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Data have recently become available, at 17.2 GeV/c, which show strong target polariza- 

tion effects for the reaction n-p --f (n+n-)n. These data require the presence of an ex- 

change with the quantum numbers of the Al. A simple model based on 71, AZ, and A1 

Regge pole exchange together with parametrized n = 0 cuts is found to provide an excel- 

lent description of both the polarized and unpolarized data. The resulting structure of the 

A1 dominated amplitudes is discussed and the results are compared with earlier models 

which neglected A1 exchange effects. 

1. Introduction 

The reaction 

n-p -+ (7r+C)n (1) 

has long been an important source of information concerning the dynamics of strong 
interaction processes. Much of our knowledge of 711~ phase shifts has been obtained 
by studying reaction (1) and other related reactions [ 11. In addition, the spin infor- 
mation obtained from the various density matrix elements has enabled this reaction 
to play a crucial role in testing models of quasi-two-body interactions [2]. In the past 
several years high statistics data for reaction (1) at 17.2 GeV/c [3] have been used 
both for 7171 phase shift analyses [4] and for studying the dynamics of resonance pro- 
duction [S]. A feature common to all of these analyses has been the assumption that 
the A, exchange contribution was negligible. This assumption reduces the number 
of independent helicity amplitudes, thereby allowing model dependent amplitude 
analyses to be performed. 

Preliminary data, obtained with a polarized target, have recently been presented 
for reaction (1) at 17.2 GeV/c [6]. The additional observables available as a result 
of the polarized target are sensitive to the presence of an exchange with the quantum 
numbers of the A,. Unexpectedly large polarization effects are seen in the data, 
thereby calling for a reassessment of previous analyses which neglected A, exchange. 

*Work supported in part by the US Energy Research and Development Administration. 
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In this paper we present results of  an analysis using the data of refs. [4] and [6] 
at 17.2 GeV/c together with preliminary data at 6 GeV/c [7]. The model used is an 
extension of that presented in ref. [5]. Reggeized n, A2, and A I exchanges are in- 
cluded as well as Regge cuts in amplitudes with zero net helicity flip in the s channel. 
The addition of  A 1 exchange results in a good description of  the new polarization 
data. Furthermore, the A 1 exchange terms improve the description of  the unpolarized 
data, particularly in the large t region (0.5 ~< t ~ 1 (GeV/c)2). 

In sect. 2 a brief review of the formalism used to describe target polarization data 
is given. In sect. 3 the model is presented and the results of the fit are discussed in 
sect. 4. In sect. 5 various alternatives to AI exchange are discussed and our conclu- 
sions are presented in sect. 6. The relations between the observables used in this 
analysis and the moments of the nrr angular distribution are given in the appendix, 
along with the expressions for these observables in terms of  definite naturality am- 
plitudes. 

2. Observables 

In this section a short review of the formalism for analyzing polarized target ob- 
servables is given. In the following, only s- and p-wave dipion systems will be con- 
sidered, although the results are easily generalized to higher partial waves. The ob- 
servables are expressed in terms of s-channel helicity amplitudes *, f ,~, ' ,x,  where X 
and X' denote the initial and final nucleon helicities respectively. The helicity of  the 
dipion system is designated by/~ with/~ = s denoting an s-wave system. 

The s-channel c.m. coordinate system used to describe the target polarization 
vector is shown in fig. 1. The z axis is along the direction of  the incoming (target) 
nucleon, PN, while the y axis is along the normal to the production plane, 
) = PTr X P,r~r, where/~n and P~rrr are vectors along the incoming beam and outgoing di- 
pion directions of motion, respectively. In this coordinate system the target polariza- 
tion vector, PT, has polar and azimuthal angles 0' and 0'. The normalized target den- 
sity matrix is given by 

f iT  = ~1 [I + PT(sin 0' cos ~9'o x + sin 0' sin ~b'Oy + cos O'oz)] . (2) 

The nTr system density matrix can then be written as 

Puu = 2 *, ~_l Ifu~,~l 2 • p ~ ,  f~,~,/ (3) 
a,c~, t3 ~, c~, t3 

Comparison of eqs. (2) and (3) shows that it is convenient to define four types of  
density matrix elements. Let 

i ,=  ~ f.~,c~(oi)ac~'f~'~,c~'/ ~ If.;~,c~[ 2 (4) P I~# 
c~, a', ~ ta, e~, (3 

• The Jacob and Wick [8] "particle 2" phase convention will not be used here. 
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Fig. 1. Definition of the coordinate system used to describe the target polarization vector. 

where the superscript  i takes on the values o, x, y, or z. Here the Oi'S denote  the 
usual Pauli matrices with o o - 1. 

