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Abstract 

A system consisting of two coupled 
electrostatic deflectors and the associated 
electronics is described. The principle of the 
system is shown in fig. 1: One deflector which is 
located near the center of the machine is used for 
a two-fold purpose a) to eliminate two out of 
three microstructure pulses by deflection to a 
beam stop and b) to form ion bunches of 4,5 usec / duration each consisting of fifty microstructure 
pulses. A second pair of deflector plates is locat- 
ed at a mean radius of 39 inches and serves to 
simultaneously deflect the set of microstructure 
pulses to a target positioned above the median 
plane of the cyclotron. At the time of deflection, 
the bunch is distributed over 4 inches in radius. 

Using this method neutron pulses of 1 + 0,3 
nsec duration with a repetition rate of 20 kc/sec 
can be produced. A neutron time-of-flight spectro- 
meter has been put in operation using this 
"deflection-bunching" system. 

Introduction 

Time-of-flight experiments are greatly 
facilitated by the high average beam current and 
the extremely small pulse width ((1 nsec) of the 
microstructure pulses from the Karlsruhe 
isochronous cyclotron. The recurrence frequency 
of 33 mc/s, however, is far too high in view of the 
frame overlap problems in high resolution neutron 
time-of-flight spectroscopy. Reducing the repetit- 
ion rate by the deflection of single microstructure 
pulses ozto a neutron producing target would be an 
undesireable sacrifice in neutron intensity unless 
a very high internal beam is available.+ The 
Karlsrhe cyclotron was designed for an average 
maximum internal beam of 100 ua at continuous 
ooeration . / 

The system descrfped here avoids the frame- 
overlap problem while largely preserving the 
high average neutron intensity available from the 
internal beam. m i s  is accomplished by the bunch- 
ing -deflection system, which reduces the pulse 
repetition frequency from 33 mc/s to 20 kc/s 
while the average beam intensity is only reduced 
by a factor of about 30. The gain in intensity 
per pulse is obtained at the expense of the homo- 
geneity of the energy of the ions striking the 
target. Since the neutron target will be used as 
a "white" neutron source, the additional energy 
spread introduced by the ions is of no concern. 

Deflector system I 

The deflector consists of two tantalum plates 
with an azimuthal extension of about 35O, a radial 
extension of 4 cm and a gap of 1 cm. The deflector 
is set to the 4th orbit in a hill section of the 
pole tip which corresponds to a deuteron energy 
of about 0.0 MeV. 

The minimum plate voltage for complete beam 
deflection is 4 kV. For the suppression of two 
out of three ion bunches a RF voltage of l1 mc/s 
and a negative bias voltage are applied to the 
lower plate of the deflector (fig. 2a). The upper 
plate stays at a constant potential whereby 
the beam is completely suppressed except for inter+ 
ruptions of a length of 4.5 usec which follow at a 
repetition frequency of 20 Lc/s. For this time the 
voltage is decreased to zero and the mentioned 
suppression of two out of three ion bunches 
occurs (fig. 2b). The voltage fall time is about 
150 nsec, the rise time about 300 nsec. 

+A facility has been described oy Howe et al? in +-t 
Anot er possibility described by Briickmann and 

which the NRDL- cyclotron is to operate in this Haase was applied using the external beam of the 
fashion in connection with klystron-bunching. Karlsruhe cyclotron and a recoil-proton telescope 

as a neutrondetector. The proton energy is measur- 
ed simultaneously with the neutron time-of-flight. 
Evaluating both, the pulse height and the neutron 
time-of-flight information allows one to deter - 
mine the "gross" and "fine" neutron energy and 
this to unscramble frame overlap over a consider- 
able range without any pulse reduction. 
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The a x i a l l y  d e f l e c t e d  beam completes one 
f u r t h e r  r e v o l u t i o n  before reaching t h e  water- 
cooled beam s top .  The beam s t o p  and t h e  ho lder  f o r  
t h e  d e f l e c t o r  p l a t e s  a r e  mounted on t h e  coax ia l  
l i n e  which i s  a d j u s t a b l e  from o u t s i d e  of t h e  
vacuum tank.  Fig.  3 shows t h e  i n n e r  d e f l e c t o r  with 
mykroy i n s u l a t o r s ,  l e a d s  and a  p a r t  of  t h e  coax ia l  
l i n e s .  

