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RQsumd - P l u s i e u r s  experQences d 'op t ique  ondu la to i re  ont  B t B  e f f e c t u s e s  
avec des  neutrons  de  20 A du fa i sceau  H-18 h L'ILL; par  exemple des  f igu-  
r e s  de F resne l  d 'un bord, d'une f e n t e  e t  d 'une double f e n t e  a i n s i  que l a  
f o c a l i s a t i o n  avec des  rBseaux zones e t  l ' i n t e r f 6 r o m e t r i e  par  d i v i s i o n  de 
f r o n t  d'onde. 

Ces exper iences  son t  passees  en  revue e t  d i s c u t e e s  du po in t  de  vue d e  l e u r s  
mot ivat ions  e t  de  l e u r s  f u t u r e s  p o s s i b i l i t B s .  

Abstract  - Various c l a s s i c a l  wave o p t i c s  experiments c a r r i e d  out  wi th  20 1 
neutrons  on t h e  H-18 f a c i l i t y  a t  I.L.L. a r e  reviewed, namely Fresne l  d i f -  
f r a c t i o n  from a s t r a i g h t  edge, s i n g l e  slit and double s l i t ;  focussing with 
zone p l a t e s  and in te r fe romet ry  by wavefront d i v i s i o n .  

The mot ivat ion o f  t h e  above experiments is  discussed and f u t u r e  ex tens ions  
and a p p l i c a t i o n s  a r e  proposed. 

A long o p t i c a l  bench b u i l t  by Gahler,  Kalus and 14ampe /1/ was s e t  up on t h e  cold  
neutron beam-line H-18 a t  t h e  High Flux Reactor o f  t h e  I n s t i t u t  Laue-Langevin i n  
1979-80 and was o r i g i n a l l y  used f o r  s e t t i n g  a new upper l i m i t  of qn< - 1 . 5 2  1 . 4 x 1 0 - ~  'e  

on t h e  charge of t h e  neutron.  The apparatus  was subsequent ly  used by ~ a h l e r  and 
va r ious  c o l l a b o r a t o r s  f o r  a s e r i e s  of wave - o p t i c a l  experiments which w i l l  b e  
b r i e f l y  reviewed here .  

The o p t i c a l  bench supported a qua r t z  prism monochromator and assoc ia ted  sl i ts with  
t h e  a i d  of which a beam of  1 5  < X < 30 1( and AX % 1 could b e  se lec ted .  An 
evacuated f l i g h t  path  o f  1 0  m,  i n  two s e c t i o n s  of L = 5 m,  was followed by an ex- 
t remely w e l l  sh ie lded  d e t e c t o r ,  i n  f r o n t  of which a f i n e  slit  could be  scanned i n  
1 pm s t e p s .  The o v e r a l l  l ayou t  i s  shown i n  Fig. 1. This appara tus  was found t o  be 
very we l l  s u i t e d  f o r  F resne l  d i f f r a c t i o n  s t u d i e s  a t  A ". 20 A; t h e  c h a r a c t e r i s t i c  
F resne l  l eng th  was J- 

XL ". 100 pm. 

