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P re l imina ry  resu l t s  of a s p a r k - c h a m b e r  exper iment  are  presented  on the react ion 

n4  A ~ ( p +  ~'-) + A  

where the (p~'-) pair  is  produced coherently off the nucleus A. A 0 ° neutron beam derived from a 
beryl l ium target  in the external  beam of the Brookhaven proton synchrot ron was used. The mean  effec- 
tive momentum of the neutrons was about 23GeV/c .  Forward-going  (p~r-) pa i r s  were detected in a wire 
spa rk -chamber  spec t rome te r  and the momentum and angles of each par t ic le  were de te rmined .  The ob- 
servat ion of a sharp  forward peak (of width appropr ia te  to the nuclear  radius) indicated that a large f r ac -  
tion of the events  were produced coherently.  

Mass spect ra  for coherently produced events  from carbon, copper and lead ta rge ts  are  presented .  
The lead data show a peak at low m a s s e s  due to Coulomb production of the A(1236). The most  s t r ik ing 
resu l t  of the exper iment  is the lack of any appreciable  production of the wel l -es tabl i shed  I = ½ nucleon 
i sobars .  

A s p a r k - c h a m b e r  e x p e r i m e n t  h a s  b e e n  c a r r i e d  
out  to s tudy  wi th  good  s t a t i s t i c s  the  r e a c t i o n  

n + A  ~ N * ° + A - ( p + ~ - ) + A  (1) 

w h e r e  t he  i n c i d e n t  n e u t r o n  d i s s o c i a t e s  in to  a 
(pn- )  p a i r  in s c a t t e r i n g  c o h e r e n t l y  off a n u c l e u s  
A. T h e  e x p e r i m e n t  w as  e x p l o r a t o r y  in  n a t u r e  
s i n c e  t h i s  p r o c e s s  h a s  n e v e r  b e e n  o b s e r v e d  wi th  
n u c l e a r  t a r g e t s  [1]. R e s u l t s  a r e  p r e s e n t e d  f o r  
c a r b o n ,  c o p p e r  and  l ead  t a r g e t s .  T h e  n e u t r o n  
b e a m ,  wi th  a m e a n  e f f e c t i v e  m o m e n t u m  of a b o u t  
23 G e V / c ,  was  t a k e n  at  0 ° f r o m  a b e r y l l i u m  t a r -  
ge t  in  the  e x t e r n a l  p r o t o n  b e a m  of the  B r o o k h a v e n  
AGS. T h e  da t a  d i s c u s s e d  in t h i s  a r t i c l e  w e r e  
t a k e n  wi th  a p r o t o n  m o m e n t u m  of 28.5 G e V / c .  

T h e  e x p e r i m e n t a l  a r r a n g e m e n t  i s  s h o w n  in  
f ig.  1. T h e  n e u t r o n  b e a m  wi th  a d i a m e t e r  of a p -  
p r o x i m a t e l y  2.2 c m  was  i n c i d e n t  on the  t a r g e t .  
T h e  t a r g e t  was  s u r r o u n d e d  by  a r a t h e r  c o m p l e t e  
a n t i - s h i e l d  ( shown only  s c h e m a t i c a l l y  in  fig.  1) 
w h o s e  f u n c t i o n  was  to v e t o  e v e n t s  a c c o m p a n i e d  
by  c h a r g e d  p a r t i c l e s  o r  p h o t o n s .  A ho l e  in  t he  
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s h i e l d  p e r m i t t e d  c h a r g e d  p a r t i c l e s  p r o d u c e d  
n e a r  0 ° to e n t e r  the  s p e c t r o m e t e r .  T h e  s p e c -  
t r o m e t e r  c o n s i s t e d  of a s i n g l e  75 × 1 8 0 c m  2 m a g -  
ne t  wi th  a 1 5 c m  gap  a n d f B d l  = 3 6 k G m .  T h e  
m a g n e t  w a s  p r e c e d e d  and  f o l l o w e d  by p a i r s  of 
w i r e  c h a m b e r s .  E a c h  c h a m b e r  had  w i r e  p l a n e s  
wi th  h o r i z o n t a l  w i r e s ,  v e r t i c a l  w i r e s  a n d  :L 45 ° 
w i r e s  so  t ha t  a t o t a l  of 16 c o o r d i n a t e s  w e r e  r e -  
c o r d e d  p e r  t r a c k .  T h e  c h a m b e r s  h a d  a m a g n e t o -  
s t r i c t i v e  r e a d o u t  wi th  e l e c t r o n i c s  c a p a b l e  of 
d i g i t i z i n g  f o u r  s p a r k s  p e r  l ine .  