Conservation o f  pari ty places the fol lowing constraints on the density matr ix  ele- 
ments :  

p'_._~,, = ( - 1 ) u - "  p~,~,,, i = o , y  , 

p i~_M, - ( - 1 )  ~ - u '  i = Pu**' , i =x ,  z .  (6) 

Fur thermore ,  hermi t ic i ty  requires that  

i =pi, • P~,a' u :-, (7) 

The above equat ions may  be used to derive an expression for the normal ized an- 

gular dis t r ibut ion of  the dipion system. Let (0, ~) denote  the polar and azimuthal  an- 

gles for the decay 7r- o f  react ion (1) in a suitably defined coordinate  system *. With 

these definit ions the angular dis t r ibut ion takes the fol lowing form **" 

W(O',~';O,c~)=167r-~2 5Pss + RePosCOSO RePlssinOcosc~ 

+PooCOS20+Plls in20--x /~RePlosin2Ocosc~ p1_1  sin20 cos 2~ 

+ PT sin 0'  cos ~' [-2X/2- L lm P~s sin 0 sin ~b + X/2 Im P~o sin 20 sin q~ 

+hnp'~_ls in2Osin2~l  +PTsinO'sin(p'I1 Y ~ 3  toss + Re PYs cos 0 

* For s-channel (t-channel) helicity frame density matrix elements 0 and @ are defined in the 
rr+~r - c.m. system with the z axis opposite the outgoing nucleon (along the incoming ~r-). In 
either case the y axis is along the normal to the production plane defined above. 

** Here and in the following Put*' - POu~'. 
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2x/~ 
- ~ Re PYs sin 0 cos 4 + PYoo cos20 + PYl sin20 

- x f 5  Re PYlO sin 20 cos 4 - PLY-1 sin20 cos 241 +PT cos 0' 

~ Im P~s sin 0 sin 4 + ~ lm P~o sin 20 sin 4 + I m  p~ _ 1 s i n 2  0 sin 24 

(8) 
There are two relations among the density matrix elements shown above: 

Pss + Poo + 2p 11 = 1 , 

PYss + PY0 + 2P{1 = P ,  (9) 

where P is the conventional polarized target asymmetry.  
The angular distribution in eq. (8) can also be expanded in terms of  spherical 

harmonics, Ylrn (0,4) .  Thus, the various density matrix elements in eq. (8) can be 
expressed in terms of the moments of  the angular distribution of the 7rrr system. 
These relations are given in the appendix. 

For  many purposes it is convenient to work with amplitudes which correspond 
to definite naturality exchange in the t channel. Here N(U) stands for natural (un- 
natural) parity exchange. Let 

US- + =is+,-+ U~++ =f0+,-+ , 

U+I-+ = (fl+,± Y f l - , ; ) / X / 2  , 

N+l-+ = (fl+,+- + f l  _, , ) /X/2 . (10) 

In the event that the rrrr moments  are measured in the t-channel system (as in 
ref. [6]), it is necessary to define new amplitudes where the dipion helicity refers 
to the t channel while the nucleon helicities refer to the s channel. These amplitudes 
will be denoted by/~+~-+ and t'~+-+. They are related to the amplitudes of  eq. (10) as 
follows: 

~s-+ = U s + ,  ~1-+ = N+~+_ , 

U°+ = cos × U°+_ + sin × U+I_+ , 

~+1+ = - s i n  X g°_+ + cos X UI+_ , (11) 

where X denotes the usual vector meson crossing angle. 
At present, preliminary results are available [6] for the three rn = 0 moments 

2 (cos ~ Yoo), 2(cos ~ Ylo), and 2(cos ~ Y2o)*- Expressions for the various s-chan- 

* ttere ¢ = 90 ° O' (see fig. 1). These moments have been measured in the t-channel coordinate 
system for the dipion system. 
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nel observables are given in the appendix in terms of  the amplitudes of eq. (10). 
Analogous expressions hold for the t-channel observables using the amplitudes of  
eq. (11). 

