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ABSTRACT 

Preliminary do/dt distributions are presented for the pion charge exchange 

0 2 
reaction n-p + n n (0 < -t < 1.4 (GeV/c) ) . Incident 7- momenta were 

20.7, 40.6, 66 and 101 G~V/C, obtained at the M L  Meson Laboratory. The 

effective Regge p trajectory for these data is discussed. The relationship 

between the new forward differential cross sections and existing data on T - ~  

+ 
and a p total cross sections is examined. 
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I. Int roduct ion 

An experiment is in progress at  NAL t o  measure var ious  n e u t r a l  f i n a l  

state reac t ions  of n- mesons on protons. Preliminary r e s u l t s  f o r  t h e  react ion:  

i n  the momentum i n t e r v a l  20 GeV/c t o  100 GeV/c are reported here. I n  an  

accompanying paper [ 1 1  we g ive  r e s u l t s  f o r  t h e  reac t ion  -+ nn, and w e  

r e p o r t  some evidence f o r  production of o ther  n e u t r a l  f i n a l  s t a t e s ,  including 

8 0 TI n and w n. 

Pion nucleon charge exchange is considered t o  be one of t h e  simplest  

examples of t h e  Regge mechanism because t h i s  r eac t ion  is  dominated by the  

exchange of a s i n g l e  Regge t r a j e c t o r y ,  namely t h e  p. However, po la r i za t ion  

measurements [2] show t h a t  t h e  i n t e r a c t i o n  is  more complicated than t h e  exchange 

of a s i n g l e  t r a j e c t o r y .  I n  order  t o  inves t iga te  t h e  Regge character  of t h i s  

r e a c t i o n  i t  is important t o  ob ta in  measurements a t  high energy over a s  l a rge  an 

energy and momentum t r a n s f e r  range a s  possible.  W e  have the re fo re  measured 

t h e  d i f f e r e n t i a l  c r o s s  sec t ion  d ~ / d t  throughout t h e  momentum t r a n s f e r  range from 

2 
- t=O t o  -t = 1.4 (GeV/c) a t  momenta from 20 t o  100 GeV/c and have determined 

an  e f f e c t i v e  p t r a j e c t o r y  from these  d a t a  i n  conjunction with published d a t a  

from 5.9 t o  18.2 GeV/c. [31 

Isospin invariance and the op t i ca l  theorem imply a vell-known re l a t i on  between 

forward charge exchange s c a t t e r i n g  and t h e  d i f ference ,  Ao, between t h e  t o t a l  
- + 

c r o s s  s e c t i o n s  f o r  n p and T p s c a t t e r i n g ,  a s  given by t h e  following expression: 

vhere R is the ratio of r e a l  t o  imaginary p a r t s  of the forward charge exchange 



s c a t t e r i n g  amplitude ' 'lab 
i s  t h e  l abora to ry  beam momentum in u n i t s  of 

GeV/c,  da/dt  i s  i n  vb and do is  i n  lob. I n  Sect ion  I V  we make use  of 
(Gev/c) 

a r e s u l t  from f i e l d  t h e o r y t o  estimite R from our measured p trajectory. 

On t h e  b a s i s  of t h i s  information w e  use  equation (2) t o  p r e d i c t  Ao a s  a 

funr ion  of p 
l ab*  

These p red ic t ions  a r e  then compared with e x i s t i n g  d a t a  on 

I Descript ion of Experiment 

Iden t i fy ing  t h e  ind iv idua l  r e a c t i o n s  under s tudy and d i s t ingu i sh ing  them 

from background a r e  of c r u c i a l  importance. The charge exchange c ross  sec t ion  

-4 a t  101 GeV/c is approximately 10 times t h e  t o t a l  c r o s s  s e c t i o n  and about 

1 /10 the  c r o s s  s e c t i o n  f o r  producing f i n a l  s t a t e s  cons i s t ing  s o l e l y  of n e u t r a l  

0 * 
p a r t i c l e s .  The s e r i o u s  background comes from reac t ions  such as n-p -+ a N , 

0 0 
where the  n is ind i s t ingu i shab le  from a v a l i d  charge exchange n . Detect ion 

* * 0 
of low energy photons from t h e  N decay (N + nn ) i d e n t i f i e s  t h i s  r eac t ion  

'+ YY 
as background. 

