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INTRODUCTION 

Neutrons f o r  thermal neutron s c a t t e r i n g  experiments and f o r  b a s i c  f a s t  

neutron i r r a d i a t i o n  e f f e c t s  s t u d i e s  have t y p i c a l l y .  been obtained from f i s s i o n  

r e a c t o r s .    ow ever, both types o f  r e s e a r c h  are l imi tkd  by . the a v a i l a b l e  neutron 

' f l u x  which has  reached i n  t h e  c a s e  of c u r r e n t  high f l u x  resea rch  r e a c t o r s , .  

b u t  i s  c l o s e  t o  an e f f e c t i v e  upper bound determined by h e a t  t r a n s £ e r  l i m i t a t i o n s .  

To extend t h e  range of problems which can b e  s tud ied  e f f e c t i v e l y , .  a new- 

genera t ion neutron source  i s  required .  

. . The pulsed neutron source  program a t  ~ r ~ o n n e  Nat ional  ~ a b o r a t o r y  was 

e s t a b l i s h e d  t o  develop a new-generat ion source  based on t h e  s p a l l a t i o n  .prin-  ' 

5. --.-.-- , . , . 
e i p l e  f o r  neutron product ion. P r i n c i p l e s  of pulsed s p a l l a t i o n  neutron source'  ' . . . 

a r e  i l l u s t r a t e d ' i n  ~ i ~ .  1. Protons a r e  acce le ra ted  i n  a synchrotron t o  a . ' 

very  h igh  v e l o c i t y  and d i r e c t e d  a t  one of t w o  a l t e r n a t e  heavy-metal t a r g e t s .  . . 
. . 

When s t r u c k  by- t h e  high-energy protons ,  atomic n u c l e i  i n  t h e  t a r g e t  e m i t  neut rons  

which are de l ive red  in '  i n d i v i d u a l  beams t o  many d i f f e r e n t ,  experiments.,  Because 

t h e  synchrotron produces t h e  protons  i n  b u r s t s ,  t h e  neutrons  generated i n  t h i s  
. . 

"spa l l a t ion"  process  l ikewise  a r e  de l ive red  i n  s h o r t  h igh- in tens i ty  pulses .  . . . 

These pu l ses  of f a s t  neut rons  (spectrum peaked a t  about . . 1 MeV) can be  allowed . 
. 

t o  f a l l  d i r e c t l y  on a sample t o  produce r a d i a t i o n  damage, o r  can be  moderated 

by smal l  hydrogenous moderators placed around t h e  t a r g e t  t o  prbduce pulsed 

, . 
*Work suppoi-ted by t h e  U. S. Department of Energy. 



- 3 
beams of thermal o r  epi thermal  neutrons  ( ~ 1 0  - 1 0  eV) .wi th  pu l ses  t y p i c a l l y  

a few microseconds long. Such pulsed neutron beams a r e  inheren t ly  prepared 

f o r  e f f i c i e n t  u s e  wi th  t h e  "time-of-f l i g h t "  (TOF) neutron s c a t t e r i n g  technique -- 

i n  which energ ies  of neutrons  a r e  determined by t iming t h e i r  t r a v e l  over  a .- 

. . . - 
known p a t h  length .  

- 

The step-by-step approach to' t h e  development of such a source  a t  Argonne 

i s  i n d i c a t e d . i n  Table .1 .  The Argonne Pulsed .Neutron Source Program s t a r t e d  i n  

1972. ' ~ f  ter s u c c e s s f u l  prototype experiments (ZING-P i n  1974-75), and t h e  - p r e s e n t  

opera t ion  of a more i n t e n s e  prototype (ZING-P') , funds have been reques ted  of 

. congress by DOE for .  ari intense Pulsed Neutron source  (IPNS-1) . This  w i l l  be 
. . 

. f u l l y  o p e r a t i o n a l  i n  1951 and has,  from its incep t ion ,  been envisaged as. a 

. Nat iona l  F a c i l i t y  open t o  a l l  i n t e r e s t e d  u s e r s  from u n i v e r s i t i e s ,  i n d u s t r y ,  

and d t h e r  ~ a t i o n a l  Laborator ies .  
C; ' -...: ,. .. - 

ZING-P ' . ' 

As  shown i n  Table 1 some exper ience  has  a l ready  been gained w i t h  a pulsed 

beam dur ing t h e  ZING-P opera t ion.  The p resen t  source  of neutrons ,  ZING-P', i s  

a pro to type  s p a l l a t i o n  pulsed neutron source  us ing 500 MeV protons  front t h e  

Booster-I1 synchrotron d i r e c t e d  onto  a tungsten  t a r g e t .  A bery l l ium r e f l e c t o r  

and t h r e e  s e p a r a t e l y  t a i l o r e d  polyethylene  moderators provide two v e r t i c a l  

and t h r e e  h o r i z o n t a l  pulsed beams of thermal and epithermal neutrons  wi th  . . , 

prov i s ion .  f o r  one cold  moderator. When opera t ing  a t  design i n t e n s i t y ,  t h e  . .  

