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1 n t r  .rcdLz.c'tic.r, 
' T tTe  1,?,1--1ina,: o f  the  INR meson f a c i l i - -  

t y  is Lindei t u n i n g  nc:cw. T h e  r e s u l  t s  on t h e  
c : > \ * i t i e s  tL!ning w e r e  r e p n r t e d  i n  EPAC-88 [ I ] .  
F?ecr?nt ly  .the i n i t i a l  (operation ,of  the f i r s t  XO 
M e V  Al- .srez t a n k  have been c o m p l e t e d . T h e  Ibeam 
a r c o l e r a t i o n  h a v e  b e e n  p r o v i d e d  a t  1 Hz 
. r e p e t i t i o n  ra'te  b u t  t h e  t a n k  have b e e n  d r i v e n  
a t  1 0  t i z  . 

130 m.4 '750 i;eV p r o t o n  llream w a s  s u c c e s s f u -  
1y I r a n s ~ o r t e d  t o  t h e  tanl : :  e n t r a n c e .  To set 
the ~ r f  amo1iti.tde a n d  eha!zc t h e  small 5 .i 1 0  
;"A:) and ihigh I:uu t o  80 mA:I p u l s e  c u r r e n t  cbf 

tank:  1 t g n i n g  i n c l i u d e s  t h e  f o l l m w i n g  
pr I:,,: edLv e!: : 
- d e t e r m i n a t i o n  a n d  s t e e r i n g  o f  t h e  beam pos i -  
t i o n  st tl.?e t a n k  e n t r a n c e ;  
- . e m i t t a n c e  m e a s u r e m e n t  i n  t h e  l o w  e n e r g y  beam 
c h a n n e l  a n d  t i a n s v < w s e  baarn m a t c h i n g ;  
-a i .e l  i m i  n a r y  i n v e s t i g a t i o n  o f  t h e  6 - . d i m e n s i -  
,:wal matrh inn b y  u s i n g  r i-buncher a n d  focLr- 
s i n q  e l e m e n t s ;  
- -de>bevminat ion  lwf t h e  nominal r f  a m p l i t u d e ;  
- d e t e r m i n a t i o n  o f  t h e  n o m i n a l  i n j e c t i o n  e n e r -  
g y  a n d  t h e  h i g h  v o l t a g e  d i v i d e r  c a l i b r a t i a m ;  
- - d e t e r m i n a t i o n  muf t h e  phase a n d  a m p l i t u d e  n f  
two--cavi  t y  buncher; 
-Drc~duct ic tn  o f  t h e  50 mA d e s i g n  p u l s e  c u r r e n t ,  
meac ,urements  n f  . t h e  t r a n s v e r s e  a n d  l n n g i t u d i -  
n a l  parameters .  

T h e  beam d y n a m i c  s i m u l a t i o n  h a s  b e e n  u s e d  
f o r  t h e  l i n a c  t u n i n g  [ 2 , 3 ] .  Hy u s i n g  m u l t i p a r -  
.tim:le model a v a r i a t y  o f  t h e  beam parameters 
i n c l u d i n g  t h e  i n f l u e n c e  o f  t h e  e l e c t r i c  a n d  
q e o m e t r i c  e r r o r s  cmn t h e  beam b e h a v i o u r  h a v e  
b e e n  s t u d i e d  i n  t h e  6 - d i m e n s i o n a l  p h a s e  space.  
The sl::e'tCh maf m a i n  e x p e r i m e n t a l  e o u i p m e n t  is 
shown i n  t h e  F i g . 1 .  