T h e  t r i g g e r i n g  r e q u i r e m e n t ,  P 1 L 2 R 2  ~, o r  
P1L3R3/k ,  was  p u r p o s e l y  kep t  s i m p l e  to 
f a c i l i t a t e  e f f i c i e n c y  c a l c u l a t i o n s .  About  16% of 
the  t r i g g e r s  c o n t a i n e d  two t r a c k s  f r o m  p a r t i c l e s  
of o p p o s i t e  s i gn  wh ich  a p p e a r e d  to c o m e  f r o m  
the  s a m e  p o i n t  in  the  t a r g e t .  T h e  s p e c t r o m e t e r  
had  a r e s o l u t i o n  of a p p r o x i m a t e l y  ~: 1.2 m r  in the  
o p e n i n g  a n g l e  of the  p a i r  and  a m o m e n t u m  r e -  
s o l u t i o n  of 1.5% at  1 5 G e V / ' c .  

E a c h  t w o - t r a c k  e v e n t  was  f i t t e d  to the  h y p o -  
t h e s i s  t h a t  i t  w a s  f r o m  the  r e a c t i o n  g i v e n  in 
eq. (1). S ince  the  m a g n i t u d e  of the  m o m e n t u m  of 
the  i n c i d e n t  n e u t r o n  and  t he  v e c t o r  m o m e n t u m  of 
the  r e c o i l  n u c l e u s  (or  i t s  f r a g m e n t s )  w e r e  u n -  
known,  t h i s  i s  a z e r o - c o n s t r a i n t  fi t .  H o w e v e r ,  
the  o b s e r v a t i o n  of a s h a r p  f o r w a r d  p e a k  of wid th  
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Fig.l. Schematic of experimental arrangement. Note 
different horizontal and vertica', scales. 

a p p r o p r i a t e  to  the  s i z e  of t he  n u c l e u s  s h o w s  t h a t  
t he  n u c l e u s  a c t e d  c o h e r e n t l y  and  r e c o i l e d  in  a 
w e l l - d e f i n e d  s t a t e  f o r  a l a r g e  f r a c t i o n  of t he  
e v e n t s  a n d  t h a t  t he  c o n t a m i n a t i o n  of t h e  s a m p l e  
by  p r o c e s s e s  o t h e r  t h a n  (pn- )  p r o d u c t i o n  i s  
s m a l l .  Fig.  2 g i v e s  t he  d i s t r i b u t i o n s  of the  e v e n t s  
in  t ' ~ (!  - t m i  n) f o r  c a r b o n  and  c o p p e r  t a r g e t s  
w h e r e  1 ' ~  _p2 and  / m i n ~ - ~ [ ( m  2 - m 2 ) / t ) n ]  2. A 
s t r a i g h t - l i n e  e x t r a p o l a t i o n  i n d i c a t e s  t h a t  i n c o h e -  
r e n t  b a c k g r o u n d s  u n d e r  t he  c o h e r e n t  p e a k  a r e  
< 30%, and  t h a t  t h e  s l o p e s  a r e  a b o u t  t h o s e  e x -  
p e c t e d  fo r  t h e s e  n u c l e i .  

T h e  m o m e n t u m  of t he  i n c i d e n t  n e u t r o n  c a n  b e  
c a l c u l a t e d  fo r  e a c h  e v e n t  [on  t he  b a s i s  of r e a c -  
t i o n  (1)]. M o s t  of t h e  e v e n t s  c o r r e s p o n d  to n e u -  
t r o n s  wi th  m o m e n t u m  b e t w e e n  18 a n d  29.4 G e V / c  
wi th  a m e a n  m o m e n t u m  of a b o u t  22.8 G e V / c .  