The experimental arrangement is  shown schematical ly i n  Figs. 1 and 2. 

The apparatus i s  designed t o  measure those n e u t r a l  f i n a l  s t a t e  r e a c t i o n s  i n  

which a l l  photons a r e  wi th in  t h e  acceptance of t h e  y-ray de tec to r .  The 

r e a c t i o n  kinematics a r e  then determined s o l e l y  from t h e  photon measurements. 

An inc ident  .rr- i n  t h e  beam is tagged by a threshold Cerenkov counter ,  

and the  pion pos i t ion  and angle  are measured by counter  hodoscopes H l  and H2. 

The beam geometry is  defined by counters  M l ,  M2, M3 and AO, where halo 

p a r t i c l e s  a r e  r e j e c t e d  by AO. Thedouble c e l l  l i q u i d  hydrogen t a r g e t  is  60 cm 

long and is surrounded by s c i n t i l l a t i o n  counters  A l ,  A 2  and A3 which a r e  

used t o  i n h i b i t  an event t r i g g e r  whenever charged p a r t i c l e s  a r e  produced i n  

t h e  f i n a l  s t a t e .  I n  add i t ion  t h e r e  are shower v e t o  counters  which dog IXOS 



p a r t i c i p a t e  in t h e  t r i g g e r  l o g i c  but r a t h e r  t a g  t h e  presence of f i n a l  state 

photons outs ide  t h e  acceptance of t h e  7-ray de tec to r .  The shower veto  counters  

upstream and downstream of t h e  t a r g e t  a r e  multi-layer lead s c i n t i l l a t o r  shower 

de tec to r s ,  having f i v e  lead p l a t e s  t o t a l i n g  e i t h e r  5 o r  1 0  r a d i a t i o n  lengths.  

The shower veto counters  c l o s e l y  surrounding t h e  hydrogen t a r g e t  ( the  "veto 

house") a r e  of s imi la r  const ruct ion,  except t h a t  they c o n s i s t  of p l a s t i c  

Cerenkov detec tor  ins tead of s c i n t i l l a t o r  i n  order t o  minimize t h e i r  s e n s i t i v i t y  

t o  r e c o i l  neutrons from charge exchange events. There a r e  e igh t  lead p l a t e s  

i n  every veto  house counter; four  p l a t e s  a r e  each one-quarter of a  r a d i a t i o n  

length  i n  thickness and four  a r e  one r a d i a t i o n  length each. This  arrangement 

wi th  two thicknesses of lead p l a t e s  ensures a high de tec t ion  e f f i c iency  f o r  

low energy photons, even f o r  those  inc iden t  a t  highly oblique angles. The 

photon veto system covers the  e n t i r e  4n s o l i d  angle except f o r  t h e  de tec to r  

s o l i d  angle and t h e  5 cm x 5 c m  beam entrance  hole. 

0 
The n de tec to r  is a hodoscope d e t e c t o r  which measures t h e  x and y 

( t ransverse  coordinates)  d i s t r i b u t i o n s  of t h e  energy deposited i n  one o r  

more photon showers, in tegra ted  over t h e  a x i a l  ( inc iden t  beam d i r e c t i o n )  

coordinate z. The de tec to r  i s  shown schematical ly i n  Fig. 3. It i s  con- 

s t r u c t e d  of 19 lead p l a t e s ,  each 6.4 rn t h i c k  and 75 cm square. The p l a t e s  