The coaxia l  l i n e s  and t h e  RF power a m p l i f i e r  
a r e  one u n i t  which can be e a s i l y  removed. These 
l i n e s  a r e  2.50 m long  and a r e  s i t u a t e d  below t h e  
median plane. The coaxia l  l i n e  f o r  t h e  RF vo l tage  
c o n s i s t s  of a  s i l v e r  p l a t e d  copper wire  (1 mm i n  
diameter)  a s  t h e  i n n e r  conductor and of a  copper 
tube with an inner  diameter  of 50 mm which de- 
c reases  t o  8 mm wi th in  t h e  pole  gap of t h e  cyclo- 
t r o n .  The i n n e r  volume of t h e  tube s t a y s  under 
normal a i r  p ressure .  A t  t h e  end of  t h e  coax ia l  
l i n e  a  quar tz  i n s u l a t o r  is  cemented vacuum t i g h t  
i n t o  t h e  tube with epoxy r e s i n  and cooled toge ther  
with t h e  beam s top .  Small t e f l o n  spacers  a r e  hold- 
i n g  t h e  inner  conductor. The l i n e  impedances a r e  
about 235.(1. and 123 according t o  t h e  d i f f e r e n t  
tube diameters .  The usefu l  pole  gap of  t h e  cyclo- 
t r o n  i n  only 3 cm a t  t h e  d e f l e c t o r s  l o c a t i o n  and 
about  4 cm f o r  t h e  l a r g e r  r a d i i .  

The block diagram of t h e  e l e c t r o n i c  i n  seen 
on f i g .  1. The RF vo l tage  of 33 mc/s taken from 
cyc lo t ron  genera tor  i s  changed by a  frequency 
d i v i d e r  i n t o  11 mc/s. The phase br idge c o n t r o l s  
t h e  phase of l1 mc/s RF. It rece ives  t h e  c o n t r o l  
s i g n a l  from t h e  phase comparator. This  comparator 
( r a t i o  d e t e c t o r  p r i n c i p l e )  compares t h e  time 
p o s f t i o n  of 33 mc/s and 11 mc/s RF waves. The 
re fe rence  vo l tage  of 11 mc/s comes from t h e  power 
a m p l i f i e r  resonant  c i r c u i t  v i a  a  manually a d j u s t -  
a b l e  phase s h i f t e r .  The resonance c i r c u i t  of t h e  
power a m p l i f i e r  i s  tunable  by a  motor d r iven  
c a p a c i t o r .  

Rectangular pu lses  of a  width of 4.5 usec w i t h  / a r e p i t i t i o n  r a t e  of 20 kc/s produced by a  pulse 
genera tor  a r e  f e d  i n t o  a  H.V. pulse a m p l i f i e r  and 
i n t o  t h e  phasing c i r c u i t  of t h e  e l e c t r o n i c  f o r  t h e  
o u t e r  d e f l e c t o r .  The H.V. pulse a m p l i f i e r  produces 
t h e  necessary pu lses  f o r  t h e  i n n e r  d e f l e c t o r .  When 
t h e  d e f l e c t i o n  vo l tage  a t  t h e  s i d e  of t h e  H.V. 
pulse ampl i f ie r  f a i l s  t h e  a r c  vo l tage  of  t h e  i o n  
source w i l l  be switched o f f  by a  r e l a y  t o  avoid a  
high deuteron c u r r e n t  f a l l i n g  on t h e  t a r g e t  a t  
f u l l  r a d i u s .  A l l  vo l tages  a t  the  d e f l e c t o r  p l a t e s  
a r e  switched o f f  when t h e  cyc lo t ron  tank pressure  
i n c r e a s e s  above a  c r i t i c a l  value t o  avoid glow 
discharge.  

Proper opera t ion  of t h e  i o n  r a t e  reduc t ion  i s  
c o n t r o l l e d  by measuring t h e  t ime-of - f l igh t  of 
prompt y r a d i a t i o n  from t h e  t a r g e t .  A p l a s t i c  
s c i n t i l l a t o r  mounted on a  f a s t  photo m u l t i p l i e r  
a s  d e t e c t o r  and a  time-to-pulse-height conver te r  
i n  connection with a  multichannel ana lyzer  a r e  
used. Fig.  4a and 4b show t h e  t ime-of - f l igh t  
s p e c t r a  under normal opera t ion  and with 3:l i o n  
pulse r a t e  reduc t ion .  The c o n v e r t e r m s  s t a r t e d  by 
t h e  d e t e c t o r  pulse and stopped by t h e  11 mc/s RF. 
Fig.  4'c shows a  s e t  of about 50 micros t ruc ture  
i o n  bunches due t o  t h e  complete i o n  pulse r a t e  

reduc t ion .  I n  t h i s  measurement t h e  conver te r  was 
s t a r t e d  by t h e  c o r r e l a t e d  t r i m e r  pulse f o r  t h e  
f a s t  H.V. pulse genera tor .  