14 
peak thermal neutron f l u x  w i l l  be  t y p i c a l l y  10 n/cm2-sec and t h e  peak ' .  

14 2 
epi thermal  f l u x  w i l l  be t y p i c a l l y  2 x 1 0  n/cm -sec-eV. By cool ing - 
one moderator, t h e  thermal neutron spectrum i n  one beam can be  s h i f t e d  t o  

lower energies  t o  provide an i n t e n s e  beam of long-wavelength neutrons.  



NEUTRON INSTRUMENTATION 

The development of appropr ia te  neutron s c a t t e r i n g  ins t rumenta t ion t o  

I make e f f i c i e n t  u s e  of pulsed neutron beams is  deemed t o  be equal  i n  importance .. 
. . 

t o  source  opt imizat ion.  Current p lans  c a l l  f o r  t h e  cons t ruc t ion  and o p e r a y  
. . 

t i o n  of seven d i f f e r e n t  instruments on t h e  neutron beams a t  ZING-P~.  These 1 * 

. . . . . . 
ins t ruments  w i l l  be  used i n  support  of s c i e n t i f i c  programs, as well  as t o  

provide  e s s e n t i a l  i n f  o k a t  ion f o r  t h e  development of IPNS-I ins t rumenta t ion.  

Planned ZING-P' instruments include:  i . . 
. . i 1) High I n t e n s i t y  Dif f rac tometer  . . 

I 
2) High Resolution Powder Diffractometer  I- 
3) C r y s t a l  Analyzer Spectrometer 

4 )  Chopper Spect rometer .  . .. . 

.5) s i n g l e  Crys ta l  Dif f rhctometer . . 

L 

6) Small-angle Neutron Dif f  rac tometer  . . .  . .  
. .  . .  . . . . 

7) U l t r a ,  Cold Neutron B o t t l e  Experiment . .  . 

At most only  f i v e  o f t h e s e  instruments can be opera ted ,  s&nult.aneously . 
. 

a t  

. . 
ZING-P ' . 

. C 

W e  w i l l  now b r i e f l y  desc r ibe  t h r e e  of t h e  above ins t ruments ,  namely . . 

. . Nos. 2,  5 and 6.. , . . . . 
. . . . .. . . 

. . . . 

a. ~ i g h  Resolution Powder ~ i f f r a c t o m e t e r .  . The. p r i n c i p l e  involved i n  

pulsed neutron powder d i f f rac tomet ry  i s  t h a t  a  polychromatic wave l eng th  
. . 

d i s t r i b u t i o n  " scans t '  t h e  va r ious  d  spacings  g iving i n t e n s i t y  peaks spread 

o u t  i n  time. Thus a d i f f r a c t i o n  p a t t e r n  i s  detec ted  a t  a  f i x e d  angle  by 

measuring i n t e n s i t y  a s  a  func t ion  of time of f l i g h t .  The main ins t rumenta l  

v a r i a b l e s  in f luenc ing  r e s o l u t i o n  a r e  neutron p u l s e  width and f l i g h t  pa th  I 
I length .  A high r e s o l u t i o n  d i f f rac tomete r ,  loca ted  on. a h o r i z o n t a l  beam a t  



. . 

ZING-P' is  c u r r e n t l y  i n  opera t ion.  Its design parameters invo lve  a n  i n c i d e n t  

f l i g h t  p a t h  of 20 meters, a sample t o  d e t e c t o r  d i s t a n c e  of 1 meter  and time ' ' 

focussed d e t e c t o r  bank centered a t  s c a t t e r i n g  ang les  of 160' and 90° which 

y i e l d  0.3% and 0.5% (Ad/d) resiolution,:respectively. This  d t f  f rac tometer  'is 

c u r r e n t l y  t h e  h ighes t  r e s o l u t i o n  neutron d i f f rac tomete r  i n  t h e  U n i t e d , S t a t e s '  ,; 

and b.ecause of t h e  unique wavelength dependence 'of t h e  time wid th 'o f  t h e  

source  pulse ,  t h e  r e s o l u t i o n  is independent of momentum t r a n s f e r  ( a t  a given 

angle) .  The 160' bank (0.3% r e s o l u t i o n )  can cover a u s e f u l  momentum t r a n s f e r  

range of 2 - 2 1  ;-I. Sample s i z e s  up t o  1 cm i c  5 cm can be  accomhodated. 