The twelve observables which may be measured with a transversely polarized tar- 
get are ahnost sufficient for a model independent amplitude analysis to be made in 
terms of  transversity amplitudes. The only unknowns are an overall phase and the 
relative phase between the groups of  amplitudes with recoil nucleon transversity up 
or down. 

The magnitudes of  the transversity amplitudes obtained from such an analysis 
have also been presented in [61. These amplitudes are defined by 

gu = ('~u++ + i U + u _ ) / ` / 2  , 

g v  = ( U I +  + i ~ 1 _ ) / , / 2 ,  

g x  = (/~1+ + _ i 2 ~ 1 + _ ) / , / 2 ,  

hu = (~u++ _ i ~u+_) / ` /2 ,  

h u  = (~1++ _ i ~ l+_) /X /2  ' 

h N :  ( ~ 1 +  + i ~ 1 + _ ) / ` / 2  . 

~ = s ,  0 ,  

(13) 

Finally, later discussions will be simplified by decomposing the polarization, P, 
into the components coming front US+_, U°_+, U+~_+, and N+~+ which will be denoted 
by Ps, Po, P u ,  and PN, respectively. Tire expressions for these observables are given 
in the appendix. 

3. Model 

The model which is used here to study the A 1 exchange terms is an extension of  
that used to study a variety of  reactions, e.g. rr-p -+ p°n [5], rr+p -+ (0 °, a:) A ++ [9], 
and n - p  -+ B°n [10]. In each instance the starting point of  the model is to construct 
conventional Regge pole expressions for the relevant exchanges. In addition to the 
basic pole terms, it is well known that Regge cuts play an important role. Further- 
more, numerous phenomenological analyses have shown that the strength of  such 
terms is correlated with the s-channel net helicity flip, n = l# + X - k'l, with n = 0 
cuts strongest. The role of n 4= 0 cuts is not well determined, since many successful 
analyses have been performed in which such terms were absent. In each of  the above 
analyses the n = 0 cuts were parametrized in a simple, yet plausible, fashion. The suc- 
cessful description of  the data obtained in each case argues against the necessity of  
including sizeable n 4= 0 cuts (see, however, the discussion in sect. 4). 

Previous models for reaction (1) have been based on the dominance of n and A 2 
exchanges. The new polarization data of  ref. [6] show that, in addition to these 
terms, an exchange which couples to unnatural parity, nucleon helicity non-flip am- 
plitudes is required. This is, presumably, A 1 exchange; previous models must there- 
fore be extended to include this new exchange. A 1 exchange populates U+I+, U°+, 
and US+. Of these amplitudes, the last two have n = 0. Allowance must then be 
made for Regge cuts in these anrplitudes as well. Therefore, the model used here is 
a straightforward extension of the approach used in refs. [5, 9, 10]. 
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The n-exchange pole terms are parametrized as 

U°+- = V ~ 7  3. - ~  e c°( t -  m2") ~. , 

u°+ =-r.  U°+_, 

= - t '  3 .  , (14) 

UI+ = - r ~ U  1 _ ,  

where t '  = t - train, r ,  = ~ ,  and ~Tr = F ( - a , )  (1 + e - ~ - )  (S/So) c'". Here 
a ,  = 0.7(t - m~) and s o -- 1 GeV 2. Notice that the residues at the pion pole are those 
required for elementary rr exchange. However, the separate exponential  parameters, 
C~ and C~, effectively allow for the possible presence of a t-channel vector meson 
helicity one coupfing [11 ]. Note, too, that the n contributions to U°+ and UI+ have 
been retained. 

The A2-exchange pole terms are parametrized as 

N l+ + = -X/~- 3A 2 N/~T e CA2 t ~A 2 , 

N I -  = x, fL~  R A2 NI+ , (15) 

where 

~a2 = r(1  -- a i 2  ) (1 + e - ' ' " i 2 )  ( s l " i 2  , 
\So / 

aA2 = 0.43 + 0.74 t[12] ,  RA2 = --4.0 (GeV/c) - 1  [13]. 
There are several theoretical considerations which can be used to motivate the 

form of  the A l pole terms. Presumably, there exists an exchange degenerate partner 
of the A 1 [5,14], called the Z, with jPc = 2 - - .  Strong exchange degeneracy, together 
with the absence of a particle with jPC = 0 - - ,  requires that the A1 have a nonsense 
wrong signature zero (NWSZ) at a A 1 = 0. A simple parametrization for the A 1 pole 
terms is 