are stacked normal t o  t h e  d i r e c t i o n  of inc ident  p a r t i c l e s  (2) with gags 

between them of approximately 7 mm. These gaps a r e  f i l l e d  with long narrow 

s c i n t i l l a t i o n  f ingers ,  1.05 cm wide, which a r e  close-packed and run t h e  f u l l  

width of t h e  de tec to r .  V e r t i c a l  and hor izon ta l  f i n g e r s  a r e  i n  successive 

gaps. The eight  f ingers  having t h e  same x coordinate  o r  t h e  same y coordinate 

are connected o p t i c a l l y  by curved l i g h t  p ipes  a t  one end, and each set of 

e igh t  f i n g e r s  s o  connected c o n s t i t u t e s  one counter. There are 70 x-counters 

and 70 y-counters. Each f i n g e r  has been separa te ly  wrapped with f o i l  of 



graded reflectivity, and a light trap captures those rays transmitted at 

large angles to the finger axis. Because of this special treatment, each 

counter yields pulses of uniform height (within 2%) over the entire counter 

length. 

By simultaneously measuring all pulse heights, hxi and h (1 d i s 70), 
yi 

in the detector counters it is possible to find the energy E, mass M, and 

production angle of a particle decaying at the target into the photons observed 

by the detector. The first three spatial moments of the pulse height distri- 

bution are given by 

L 
E and M are then evaluated from the spatial moments using the following 

expressions: 

2 
where L is the distance from the target to the detector and 6 is a constant 

which is an approximate measure of the inherent width of a single shower of 
- - 

half the total energy. The coordinates (x, y) are a good estimator of the 

point of intersection between the detector and the extrapolated trajectory 
- - 

of the decaying particle. The production angle is then computed from (x, y) 

and the ;beam hodoscope information, These relations are based on the small 

angle approximation and hold for particles decaying in any decay orientat ion 



and i n t o  any number of photons as long as all of the  photons e n t e r  the detector.  

The t r i g g e r  l o g i c  r e q u i r e s  t h e  fo l lowing:  

1. The i n c i d e n t  p ion  must be  w i t h i n  t h e  acceptance of the  beam-defining counters. 

2. There must be no i n c i d e n t  charged p a r t i c l e  accompanying t h e  t r i g g e r  pion 

wi th in  a t ime i n t e r v a l  of ? 50 n s ,  i nc lud ing  t h e  h a l o  reg ion .  

3. The i n c i d e n t  a- must i n t e r a c t  i n  t h e  t a r g e t  and t h e r e  must be no charged 

p a r t i c l e s  i n  t h e  f i n a l  state. 

4. Within t h e  c r i t i c a l  p a r t s  of t h e  an t i co inc idence  system t h e r e  must be 

complete recovery from any l a r g e  p u l s e s  a r i s i n g  from a previous  i n t e r -  

ac t ion .  

5. The on-l ine computer must b e  ready t o  accept  a new event .  

When a s u c c e s s f u l  t r i g g e r  occu r s ,  a  complete s e t  of d a t a  on t h a t  event  

i s  read i n t o  t h e  computer and w r i t t e n  on magnetic t a p e  f o r  subsequent a n a l y s i s .  

A sample of t h e  even t s  i s  analyzed on-l ine i n  o rde r  t o  d i s p l a y  p l o t s  of c u r r e n t  

ope ra t ing  cond i t i ons  and up-to-date r e s u l t s .  Tag b i t s  are recorded f o r  t h e  

hodoscope counters ,  t h e  Cerenkov counter  and a l l  of t h e  photon shower a n t i -  

coincidence counters .  Pu l se  h e i g h t s  a r e  recorded f o r  t h e  140 photon d e t e c t o r  

counters ,  f o r  t h e  Cerenkov coun te r ,  f o r  t h e  charged p a r t i c l e  v e t o  system 

