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I ! 
I ORELA [Oak Rfdge Electrvn LSnear Accelerator)' ha; been for the l as t  decade tke+msh ~ ~ u l  / and useful pulsed neutron t +m-d - f l i gh t  fadl i t y  i n  the wr ld ,  pwt ieu la r l y  in  the brrW . I d r m  
1 o f n e u t m e n e r g i e s ( 1 0 e V - 1 M ) .  ~ i s p o s i t i o n n 5 1 I b e e n f h a n o e d ~ t h t ) r e a d d i t i o m ~ ~ ~ X m  
I narmjng "prebuncher", recently instaTled and snd  u n k r  test. Reutron capture, fission, +aw- 

trig, a& to ta l  cross s e c t i o ~  are lileasured by rneRhers of the, Physics and Eng lw . i ng  Phyri-es 1 Divisions o f  W L ,  and by n u r o u s  (pests and visiterg. Several fundamental and applied m i % s n -  
1 ments w i  11 be described,, with son# mph&if an ins$rwnentation used. Tfhe faci  l i t $  m@w4ses 
I the acml erator and i t s  t a r s t  (s) , 10 evacuated neutron fl I g M  paths having 18 ne8s~remnt std1~tas 
I a t  f l i g h t  path distances $*9 t o  200 meters, and a complex 4-cenplter data &gvisitfan sfstern cap@- . 
1 trle .of handling some I I O O O  %bit  "events"/sec fm a: M a 1  o f  12 data input ports. The systeat 

' 

I rovides a to ta l  o f  2.08 x 106 words @f data storage pn 3 fas t  disk w i t s ,  fn  ttdditioa a ded+aat& 
/ ~DP-IU timesharlnp w!&eti~ with a ZY) megabyte disk system and I WP-I5 grapRir display k a t c l l $ t o  

permits on-site data reduetion and analysis. More than 10 laan-years af appl lcation software develop- 
ment supports the systema which i s  us& d i rect ly  by ipdividtlail exper*imnters. 

1 i 
[Electron linac, pu s neutmn source, time-bf-fltght, neutrm cross swtiom, dqta wqgi- 
sition, computers, 43&t0t, . s l o r i t y  loglc, l inelastis neutron scatter3 ng, as arntit lator, 
prebuncherl I I f 1  ' 

In t rwhct ion I Descrtutf,cm o f  lRnffnffV6~i"l .iXr 
The Oak Ridge Electrgn Linear Accelerafxw [ORELA) I Figwre I, i s  a ll s t  dE Xbp &araeterfkt)w of the f 

1 i s  a powerful pulsed e l & m  m? le ra to r  Wiea ted  t o  a&. q5ro i1  pr@QEeibn rettes* 
the. funot4en of prduefeg S k r t  bfn$mse burns  oP spad$fimttans f n  F-t$uw a / M t p o ~ ~  aU % 4th wwe a% mew. It la e a t s -  prai t iee f r  the 1aip.l ! 

=.sSomcl i n  1859 a d  in tbe interrenin has b m  I gf lfh helfe of the baei l i tg.  In ryccW mnahs f 
used f a  an e M r g s l y  luge n a e r  01 ax$erine*@ atl-i dlffleolty has h m  encoantered dth al~ectrob gun. ! I f z i ng  fhe mtmn t ins-of- f l ight technique. k i w i -  : pmblmr. This kas led 0 gMn. rarW& 1 

j pally, weasut-$mnts have been mde on ~ u t m .  aptt+re,: ]tTu@s assooiatd wfth excessh~! gr id emission. ("dark 1 
I fission, scattering and t o t a l  cross r e c t i a .  fa r  I [currentn). The grid p l s e .  shaplng aetwQpk has aIM ' nucl ides over the e n t l m  prio&k Mble. Mhy-othn* -r , r e e n t l y  prrrentaa rtw tig fz~ob l lL I  WRm* @3St% i 
! types o f  measurements have also been W e ,  e.9-, *at@ and we have s u f f e d  reductions g n power 
i d e t e n n i n a t i a s a f T a n d a f o r k a v y  elanwts, ine- , / bacmsao f t h f r .  Wde l ~ p n * r ~ ~ t s s r # p h a r  ! 
I l a s t i c  scattering expe~imnts, etc. Unt l l  the present; 60 J/pulsc hsve beha s b ~ f n e t l  aver long, mY%W3 
i time, ERELA continues t@ be the m s t  useful and m s t  o f  t'ae foe several inrpolrtamt eXpwim,@~& #R 'the 