U°+ = {301 eC~l  t ~A 1 , 

1 t 
V1+ =N//2]3)kl ~---~ e CA1 ~A 1 , (16)  

where 

 A1--F(I-  A1)(1-  I°AI 
\So~ 

and the A 1 trajectory is chosen to be ct A 1 = - 0 . 3  + 0.9 t. This particular choice for 
the A 1 trajectory will be discussed in sect. 4. 
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One of the Regge cuts appears in f l  +,- and, hence, contributes to both N l _  and 
U+ 1 _. It is parametrized as 

NI+ - = g l -  = [Jc eCct s% e-~r%/2 • (17) 

Previous analyses [5,9] have shown that at small t the cut and the rr pole term in U 1_ 
should be approximately 180 ° out of phase. Therefore, the cut trajectory has been 
chosen to be ct c = 0.0 + OAt. The A 1 cut term in U°+ is likewise parametrized as 

uO+ = i~ A1 eCcAlts ~A1 e - i r r ~ A l / 2  , (18)  

where a A1 was chosen to be c~ A1 = - 0 . 4  + 0.45 t. This choice was dictated, in part, 

by considering the energy dependence of (Poo + ~Pss)do /d t  between 6 and 17.2 GeV/c 
This point will be discussed further below. 

Finally, the s-wave anaplitudes were obtained using the simple parametrization 

s = (19) U++_ U°+ Pe/a , 

with P = 0.4 and A = 0.4 [4]. Note that the same value of F is used for both the A 1 
and rr exchange portions of USe. This is undoubtedly an oversimplification, but the 
presently available data are not sensitive to such separate values of P. 

The above model has been fitted to the previously published data for reaction (1) 
at 17.2 GeV/c [3], the new polarization data including the transversity amplitude 
magnitudes [6], and the data for (Poo + ~Pss)do /d t  at 6 GeV/c [7]. The latter data 
set was included so as to provide an additional constraint on the A 1 cut parameters. 

Table 1 
The fitted parameter values 

~A2 6.08 (G eV/c)- 1 
CA2 0.40 (GeV/c)-2 
13n 51.73 (GeV2/'c 3)-  1 
C~ 2.04 (GeV/c) -2  
C 1 0.63 (GeV/e) -2  

/301 411.5 
~A1 2.05 (GeV/c) -2  
t3~, i 6 7.6 (GeV/c) - 1 

1.17 (GeV/c)-2 

¢~c -67.2 
C c 1.94 (GeV/c) -2  
~A1 -402.8 

Cc A1 1.53 (GeV/c)-2 
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The parameter values are given in table 1 and a port ion of the resulting fits is shown 

in figs. 2 - 4  * 

4. Discussion 

The results of the fit to the m = 0 polarized target t-channel moments are shown 
in fig. 2. If A 1 exchange was absent, the equations in the appendix show that these 

moments would satisfy 

2(cos ~ 1Ilo) = 0 , 

2 X / ~  (cos ff 112o) = - 2 X / ~ ( c o s  4J YOO)- (20) 

Clearly, both of  these relations are substantially violated. Furthermore,  the A 1 ex- 
change terms used here are capable of describing these observables quite satisfactorily. 

The results of  the fit are next compared to the transversity amplitude magnitudes 
of ref. [6] in fig. 3. First, consider [gs[ and Ihs[. These quantities are related to Ps as 
is shown in the appendix. Furthermore,  in this model, Ps = p2P0. At small t the 7r 
and A 1 contributions to U s_  and US+ are about 130 ° out of phase, thereby giving 
rise to a large separation between Igs[ and Ihsh, corresponding to a large polarization 
Ps < 0. Near t ~ 0.35 (GeV/c) 2 the two curves cross over, corresponding to a change 
in sign for Ps. This is due, in this model, to pole-cut interference in the A 1 exchange 
term. For - t  ~ 0.35 (GeV/c) 2 the cut dominates while at smaller t the pole dominates. 
The present data do not confirm or contradict  this sign change in Ps. However, it is a 
natural consequence of including an n = 0 cut, and it will be difficult to substantially 
alter this structure. 

Next, consider Igo[ and [h 0 I. The model correctly describes the large separation 
between these two amplitudes (equivalent to a large negative P'0). This separation in- 
dicates that the A 1 has a large t-channel helicity zero coupling. Similarly, the small 
separation between [gwl and Ihu[ indicates a small t-channel helicity one coupling. 