: t e d  beam have b e e n  u s e d .  

n ::,f the i n j e c t i n n  energy a n d  

The d e t e r m , i n a t i o n  ccf t h e  v f  ;Imei:.tLlde i s  
1 #:,se1 y , :~cnnec t e d  w i t h  t h e  i n j e c t  i un e n e r g y  

r m i , n a t i a n  t h a t  i s  w e l l  1ncal;ed f i - a m  'the 
~ 1 1 3 t e d  ,:uive5 1 . F i g . 2 ) .  T h e  e x p e r i m e n t a l  
eclure o f  t h e  r f  anipl i t lUde a n d  i n j e c t i o n  

energy d e t e r m i n a t i o n  is ihe f o l l o w i n g  ( t h e  
bum:hei 1s o f f ) :  

( w i t h  t h e  p r e c i s u v i  o f  4%) a t  t h e  i n , j e c t i o n  
enei-gy a l so  known w i t h  errt:li o f  ; 
.-.ereci:iP d e t e r m i n a t i o n  c.f t h e  i n . j e i t i s n  m e r -  
g., by u i i i i 7 g  t h e  ohase d i f f e r e n c e  ,of t h e  f i e l d  
e % c i t e r i  by a c c e l e r a t e d  beam i n  t h e  t h i r d  
ha; mm:m i ,: >resi:man t d e t e c t i 3 r s ;  
. - p i e c i n e  d e f e r m i n a t i a n  o f  t h e  r f  amD?iti.ide 
.b ,AI:: i ng i n t o  a c  c ,:u~ t pr e,: i se1 y known i II ,jec t i un 
energy; 
- - t h c  iisjing o f  t h e  B u n c h  L e n g t h  Monitmx (BLIM) 
fc,r t h e  m e a s u r e m e n t  o f  t i l e  r f  a m p l l t u d e  w i t h  

I/ c,f  a b o u t  0 . : 2 % .  T h i s  m e a s u r e m e n t  
h a s  a r a t h e r  weak d e p e n d a n c e  o f  t-f>e i n j e r t i a n  
e n w q y ;  
-.iiicire orecise d e t e r m i n a t i o i - i  a f  t h e  r f  a m p l i -  
'tur!ii a ~ ?  t h e  in.jei:tir:m e n e r g y  b y  t h e  c c ~ m o a r i -  

i i  ,:,f t;!ie r e s u l t z i  ,:cbt;i:ried frmm the a m p l i t u -  
d L? I! a n d  f r o m  thi?  i7hase 5 ; 7 e c t r i r i n  mea:uie- -  

.- . m.m~unt> .. d e t e r m i n a t i , , n  mot the r f  a m p l i t u d e  

m e n t s .  
Let's * c o n s i d e r  each s tage  u f  t h e  e%peri-  

ment .  To d e t e r m i n e  t h e  i n f e c t i o n  energy w e  use 
t h e  de i3endence  u'f t h e  hunch c o h e r e n t  dis- 
p l a c e m e n t  a t  ' t h e  t a n k  e x i t  a5 a f u n r t i o n  o f  
t h e  i n . ] e c t i o n  e n e r g y  t a k i n g  r f  a m p l i t u d e  as a 
p a r a m e t e r .  F o r  t h a t  i t  is s u f f i c i e n t l y  t o  know 
r o u g h l y  t h e  a b s o l u t e  v a l u e  Of t h e  acie- 
leratinq f i e l d .  T h e  e x n e r i m e n t a I  dec lendence  of  
t h e  p h a s e  d i f f e r e n c e  b e t w e e n  t h e  t w 3 - 3 - r d  
harmcrnic m o n i t o r s ,  s p a l i e d  i n  a d i s t a n c e  L ,  vs 
a c c e l e r a t i n g  f i e l d  l e v e l  are p r e s e n t e d  i n  
Fig.;. I t  is (clear t h a t  t h e  a m p l i t u d e  o f  t h e  
c o h e r e n t  phase o s c i  1 lat  i o n  d e p e n d s  e s s e n t i a l -  
l y  ~ i p ~ n  t h e  i n . j e c t i o n  e n e r g y .  T h a t  a l l o w s  t o  
d e t e r m i n e  t h e  i n j e c t i o n  e n e r g y .  A t  t h e  k n o w n  
i n . j e c t i m m  e n e r g y  t h e  n-ominal r f  a m p l i t u d e  is 
f o u n d  f r o m  t h e  d a t a  shown i n  F i g . 2 .  For t h e  
f i r s t  , c a v i t y  o f  t h e  I N R  l i n a c  E,, =Ec /0.835 
w h e r e  Ec c a r r e s p o n d s  t o  t h e  r f  f i e l d  a t  whiCIi 
t h e  buclket d i s a p p e a r s .  Hy c : o m ( , a r i s O n  t h e  
t h e o r e t i c a l  a n d  e r p e r i m e n t a l  d a t a  i t  is p ~ -  
s i b l e  t o  d e t e r m i n e  t h e  i n j e c t i o n  e n e r g y  w h i t h  
t h e  a c c u r a c y  of a f e w  keV. 