T h e  (pn- )  m a s s  d i s t r i b u t i o n s  o b t a i n e d  wi th  
c a r b o n ,  c o p p e r  and  l e a d  t a r g e t s  a r e  s h o w n  in  
f ig ,3 .  T h e  ' t a r g e t - o u t '  b a c k - g r o u n d ,  t y p i c a l l y  
a b o u t  30% of the  t o t a l  s a m p l e  of e v e n t s ,  h a s  
b e e n  s u b t r a c t e d .  T h e  g e o m e t r i c  e f f i c i e n c y  of t h e  
a p p a r a t u s  i s  a l s o  shown.  T h e  e f f i c i e n c y ,  a l m o s t  
i n d e p e n d e n t  of ! ' o v e r  t he  r a n g e  s t u d i e d ,  w a s  
d e t e r m i n e d  f r o m  a M o n t e  C a r l o  s i m u l a t i o n  w h i c h  
u s e d  the  e x p e r i m e n t a l l y  o b s e r v e d  ~ingular  d i s t r i -  
b u t i o n  fo r  t he  d e c a y  of t he  'N* ' .  T h e  d e c a y  d i s -  
t r i b u t i o n s  w e r e  found  to be  a n i s o t r o p i c  in the  N* 
c . m .  s y s t e m .  T h i s  m a k e s  i t  d i f f i c u l t  to  e s t i m a t e  
t he  a b s o l u t e  e f f i c i e n c y  of t he  a p p a r a t u s  a c c u r a -  
t e l y  s i n c e  the  e f f i c i e n c y  v a r i e d  s t r o n g l y  w i th  
d e c a y  a n g l e  a n d  the  a n g u l a r  d i s t r i b u t i o n  o u t s i d e  
t he  s e n s i t i v e  r e g i o n  i s  u n k n o w n  ~. 

The apparatus  is most  sensi t ive  to decays in which 
the ~"- goes genera l ly  along the beam direct ion in the 
N* r e s t  sys tem.  Typically the efficiency var ies  f rom 
near ly  100% for pions going forward (0 °) to approx-  
imately 10% at 90 ° . 
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Fig.2. Distr ibut ion of events  with t '  for carbon and cop- 
per  ta rge ts .  'Ta rge t -ou t '  background has been sub- 
t racted.  The s t ra ight  line is hand-fi t ted to the data at 
s m a l l t ' .  Expected values o f b  are  53 (GeV/c )-2 for 

carbon and 160 (GeV/c) -2 for copper.  

T h e  m a s s  r e s o l u t i o n  of the  a p p a r a t u s  i s  t y p i -  
c a l l y  1 0 M e V  at  1 . 2 G e V .  T h i s  was  c a l i b r a t e d  by 
l ook ing  a t  e* e -  p a i r s  p r o d u c e d  f r o m  a l e a d  t a r g e t  
by the small contamination of high-energy y-rays 
in the beam $. The most striking result of the 
experiment is the apparent absence of any of the 
~ell-established I = ½ nucleon isobars in the 
mass distributions ~::~. This is true for all the 
nuclei studied over the entire range of four- 
momentum transfers within the coherent peaks 
[i.e., - t ' <  0.04(GeV c) 2 for carbon, ~ 0.02 
(GeV,/c)2 for copper and ~ 0.01 (GeV c) 2 for 
lead]. From the carbon data, by assuming a 
smooth background one can place upper limits on 
N*(1470) and N*(1688) of approximately 6% and 
5%, respectively, of the total sample of events. 

The total cross section for coherent dissocia- 
tion into (pn-) systems with masses between 1.08 
and 1.50GeV is estimated at l . lmb,  2.5rob and 
3.3 mb for carbon, copper and lead, respectively. 
with a systematic uncertainty of 20c~o in the rela- 
tive cross sections and of 70% in the absolute 

Almost  all the y - r a y s  had energ ies  ~ 15GeV. Cutting 
the data at 20GeV effectively removed the y - r a y  
contaminat ion.  

$$ There  have been previous indications of a broad peak 
at h)w m a s s e s  in the N~ system produced in both pp 
and ~'p col l i s ions  [1]. 
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Fig.3. Mass distributions (events per 10MeV) for the 
pff- system observed with carbon, copper and lead 
targets. The efficiency of the apparatus versus mass, 
shown by the dashed curve in (a), has not been unfolded. 