Def lec tor  System I1 

The o u t e r  d e f l e c t i o n  p l a t e s  a r e  made of 2mm t h i c k  
aluminium and extend between r a d i i  of 37 and 41 
inches .  The i o n  bunch i s  d e f l e c t e d  a t  a  mean 
r a d i u s  of  39 inches  corresponding t o  a  deuteron 
energy of  45 2 5 MeV. The two p l a t e s  a r e s e p a r a t e d  
by a  d i s t a n c e  of 1 6  mm and subtend-0,23 rad  of 
a p c  a s  i n d i c a t e d  i n  f i g .  l .  A photograph of t h e  
d e f l e c t o r  p l a t e  assembly and t h e  mounting f lange  
of  t h e  vacuum chamber i s  shown i n  f i g .  5. The 
bottom p l a t e  i s  grounded. Voltage is  appl ied  t o  
t h e  upper p l a t e  which i s  mounted on t h r e e  mycroy 
i n s u l a t o r s ,  1 0  mm t h i c k  and 100 mm i n  l eng th .  
Both p l a t e s  a r e  movable by swivel-mounted alumini- 
um bars, s o  they can be ad jus ted  from o u t s i d e  t h e  
vacuum chamber i n  h e i g h t  and angle t o  t h e  pole 
t i p s .  The d e f l e c t i o n  pulse is  coupled t o  t h e  t o p  
p l a t e  by a  copper conductor which i s  i n s u l a t e d  
from t h e  f l a n g e  of t h e  vacuum chamber using a  
k o v e l a s s  s e a l .  

A neutron producing t a r g e t  1 0  cm wide and 
1 cm i n  he igh t ,  t h i c k  enough t o  s t o p  50 MeV 
deuterons,  can be pos i t ioned  by a  pneumatically 
operated t a r g e t  support  d i r e c t l y  above t h e  
en t rance  t o  t h e  d e f l e c t o r  p l a t e s .  This  p o s i t i c n  
r e p r e s e n t s  t h e  po in t  of maximum d e f l e c t i o n .  
Measurements of t h e  vo l tage  needed t o  d e f l e c t  the  
e n t i r e  beam onto t h e  t a r g e t  showed t h a t  a  value 
of 5 kV was s u f f i c i e n t .  

For t h e  d e f l e c t o r - p l a t e  pu lse r  a  type EGG 
1802 hydrogen t h y r a t r o n  i s  used. The pulse genera- 
t o r  o p e r a t i n g  a s  a  hard tube pu lse r  d e l i v e r s  a  
5 - 8 kV pulse of about 400 A pulse c u r r e n t  which 
i s  necessary t o  charge t h e  600 U uF capaci tance 
of t h e  d e f l e c t o r  p l a t e s  with a  4iLetime of 25 
nsec .  The mean power requ i red  i s  5 h. The H.V. 
pulse-generator  c i r c u i t  i s  shown schematical ly  i n  
f i g .  6. A power supp1.y charges a  500 U uF conden- 
s o r  v i a  a  1 Hy inductance and a  2 - 456 D diode.  
A s u i t a b l e  t r i g g e r  pulse i s  appl ied  t o  t h e  g r i d .  
The H.V. pulse from t h e  anode of  t h e  thyra t ron  i s  
f e d  d i r e c t l y  i n t o  two cab les ,  50 m i n  l eng th ,  
connected t o  t h e  d e f l e c t o r  p l a t e s .  

D i f f i c u l t y  was experienced i n  compensating 
t h e  long  term d r i f t  g e n e r a l l y  introduced by 
hydrogen t h y r a t r o n s  which i s  a t  maximum about 
150 nsec.  The d r i f t  was compensated by a  regu la t -  
ed v a r i a b l e  de lay  l i n e .  This  compensation u n i t  
opera tes  on t h e  fol lowing p r i n c i p l e :  I t  i s  d e s i r -  
ed t o  hold t h e  t r a n s i t  t ime through t h e  pulser-  
de lay  u n i t  t o  a  cons tan t .  The compensation u n i t  
c o n s i s t s  of a  simple r e g u l a t i o n  system i n  which 
t h e  v a r i a b l e  de lay  l i n e  con ta ins  cons tan t  capaci-  
t i e s  and v a r i a b l e  inductances.  The r e s u l t i n g  time 
de lay  from t h e  v a r i a b l e  de lay  l i n e  and t h e  hard 
tube p u l s e r  i s  measured by a  time-to-pulse h e i g h t  
conver te r .  A conversion of t h e  pulse h e i g h t  i n t o  
a  p ropor t iona l  d-c c u r r e n t  which i s  compared 
with a n  equi l ib r ium value permits  t h e  premagneti- 
z a t i o n  of small  magnetic cores .  On each core  
t h e r e  is a second winding which se rves  a s  one 
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inductance of a low-pass de lay  network. With t h i s  
techcique a time j i t t e r  l e s s  than l nsec i s  ob- 
t a i n e d  over periods of days. 