I 

werld, pa l t icu lar ly  i n  the broad aidrange o f  neutron / 
1 1 p ae~ f t J1  pulsed neutron tim-6-tllght f a c i l i t y  i n  th. past and there I S  nitson t@ e & p r t  that t h i s  pW!r 

I energtes (10 ev - 1 WV). I i I 
t 

I /  he s ta f f  cmsists of  19 persons u s ~ c i s t e d  with I URJ3hA BPEGIFTCATIOHS I 
- 

i the Enaisaeering Physics Division and 10 persons asso- I 
clated with the Physics Dlvision o f  Oak Ridge Natlonal L - h d ,  lmo me@;a,~~~le@ I 

1 Laboratory. The Co-directors of  the acceler~tor  are 10-140 eleot;r,ons 1 J .  A. Harvey (Physics) and R. Y. P a l l e  (Eaglnerlng / 15 mp nirrent (T <.4asee) I Physios). The Engineering Physics Division primarily , 

f supports applied measurements and the Physios Division, 2-1000 Wet ~ W S *  Mdth 
1 primarily supports fundamental measuments at the I 5-10~0 puw~ second 

accel eratnr. Both d l  visions cantinue t o  have numesous. 1 v is i tors  and collaboratorr from other ~ns t i t u t l ons  and: 5.@h7 e b c t r ~ ~  (T >24 1 uniuersit ies thPoughout the w l d .  The staff i s  wp- 4 10'' mu&w/pulm (7 $24 nm~,t b w t )  ' 
pWt& by 7 p e n a s  i n  m e l e d o r  oparatimr and j ~ ~ 1 4  II(LUt.CJns~seC ( PVBrwz M*) i dwrtlapment, 16 c ra f t  and mimtenanee  atmet. met. 1 

; computer softHare expert and 1 cmputer krdwarff 1 4 X 10" ~ ~ ~ U ~ T O ~ S { W C  (pea, 15 ZLtnps) I 
; expert. I 

I 

i ,  
I i Fis. 1 
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.- 1 level  w i l l  be again obtainable, once the gun problem 1 target changes and storage. With the aid o f  a mains- I 

I has been resolved. Improvements i n  the g r i d  pulse frequency beam sweeping system the tantalum target  i s  
I shaping network are also being pursued. 1 Capable o f  absorbing up t o  75 kW, although 60 kW i s  
I I the maximum power which has been actual ly  used for 
I Figure 2 shows a layout of the f a c i l i t y .  The extended periods .l As seen in  Figure 2, the flight 
i f a c i l i t y  comprises the accelerator and i t s  targets. 10, paths are for the most part  s y ~ n e t r i c a l l y  disposed on , : evacuatd neutron f l i g h t  paths having 18 measurement , ? i ther  side of the accelerator a t  Q15" i ntewal  s. 

Fig. 2. ORELA 
I 

! stations a t  f l i g h t  path distances o f  8.9-200 meters ' 

i and a complex $-computer data acquis i t ion system. Two 
I types o f  targets are used. The most comnonly used ; 
! target  i s  a tantalum m t a l ,  water coaled target which . 
I i s  shown i n  Figure 3. An alternate target f o r  high 
! i 

Ul4-ih-*ia, 2.000-in.-Mgh 
TANTALUM PLATES - 
THICKNESSES FROM 060 TO .310 in. 

ALUMINUM HOUSING 
I I 

I 

WATER OUT1 f WATER IN 

Fig. 3. ORELA target. The housing material has 
been changed t o  Beryllium. 

, energy neutron work i s  essential ly a large block o f  I 
beryl 1 i urn met a1 which rep1 aces the tantal um target 

. described above. A hydraulic mechanism permits remote 

j~ab le  I gives a l i s t i n g  o f  these f lqght  paths, t h e i r  
;angular positians, locat ion o f  the various stations 
together wi th t h e i r  primary present use and the names 

! O f  Sorne users. Among these t l i g h t  paths, f l i g h t  paths 
,number 1 and 6 are used f o r  the highest resolut ion 
,work because o f  t h e i r  angular posit ions perpendicular 

' 

l to  the water moderator disk o f  the stan grd tantalum &, jtarget. F l i gh t  path 9 i s  par t icu lar ly  i t a b l e  f o r  I 
:experiments i n  which gamna rays are detected-because ; 
,at i t s  angular posit ion very few g a m  rays accompany ! 
I the neutrons down the f l i g h t  path. Usually, each 
s f l igh t  path i s  equipped with a "shadow bar" which pre- : 
!vents di rect  viewing o f  the Ta port ion o f  the target. 
This reduces the e f fec t  o f  the Y-f lash by a large fac- 

/ t o r  .2 

Table I 

Fl igh t  
Path Angle Station Type of Contact 1 
No. (degrees ) (Meters) experinent Person 