Finally, the large difference between [gNI and IhNI is properly described by the 
model. This separation, corresponding to a large negative PN, is due to interference 
between the A 2 pole term in NI++ and the cut in NI+_. 

The results discussed above show that the A1 exchange terms used here are indeed 
capable of describing the large unnatural parity exchange contributions to the polari- 
zation. The phase of  the A 1 exchange pole terms is determined by the trajectory,  
chosen here to be C~A1 = --0.3 + 0.9t. This choice corresponds to an A 1 mass of  
~1.2  GeV/c2; not an unreasonable value considering the uncertainty surrounding the 
properties of  the A1, assuming that it does indeed exist as an identifiable resonance. 
The magnitude of  the polarization, especially in the small t region, is sensitive to the 

* The fits to the unpolarized observables not shown here are of excellent quality, yielding a 
×2/DF of 1.1. 
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Fig. 2. The results for the m = 0 ,  t - c h a n n e l ,  polarized target moments. 

intercept chosen for the A 1 trajectory. For example, if the A 1 mass was estimated 
as 1.1 GeV/c 2 and a slope of 0.9 (GeV/c) -2 was used for the trajectory, then 

aA1 ~ --0.09 + 0.9t. The NWSZ then occurs at t ~ 0.1 (GeV/c) 2 which results in a 
large suppression of the A 1 exchange terms at small t. This suppression has been used 
as an argument for the neglect of A 1 exchange in ref. [5]. In ref. [15] an estimate of 
the polarization expected from A l exchange was given which is in reasonable agree- 
ment with the data at large t (~20% - 40%). However, the trajectory choice of 
aA 1 = 0.0 + 0.82 t caused the polarization to be underestimated at small t. 

During the actual fitting procedure used here c~al (0) was varied between -0 .5  
and -0 .05 .  A broad minimum in the X 2 was observed for - 0 . 4  ~ ffAl(0 ) ~ - -0 .2  SO the 
value of -0 .3  used here is merely representative, and some variation is allowed by 



J.D. Kimel, J.F. Owens / The role o f  A 1 exchange 473 

1.0 ~ I .0,~ . , • , • , . , 

O.8 o.8 ~- I%1 o -  -- 
o . 6 ~  o.6~ I%1 "--- 
0 4  o.4 

o.2 o.z  

0 .0  0 .0  t , ~ , ; , ~ ~ , 

0.0 0 .2  0 .4  0.6 0.8 1.0 0 .0  0.2 0.4 0.6 0.8 1.0 
. , / : t  (GeV/c) . ~ : t  (GeV/c) 

1 .0  I "  ' I ' , , 1 . 0  I I I I 

0.8  I~4.~ I%] . . . .  0 .8 I%1 . . . . .  
0 .6  ' '  F ~ - ~  Ih°l 0.6 I%1 " - -  . , - -  ~ _ : ~  

0 .4  ~,- ,~ ~- ~ .o_ ~ 0 .4  o-',> 

0 .0  ' j ' ~ ' ' ' 0 . 0  . t 

0.0  0 2 0 .4  0 .6  0.8 1.0 0 .0  0.2 0 .4  0.6 0.8 r.O 
~ : t  (GeV/c) . ~ : t  (GeV/c) 

Fig. 3. The results for the transversity amplitude magnitudes. In each t bin, the amplitudes are 
normalized such that the sum of the squares of the amplitude magnitudes is one. 
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the data. Note, however, that if a A 1 (0) < < - 0 . 5 ,  the A 1 phase becomes too close 
to the n phase, thereby suppressing the polarization. Similarly, the polarization is 
suppressed by the A 1 NWSZ if a A l ( 0  ) > >  --0.2. 

A characteristic feature of  the Regge pole form is that the Regge phase and the 
energy dependence are correlated. Therefore, further constraints on the A 1 terms 
could be imposed if some feature of  the data at energies other than 17.2 GeV/c could 
be at t r ibuted to them. For sometime it has been known that o o - (Poo + ~- Pss)do/dt  
exhibited structure for - t  ~> 0.5 (GeV/c) 2. At 17.2 GeV/c this is seen as a gentle 
break while at lower energies the break is sharper. The high statistics data at 6 GeV/c, 
from an Argonne counter experiment [7], show this structure very clearly. One pos- 
sible explanation for this break, first suggested in ref. [16], is that the A 1 exchange 
term in U°+ falls off gradually while the n exchange term in U ° _  is decreasing rap- 
idly. At some point the shape of o o should reflect these two different t dependences. 
Such is indeed the case in this model,  the results of  which are shown at 6 GeV/c * 
and 17.2 GeV/c in fig. 4. 