Phasing c i r c u i t  

I f  t h e  d e f l e c t e d  beam is  t o  produce only one 
s i n g l e  b u r s t  of neutrons,  a l l  t h e  i o n s  must h i t  
t h e  t a r g e t  during t h e  same revolu t ion  cyc le .  That 
meacs t h a t  t h e  d e f l e c t i o n  pulse should be app l ied  
a c  a time defined by t h e  fol lowing condit ions:  
a )  The i o n  bunch must have reached such a r a d i u s  
tha-c a i l  i o n s  from t h e  bunch pass  between t h e  
d a t e s  of t h e  d e f l e c t o r  I1 dur ing  each revolu t -  
ion .  0 )  The d e f l e c t i o n  pulse must r i s e  from zero 
t o  i t s  f u l l  amplitude dur ing  t h a t  time of t h e  r e -  
vo lu t ion  cyc le  i n  which t h e  bunch i s  completely 
outs tde the def l e c  t o r  p l a t e s .  

The o r b i t a l  per iod of t h e  i o n s  i s  90 nsec, t h e  
azimuthal e x t e n t  of t h e  d e f l e c t o r  i s  equiva len t  
t o  12 nsec, and t h e  e f f e c t i v e  leng th  of t h e  bunch 
(-1 nsec)  is  neg leg ib le  i n  comparison. Conse- 
quent ly t h e  t i n e  a v a i l a b l e  f o r  applying t h e  de- 
f l e c t i o n  pulse should be 75 nsec.  

A c i r c u i t  used t o  meet both requirements i s  
shown schematica1.ly i n  f i g .  7. The p r i n c i p l e  i s  
based mainly on a c i r c u i t  developed a t  Harwell by 
Langsford e t  a l .  . The output  pulse from t h e  
20- kc/s pulse-generator  ( see  f i g .  1 )  i s  delayed 
by 21 usec, t h e  time requi red  t o  a c c e l e r a t e  the  
ion  bdnch from zero t o  50 MeV. To o b t a i n  a s u i t -  
a b l e  time c o r r e l a t i o n  between a f i x e d  RP-phase and 
t h e  output  pulse of t h i s  c i r c u i t ,  t h e  RF from t h e  
cyc lo t ron  i s  gated by t h e  delayed pulse from t h e  
20 kc/s genera tor .  The t iming i s  arranged so  t h a t  
only a s e t  of e i g h t  pulses  can pass  t h e  g a t e  a f t e r  
being shaped by an appropr ia te  tunnel  diode pulse 
shaper .  The f o u r t h  pulse of t h e  group is  s e l e c t e d  
by 3 b i n a r i e s .  This  enables  t h e  e l imina t ion  of t h e  
time j i t t e r  introduced by the f i n i t e  r i s e  time of 
t h e  ga te  pu lse .  The output  pulse is  used t o  t r i g -  
ger  the high vo l tage  pulse genera tor .  B e c a u ~  of 
t h e  f i n i t e  r i s e  time of t h e  g a t e  pulse add i t iona l -  
l y  t h e r e  is a nonzero p r o b a b i l i t y  t h a t  e i t h e r  7 o r  
9 RF-pulses pass  the  ga te .  I f  t h e  f l i p - f l o p s  of 
the b i n a r i e s  a r e  no t  r e s e t  a f t e r  a pulse group h a s  
been accepted, two output  pulses  can appear t h a t  
give r i s e  t o  i n c o r r e c t  t iming.  To avoid t h i s  prob- 
lem an addi- t ional  r e s e t  s i g n a l  i s  produced from 
t h e  de lay  u n i t  of t h e  phasing c i r c u i t .  Using 
t h i s  pulse a i l  t h e  f l i p - f l o p s  a r e  r e s e t  a f t e r  one 
output  s i g n a l  has  been de l ivered .  