1 90' 18 ,80,200 Transmission J .A. Harvey 
2 75' 9,33 Fission J .W.T. aabbs 
3 6OV 10,33 Ine las t ic  R. Winters 

Sol fd State H. Mook a 

4 60° 20 Fission R. Gwin 
5 75O 20,85 Capture L.W. Weston 

~ i s s i o n , *  R.R. Spencer 
6 .  90' 20,40,150 Transmission D.K. Olsen I 

Subthreshold G. de 
f i ss ion  Saussure 

7 105' 20,40 Capture R.L. Macklin 
8 120° 20 n,nY D.K. Olsen 
9 165O 50 (n,xn0y) ,(n,x~) G.T. Chapman 

, 11 105" 12 (n,y spectra) G. Slaughter 
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i F i g u r e  4  i 11 u s t r a t e s  c o n t r i b u t i o n s  t o  t h e  energy : ;nel s  can s t o r e  a  count of 65 536. These d i sks  a r e  : 
: r e s o l u t i o n  a v a i l a b l e  a t  ORELA i n  t h e  wors t  case, i.e., .used o n l y  f o r  da ta  s torage d u r i n g  data  a c q u i s i t i o n  and 

Doppler  broadening assoc ia ted w i t h  a  heavy element ' f o r  a  s h o r t  t i m e  t h e r e a f t e r .  Rather e labo ra te  f a c i l i -  . 
t a r g e t ,  f l i g h t  pa th  l e n g t h  e r r o r  assoc ia ted w i t h  two :ties are prov ided f o r  observ ing t h e  data  as i t  i s  
of t h e  s h o r t e s t  f l i g h t  paths,  and t h e  pu l se  w i d t h  ' :being acqu i red w i t h  t h e  a i d  o f  a  cathode ray  tube and 
e r r o r  assoc ia ted w i t h  a  40 ns pu lse  and 8  ns data  : ;a l i g h t  pen on each of t h e  3  da ta  a c q u i s i t i o n  corn- : b i ns ,  i n  t h e  t h r e e  regimes from l e f t  t o  r i g h t  i n  t h e  : ,pu ters .  A f o u r t h  sEL-810B computer i s  connected t o  t he  . 
f i gu re .  The smooth curve fo r  underground exp los ions .a1 equipment c o n t r o l l e r  o r  PEC. Th is  computer d r i v e s  : : i s  drawn through p o i n t s  g iven by ~ i v e n . ~  
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I F i g .  4  

Perhaps t h e  most impor tant  f a c t o r  which makes ' 

ORELA so use fu l  i s  t h e  very  m u l t i p l i c i t y  o f  f l i g h t  
. paths and work ing s t a t i o n s .  As w i l l  be seen i n  Table 
2 I t h e r e  are  10 f l i g h t  paths and 18 work ing s t a t i o n s .  ; 

. Over llse l a s l  5  ~ i l u ~ ~ t l l ~  ail average o f  5.4 o f  these sta-,  
i t i o n s  were produc ing data  a t  any g iven ope ra t i nq  t ime. 

Th i s  situation mandates a  power fu i  system f o r  t h e  . 
i cumula t ion  and s torage-  o f  data. 

On- l ine  Data A c q u i s i t i o n s  Systems 

i Gene ra l l y  speaking t h e  t i m e - o f - f l i g h t  p o r t i o n  o f  ! 
I each exper iment r e q u i r e s  t h a t  events a t  a  p a r t i c u l a r  . 
i t i m e  a f t e r  t h e  a c c e l e r a t o r  b u r s t  must generate a  d i g i -  
j t a l  word which descr ibes  t h e  t ime  a t  which t h e  event i 
: occurred. I n  a  number o f  cases i n f o r m a t i o n  such as 
j pu l se  h e i g h t  must a l s o  be f o l d e d  i n t o  t h i s  d i g i t a l  ; 
; word. I n  t h e  ORELA system t h e  standard word comprises 
j 32 b i t s .  Four b i t s  are  reserved f o r  i d e n t i f y i n g  t h e  i 
, p a r t i c u l a r  d e t e c t o r  invo lved.  Two o t h e r  b i t s  a re  
: reserved f o r  system c o n t r o l  and t h e  remainder a r e  used 
j f o r  t i m e - o f - f l  i ght  i n f o r m a t i o n  and i n  many cases o ther :  

i n f o r m a t i o n  such as pu l se  he igh t .  Each "event"  i s  ! 
, presented t o  t h e  data  a c q u i s i t i o n  computer as two 16 j 
: b i t  words which, taken together ,  comprise t h e  32 b i t  
' word. Allnost a l l  o f  t h e  exper iments a t  ORELA u t i l i z e  
i t h e  TDC-100 t i m e  d i g i t i z e r 4  t o  produce t h e  t i m e  o f  : 
. f l i g h t  p o r t i o n  o f  t h e  data.  Approximately 12 o f  these 

u n i t s  are  i n  use a t  ORELA. 