T h e  t y p i c a l  tependenmze o f  t h e  acce lera-  
t e d  beam c u r r e n t  m e a s u r e d  b e y o n d  t h e  c r ~ p p e r  
f o i l  o f  0 . 4 6  mm t h i k n e s s  vs r f  a m p l i t u d e  is 
5hown i n  F i g . 4 .  

t h e  e x t r a n o l a t i o n  a f  t h e  e x p e r i m e n t a l  c u r v e  is 
u s e d .  T h e  e x p e r i m e n t a l  c u r v e s  in F i g . 4  f > c c  t h e  
v a r i o u s  i n . j e c t i o n  e n e r g i e s  a r e  i n  a goud 
agreement w i t h  t h e  t h e o r e t i c a l  data i n  F i g . 2 .  

A new p o s s i b i l i t y  fnr  precise d e t e r m i n a -  
t i o n  of t h e  r f  a m p l i t u d e  h a v e  been o p e n e d  w i t h  
R L M  dev 'e l r -pment  a n d  test L41. T h i s  d e v i l r e  is 
p e r f e c t l y  a d e q u a t e  f o r  t h e  r f  a m p l i t u d e  
d e t e r m i n a t i u n  d u e  tm:, very  high s e n s i t i v i t y  caf 
t h e  bunch  s h a p e  v s  a c c e l e r a t i n g  f i e l d .  The 
mar:imum va lue  of t h e  p h a s e  s p e c t r u m  is a c h i -  
e v e d  .f>r t h e  t o t a l  p h a s e  a d v a n c e  of'q=3.75!Rat 
t h e  exit o f  t h e  tank w h i c h  C O r r e s P o n d s  t o  ac- 
c e l e r a t i n g  f i e l d  E'=O.995Eo. Beca~lse t h e  pha- 
se a d v a n c e  dmxs n o t  d e p e n d  on t h e  i n j e c t i a n  
e n e r g y  t h e  n o m i n a l  r f  a m p l i t u d e  (can b e  d e t e r -  
mined fOr al ly  i n j e c t i o n  e n e r g y .  In t u r n  as 
soon as t h e  r f  a m p l i t u d e  is p r e c i s e l y  d e t e r -  
mined  t h e  i n j e c t i o n  e n e r g y  mran b e  easely f o -  
und b y  u s i n g  t h e  method d e s c r i b e d  a b o v e .  

