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Abstract :  Attempts t o  determine rr N scattering 
amplitude s  at a round 6 GeV / c have been made 
s ince re sults of several scatte ring measurements 
with polarized -proton targets became available. 
We discus s new rr p  charge- exchange polarization 
data by compa ring with various theoretical models 
and review rr N  amplitude analys e s .  

Reswne : Des tentatives d ' extraction des amplitudes 
de diffusion TI N a 6 GeV/c ont ete faites en uti­
li sant les resultats d ' experiences  de diffusion sur 
des cibles de protons polari ses . Nous di scutons les 
nouvelles donnees de 1 1 echange de charge TI p en 
passant en revue ces analyses en amplitudes ainsi 
que divers modeles theoriques .  

'� Work pe rformed und e r  the auspic e s  of the U . S.  Atomic Energy 
Commis sion 
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Since preliminary re sults of the measurements of R and A 

paramete rs
1
and of " P  charg e - exchange polarization

2
became 

available, a long-waiting c rucial ta sk to deduce TTN s cattering 

amplitudes has been attempted by s e v e ral autho rs.  In this talk, 

I would like , first,  to compare re sult s of new rr p cha rg e - exchange 

polarization data 
3 

obtained from ANL ZGS with various theoretical 

predic tion s ,  s e c ond, to rev iew TT N-amplitude analys e s  with an 
4 3 5 

empha sis  on the late s t  analy s e s  using the new data, ' and, finally, 

to dis c u s s  measurements needed to improve scatte ring -amplitude 

unce rtainty. 

New Data and The oretical Predic tions in " P  Cha rge - Exchange 

Polarization 

There are  nume rous theoretical pape rs discus s ing TT P  

cha rge - exchange pola rization. Here I compare s ome of them with 
3 

the new data. With the exception of the pre dic tion by Barg e r  and 
6 

Phillips , which was made before any data in the region I t I >  0. 3 

became available , most of the predictions  have perhaps been bia s e d  

b h 1. . 
2 1 f y t e pre im1na ry data. Some of the models  are actual y itted 

to the data whenev e r  a preliminary stage wa s c ompleted, and 

others stick with the consis tency of the i r  fundamental princ iple s .  

Figure 1 (a }  show s predic tions b y  i }  Ref. 6 (s olid} bas e d  on a 

pole model and finite - energy sum rule s ,  ii} Ref. 7 (dotted} using 

a new two - pole model, and iii} Ref. 8 (dashed} using exchange 

degene racy, SU 3 symmetry, and absorption effect s .  Figure 1 (b} 

shows pre dictions by i} Ref. 9 ( solid} u s ing p Regge pole plus a 

backg round term, ii} Ref. 1 0  (dotted}  u s ing fixed -t dispe r s ion 

relation and a dual-abso rption model, (a s imila r prediction was 

made by using the complex Re gge-pole model 1 1 ) and iii} R ef. 1 2  

( da shed} using a dual-abs orption model. Figure 1 (c } shows 



pre dictions by i) Ref. 1 3  ( solid), ii) Ref. 14 (dotted) ,  applying a 

Regge ized abso rption model, and iii) Ref, 1 5  (dashed) using a new 

absorption model. 

h . 1 d "  . 1 6  
T e r e  i s  a so  one pre ichon that shows a tremendous ene rgy 

dependence,  but if one take s 5 GeV / c  of Ref. 3 and 8 GeV / c  of 

Ref. 2, the re hardly exists such an ene rgy dependence.  

Review on "TT N Amplitude Analysis 
1 7  

Ringland and Roy attempted to dete rmine the nonflip 

scatte ring amplitude s (I = 1 )  in "TT N cha rg e - exchang e s catte ring 

using the preliminary data of Ref. 2 and re sults of pha s e - shift 

analys e s .  The i r  c onclus ion is s omewhat dependent on their  

theoretical a s sumption s .  

The first direct analysis to dete rmine both I = 0 and I =  
. 1 8  

amplitude s wa s pe rformed b y  Halzen and Michael up to 

j t j = 0.  6 25 and then followed by Cozzika et al. , 
1 9  

who extended 

the analysis  up to j t J = 1. 0. Both of the s e  pape r s  defined 

amplitude s relative to H0 Giffon fitted the experimental data ++ 
to a ce rtain formula and their re sults a re in agreement with those 

1 8  1 9  
of other authors,  ' but in disag reement with the Regge model 

and the FESR. 
20using method s of analytic data analys i s ,  Kelly

2 1  

extracted the amplitude s in the angula r range O <  j t j < 1 .  5 and 

attempted to dete rmine the absolute phas e .  

Although the re i s  n o  majo r  disc repancy among the above-

mentione d pape r s ,  we obs e rve s ome significant difference in 

determining e rrors in amplitude value s .  H e re I would like to 

discu s s  the most rec ent analy s e s  with an improved method of 

analys i s  us ing the recent data of "TT P cha rg e -exchange polarization 

and .,,. ±p diffe rential- c ro s s - s ection data . 