(A2 and A ) and f o r  each of t h e  shower a n t i c o u n t e r s .  The p u l s e  he igh t  ana lyze r  
3 

system con ta ins  180 channels  of 2200 b i n s  each. Input  p u l s e  h e i g h t s  a r e  

d i g i t i z e d  i n  p a r a l l e l  w i t h i n  100 microseconds. The output  in format ion  is read  

s e r i a l l y  at a r a t e  l i m i t e d  by t h e  computer, t ak ing  up t o  2 ms f o r  t h e  complete 

readout  of a n  event .  These k inds  of d a t a ,  wi th  our  l oose  t r i g g e r  cond i t i ons ,  

permit  a f l e x i b l e  o f f - l i n e  t rea tment  of each event  and a l low subsequent 

a n a l y s i s  of t h e  e f f e c t s  of each  c u t  parameter.  



111. S e l e c t i o n  of Events 

The t r i g g e r  cond i t i on  assured  t h a t  a f i n a l  s t a t e  w a s  completely n e u t r a l .  

The c u t  s t r u c t u r e  l i s t e d  i n  t h e  fo l lowing  t a b l e  comprises t h e  o f f - l i n e  

s e l e c t i o n  c r i t e r i a  used i n  s e l e c t i n g  t h e  sample of charge exchange events .  

1. The CLEAN requirement.  There must be no p u l s e  i n  any photon v e t o  counter ,  

thereby  e l i m i n a t i n g  even t s  w i t h  photons o u t s i d e  t h e  s o l i d  ang le  of t h e  

d e t e c t o r .  

2- Cerenkov Tag. A p u l s e  i n  t h e  th re sho ld  Cerenkov counter  is  requ i r ed ,  

thereby  e l imina t ing  kaons and a n t i p r o t o n s  from t h e  beam f l u x .  

0 3. Energy i n  t h e  TI d e t e c t o r .  The measured energy was r equ i r ed  t o  be w i t h i n  

t h e  f u l l  energy peak corresponding t o  t h e  i n c i d e n t  T- beam energy. 

4, Number of photons, I t  was r equ i r ed  t h a t  two i n d i v i d u a l  showers be 

reso lved  by t h e  d e t e c t o r  f o r  t h e  charge exchange r eac t ion .  

0 
5 -  Cose cu t .  In t h e  decay a -+ yy, t h e  emission ang le  8 of t h e  photons 

0 0 
i n  t h e  n rest frame w i t h  r e s p e c t  t o  t h e  n l i n e - o f - f l i g h t  can be 

c a l c u l a t e d  from the  da t a .  Those even t s  having emission ang le s  wi th  

1 cos 0 ) > 0.7 are e l imina ted  because one photon has  very  smal l  labora-  

t o r y  energy nea r  cos9 = 1.0. Th i s  a r b i t r a r y  c u t  is  w e l l  o u t s i d e  t h e  

r eg ion  where t h e  d e t e c t i o n  e f f i c i e n c y  f a l l s  below 100%. 

6. Mass cu t .  The va lue  of t h e  m a s s  M measured by t h e  d e t e c t o r  i s  requ i r ed  

0 
t o  be w i t h i n  t h e  n m a s s  peak. 

The d i s t r i b u t i o n  i n  PI2 f o r  even t s  s a t i s f y i n g  c r i t e r i a  1-5 (mass c u t  no t  

imposed) is shown in FLg. 4. The l e v e l  of t he  background outside the 2 
0 

mass peak is very low,  permitting clean ident i f ica t ion  of x events. 

Moreover, the mass s p e c t r a  f o r  the one photon and three photon events 

(not sbovn) exhibit no peak i n  the 2 region, indicat ing very little 



loss of events from the two photon category. 

In calculating cross sections it is necessary to correct for the loss 

of genuine reaction (1) events which are eliminated from our data sample by 

various cuts, and to correct for the inclusion of background events in the 

data sample. These corrections are listed in Table I. Most of the corrections 

were measured directly from the data or from several special runs inter- 

spersed with the data collection. Several of these corrections are for well- 

defined physical processes for which a reliable calculation can also be made; 

wherever possible the empirically determined corrections were verified by 

calculation. 