I The data a c q u i s i t i o n  computer complex comprises 3 
'model  SEL-810B computers which a re  16 b i t  32K word 

u n i t s  w i t h  a  c y c l e  t i m e  <1 us. Each o f  these com- : 
pu te rs  has 4  i n p u t  p o r t s  which permi t  t h e  recep t i on  o f  
da ta  f rom 4 exper iments s lmul taneous ly  under a bu f -  
f e r i n g  and p r i o r i t y  scheme which avoids d i s t o r t i o n  o f  
t h e  data  i n  one exper iment by another.  I n p u t  r a t e s  .: 
t o t a l  1  i n g  5000 events lsecond a r e  pe rm iss ib le  prov ided 
no average i n d i v i d u a l  r a t e  exceeds 1800/second. Each 
o f  t he  3 computers i s  equipped w i t h  an ex t remely  f a s t  

' head-per- t rack d i sk .  To ta l  s torage capabi 1  i t y  of these 
3 u n i t s  i s  2.08 x  l o 6  channels.  Each o f  these chan- . 

LINE PRINTER 
C4RD READER 

PAPERTAPE REAOERS 121 
PAPERTME PUNCH 

PLOTTERS 121 
9.1R1CS TAPES 111 
AUX. B MBITE D1SK 

i F ig .  5  

The PDP-10 computer may be accessed by 24 users  
' s imul faneous ly .  Four user  s t a t i o n s  a re  equipped w i t h  
graph ic  d i s p l a y  t e rm ina l s  which permi t  v i sua l  ana l ys i s  
o f  data.  Four te lephone d i a l - u p  l i n e s  are  a l s o  pro- 
v ided. Major output  f u n c t i o n s  are handled by a  300 
.l ine/minute  l i n e  p r i n t e r ,  two drum p l o t t e r s ,  and two 
9 - t rack  magnetic tape d r i v e s  a t tached t o  t h e  PEC. No 
ope ra to r  i s  requ i red ,  except du r i ng  one 4-hour 
downtimelweek f o r  mai ntenance; users mount t h e i r  own 25 

.Mbyte d i s k  packs. 
-. - -  -. -- . - . J 
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Recent Improvements I Papers a t  Meet ing o f  D i v i s i o n  o f  Nuc lear  phys ics6 . . 

Du r i ng  t h e  l a s t  year,  t h e  f o l l o w i n g  improvements ' 

have been made t o  t h e  data  a c q u i s i t i o n  and hand l i ng  ! 
system a t  ORELA: 

A new 1000 c a r d  per  minute  card  reader  which 
' 

rep laced a  400 c a r d  p e r  minute  card  reader  
has been i n s t a l l e d  on t h e  PEC and i s  ope ra t i ng  
w i t h o u t  problems. 
B ids  a re  out  f o r  two new 75 i n c h  pe r  second I 
t ape  u n i t s  which w i l l  r ep lace  t h e  45 i n c h  per , 

second tape u n i t s .  
An a d d i t i o n a l  16K f o r  each SEL 8106 has been ; 
i n s t a l l e d  and sof tware  i s  c u r r e n t l y  be ing i 
changed t o  make use o f  it. Each SEL now has i 
32K o f  core. 
The amount o f  core  f o r  t h e  PDP-15 d i s p l a y s  1 
has been increased f rom 12K t o  16K f o r  3  o f  I 

them and t o  32K f o r  t h e  f ou r th .  Software has 
been changed t o  make use o f  t h e  new memory. : 
The h i g h  speed l i n k  between t h e  PEC and t h e  : 
PDP-15 (PDP-10) has been i ' ns ta l l ed  i nc r -eas i r~y  
t h e  speed f rom 80 KBaud t o  800 KBaud. 
A Motoro la  M6800 microprocessor  t o  c o n t r o l  i 
two Calcomp p l o t t e r s  has been i n s t a l l e d  on 
t h e  PEC and i s  ope ra t i ng  w i thou t  problems. 
B ids  f o r  t h e  RP04 d i s k  f o r  t he  PDP-10 a r e  1 

go ing out .  The f i r s t  RP04 w i l l  add 80 000 j 
d i s k  blocks;  each a d d i t i o n a l  RP04 w i l l  add 
160 000 d i s k  blocks.  