It is well known that in principle one can dete rmine s even 

amplitude s  algebraically from seven measurements.  Howeve r,  
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in reality, we cannot dete rmine amplitudes uniquely without 

making prope r a s s umption s .  The reliability of such a s s umptions 

naturally depends  upon the accuracy of the experimental data. 

First, I discus s individual t-by-t analy s i s ,  and then t - dependent 

analysis .  The s e  two diffe rent analy s e s  compen sate each othe r,  

and their advanta g e s  and disadvantages are summa rized a s :  

Method 

t-by-t  
analysis  

t - dependent 
analysis  

Advantages 

Mostly algebraic 
calculations and 
limited amount of the 
data fitting. 

i ) All the data 
available a re used for 
fitting, pa rticularly 
u s ing the method of 
an accelerated c on­
ve rgence expansion. 

ii ) E rrors can be 
e s timated reali s tic ­
a lly. 

Disadvanta ges 

i) Eight s olutions exist 
at each j t j value. 
The refore a s sume a 
"shorte st -path "  approach 
to dete rmine the smooth ­
e s t  solution pas s ing 
through each of  the eight 
solutions at individual t. 

ii) E rrors a re not 
realistically calculated. 

iii) All the data available 
a re not used.  

Although the t-by - t  
analysis  giv e s  a good clue 
to a prope r formula to be 
fitted , some bias exists 
and a la rge numbe r of 
parameters a re involved.  
Some ris k  is  involved 
about the uniquene s s  of 
the final solution. 

We have pe rfo rmed two diffe rent analy s e s  as follows :  



( i ) Amplitude Analysis  i t-by-t  analysis ) 

First we dete rmined the seven amplitude s  a lgebraically from 
+ + - -

s e ven measurements [ do- ( ,,. p - ,,. p) / dt, do- ( ,,.  p - ,,. p) /dt, do-
- 0 + + - - - 0 ( ,,.  p - ,,. n) /dt, P ( ir  p - ,,. p), P( ir p - ,,. p), P(ir p _ ,,.  p),  

- + 0 + - 0 and R ( ir p - ,,. p),  denote d by a- , a- , a- , P , P , P , and R , 

re spective ly J , obtaining the eight solution s at each momentum 

tran sfer. The s e  solution s  we re used a s  the sta rting point in a 
i 

g radient sea rch, including the additional measurements of R 
+ + - - + 

(ir p - ,,. p) and A ( ir p - ,,. p) , denoted by R and A respective -

ly. 

A "shorte st-path " approach was u s e d  to dete rmine the 

smoothe st solution pas sing through each of the eight s olutions at 

each individual t. At a given momentum tran s fe r  t
2 

, the 

distanc e s  of each solution from each of the eight at the previous 

m omentum transfe r  t i a re calculated from diffe renc e s  in the 

corresponding amplitude s at t2 and t i with an appropriate metric. 

We define the distance between s olutions as follow s :  Let 

H i ' . . .  , H be real or  imagina ry pa rts of va rious he licity ampli-7 2 2 
tude s ;  M

ij 
= a X I il H i il H

j 
is the e r ror matrix evaluated at a 

solution. Then the dis tance is defined to be 
7 7 :E :E 

i=j j= i 
[ H .  (t 2) - H . (t i ) ] M . .  [ H .  (t2) - H . (t i ) ] . l 1 lJ J J 

In analogy to "shortest-path " con structions in pha s e - shift 

analys i s ,  we find solutions with smoothe st dependence on 

momentum transfer by minimizing the total di stanc e between 

neighboring s olution s .  

h h h 1 . . 3 I T e new c arge - exc ange po a r1zat1on data at 5 GeV c and the 
+ 5 

recent a- and a- data at 6 GeV le w e re used togethe r with tho s e  
0 + + 

data of a- , P , P , and R used in Ref. i 8  and R and A 

as mentioned earlier.  The " shorte s t - path" solutions 
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cove ring the j t / ran g e  from 0 to 0. 6 2 5 a re g i ven in the plots of 

Fig . 2. The e r r o r s  a r e  taken f r om the diagonal e le m ent s of the 

e r ro r matrix and a r e  to be u s e d  for relative c ompa r i s on only. 

Our c onvent i on for h e lic ity amplitud e s  H ++ and H +- (following 

R ef. 1 8 )  is s uch that c r o s s  s e c tion dcr / dt = I H j 2 + I H / ,  in 
2 ++ + -

mb / ( G e V  / c )  . 

( 2 )  Amplitude Analy s i s  II ( t - d e pendent analy s i s )  

W e  have done the t - dependent sea rche s t o  enfo rce c ontinuity 

by fitting the data to a pa rticular analytic form. Our anal y s i s  

diffe r s  f r o m  R e f. 2 i n  t h a t  we dete rmine amplitu d e s  up t o  a n  

ove rall t - de pendent pha s e .  Our v i e w  i s  that, s in c e  the 

m e a s u r e d  quantit i e s  at a given e n e r g y  are unchan g e d  if e v e ry 

he licity amplitude is multiplied by thi s  pha s e ,  it is impo s s ible to 

d e t e rm in e  this pha s e  from the data. 