The fraction of recoil neutrons detected by the veto house was empirically 

measured by examining the pulse height distribution as a function of the 

0 
azimuthal angle of the n and thus, of the recoil neutron. A similar analysis 

was carried out for the charged veto counters on a sample of data collected 

for this purpose. The efficiencies of the veto house counters as a function 

of energy for both photons and neutrons were also measured using a tagged 

photon beam at the Stanford Mark I11 accelerator and a tagged neutron beam 

at the LBL 184" cyclotron. 

As an additional check on our overall normalization we measured the a-p 

total cross section at 40 GeV/c using the same beam logic and liquid hydrogen 

target. Our result of o = '(24 5 2) rib is in good agreement with the 50 ~eV/c 

result of 24.1 mb reported by Baker et al. [ll] 

N. Results: 

The preliminary distributions of da/dt  for reaction (1) at 20.7, 40.6, 

66 and 101 CeVfc are given in Fig. 5. At 20.7 ~eV/c the region of good 

acceptance for no's was confined to a limited range of momentum transfer, 



2 and thus we present data for this energy only between -t =O and 0.5 (GeV/c) . 
For the three higher energies the data is presented over the range 0 < -t < 1.4 

2 (GeV/c) . In Fig. 6 we show the small t region, with horizontal error bars 

at the bottom of this figure indicating typical values of the experimental t 

resolution (At) at 101 GeV/c. The total number of events at each energy for 

reaction (1) is listed in Table 11. The data show a characteristic forward 

Z peak with a smail dip at t=O and a break around -t = 0.6 (GeV)c) . These 
features are similar to those observed at lower energies [3 ,  4, 5, 6, 71, 

although the dip at t=0 is more pronounced in our data than in the highest 

energy data (48 GeV/c) of Bolotov et al. 141, where it is essentially absent. 

The presence of a forward dip in.the data from 20 to 100 GeV/c suggests that 

the strong spin-flip contribution which is evident at energies below 20 GeV/c 

persists at high energies. The position of the break near -t=0.6 (GeV/c) 
2 

shows no obvious systematic variation with energy over the range from 40 

GeV/c to 100 GeV/c and appears to be consistent with the position of the dip 

observed in data for reaction (1) down to an incident momentum of 3 GeV/c [3] .  

A value for (do/dt) at each energy has been extrapolated by fitting 
t=O 

2 
the data in the region -t < 0.08 (GeV/c) to a second - order polynominal. 

* 
The results are shown in Table 11, Also in Table TI are listed values for 

at each energy. These values are plotted in Fig. 7 as a function of incident 

beam momentum, along with integrated cross sections from other experiments [3-71. 

YPhe xN mpli tude  endlysis zt 6 Ge~/c  El51 indicates a very steep t 
dependence fo r  the noo-flip mpl i tuae  of reaction (1) near t = 0. In  this 
case, our polyno&al extrzpolation t o  t = 0 could be systematically low 
by roughly 10%. A detailed study of t h i s  e f fec t  i s  i n  progress. 



The data p o i n t s  frcnn t h e  present  experiment appear t o  be  sys temat ica l ly  below 

those of Bolotov, e t  a19 (41. W e  have f i t t e d  t h e  measured va lues  of a t o  
CEX 

a func t ion  of t h e  form 

-N 
u CEX Aplab 

using t h e  d a t a  of t h i s  experiment along wi th  t h e  d a t a  of Ref. 131, spanning 

a range from 5.9 t o  100 G e V / c  i nc iden t  momentum. The r e s u l t  of t h i s  f i t  i s  

+ + 
shown by t h e  dashed curve in Fig. 7, with  A = (679 - 4 7 ) @  and N = 1.15 - .07. 