Typical  d a t a  c o l l e c t i o n  times ( f o r  one given sample a t  one sample temperature,  . 

pressure ,  e tc . )  w i l l  range from 1 day t o  1 week, depending on t h e  sample.   his 

instrument which was i n s t a l l e d  a t  ZING-P' i n  December'.1977 is shown schemat ica l ly  

i n  Fig. 2. A powder p a t t e r n  of S i  obta ined wi th  t h e  160° banks dur ing t h e  

i n i t i a l  tune-up per iod is  shovrn i n  Fig. 3. This p a t t e r n  amply demonstrates t h e  

h igh  r e s o l u t i o n  achieved wi th  this instrument;. peaks up t o  and beyond t h e  . . 

(13,3,3) are f u l l y  resolved even though t h e  instrument adjustments w e r e  n o t  

completely optimized a t  t h e  time. Fig .  4 shows a p a t t e r n  t aken  more r e c e n t l y  . 
of a meta l  s t o r a g e  hydr ide  compound LaNi 4.5 A 1  0.5.?~6' D 'This p a t t e r n  i s  c u r r e n t l y  

being analyzed by t h e  Rei tveld  method of p r o f i l e  ana lys i s .  and u s e  is being 

made of resolved peaks f o r  a Four ie r  a n a l y s i s .  
. . 

be Sing le  C r y s t a l   if frac tometer  . This instrument is  under c o n s t r u c t i o h  

and is  c u r r e n t l y  scheduled f o r  i n s t a l l a t i o n  a t  ZING-P' on a h o r i z o n t a l  neutron 
I 

beam tube  l a t e  in 1978. Severa l  unique design f e a t u r e s  a r e  involved and 

t h e s e  must. be thorough ly ' t e s ted  be fore  r o u t i n e  opera t ion  of such an ins t rument  

w i l l  be The instrument design i s  based on t h e  Laue technique which 



is no t  c u r r e n t l y  used i n  s i n g l e  c r y s t a l  neutron di f f rac tometry  but  which is 

I i d e a l l y  adapted t o  pulsed whi te  beam opera t ion.  I n  t h i s  technique, a  "white" 

I , . i n c i d e n t  neutron beam, w i t h  each p u l s e  conta in ing a l l  neutron wavelengths 

betweeri some e f f e c t i v e  c u t o f f s  X and X is 'allowed t o  impinge on t h e  sample. 
1 .  2 ' . 

A l a r g e  number of r e c i p r o c a l  l a t t i c e  p o i n t s  of t h e  c r y s t a l  sample w i l l  s a t i s f y  
. . 

t h e  Bragg condi t ion  during this pulse ,  each f o r  a  d i f  f  e rbnt  wavelength wi th in  
.. . 

this range and/or a d i f f e r e n t  s c a t t e r i n g  angle.  Time-of -f l i g h t  a n a l y s i s  is 

used t d  s e p a r a t e '  s c a t t e r i n g  events  corresponding t o  d i f f e r e n t  . wavelengths, 

whi le  angular  r e s o l u t i o n  is  provided by t h e  s p a t i a l  r e s o l u t i o n  of t h e  d e t e c t o r .  

The u s e  of a  l a r g e  a r e a  pos i t ion-sens i t ive  d e t e c t o r  coupled w i t h  TOF measure- 

. 2 . . '  . ' 3  
ment makes i t  poss ib le '  t o  r e s o l v e  and c o l i e c t  s i m u l ' t ~ n ~ o u s l y  1 0  - 10 Bragg 

I r e f l e c t i o n s .  Since  t h e  broad wavelength band provides  t h e  necessary  i n t e g r a t i o n  . . 

over t h e  c r y s t a l  mosaic spread,  thus  e1iminat ing"the  usua l  scan,  d a t a  ga the r ing  

r a t e s  may be increased by f a c t o r s  of 10-100 ovefnormal  methods,. . The p r i c e  , .  ' .  
' .  

t h a t  must be paid  f o r  t h i s  tremendous ga in  i n  r a t e  of d a t a  accumulation is 

t h e  need f o r  a very f a s t  and s o p h i s t i c a t e d  e l e c t r o n i c  d a t a  a c q u i s i t i o n  system 

I w i t h  a l a r g e  memory. 
I . . 
I 

I The instrument being b u i l t  ' f o r  ZING-P' . has a 20 cm x 20'  cm x 2 cy t h i c k  
. . 