The curves in (c) are explained in the text. 

c r o s s  sect ions  because  of the uncertainty in the 
decay dis t r ibut ions  d i scussed  above. 

The obse rved  m a s s  spec t rum for lead shows 
a s trong peaking at low masses .  This  can he ac -  
counted for by Coulomb dissocia t ion  of the neu-  
t ron  into the A(1236). Since the Coulomb p roduc-  
tion v a r i e s  as Z 2 it  is  expected to be smal l  for  
copper  and negl igible  for  carbon [2-4]. The shape 
of the A(1236) is badly d i s to r ted  by dynamic 
fac to rs  and the peak is  shifted to 1180 MeV. The 
dotted cu rve  in fig. 3c shows the expected shape 
for Coulomb product ion of the A(1236) f rom lead 
as ca lcu la ted  f rom fo rmulas  in ref.  [4] by using 
expe r imen ta l  data for  pion photoproduction. A 
non-Coulomb background s i m i l a r  in shape to the 
carbon data has been as sumed  as indicated by the 
light l ine in fig. 3c. The ag reemen t  between the 
obse rved  and ca lcu la ted  shapes for lead is exce l -  
lent. About one half of the events  f rom lead a re  
due to Coulomb production,  and the obse rved  
Coulomb production c r o s s  sect ion a g r e e s  with 
that expected to within a fac tor  of two. As expec-  
ted [2-4], the data for  lead for  m a s s e s  < 1.3 GeV 
(~vhere Coulomb product ion dominates)  show a 
sha rpe r  t ' dependence than that for m a s s e s  
> 1 .3GeV(where di f f ract ion d issocia t ion  domi-  
nates). 

It does not s eem poss ib le  to explain our c a r -  
bon data in t e r m s  of over lapping r e sonances  at 
1300, 1470, 1520 and 1690 MeV as suggested by 
Mor r i son  [5], although a l a rge  number  of o v e r -  
lapping r e sonances  obviously cannot be ru led  out. 

Our r e su l t s  a r e  genera l ly  cons is ten t  with the 
p ic tu re  that the di f f ract ion d issoc ia t ion  is  domi -  
nated by a 'Deck e f fec t '  mechan i sm [6] $ in which 
the incident  neutron v i r tua l ly  d i s soc i a t e s  into a 
(p~-) pa i r  and e i the r  the proton or  pion s c a t t e r s  
d i f f rac t ive ly  off the nucleus.  This  mechan i sm 
produces  a broad enhancement  of low m a s s e s  in 
a g r e e m e n t  ~ith our  resu l t s .  The sol id cu rve  on 
fig. 3a is  f rom a Monte Car lo  ca lcula t ion  based 
on such a model  [8]. This  p ic tu re  a l so  p red ic t s  
anisot ropic  angular  d is t r ibut ions  in the r e s t  
sys t em of the (p~-), again in ag reemen t  with the 
p resen t  data. F u r t h e r m o r e  the m a s s  d i s t r ibu -  
t ions for carbon show l i t t le  change in shape over  
the momentum range 15 to 2 9 G e V / c ,  again in 
ag reemen t  with the broad  peak being due to a 
Deck-e f fec t  type of mechanism.  (This also p roves  
that the fa l l -of f  in the mass  spec t rum above 
1500 MeV is not due to a k inemat ic  effect  r e s u l t -  
ing f rom the i n c r e a s e  of I t mini  with inc reas ing  
mass . )  

In summary ,  Coulomb d issoc ia t ion  has been 
obse rved  of h igh-energy  neutrons into the 
A(1236) off a lead t a rge t  with a c r o s s  sect ion 
about that expected.  At neutron momenta  of 
25 GeV/c the coheren t  di f f ract ion d issoc ia t ion  off 
l o w - Z  nuclei  p roceeds  a lmos t  sole ly  through 
non- resonant  d issocia t ion  with no apprec iab le  
production of i sospin  ½ nucleon resonances .  

It is  a p l easu re  to thank Norman  Alde r s  for  
his help in set t ing up the expe r imen t  and Thomas  
McCor r i s ton  for  his  a s s i s t ance  in measur ing  the 
neutron beam intensity.  

SFor a Reggeized version of a Deck-type model applied 
to a reaction similar to neutron dissociation, and re-  
ferences to more recent papers, see ref.[7]. 
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