8. The PEC d i s k  has been replaced. The new d i s k  
i s  t w i c e  as f a s t ,  and has tw i ce  t h e  storage. j 

Almost a l l  da ta  i s  handled i n  a  s tandard ized f o r -  
mat c a l l e d  "ORELA Data F i l e s "  o r  ODF. Very substan- : 
t i a l  f a c i  1  i t i e s  e x i s t  f o r  per forming ope ra t i ons  upon 
these data  f i l e s  so as t o  f a c i l i t a t e  background 
sub t rac t i ons ,  r e s o l u t i o n  co r rec t i ons ,  curve f i . t t , i ~ ~ g ,  

; averaging, summation, and al ignment.  The l a t t e r  capa- 
: b i l i t y  uses a  program c a l l e d  "ESHIFT" which automat i -  . 

c a l l y  a l i g n s  se ts  o f  da ta  taken w i t h  d i f f e r e n t  zero 
: t imes and f l i g h t  pa th  d i s tances  t o  a  common f l i g h t  . 
. pa th  d i s tance  and zero t ime.  I n  t h i s  way one can, f o r  
. example, reduce t h e  data  f rom a number o f  de tec to rs  t o  

a  comnon t i m e  (hence energy) sca le .  Ex tens i ve  p l o t -  . 
t i n g  c a p a b i l i t i e s  a re  usable w i t h  we l l  chosen d e f a u l t :  
op t i ons ,  m in im iz ing  t h e  e f f o r t  requ i red.  I 

Some Exper iments a t  ORELA 

Exper iments Reported a t  t h i s  conference5 

The f o l l o w i n g  i s  a  l i s t  o f  7  papers presented a t  
t h i s  conference which i n v o l v e d  ORELA: 

Neutron T o t a l  Cross Sect ions  o f  H, C, 0, and Fe ' 
: f rom 500 keV t o  60 MeV ! 

, H igh Reso lu t i on  Neutron F i s s i o n  Cross Sect ion  o f  . 
, 231pa 

Measurement o f  2 3 8 ~ ( n , n ' y )  and 7 ~ i ( n , n ' y )  gamma i 
r a y  p roduc t i on  c ross  sec t i ons  ! 

Neutron T o t a l  Cross Sec t i on  o f  2 3 3 ~  f rom 0.01-1.0 
eV 

Neutron T n t a l  Cross Sec t i on  Measurements on 2 4 9 ~ f  

Abso lu te  Measurement o f  p , f o r  2 5 2 ~ f  by t he  Large 
L i q u i d  S c i n t i l l a t o r  Tank Technique 

i S i x  papers based on ORELA work were presented a t  : 
' l a s t  week's American Phys ica l  Soc ie t y  meeting: i 

M1 Ground-state Rad ia t i ve  S t reng th  i n  2 0 7 ~ b  f o r  
IE, = 6.74-7.34 MeV 

i S t a t i s t i c a l  D i s t r i b u t i o n s  o f  Spacings o f  Resonan- 
,ces i n  64Zn, 66zn, 68zn and 7 0 ~ n  Nuc le i  

I Neutron Capture Cross Sect ions  i n  6 7 ~ n  

i H igh Reso lu t i on  Neutron To ta l  Cross Sect ions i n  
. 6 7 ~ n  

1 
I 1870s 30 keV I n e l a s t i c  t o  E l a s t i c  Cross Sect ion  : 

! R a t i o  
! 
1 Measurement o f  F i s s i o n  Cross Sect ion  o f  241~m 

Discuss ion o f  Se lec ted Exper iments 

: Because o f  r e s t r i c t e d  space on l y  a  few c a r e f u l l y  
: se lec ted  exper iments w i l l  be discussed here in .  These 
exper iments represent  recent  improvements i n  tech-  
niques o f  da ta  a c q u i s i t i o n ,  reduct ion ,  o r  new i n s t r u -  

jments. 

: P r e c i s i o n  T o t a l  Cross Sec t i on  Measurements 

i The most r e v a l e n t  ma te r i a l  i n  modern nuc lea r  
: r e a c t o r s  i s  258U. According1 y  t h e  nuc lea r  p r o p e r t i e s  
: o f  t h i s  n u c l i d e  a re  among t h e  most impor tant .  U n t i l  . 
: r e c e n t l y  i t  cou ld  not be s a i d  t h a t  t h e  t o t a l  c ross  : 
s e c t i o n  o f  2 3 8 ~  as a  f u n c t i o n  o f  neut ron energy had 
been w e l l  measured i n  s p i t e  o f  some 24 p rev ious  de te r -  

im ina t i ons .  A t  ORELA, two very c a r e f u l l y  fash ioned . 
!exper iments have now been completed7 i n  which a  p r e c i -  . 
i s i o n  de te rm ina t i on  o f  t he  t o t a l  c ross  sec t i on  f o r  
' e n e r g i e s  up t o  4  keV and 100 keV were made. These 
'measurements were cha rac te r i zed  by t h e  f o l l o w i n g  , 
' f e a t u r e s :  ( 1 )  7  sample th icknesses, ( 2 )  b lack  reso- 
i nace background determinat ions  f o r  each sample t h i c k -  : ness, ( 3 )  p r e c i s e  de te rm ina t i on  o f  t ime  dependent i 