, . .  p o s i t i o n  s e n s i t i v e  d e t e c t o r  6 2  mm x 2 nni r e s o l u t i o n )  mounted on a movable 
1 

arm s o  t h a t  both s c a t t e r i n g  angles  and the. s imple-detector  dis ' tance can b e  

independently v a r i e d  (QO . - + 150' and 0.2 - 1 meter, r espec t ive ly )  . . The 

i n c i d e n t  f l i g h t  pa th  is 8.5 meters. Sample o r i e n t a t i o n  w i l l  be automat ica l ly  

v a r i a b l e  using a  computer con t ro l l ed  two c i r c l e  o r i e n t e r .  Depending on u n i t  
, . - 

cell symmetry and s i z e ,  from 20 t o  100. d i f f e ' r e n t  o r i e n t a t i o n s  w i l l  be requ i red  

t o  c o l l e c t  a l l  o i  t h e  independent r e f l e c t i o n s  . f o r  a given sampl'e. The 

. instrument i s  'shown schematical ly i n  Fig. 5. 



c .  Small Angle Neutron Diff rac tometer .  The posi t ion-sensi tTve d e t e c t o r  

and t h e  da ta -acqu i s i t ion  system being developed f o r  t h e  S ing le  C r y s t a l  

Dif f rac tometer  w i l l  be  used f o r  a smal l  f r a c t i o n  of t h e  time in a d i f f e r e n t  . '  . . - .  

. . 

conf igura t ion  on t h e  same neu t ron  beam t o  form t h e  nucleus  of a prototype .- 

Small Angle Neutron Dif f ractometer  based on t he-of  -f l i g h t  a n a l y s i s .  This  . ' 
s 

pro to type  w i l l  provide t h e  experience necessary  f o r  t h e  dgsign of t h e  IPNS 
.- 

smal l  ang le  instrument. Although t h e  prototype instrument w i l l  probably n o t  

. .  . 
b e  w e l l  optimized f o r  small-angle d i f f r a c t  ion,  a l imi ted  experimental  program 

involving m e t a l l u r g i c a l  and b i o l o g i c a l  samples i s  planned. A schematic 

of t h i s  ins t ru&nt  i s  shown i n  Fig. 6. 

. . . .  
' IPNS 

. . 
The IPNS-I f a c i l i t y  is s c h e d u l e d t o  begin opera t ion  i n  1981. Like ZING-P', 

\ 
t h i s  f a c i l i t y  w i l l  u t i l i z e  protons from t h e  Booster-I1 acce le ra to r . .  However, 

b ..:- 
f- . I 

, u n l i k e  ZING-P', IPNS-I w i l l  be  a f u l l y  instrumented resea rch  f a c i l i t y  r a t h e r  
. .  . 

than  a prototype intended pr imar i ly  f o r  developm&t work. The IPNS-I t a r g e t  . 

area w i l l  conta in  a u~~~ t a r g e t  wi th  t h r e e  moderators (one cold) supplying 
' . 

thermal and epitherinal  neutrons  t o  twelve b e a n s  f o r  neutron s c n t t k r i n g .  Peak 

2 
. . thermal and epi thermal  f l u x e s .  of 7.5 x 1014 n/cm2-sec and 2 x 1015 n/cm -sec-eV, . 

respec t ive ly ,  a r e  expected. A s e p a r a t e  uranium t a r g e t  w i l l  p rovide  , f a s t  . neutrons  ' 

(%1 MeV) f o r  r a d i a t i o n  damage s t u d i e s ,  and t h e  proton beam can . b e  . s t e e r e d  t o  
. . 

t h i s  t a r g e t  when des i red .  This r a d i a t i o n  e f f e c t s  source  should provide a 

2 
time-averaged f a s t  neutron f l u x  of 3.5 x 1012 n/cm -sec. The t a r g e t  a r e a  w i l l  

b e  surrounded by a l a r g e  experimental  h a l l  housing t h e  f l i g h t  pa ths  and 

ins t ruments  f o r . t h e ' n e u t r o n  s c a t t e r i n g  experiments. 
- 

Th:ts h a l l  is. p a r t  pf  

t h e  e x i s t i n g  Zero Gradient  Synchrotron (ZGS) f a c i l i t y  assshown i n  Fig.  7. 