+ + 
Bolotov e t  al. 141 repor t  va lues  of A = (680 - 50) pb and N = 1.12 - 0.03 using 

t h e i r  data  and t h a t  of Ref. [ 3 I .  

A s tudy has  been made of t h e  e f f e c t i v e  Regge p t r a j e c t o r y  by f i t t i n g  

data from r e a c t i o n  (1) t o  t h e  func t iona l  form 

where a and B a r e  parameters t o  be determined as a funct ion  of t ,  and q i s  

t h e  momentum of each p a r t i c l e  i n  t h e  CM system. An o v e r a l l  fit ( F i t  1) from 

6 t o  100 GeVfc has been carried out  a t  a number of t values ,  using t h e  da ta  

of Ref. [3]  and of t h e  present  experiment. The r e s u l t s  of t h i s  f i t  a r e  

summarized i n  Table 111, and p l o t s  of d o l d t  versus  p are given i n  Fig. 8 
l a b  

for s e v e r a l  r ep resen ta t ive  values  of t. The curves in Fig. 8 show the bes t  

fit to (4) at each of these t values. The fitted values of a are displayed 

i n  Fig. 9(a),  By way of comparison, we a l s o  show i n  Fig. 9(a) t h e  va lues  of 

a obta ined by f i t t i n g  t h e  d a t a  of Refs. [ 3 ]  and [4]  from 6 t o  50 G e V / c  ( F i t  2 ) ,  

as r epor ted  i n  Ref.  [ 4 ] .  W e  have not  attempted a f i t  including both our da ta  

and rhe d a t a  of  Ref. [4]  because of t h e  inconsistency between t h e i r  results 

and our pre l iminary  r e s u l t s .  



There i s  reasonable agreement between these  two sets of  a's i n  t h e  range 

2 0.05 < -t < 0.6 (GeV/c) . However, a t  small t t h e  values  of a from F i t  1 

appear t o  f l a t t e n  out  and approach an in te rcep t  value  a (0 )  : 0.50, whereas 

the values  of a from F i t  2 are more l i n e a r  i n  t h e  small  t region and approach 

a n  i n t e r c e p t  value  o(0) 0.58. For -t > 0.6 ( ~ e ~ / c ) ~ ,  t h e r e  is an ind ica t ion  

that t h e  e f f e c t i v e  t r a j e c t o r y  from F i t  1 l i e s  somewhat above t h e  t r a j e c t o r y  

obtained i n  Fig. 2. 

To i n v e s t i g a t e  f u r t h e r  t h e  behavior of F i t  1 i n  t h e  small  t region,  we 

have f i t  separa te ly  t h e  d a t a  of Ref. [ 3 ]  from 6-18 GeV/c ( F i t  3) and t h e  d a t a  

of t b e  present  experiment from 20-100 GeV/c ( F i t  4). ( In  F i t  4 we have deter -  

mined values of a only f o r  -t < 0.5 (G~v/c)  ,* s ince  the  20.7 G ~ V / C  data is 

r e s t r i c t e d  t o  t h i s  t-region. Without t h e  20.7 GeV/c da ta ,  t h e  s - in te rva l  of 

t h e  remaining d a t a  is too small t o  ob ta in  a meaningful f i t . )  The r e s u l t s  of 

Firs 3 and 4 a r e  l i s t e d  i n  Table I11 and a r e  p lo t t ed  i n  Fig. 9(b). 