1-82 d e c r e a s e  the v a r i u u s  e r r o r s  i n f l u e n c e  
,on t h e  a c c u r a c y  o f  t h e  p h a s e  s p e c t r u m  t h e  me- 
a s u r e m e n t , ~  have b e e n  c o n d u c t e d  using autma- 
t i c  p h a s e  a n d  a m p l i t u d e  8:ontrol .  T h e  measure- 
ments h a v e  shown t h a t  f o r  t h e  i n j e c t i c n  ,cur- 
r e n t  o f  1 0  mA t h e  r f  amD1itLtde a n d  p h a s e  e r -  
IOIS are n o t  m a r e  t h e n  +0.25% a n d t 0 . S o  res- 
p e c t i v e l y .  T h e  i n t r a p u l s e  r i p o l e  o f  t h e  i n -  
j e c t i o n  e n e r g y  was equaI?U.ZS% a n d  h a v e  b e e n  
, c a u s e d  by t h e  p u l s e  tmp o s c i l l a t i o n  uf  t h e  750 
i :V  t r a n s f o r m e r .  T h e  i n j e c t i o n  e n e r g y  i n -  
stability f l . o m  p u l s e  t o  Dulse  was a n  > o r d e r  O f  
m a g n i t u d e  b e t t e r .  Tl ie  t y p i c a l  m e a s u r e d  p h a s e  
s p e c t r a  a l e  p r e s e n t e d  in F i g . 5 .  The nominal 
a c c e l e r a t ~ n g  f i e l d  a c c o r d i n g  t o  t h e  maximum o f  
I m  is f o u n d  by a p e r o x i m a t i o n  Cmf t h e  d a t a .  
S i m i l a r  m e a s u r e m e n t s  h a v e  been d o n e  fGr t h e  
i n . j e r t i , m  energy  O.441J0. I t  t u r n s  o u t  t h a t  t h e  
accura,:y c r f  t h e  E '  d o t e r m i n a t i o n  is a b o u t  

F o r  mole p r e c i s e  d e t e r m i n a t i o n  o f  t h e  EC 
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Fig.3 E/E. - 
Experimental signal proportional ro phase dif- 
ference of the excited field in the harmonic 
monitors vs the rf amplitude at the various in- 

jection energies. 

Fig.4 
Experimental dependence of accelerated 
current on the rf amplitude at the var 
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Fig.8 
Rms rF ,L,, vithout (---I and with (-) buncher 
vs focusing gradient G/Go. 
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Fig.5 
Experimental phase spectra of the accelerated 
beam for the various rf amplitude. 
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Fig.6 
Phase scan results for the buncher at 
the nominal rf amplitudes. 
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Fig.7 
Experimental acceleration efficiency 
plitudes in bunching cavities. 

Fig.9 
Phase spectra of the 
accelerated beam. 
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Phase spectra sampling 
for various time delay. 
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Fig.11 
Phase spectra for the 
various BLM gain. 
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0.1%. An a n a l y s i s  u f  t h e  e x p e r i m e n t a l  d a t a  a n d  
t h e  a c c u r a c y  o f  t h e  i f  a m p l i t u d e  d e t e r m i -  
n a t i m m  a c c o r d i n o  t o  . t h e  m a x i m u m  I m  a l l u w s  t o  
cm:mnclude t h a t  t h e  r f  a m u l i t u d e  e r r o r  is less 
t h a n  0.2%. 

2 .  The t w o - - c a v l t y  b u n i h e i  a m p l i t u d e  a n d  p h a s e  
s e t t i n g  

T h e r e  i s  ' two..-cavi.ty b u n c h e r  a t  t h e  en-. 
t r a n c e  'of t h e  f i r a t  t a n k .  T h e  s e t t i n g  ~:,f r f  
phase i n  the , : a . v i t i e s  1 5  , c a r r i e d  Ciut by u s i n g  
o' i  t h e  p h a s e  scan w h i l e  t h e  f i r s t  t a n k  is 
e:xci.ted t o  t h e  numinal f i e l d  l e v e l .  Because 
t h e  p h a s e  !zmidn r e s u l t s  d e p e n d  ,on t h e  beam in- 
t e n s i t y  ' t h e  p h a s e  s e t t i n g  >runs are c o n d u c t e d  
a t  t h e  r e l a t i v e l y  sma l l  , c u r r e n t  ,of Z i t 0  mA.  
The t y p i c a l  e ? . p e r i m e n t a l  ~ u i v e  ,of t h e  p h a s e  
scan i s  ( p r e s e n t e d  i n  F i g . t .  

Nert t h e  d e p e n d e n r e  o f  t h e  a c c e l e r a t e d  
r u r r e n t  f r c m  t h e  r f  a m p l i t u d e  i n  b u n c h i n g  ca-- 
v i t i e s  T - f ( E , , E z >  i s  t a k e n .  T!ie v a l u e s  o f  El 
a n d  E2 a r e  set a c c a r d i n g  t83 t h e  m a x i m u m  v a l u e  
o f  a c c e l e r a t i n g  e f f ic ienm: :y  ( F i g . 7 : ) .  