Th i s  f i g u r e  a l s o  i n d i c a t e s  t h a t  a planned second phase, namely IPNS-11, 



would make u s e  of o t h e r  a r e a s  of t h e  ZGS F a c i l i t y  f o r  both a High I n t e n s i t y  

Synchrotron a s  w e l l  a s  t a r g e t s .  f o r  neutron genera t ion.  

Fig. 8 shows t h e  p ro jec ted  spectrum f o r  t h e  IPNS-I- neutron f a c i l i t y  . . , .- 

compared w i t h  t h a t  from both t h e  ambient and t h e  ho t  source  a t  t h e  b e s t . '  - .  

c u r r e n t  r e sea rch  r e a c t o r ,  namely t h e  High Flux Reactor a t  t h e  I n s t i t u t e  * 

Laue-Langevin (ILL) i n  Grenoble, ~ r a n c e .  It can be  seen t h a t  i n  t h e  thermal 

range IPNS-I w i l l  be  roughly equivalent  t o  t h e  c u r r e n t  h igh  f l u x  r e a c t o r s ,  

whi le  o f f e r i n g  unprecedented oppor tun i t i e s  i n  t h e  u t % l i z a t i o n  of t h e  

. ' epi thermal  spectrum. Planned ins t ruments  w i l l  u t i l i z e  both por t ions  o f .  . 

t h e  spectrum., It .should b e  emphasized, however, that t h e r e  a r e  a number 

of experiments which can s t i l i  b e s t  be c a r r i e d  ou t  a t  s t eady-s ta te  r e a c t o r ,  

. . 
hence t h e  pulsed and s teady-s ta te  n e u t r o n ~ s o u r c e s ~ s h o u l d  n i c e l y  complement. 

. . 
each o t h e r  a s  major research r o o l s  f o r  s o l i d  state, chemica1;'and b i o l o g i c a l  

science.  



Table I 

Argonne ~ a t i o n a l  Laboratory Pulsed Neutron Source Program 

. Proton Energy No. of Peak Thermal 
Prot ron Frequency. ' Protons/  (MeV) and Neutrons/ Neutron Neutron Flux 

~ a c i l  i ty Accelera tor  c / s  ec  Pulse  Target  . . . Proton.  Beams (n/cm2-sec) Operation 

ZING-P ZGS 1 0  2 . 5 ~  l o l o ,  200 Pb .2 2 5 x 1011 Jan.  1974 
Boost.er I 

l2 500 W ZING-P ' ZGS 30 1 x 1 0  8 4 Nov.1977 
Booster I1 

IPNS-I ZGS 
Booster 11 

, IPNS-11 . ~ i g h  
1ntens  i t y  

. Synchrotron 



FIGURE CAPTIONS 
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. . .  
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~ i ~ .  6. Schematic diagram of IPNS Small h g l e  Dif f ractorneter.  The ~ o l l i m a t i * ~ .  

system is represented  on ly  by en t rance  and exit a p e r a t u r e s ,  b u t -  . . 
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' - channels a r e  assumed t o  be  con.tinuously def ined.  
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Fig. 8. Neutron source s p e c t r a  f o r  IPNS and ILL. 
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Fig. 2. High Resolu t ion  Powder ~ i f f r a c t o m e t e r  i n s t a l l e d  i n  ZING-P' ;, . 

' Ins t rument  has  a 0 ' .3%' reso lu t ion .  . ;  
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Fig. 3.  s i l i c o n  powder Pattern from ZING-P' High Resolution Powder Diff ractometer. 

, (a) Plot of 'raw data and calculated profi les  based on an asymmetric 
Gaussian. . ' 
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(b) Difference plot between raw data and calculated prof i les .  
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Fig. 6. Schematic diagram of IPNS small  ~ n ~ l e '  Dif f  ractometer. The col l imat ihg ', . ' 

system is  r e p r e s e n t e d o n l y  by eht rance  and e x i t  apera tures ,  but" . . 

channels a r e  assumed t o  be continuously defined. . . 
. . 
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