The right- an d left - hand cuts are mapped (we call the 

mapping function w )  onto the e d g e  of a unifocal elipse in the 

c o s 8  plane with c o s 8 = ± 1 as fixed point s .  We w rite c . m .  c . m .  
the he licity amplitude s a s  produc t s  of diffractive t e r m s  and 

s ixth - o r d e r polynomials in w :  

H .  J 
2 1 / 2  g .  exp { - a .  [ (4m - t)  - 2m rr ] }  J J Tr 

X [1 > n�! bn j ( " 

whe re g . , a . ,  and bj a r e  the v a r i e d  parame t e r s  and m J J n rr 
pion mas s .  

i s  the 

The amplit ud e s  a t  Flab 6. 0 GeV le w e r e  obtained by u s ing 

all the data point s {er + and er - from Fef. 5 ,  er 0 f r om the C E RN 

c ompilation, 2 2  
P + an d P- from B o rghini et al. , 23 P0 from 

Ref. 4 and Drobnis e t  al. , 2 4and R +, R - , and A from Ref. 1 ) .  



A variable metric method 25 incorporating an analytic gradient 

with respect to search parameters was used to obtain fits to the 

data. 

Figure 3 shows the re sults at 6 . 0 GeV /c . (Note that new 

results a re s lightly different from those  in Ref. 4) The e rror bands 

shown in this figure with re spect to the be st-fit value s were 

obtained by shifting each data point in random manne r about its 

measured value , weighting this  shift by a Gaus s ian function of 

width given by the experimental e rror, and repeating the fitting 

procedure for each set  of such random shifts .  The fits obtained 

are found to be unique within the stated e rrors .  

We note that c riticism was n1ade by Fox and Gri s s 26for ACE 

pha se- shift analyse s .  However,  for this work we  limit ourselves 

to fitting new data ove r  the limited t - range where there are 

complete measurements .  The refore the use  of the ACE  method 

should be considered prope r. 

Scatte ring-amplitude Unce rtainty versus Experimental Errors 

Earlie r Fox 27 examined the effect of  amplitude dete rmination 

with respect to expe rimental e rrors by using a method s imilar 

to our analysis I. Here we study the effect  by using analysis II. 
We either raise  or reduce the present expe rimental e rror and 

dete rmine the amplitude unce rtainty accordingly. Our 

conclusion differs from those in Ref. 27 . This diffe rence may be 

caused by the fact that we used all the available data. Although 

the details of this inve stigation will be de sc ribed elsewhe re, we 

outline some of the re sults ,  which a re I t ! -dependent, by 

averaging the entire I t  i region is : 
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Assurned expe rimental 
+ 

Half the pre sent 
e rror 

Twice the present 
e rror 

As sumed expe rimental 
e rror in P0 

Half the pre sent 
e rror 

Twice the pre sent 
error 

0 RE H + -

Scatte rin1:1-amnlitude unce rtaint 
IM H0 RE H - IM H 

+ - + +  ++ 

Half the 
present 
error 

No change 

RE H
i 

++ 

O.  8 times 
the pre sent 
e rror 
i , 2 times 
the pre sent 
e rror 

No appreciable 
change 

Three 
times the 
pre sent 
e rror 

Scatterin1:1 -amolitude unce rtaint 

IM H i 
RE H i 

++ +-

Half the 
pre sent 
error 

Twice the 
present 
e rror 

No 
change 

RE H i 
+ - I M  H i 

+ -

No appreciable 
change 

IM H i 
+ -

One third the 
pre sent e rror 

1 .  5 times  the 
present e rror 



It is also c lear that a dete rmination of R and A parameters 

beyond I t j = O. 6 is badly ne eded. In fact, our results of  H !_ 
amplitude diffe r from tho se  i n  Refs. 1 8  t o  2 1  particularly at 

around I t I = O. 6. Although such diffe rence was mainly due to 

the new data
3

, the continuity at I t j = O. 6 is not well e s tablished 

with presently available data. 
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Fig. 1 rr p charg e - exchange polarization P(t) and theoretical 
predictions by : {a) Ref. 6 { s olid), 

R ef. 7 {dotted),  and Ref. 8 (dashed) ;  {b) Ref. 9 {s olid ) ,  
Ref.  1 0  (dotted) ,  and Ref.  12 (dashed ) ;  {c) Ref.  1 3  (s olid ) ,  
Ref.  1 4  (dotted),  and Ref. 15 (dashed). 

Fig. 2 rr N Amplitude s at 6. 0 GeV / c .  The filled and hollow 
s ymbols repre s ent real and imaginary parts of the 
amplitude . Data points are at - t  = O. O, 0. 1 25 ,  
O.  2 50,  O. 3 7 5 ,  0.  5 0 0  and O. 625 {GeV /c) 2 . 

Fig. 3 rr N  amplitude s  at 6. 0 GeV /c as dete rmined from 
t - dependent fit shown by dark line s .  The e r ror bands 
a re re pre sente d by shaded regions .  
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