Neutron Time-of-Flight Spectrometer 

The o v e r a l l  l ayout  of t h e  spectrometer  i s  
showrl i n  f i g .  8. A t h i c k  n a t u r a l  uranium t a r g e t  is 
used f o r  production of a "white" neutron spectrum 

( a  t y p i c a l  t ime-of - f l igh t  spectrum i s  presented i n  
f i g .  9a) .There a r e  two co l l imators  along the  
f l i g h t  pa th  d e f i n i n g  a narrow neutron beam with an 

angle spread 0 f - 0 , 5 ~ .  The neutrons a r e  de tec ted  
w i t h  a l i q u i d  proton r e c o i l  d e t e c t o r  a t  t h e  end 
of  an evacuated f l i g h t  path, 50 m i n  l eng th .  For 
neutron t ime-of - f l igh t  measurements a d i g i t a l  
t ime-sor te r  with a maximum of 32.000 channels and 
1 nsec channel width was employed. The output  
s i g n a l s  were t r a n s f e r r e d  t o  t h e  MIDAS d a t a  - 
a c q u i s i t i o n  system a t  t h e  Karlsrilhe FR-2 r e a c t o r  
and accumulated on-l ine i n  a 1 6  k-memory block. 
The opera t ion  of t h e  system was c o n t r o l l e d  simul- 
taneously a t  t h e  cyc lo t ron  bu i ld ing  by means of  a 
l i v e  d i s p l a y .  The energy r e s o l u t i o n  of t h e  spectro- 
meter yas  determined by measuring t h e  resonances 
of ~ e 5 "  near  512 keV and 530 keV r e s p e c t i v e l y .  
For each energy t e r e  a r e  two c l o s e l y  spaced reso-  
nances a s  Newson g has  demonstrated. The two reso-  
nances at-512 keV were wel l  resolved i n  our  f i r s t  
t ransmission measurements. These two resonances 
a r e  shown i n  f i g .  gb. The d a t a  a r e  no t  cor rec ted  
f o r  time dependent back-ground. From a c a l c u l a t -  
i o n  of t h e  maximum resonance c r o s s  s e c t i o n  a reso-  
l u t i o n  of about 200 eV f o r  t h i s  energy was obtain-  
ed assuming t h e  h igher  energy resonance t o  be a 

s-wave resonance. The c h a r a c t e r i s t i c  f e a t u r e s  of 
t h e  spectrometer  a r e  summarized i n  t a b l e  I .  Time 
r e s o l u t i o n  of t h e  spectrometer  i s  expressed i n  

nsec/m a s  usual  f o r  neutron t ime-of - f l igh t  
f a c i l i t i e s .  
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TABLE I 

TIME-OF-FLIGHT APPARATUS 

- 
Fig. 1. Scheme of deflection-bunching sgst,em 

r 
F l i g h t  path  

Def lect ion r a d i u s  

Time r e s o l u t i o n  

Energy r e s o l u t i o n  

Resolut ion of Spectrometer 

In tegra ted  neutron f l u x  

a t  3 uA t a r g e t  cu r ren t  / 

56 - 57 m 

0,930 m (40,5  HeV deuterons)  
t o  1,030 m (50 MeV deuterons)  

(1  + O,3)ns f u l l  width h a l f  maximum 

200 eV a t  0.5 MeV 

0,02 nsec/m 

4 -2 -1 
( 5  2 2 )  . 10 neutrons cm s e c  

above 250 keV a t  56 m 
> 

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966 F-007



1966 CIERJACKS, ET AL: NOVEL "DEFLECTION BUNCHING" SYSTEM 357 

60 90 

BIAS- 
rnLTLGE 

NEG WITAGE 

DEFLECTrn 
PLATE 

ms VaTAGE 
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Fig. 2. Voltages a t  t,he deflector p1at.e~ 
i l lustrat ing the principle of beam suppression 
a) elimination of two out of t.hree ion bunches. 
b) production of h.5 us pulses. 

Fig. 3. View of the deflector-system I 

NO VOLTAGE AT 1% EFLECTOR PLATES D C alA5ED RF VOLTAGE AT THE LOWER DEFLECTOR PUTE 

VOLTAGE AT BOTH DEF:EC:OR PLATES 

Fig. h. Time-of-flight spect,rum of prompt 
1'- rays representing part ic le  bunches 

a) Under normal operat,ion 
b) Wit,h 3:l ion pulserat,e reduct ion 
c) Complete reduction t,o a bunch con- 

t,aining 50 microst.ructure ion pulses 
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Fig. 5. View of the deflector-syst.em I1 
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Fig. 6. H.V. f a s t  pulse generator 
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Fig. 7 .  Block diagram of phasing circuit  
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Fig. 8. Geometry of the Kaxlsruhe isochronous 
cyclotron neutron time-of-flight spectrotneter 
( top view) 
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Fig. 9 .  a) Typical neut.ron time-of-flight 
spectrum 

b) 6T for natural iron in t,he 510 keV 
region 
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