2 
For -t < 0.2 (GeVlc) F i t  3 l ies  sys temat ica l ly  above F i t .  4. The 

non-l ineari ty of F i t  1 a t  small  t i s  not obvious i n  e i t h e r  F i t  3 o r  F i t  4 

and may be an a r t i f a c t  of combining two sets of d a t a  with d i f f e r e n t  energy 

dependence i n t o  t h e  same f i t .  A poss ib le  i n t e r p r e t a t i o n  of t h e  systematic 

d i f f e r e n c e  between F i t  3 and F i t  4 i s  t h a t  equation (4) does not  adequately 

describe t h e  energy dependence of r eac t ion  (1) over t h e  e n t i r e  range from 

6 to 100 GeV/c. This  point  may be c l a r i f i e d  when'new d a t a  a t  energies  above 

100 GeV/c become a v a i l a b l e  from t h e  present  experiment. 

Invoking t h e  general  p r i n c i p l e s  of axiomatic f i e l d  theory and assuming 

a power l a w  dependence on s f o r  t h e  forward charge exchange amplitude, one 

can o b t a i n  1101 the r a t i o  R of t h e  r e a l  t o  t h e  imaginary p a r t  of t h e  forward 



charge exchange amplitude: 

R = tan srrr(o> 2 

This r a t i o  i s  independent of s, given the  va l id i ty  of' the  pxer l a w  assumption 

of equation (4). 

Over the  range from 23 t o  100 G ~ V / C  we adopt a value of a(o) = 0.50 

based on F i t  4, and f r m  expression (5) we would then obtain R = 1.00. 

However, i f  the pwer  lew assumption i s  not rigorously correct, as is 

possibly suggested by the effective t ra jec tory  analysis, then R would d i f f e r  

fro= t h i s  value and would vary as a function of s. I n  the present case, we 

estimate from a d2spersion calculation t h a t  R would be greater  than 1 (typically 

1.08) between X) and 100 WJ/C, taking the  difference between F i t  3 and F i t  4 

at face value. 

+ We have corripted two predictions f o r  La = oT(np)  - uT(x p) from 20 t o  

U)O ~ e ~ / c ,  using expression (2) -&th R = 1.08. One prediction, shown by the 

s o l i d  m e  i n  Fig. 10, uses the values of ( i k r / ~ I t ) ~ ~  given i n  Table II. 

A s  discussed above, the polynomial extrapolation t o  t = 0 may lead t o  a value 

w h i c h  is  systematically low by about lo$. Therefore, we have computed a 

second prediction, i n  vhich the values of (do/dt)- i n  Table I1 have been 

increased by 108. This second calculation i s  shown by the  dashed curve i n  

Fig. 10. 

Neither curve i s  ent i re ly  i n  agreement with the trend of existing data 

f- ycmP a x d  s+> t o t a l  cross section measurements 111-141. The so l id  curve 

is l o w  throughout the en t i r e  energy range. Aithough the dashed curve is 

consistent w i t h  the  NAL data of Ref. [ll] at 50 and 100 G~V/C ,  it apparently 

would be too l o w  i f  extended t o  150 and X)O G~V/C.  Both predictions fall 



systemStica3l.y below the Serpukhov t o t a l  cross sect ion data of Ref, [12]. 

A t  20 &V/C t he  dashed curve i s  i n  good agreement with the  BNL data of Ref, 

[13], but t he  predicted energy dependence is too s teep t o  describe t o t a l  

cross section data  below X) G ~ V / C .  
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Table I 

0 Cross Section Cxrections for n-* -+ s n 

Length of LH2 target 

Spurious charged veto 
y-rays from n' 
Conversion of y-rays * 
Recoil nuetron veto 
Accidentals 

Spurious shower veto 
Recoil neutron veto* 
Accidentals 

0 
n detection efficiency * Ceomtrical acceptance 

N = 2 c u t  
~Xsine 0 cut 

+ - 
no -t y e e Decay 

Background 
Target: empty 
N* contamination 

* 
Averaged over t . 



Xable I1 

Preliminary Results for -t non 

Number 
of Events 

m t a i n e d  from polpozlial  extrapolation t o  t = 0. See footnote, 
page 8 f o r  discussion of possi'cle systematic e r ro r  i n  extrapolation. 