3. The beam p a r a m e t e r s  measrrr.e!ment 
T h e  beam t r a n s v e r s e  p a r a m e t e r s  a re  stu-- 

d i e d  u s i n g  tu,:, urcmfi le  mrmitm's ,  m o u n t e d  spa- 
rred i n  a d i s t a n c e  ,of 0 . C  m. A f t e i  t h e  i n s t a l -  
l a t i u n  cmf t h e  s e c o n d  I i r i a c  .tank: t h e  i n t r a t a n l r  
d i s t a n c e  w i l l  b e  1'3 c m  whiCh a l l n w s  t h e  o n l y  
s i n g l e  p r o f i l e  mi:mitni. to b e  i n t r o d u c e d .  The- 
i e f ~ r  we i n v e s t i g a t e  ttie o o s s i b i l i t y  to  o b -  
t a i n  t h e  nia!,;imtim i n f o r m a t i c ~ n  f r o m  a s i n g l e  
p r o f i l e  m o n i t i ; r .  I't is kncmwn, t h a t  b y  us ing  
t h e  p r o f i l e  m o n i t u r  \:$ne may f i n d  t h e  c o h e r e n t  
o s c i ? , l a t i v n  a m p l i t u d e  a n d  d e t e r m i n e  t h e  beam 
mismatch  w i t h  <;he p e r i o d i c a l l y  f o c u s i n g  chan- 
nel. [5]. These d a t a  a r e  used far t h e  beam 
s t e e r i n g  a t  t h e  tanl : :  e n t r a n c e .  More d e t a i l  
s t u d y  u f  t h e s e  d a t a  allm:+!s t o  o b t a i n  r m s  va- 
lues c,f t h e  phase  e l l i p se  b y  measuring t h e  
beam s z z e  f o r  t h e  v a r i 1 ~ 1 5  s t r e n g t h s  o f  t h e  
f,:,,:using c h a n n e l  ( t h e r e  are  44 f o c u s i n g  p e r i -  
o d s  in INP t a n l :  l ) .  F o r  t h i s  u u r p a s e  t h e  d e -  
p e n d e n c e  o f  t h e  r m s  beam s i z e s  rx a n d  rr as a 
f u n c t i o n  cmf f o c u s i n g  g r a d i e n t  G I G ,  in a l l  
q u a d v u p u l e  l e n s e s  h a v e  b e e n  ta l :cn.  T h e  t y p i -  
c a l  b e h a v l o u r  o f  r X , j  is shown in Fig.8 .  By 
using d a t a  ,of rrm ,vXM ,rxo <F:i.g.8:r i m 5  e m i t t a n -  
c e  a n d  r m s  parameters d , p , a r e  c a l c u l a t e d .  

Ry I : : nnwin< j  )rms p a r a m e t e r s  i t  i s  u o s s i b l e  
t,, m a t c h  t h e  beam a t  t h e  t a n k  e n t r a n c e  more 
c a r e ' f ~ i l l y ,  Fur e>:amble v x  ,ig behavicmur i s  
shown i n  F i g . 8  fmsr t w o  mode ,of tanl :  L o p e r a t i -  
on: w i t h  a n d  w i ~ t h ~ i i t  bunct ie r  o p e r a t i o n .  

T h e  m e a s u r e m e n t  ,of  l o n g i t u d i n a l  beam pa- 
r a , w t e r +  w a s  , : : a r r i e d  o u t  b y  iuaing BLM. To g e t  
t h e  phaije s p e c t r u m  o f  t h e  b u n c h  t h e  s e c o n d a r y  
e m i s s i o n  t c u r i e n t  f r o m  BLM w i r e  t a r g e ' t  v 5  t h e  