; gamma ray  backgrounds, ( 4 )  especi a1 1  y  c a r e f u l  a t t e n -  . 

i t i o n  t o  t h e  response o f  t he  neut ron de tec to rs  used, ; j ( 5 )  c a r e f u l  de te rm ina t i on  o f  t h e  acce le ra to r -on  back- i 
r qround. 

! ! A f t e r  app rop r i a te  background sub t rac t i ons  have . 
!been performed t h e  data  were sub jec ted t o  s imul taneous '  
I m u l t i - l e v e l  f i t s  f o r  a l l  7  samples F igu re  6  shows . 
i t h e  r e s u l t s  o f  such a  f i t . Fo r  c l a r i t y  t h e  r e s u l t s  ' 
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.-' for only 4 of the 7 samples are shown. Each curve - ORNL-DWG 79-49275
consists of data and a line which corresponds to the (x 403)     :

simultaneous least squares fitting curve appropriate FLUX THROUGHfor that sample.  It is essentially impossible to seethe calculated curve because the fit is so perfect. 82 keV IRON WINDOW
It is important to note that the response of the 30 22 in. IRONdetector played a very important role in a readjust-                                   -re         FPL 80.12 mment of the best values for the neutron width of many ..of the resonances which were studied. This was
important in resolving a long standing discrepancy.      2
In the near future a similar experiment to this is 5  20
being planned for 232Th.                                  8                         •

It is interesting to consider the data storage                                   •requirements for such an experiment.  In the proposedthorium experiment8 8 transmission samples will be                                 10                         •                 :
used.  A typical measurement cycle will consist of the                                  •
following steps:  open beam measurement, 8 samples in                       succession, 8 samples in succession with black reso-
nance filters in place, 2 successive measurements with O    '  ._·'    1different thickness of C2H2 for gamma ray background 83 82         81          80

\'»
determinations and one period with a thick beam stop
in place, for a total of 21 individual determinations. ENERGY (keV)
This cycle will be repeated once per hour for a period Fig. 8.  Incident flux.
of roughly 5 weeks.  Each measurement spectrum butthree will occupy 23 535 channels.  The total data well below the single photoelectron level; indeed, itrequirement is 431 874 channels.  There are at present is set at the edge of the amplifier noise.  A two-out-at ORELA at least 4 distinct experiments or types of of-N majority logic circuit then serves to require aexperiments which require this order of data acqui- single photoelectron coincidence between at least twosition capability.  One proposed experiment is expec- of the photomultipliers.  This arrangement turns outted to require 900 000 channels of data storage. to be extremely advantageous.  The counting rates

Medium Energy Neutron Detector of the NE-110 in stopping that particular neutron

which are found, of course, depend upon the efficiency

.„.=4 For neutrons in the energy range 10 keV to 1 MeV pendent of the actual bias settings within reasonable

energy; however, the response is almost totally inde-
it has long been difficult to have a detector which variations, say 20-30%.  The net result is that thisdid not show a strong dependence on some threshold detector provides an extremely reliable detector whichbias.  Recently a detector has been developed by N. W. is very reproducible under almost all circumstances.Hill of ORNL which removes this dependence in a new
way and very well.  The detector (Figure 7) consists

ORNL-DWG 79-19274of a block of NE-110 plastic scintillator and 3 or
(x1031more photomultiplier tubes attached to its various

faces with epoxy.  In the particular unit shown in 238U (n, n)
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Fig. 9.  Scattered flux.