The d i f f r a c t i o n  -tern of an  opaque s t ra ight-edge was measured by Gahler,  Klein  and 
Ze i l inge r  /2 /  and was found t o  be i n  e x c e l l e n t  agreement wi th  theory  (Fig. l a ) .  
From t h i s  r e s u l t  it was p o s s i b l e  t o  deduce an upper l i m i t  f o r  t h e  s t r e n g t h  of a 
hypo the t i ca l  non l inea r  t e r m  i n  t h e  schr6dinger  equa t ion ,  o f  t h e  type  proposed by 
Bia lyn l i ck i -Bi ru la  and Mycielski 1 3 1 .  Following t h e  suggest ion of Shimony 141, a 
neutron in te r fe romete r  experiment by Shu l l  e t  a 1  / 5 /  placed an  upper l i m i t  of 
b < 3.4 x 10- l3  eV on t h e  s t r e n g t h  of such a term. However, t h e  F resne l  d i f f r a c t i o n  
experiment reduced t h i s  by a f u r t h e r  two o rde r s  o f  magnitude. Using t h e  same set-up, 
t h e  d i f f r a c t i o n  p a t t e r n  of an  absorbing wire  was a l s o  measured. A high p r e c i s i o n  
experiment by Ze i l inge r ,  Gghler, S h u l l  and Treimer measured t h e  d i f f r a c t i o n  p a t t e r n s  
of a s i n g l e  s l i t  and o f  a double s l i t  1 6 1 .  The l a t t e r  experiment showed agreement 
wi th  s t andard ,  l i n e a r  theory  t o  w i t h i n  6 p a r t s  i n  l o 3  and r e p r e s e n t s  t h e  most 
s e r i o u s  chal lenge t o  any " h e r e t i c a l "  ve r s ions  o f  quantum mechanics, such a s  any non- 
l i n e a r  v a r i a n t s  o r  any o f  t h e  evolut ionary schemes o f  wave packet r educ t ion  /1 ,8 / .  
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Fig. 1 - Schematic l ayou t  of o p t i c a l  bench assembly on long-wavelength beam H-18. 
D i f f r a c t i o n  p a t t e r n s  of a) s t r a i g h t  edge b) s i n g l e  s l i t  c )  double s l i t .  

The v a r i o u s  d i f f r a c t i o n  p a t t e r n s  a r e  shown i n  Fig. 1 a ,  b and c .  

I n  a f u r t h e r  a p p l i c a t i o n  of F resne l  d i f f r a c t i o n ,  t h e  experiments of Kearney e t  a 1  
/ 9 /  and Kle in  e t  a 1  / l o /  have demonstrated t h e  focussing and imaging of slow neu- 
t r o n s  by Fresne l  zone p l a t e s ,  Fig. 2 ;  both s p h e r i c a l  and c y l i n d r i c a l  focuss ing 
s t r u c t u r e s  were found t o  work i n  accord wi th  t h e  design. The zone p l a t e s  were manu- 
f ac tu red  on s i l i c o n  s u b s t r a t e s  by means o f  photo- l i thographic  techniques  o f  t h e  kind 
used i n  micro-elect ronics .  A l t e r n a t e  zones were p l a t e d  wi th  a 2.4 u m  l a y e r  of 
copper which g ives  a 180" phasesh i f t  f o r  neutrons  of 20 a wavelength. 
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Fig. 2 Focussing of 20 1 neutrons  by a F resne l  zone p l a t e .  



Following t h e  s u c c e s s f u l  demonstration of focuss ing by zone p l a t e s ,  t h e  s p e c i a l  con- 
f i g u r a t i o n  shown i n  Fig .  3 ,  which corresponds t o  a s p l i t  l e n s ,  was used by Kle in  
ez a 1  /11/ as  an in te r fe romete r  analogous t o  t h e  B i l l e t  experiment i n  c l a s s i c a l  
o p t i c s .  This type  o f  in t e r fe romete r ,  which opera tes  by d i v i s i o n  o f  t h e  wavefront 
r a t h e r  t h a n  amplitude d i v i s i o n  (which is t h e  case  i n  t h e  p e r f e c t  c r y s t a l  i n t e r f e r o -  
meters) s u f f e r s  from t h e  disadvantage t h a t  wi th  t h e  wavelengths a v a i l a b l e  t h e  sepa- 
r a t i o n  of t h e  i n t e r f e r i n g  beams was r a t h e r  small ,  of t h e  o rde r  o f  a few 100 ym o r  
l e s s .  On t h e  o t h e r  hand, i t  has  t h e  advantages t h a t  it is s u i t a b l e  f o r  long wave- 
l eng ths  and is  considerably  l e s s  s e n s i t i v e  t o  mechanical and thermal  dis turbances .  
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Fig. 3: S p l i t  l e n s  in te r fe romete r .  (A) Schematic of s p l i t  zone p l a t e  
a se - sh i f t ing  zones. 
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Fig. 4:  Resu l t s  of Fizeau experiment: wi th  slow neutrons  (po in t s )  compared 

