i.5 niandatory to handle 

bunch ya i r  m c ~ ~ g i n g  ev rn  i l t  moderato i n t c n s j t y  

merging has been o b t a i n e d  a t  t h e  h i g h e s t  poss.il?le 
beam j .nten: j i ty  (Fi.g. 3 a t  1 .45*10'3 p p p l .  

( (  10' p p p ) .  
- once beam-.loading i s  comprnsated,  succ( 

20 n s j d i v  

Fig. 3 Bunch p a i r  merging a t  h i g h  i n t e n s i t y  

Each merged bunch contai.ns 3*lOlL proton5 and 
1ongit :udInal  emit ta t ice  blow.-up i s  around 70 1 .  Cond1.- 
ticins were E u l f i l l e d  f o r  the subsequent  gymnast ics ,  
which t h e  experimenta1 s e t u p  was unforCunateIy not  
able t o  r e a l i z e .  

1 ~ kz&zzGq~.  L _c_--_- -__- -2 I 
F i r ] .  1 !Simplif.ied schematic o f  khe r a v i t y  amp1 i.1 

A variirh7a i n d u c t a n c e  is  roniiccted i n  para7 IeI t o  t-he 
410 pF of t h e  final titbe (Si.cmens R!; 10841 q r I d  t i >  

ground c a p a c i t a n c e .  The d r i v e r  amp1 i f i e r  cart develop 
up to 700 Vpp dcros:i that re:;ona3nt c i . rc l r i t  ( F i . 1 ~ .  4 )  . 
Very small Q values  a re  necessary  t.o preserve \oop 
s t a b i l i t y  (g=2 a t  10 MHz.). That i.s o b t  
comhined act.ion of a 50 ohms daaipiny re  
,911 HF frctlback around the d r  ivc?). stagt?:j. 

Amulif i e r  mechanical de&U 

I T I ~  new ins t .a l  l a t i o n  iiar; been d e s i  g1ic.d t.u f i t  
i.ns{de the  p r e s e n t  f i n a l  ampli i ier  p l u g - i n  191. Mort 
o v e r ,  t i lo  f i r id!  t ube  is  kept  i n  p lace dnd m l y  mi-nor 
mechanical  modifi.cati.ons ,art' mdde. T h e  complete new 
d r i v e r  a m p l i f i e r  i s  inser t . ed  as a m o d l l l u  i n  t h e  
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F i g .  5 ampli . fJer  11lrrg- i n  i r i  f r o n t  of ;i c a v i t y  base  

Cavi t r  and amr>lif.i.er s e ~ v o  systt?m:; 

Two low- leve l  feedback lOOi):j  c o n t r o l  c a v i t y  
tun,? and v o l t a g r ,  and a n o t h e r  one makes t h e  f i n a l  g r i d  
resonator  t r a c k  the c a v i t y  tune  (Fj .g .  G )  . 

FERRITE LOAOEO CAVITY 

VOL 
PRO 

WINDING GENERATOR 

INDUCTANCE cum~w 
Fig 6: Block diagram of cavity CONTROL MoN'mR 

and amplifier servo systems 2o A 

GENERATOR 

The present  i w i n g  loop  a c q u i r e s  1 hc! argument. 
o f  the i m p ~ l n n c e  o f  t h e  i x v i t y  as seen by t h e  f i n a l  
tube ,  and a r t s  on t.hc fc r r i t . es  h i a s  currclnt. l o  mini.- 
m i z e  tlibe dis:jipat.Lon. An improved one, measuring t h e  
rcw. t ivc  power, w i l l  be implemented t o  i n s u r e  loop 
s tab i1 i t .y  under heavy beam l o a d i n g  [ 101. 

The v o l t a g e  loop acquire:; t h e  peak gap 
vol tage through a linear det .ect .or ,  and c o n t r o l s  t h e  
leve l  a p p l i e d  t o  t h e  c . iv i ty  amplif  i e r s  through a 
l i n e a r  modulator .  I t  e n s u r e s  t h a t  t h e  gap v o l t a g e  
follows t h e  computer genera ted  program. 

T h e  g r i d  resonator ront:ro'l loop measures t.he 
cavi ty  f c r r i t e s  b i a s  c u r r e n t  wi th  Hal l  e f f e c t  s e n s o r s ,  
and  fo l lows  an e x p ~ r i m e n t n I . l y  der ived  law t o  g v n e r a t e  
the  corresponding inductance  bid:: c u r r c n t  . 

Frototvrie teSt .5  

The p r o t o t y p e  v e r s i o n  of t h i s  system (Fj.g. '5) 
ha:; .dtt:;ii.neJ t h e  aa . l )~)~e  mentioned sper : i . f icat ions on t h e  
t e s t  c a v i t y .  Mcasurements of ovcral.1 g a i n  frcrm RF 
i n p u t  t o  m v i t y  gap are given  i n  F i g .  7 .  
(rotitinnous l i ne )  and c l o s e d  loop  (dashed 1.; ne! 
result:s are shown, at: t h e  extrcmes of t h e  cavit:y 
tuning range .  23 dE open loop  gaiii a t  resonance  is 
obtained ,at . 3 I l  freqiicni-ies wi thout  any de j ra ida t ion  
of loop s t a b i l i t y .  
i:j con: i tant ,  and independent  of f requency .  

Open l c ~ o p  

The closed l o o p  g a i n  a t  resonance 

Fig. 7 T r a n s f e r  f u n c t i o n  measurements 

Conclusion 

S u b s t a n t i a l  p rogress  has been made towards 
provid ing  t h e  A C  machine w i t h  a product ion  beam making 
an iiptimum use of  t h e  PS i n p u t  beam from t h e  PSB. 
Machine exper iments  and t e s t s  of t h e  new c a v i t y  
smpli€i .er  p r o t o t y p e  a r e  very encouraging .  

Series c o n s t r u c t i o n  of 13 a m p l i f i e r  p lug- ins  
has s t a r t e d .  For t h e  PS s t a r t  of February 1988 a l l  
c a v i t i e s  have t.o be equipped .  Beam experiments  can 
then  proceed.  O p e r a t i o n a l  u s e  of t h e  process  i s  
expect ~1 f o r  autumn 1988. 
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