Fig. 7.  Majority logic neutron detector. Figure 8 shows the transmitted neutron beam through a
Figure 7 the NE-110 is 2 cm thick and 6 cm square. at ORELA9 such a beam was allowed to scatter from a

50 cm iron filter at 82 keV.  In a recent experiment
Photomultipliers (in this case 2" diameter 8850 units) sample of 238U and the scattered neutrons were detec-may be attached to each of the edges and to the face ted with a time-of-flight base of 60 cm into this newopposite the entrance face.  Thus, up to 5 photo- detector.  The result of this measurement is shown inmultipliers may be coupled to the scintillator. The Figure 9 where the data are plotted as a function ofbias for each discriminator-photomultiplier is set time-of-flight. The small secondary peak to the right

./



' o f  t h e  main peak represents  i n e l a s t i c a l l y  sca t te red  ] 
neut rons o f  energy 35 keV. These neutrons have been : 
s c a t t e r e d  f rom t h e  44 keV l e v e l  i n  2 3 8 ~ .  The main j 
peak, o f  course, represents  e l a s t i c a l l y  sca t te red  I 

: neutrons. Th i s  i n e l a s t i c  s c a t t e r i n g  and s i m i l a r  ine-  
l a s t i c  s c a t t e r i n g  f rom a few o t h e r  l e v e l s  p rov ide  an . 

I impo r tan t  c o n t r i b u t i o n  t o  neut ron moderat ion i n  reac- : 

i t o r s  which has been p r e v i o u s l y  d i f f i c u l t  t o  measure. , 

: T h i s  t y p e  o f  measurement obv ious l y  r e q u i r e s  f u r t h e r  
! development b u t  t h e  new d e t e c t o r  appears t o  p rov ide  a ' 

means t o  o b t a i n  such impor tan t  i n f o r m a t i o n  i n  t h e  , 

j f u t u r e .  
j j 
r 6 L i  (n,a)-Xenon Gas S c i n t i l l a t o r  Beam Mon i to r  

I 

1 
; I n  connect ion  w i t h  f i s s i o n  cross s e c t i o n  measure- 
. ments over a wide range o f  energy ( thermal -20 MeV) it ; 
; i s  d e s i r a b l e  t o  use t h e  6 ~ i ( n , a )  r e a c t i o n  because t h e  . 

c ross  sec t i on  i s  both  w e l l  known and smooth a t  t h e  1 
; l ower  energies.  The f i s s i o n  r e a c t i o n  i n  2 3 5 ~  has t ra - :  
' d i t i o n a l l y  been used a t  h i g h e r  energ ies  as t h e  c ross  i 
I s e c t i o n  standard. It i s ,  o f  course, use fu l  t o  a l l o w  
I t hese  two standards t o  ove r l ap  i n  energy f o r  normal i -  j 
j z a t i o n  and and/or cons is tency checks. The 23% ENOF/ 
i B-V f i s s i o n  c ross  s e c t i o n  does not,  however, t r u l y  : i become smooth u n t i l  energ ies  above 300 keV a re  
I reached. 

! 
a It i s  we l l  known t h a t  t h e  usual 6 L i  g lass  neut ron : 
a d e t e c t o r  has a l a r g e  response t o  t h e  gamma f l a s h  asso-: 
, c i a t e d  w i t h  t h e  e l e c t r o n  pu lse  a t  a l i n e a r  acce lera-  , 

t o r ;  i n  f a c t  recovery  f rom t h e  gamma f l a s h  i n  t imes : 
i l e s s  than l.8 us i s  very  unusual. A t  s h o r t  f l i g h t  i 

pa ths  such as 9 meters t h i s  means t h a t  data  cannot be ' 

ob ta ined  f o r  energ ies  h ighe r  than rough l y  280 keV. ' 

, Note t h a t  t h i s  does no t  permi t  t h e  above mentioned : 
: o v e r l a p  t o  nccl l r .  For  t h i s  reason, among o thers ,  i t  : 
, was decided t o  develop a new t ype  o f  neut ron beam ! 

' mon i to r .  The f i r s t  approach cons i s ted  o f  a sandwich . 
compr is ing  2 sheets o f  0.15 mm t h i c k  NE-110 w i t h  a i ' t h i n  l a y e r  o f  6 L i ~  between t h e  two sheets ( i n  f a c t  i 
evaporated onto  one o f  t h e  sur faces) .  Whi le t h i s  ; 
d e t e c t o r  appeared t o  g i v e  excel  l e n t  response, i t  was 

j found t h a t  a very  s u b s t a n t i a l  amount-of moderat ion o f  : 
: t h e  neutrons occurs i n  t h e  f r o n t  l a y e r  o f  p l a s t i c  i I s c i n t i l l a t o r  (NE-110). Th is  moderat ion i s  su f -  
i f i c i e n t l y  s e v e r e t h a t  neutrons i n i t i a l l y o f  1 0 k e V  i 
I l e a d  t o  an a r t i f i c a l l y  enhanced response which may ! 
: d i f f e r  f rom t h a t  expected f rom t h e  cross  s e c t i o n  o f  : 
' 6 L i  by as much as 25%. I n  a d d i t i o n  above 400 keV t h e  j 
j presence o f  knock-on p ro ton  response a l s o  leads t o  a i 
' s t r o n g  increase i n  response above t h a t  expected f rom : 
! t h e  l i t h i u m  cross  s e c t i o n  alone. A cu rve  showing t h e  ; 