Table I11 

Range of p 
lab 

Data Used 

Values of a: 

-t = 0.01 ( G ~ v / c )  
2 

0.03 

0.05 

0.07 

0. og 

0.12 

0.16 

0.21 

0.28 

0.36 

0.45 

0.55 

0.65 

0.80 

1.00 

1*20 

Effective Regge Trajectory Values 
0 

f o r  rr-p -, n n 

F i t  1 - F i t  3 - 
6-1CO G ~ V / C  6-18 G ~ V / C  

Ref. 3 and Ref. 3 
Present Expt. 
(prelim. ~ e s u l t s )  

F i t  4 - 
20-100 G ~ V / C  

Present Expt. 
(Prelim. Results) 



Figure Captions 

Fig. 1 Schemztic drawing of the experimental layout. The apparatus 

is designed t o  measure those neutral f i na l  s t a t e  reactions i n  

W c h  all photons are within the acceptance of the y-ray detector. 

V-1, V-2, V-3, V-4 and the Veto House ccanprise the shower veto 

system. A-2 and A-4 are part  of the charged par t ic le  veto 

system. 

Fig. 2 Detdled drawing of the experimental apparatus surrounding the 

l iquid hydrogen target. 5 and H are counter hodoscopes which 2 

measure the incident x-  position and angle. A threshold Cerenkov 

counter (not shown) between 3 and A tags pions i n  the beam. 
0 

The beam geoaetzy is defined by Ao, 5, %, and M.. AlY A2, 

and A3 are p& of the charged part icle veto system. V1 and 

the Veto Eouse belong t o  the shower veto system. 

Fig. 3 

Fig. 4 

Fig. 5 

Schematic of the photon detector. Gaps between the lead 

plates ere f i l l e d  with sc in t i l l a to r  rods, with horizontal and 

ver t ica l  rods i n  successive gaps. Eight rods having the same 

x or  y coordinate are connected optically t o  form one counter. 

!&ere are 70 x- counters and 70 y- counters. These counters 

measure the x and y (transverse) projections of one o r  more 

photon showers i n  the detector. 

Spectrum of d a t  101 &V/c fo r  events satisfying cuts 1-5. 

(a-d) : Distributions of &/dt f o r  reaction (1) at 20.7, 40.6, 

66 and 101 G~V/C.  The errors shown are s t a t i s t i c a l  only. 



Fig. 6 

Fig. 9 

Distributions of &/dt i n  the small t region f o r  reaction (1) 

at 20.7, 40.6, 66 and 101 G~V/C. The errors shown are s t a t i s t i c a l  

only. Horizontd error bars indicate values of At, the experimen- 

tal t resolution, a t  101 G~V/C. 

A plot  of the integrated cross section aCEX as a function of 

%&' The solid curve is a f i t  to the data of Ref, [3] and 

of the  present experinent. 

Plots of da/dt f o r  reaction (1) versus pm f o r  a mnnber of 

different t values, B e  solid -es give the results of a fit 

t o  expression (4), using the data of Ref. [3] and of the present 

Effective trajectory values f o r  reaction (1). 

F i g ,  10 The difference of the nb a.nd 5 t o t a l  cmss sections, 

plotted es a f'unction of The soUd end dashed curves are 

predictions f o r  Lb frm the data of the present e x p e m n t ,  as 

described i n  the text. 
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Figure 3 
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Figure 5(a) 
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Figure 5 (b) 
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Figure 5 ( c )  
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Figure 5 (d) 
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Figure 7 
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Figure 8 
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Figure 9 

Effective Trajectory for r-p-, r 0 n  

x.6 -50  GeV/c- Refs. 3 and 4 
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(Preliminary Data)  

(0 )  - 

- 

- - 

- 

0 - 6-I8 GeV/c -Ref. 3 

m 620-100 GeV/c -This expt. 
(Prelrmtnary Dotal -- -0.4 - 

I 

-1.2 -0.8 -0.4 0 

t (G~V/C)* 