wi th  theory  ( s t r a i g h t  l i n e )  . I n s e t  : P r i n c i p l e  of t h e  experiment.  
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A double s l i t  in te r fe romete r  was used by Klein  e t  a 1  /12/  t o  observe t h e  phase s h i f t  
induced by t h e  motion o f  a r e f r a c t i n g  medium, i n  a n  experiment analogous t o  t h e  
c l a s s i c  work of Fizeau. I n  t h i s  experiment,  shown schemat ical ly  i n  Fig. 4 ,  a qua r t z  
pr ism of square  c ross - sec t ion  was r o t a t e d  i n  t h e  two beams behind the  sl i ts and t h e  
r e s u l t a n t  f r i n g e  s h i f t  i n  t h e  i n t e r f e r e n c e  p a t t e r n  was determined. The r e s u l t s  were 
found t o  be i n  good agreement wi th  thso ry  and c o n s t i t u t e  a v e r i f i c a t i o n  of the  
t ransformat ion laws obeyed by t h e  (u, k )  four-vector f o r  de Brogl ie  waves. 

A l l  t h e  above experiments may be seen a s  v e r i f i c a t i o n s  of quantum mechanical p r i n c i -  
p l e s  and a s  tests of non-standard quantum mechanical t h e o r i e s .  Fur the r  experiments 
a long t h e s e  l i n e s  can be envisaged, should a long-wavelength beam l i n e  become ava i l -  
ab le  again .  Among such experiments a r e  t h e  fol lowing : a )  Time-dependent d i f f r a c t  ion  
e f f e c t s ,  aimed a t  i n v e s t i g a t i n g  t h e  time-dependent behavior of wave-packets, i. e. , 
experiments d i r e c t l y  involving the  time-dependent Schr6dinger equat ion.  b) The 
Cavendish experiment wi th  neu t rons ,  i . e . ,  t h e  measurement of t h e  Universal  Gravita- 
t i o n a l  cons tan t  G by rneans of a n  a c t i v e  g r a v i t a t i o n a l  mass o t h e r  than t h e  Earth it- 
s e l f .  Such a n  experiment,  which should b e  f e a s i b l e  wi th  neutrons  of 1 ?, 100 1, 
would be t h e  f i r s t  time t h a t  a c t i v e  g r a v i t a t i o n a l  e f f e c t s  produced by o b j e c t s  o f  
l abora to ry ,  r a t h e r  than cosmic s c a l e ,  would be observed wi th  elementary p a r t i c l e s .  

The f u r t h e r  development o f  zone p l a t e s  a s  beam-shaping s t r u c t u r e s  would be associ-  
a t e d  wi th  such experiments.  Mention should be made, f o r  example, of t h e  p o s s i b i l i t y  
of producing condensing l e n s e s  which, because of t h e i r  d i s p e r s i v e  n a t u r e ,  could 
func t ion  a l s o  a s  monochromators when used i n  conjunct ion wi th  de f in ing  sl i ts placed 
a t  t h e  appropr ia t e  focus. Furthermore, w i t h  a l t e r n a t e  zones made of ferromagnet ic  
m a t e r i a l ,  zone p l a t e s  could f u l f i l l  t h e  r o l e  of p o l a r i z e r s  as w e l l  as monochromators 
and condensing l e n s e s  f o r  long  wavelength neutrons .  

F i n a l l y ,  t h e  use o f  s p l i t - l e n s  in te r fe romete r s  a t  l onger  wavelengths could l e a d  t o  a 
new s e t  o f  experiments such a s  p r e c i s i o n  measurement of s c a t t e r i n g  l eng ths  a s  w e l l  
as t h e  i n v e s t i g a t i o n  of f u r t h e r  g r a v i t a t i o n a l ,  inertia!. and magnetic e f f e c t s .  
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periments descr ibed above, t o  express  our g r a t i t u d e  t o  p ro fesso r  J. Kalus f o r  per- 
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