magnitude o f  these e r r o r s  i s  i l l u s t r a t e d  i n  F igu re  10.; 
1 

i As a r e s u l t  o f  t h e  r e a l i z a t i o n  t h a t  s u b s t a n t i a l  
! e r r o r s  e x i s t e d  i n  t h e  response o f  t h e  sandwich p l a s t i c  
: s c i n t i l l a t o r ,  a new d e t e c t o r  was developed which I 

! r ep laces  t h e  hydrogenous p l a s t i c  s c i n t i l l a t o r  w i t h  j I xenon gas.ll The bas ic  p r i n c i p l e  remains t h e  same. i 
' A v iew o f  t h i s  d e t e c t o r  i s  shown i n  F igu re  11. The i 

xenon gas s c i n t i l l a t o r  system has proved i t s e l f  t o  be 
q u i t e  re1 i a b l e  and rep roduc ib le  and has t h e  advantage 
t h a t  i t s  response shows no anomalies up t o  above 800 
keV when used a t  9 meters,  except s t rong  d i p s  where ' 

two Xe resonances a t  9.4 and 14.4 eV occur.  The 

I 
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:response f rom t h e  gamma f l a s h  i s  back t o  base l i n e  i n  

' 

:about 0.7 psec and cou ld  be improved by e l e c t r o n i c  
Imod i f i ca t i ons .  The usual problems o f  gas p u r i t y  has I 
I 

ORNL-OWG 79- 7751 
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; F i g .  10. Co r rec t i on  curves (measured) c i r c l e s  are : 
: c a l c u l a t i o n s  o f  R. L. Mackl in.  Crosses a re  Monte 
/ C a r l o  c a l c u l a t i o n s  o f  L. M. P e t r i e .  
i 
i been addressed by u t i l i z i n g  a t h e r m a l l y  d r i v e n  gas , 

' c i r c u l a t i o n  system and 2 gas p u r i f i c a t i o n  elements.lO 
! 
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Future  D i r e c t i o n s  a t  ORELA 

1 I n  t h e  prev ious paper12 Dr .  G. F. Auchampaugh has 
i a1 ready mentioned t h e  use o f  an e l e c t r o n  prebuncher a t  . 
. ORELA. Recent ly  t h i s  system was t r i e d  i n  a p r e l i m i -  
, n a r y  experiment. F igu re  12 shows t h e  r e s u l t  o f  
, a p p l y i n g  1 /3  o f  t h e  design buncher vo l tages t o  t h e  
: buncher gaps. The prebuncher red l~ced  t h e  pu lse  w id th  
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: a t  t h e  t a r g e t  f rom 17 nanoseconds t o  8 nanoseconds a n d  i s h i e l d i n g  des ign o f  FMIT (Fus ion M a t e r i a l s  I r r a d i a t i o n  

Test F a c i l i t y ) ,  such measurements on some 11 m a t e r i a l s  
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. over  t h e  energy range up t o  60 o r  80 MeV have r e c e n t l y  
ibeen made.12 These experiments used t h e  Be b lock  
, a l t e r n a t e  t a r g e t  a t  ORELA and were performed w i t h  an ; 
. 80  meter f l i g h t  path. I t  was found necessary t o  
, ope ra te  a t  somewhat reduced power and t o  put  a f i l t e r  
i o f  20 cm po lye thy lene i n  t h e  beam t o  b r i n g  t h e  dead- 
' t ' ime c o r r e c t i o n s  t o  reasonable values, even w i t h  a 1 
' u s  deadtime t i m e  d i g i t i z e r .  An energy r e s o l u t i o n  o f  . 
: .01E-.03E was obtained. C l e a r l y  t h i s  new d i r e c t i o n  i s  . 
] v i a b l e  and u s e f u l .  I n  t h e  case o f  t h e  FMIT des ign,  it 
;has been es t imated t h a t  more accura te  data  w i l l  save : 
' r o u g h l y  one m i l l i o n  d o l l a r s  i n  c o n s t r u c t i o n  costs.  I 
I 
i The research was sponsored by t h e  D i v i s i o n  o f  . 
Nuc lear  Sciences, U.S. Department o f  Energy, under 

, c o n t r a c t  No. W-7405-eng-26 w i t h  t h e  Union Carbide 
'Co rpo ra t i on .  
. 
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