F i g .  1 
The l a y n u t  n f  t h e  e x u e r i m e n t a l  e u u i u m e n t .  t.e- 
gend:  WM-bending m a g n e t ,  BMS.-erni t t a n c e  m o n i t o r  
FC:-Faraday CUD,  S-s131erioid, B.-buncher ,  WS-wire 
s c a n e r ,  BD--uuadrupole  d o u b l e t ,  T I - t a n k  1, CM- 
c u r r e n t  m o n i t o r ,  BLM-bunch l e n g t h  m o n i t o r ,  DPM 
-bunch p o s i t i o n  m m m i  tm:w, IiRM-harmuni I: r e s o n a n t  
m o n i t o r ,  VS-ver t  i c a l  s l i t ,  HS-hori s o n t a l  51 i t .  

Ohase o f  t h e  594.6 MHz ( 8 - r d . h a r m o n i c  c.f t h e  
a c c e l e r a t i n g  f r e o u e n c y )  d e f l e c t i n g  f i e l d  was 
m e a s u r e d .  T h e  s i g n a l  was w h e t h e r  i n t e g i a t e d  
a l o n g  t h e  beam m a c r o p u l s e ( F i g . 9 )  831 s a m p l e d  a t  
a g i v e n  5 m k s  i n t e r v a l  o f  t h a t  p u l s e  I : F i g . l O ) .  
T h e  p h a s e  s h i f t  a n d  d e c r e m e n t  o f  t h e  p h a s e  OE- 
c i l l a t i o n s  i n  t h e  f i r s t  t a n k  a r e  rather b i g .  
I t  makes ttie l a n g i t u d i n a l  p h a s e  p o v t i a i t  t o  b e  
rlose tc:, t h e  canonical e l l i p s e .  I n  s u c h  a c a s e  
t h e  momentum s p r e a d  A P/P a n d  b u n c h  l e n g h t  4, 
a r e  c n n n e c t e d  as 

where U ) - a c c e l e r a t i n g  f r e q u e n c y , R  - p h a s e  u s c i  1- 
l a t i o n  f r e q u e n c y .  H2vinu t h e  f u l l  m e a s u r e d  
w i d t h  o f  t h e  b u n c h  2 0 - 3 O o ' i 1 0 0 %  Sif p a r t i c l e s >  
w e  can d e r i v e  mm:smentum s p r e a d  A P / P = ~ ~ : l . O - l . S : I %  

A t  t h e  e x i t  o f  t h e  t a n k  1 u n a c c e l e r ? t e d  
p a r t i c l e s  a r e  p r e s e n t e d .  BLN m e a s u r e m e n t s  a u t -  
s i d e  o f  t h e  b u n c h  l e n g t h  Show t h a t  t h e  f r a c t i -  
on a f  u n a c c e l e r a t e d  p a r t i c l e s  a t  t h e  e x i t  of 
t a n k  1 is less t h a n  1%. Making BLM s e n s i t i v i t y  
i n c r e a s e d  i t  t u r n s  t o  b e  pcmss ib le  e-:, s t u d y  
l o n g i t u d i n a l  h a l o  o f  t h e  beam. T h e  p h a s e  spec- 
t r a  m e a s u r e d  w i t h  various a m p l i  f i n z a t i o n  a r e  
p r e s e n t e d  i n  F i g . 1 1 .  T h e  f l a t  t o p  o f  t h e  cur- 
ves c o r r e s p o n d s  t o  t h e  s a t u r a t i o n .  The a d j u s t -  
ment of  t h e  a m p l i f i c a t i c m n  is  c a r r i e d  o u t  b y  
c h a n g i n g  o f  t h e  p h o t o m u l t i p l i e r  v o l t a g e .  T h e  
p r e l i m i n a r y  c a l i b r a t i n n  o f  NLM was d o n e  u s i n g  
t h e r  m e e l  ec t r 0115 [ 41 . 

A u t h o r s  are g r a i t l y  i n d e b t e d  t o  O p e r a t c t r s  
o f  v a r i o u s  a c c e l e r a t c m r  systems f o r  t h e i r  h e l p  
r e q u i r e d  f o r  t h e s e  e : , IpeI iments .  
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