It is clear that the energy dependence of  the data is described quite well by the 
model. This energy dependence, together with the shape of the data, places stringent 
constraints on the value chosen for the A 1 cut trajectory.  The cut must be roughly 
180 ° out phase with the pole at small t in order to obtain the proper pole-cut inter- 
ference in U+°+. It is this interference which give rise to a dip at t ~ - 0 . 3 5  (GeV/c) 2 
followed by a broad secondary maximum (this structure is shown in detail in fig. 5). 
Furthermore,  the A 1 cut trajectory must be sufficiently negative to describe the en- 
ergy dependence between 6 and 17.2 GeV/c. The resulting trajectory,  a A 1 = 
- 0 . 4  + 0.45 t, satisfies both of  these requirements. The fact that a A 1 (0) < a A l (0) 
may be interpreted as additional log s dependence not contained in the parametriza- 
tion o feq .  (18). It is interesting to note that very similar results, both for the dip 
location as well as the energy dependence, were obtained using an absorption mod- 
el prescription for the A 1 cut ** 

In fig. 5 the results for IU°+l and IU+ °_  [ are compared. The lr contr ibut ion to 
IU°+ l is shown by a dashed line. Over the interval 0.1 ~<x/ t <~ 0.6 GeV/c the a 1 
contr ibution to IU°+l is about 20% that of  the n term in IU+°_l. This feature was 
noted in ref. [6] and is easily reproduced by the model  used here. The A 1 t depen- 
dence is comparable to that of  the n pole term in this region as a result of the pre- 
viously mentioned pole-cut interference. IU+°+l has a minimum at t ~ - 0 . 3 5  (GeV/c) 2 
followed by a broad maximum at larger t. For - t  >~ 0.5 (GeV/c) 2 the A 1 term dom- 
inates the helicity zero cross section as discussed above. 

Also shown in fig. 5 are [U+I+I and [U+l_l. Again, the n contr ibution to [UI++I is 
shown by a dashed line. The sharp minimum in LU+I _1 at x / ~  0.14 GeV/c is a well 
known feature of the data and is interpreted as a result of  pole-cut interference. IU+~+I 

* The 6 GeV/c data have been normalized to the 17.2 GeV/c data at the~ pole. 
** Specifically, an effective absorption profile given by Serf(b) = 1 - e -b  ]16 was used. This cor- 

responds to complete s-wave (b = 0) absorption. 
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Fig. 5. The results for the unnatural parity, p-wave, amplitude magnitudes. The dashed lines give 
the n exchange contribution to IU~+I and IUI++I. 

is dominated by n exchange for x / ~  ~< 0.2 GeV/c with AI exchange dominating in 
the larger t region. As t approaches - 1 . 0  (GeV/c) 2 the amplitudes UI+ and U+ 1 _ are 
seen to become comparable in magnitude. 

The results of  the model discussed above can be comoared to those obtained with 
another model in ref. [6]. The model used there allowed tot only a t-channel helicity 
zero A 1 coupling and the exponential  t dependence of  the A 1 term was set equal to 
that of  the pion pole. In the present analysis this sharp t dependence emerges natural- 
ly as a result of  pole-cut interference; no A l cut was used in the analysis of  ref. [6]. 
Furthermore,  in [6] both  the A 2 and AI phases were taken as free parameters,  as- 
sumed to be constant.  Here we have used the conventional Regge phases and shown 
them to be in agreement with the data. Finally, the s dependence of  the A 1 exchange 
term used here has been shown to be compatible with the energy dependence of  o 0 
between 6 and 17.2 GeV/c. Thus, the analysis of  ref. [6] demonstrated the need for 
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A 1 exchange while this analysis has shown that a conventional Regge pole and cut 
prescription gives a good description of  the data. 

Since A 1 exchange has been demonstrated to be of  importance in reaction (1), it 
will be necessary to examine what effect, if any, its presence will have on previous 
analyses. Amplitude analyses for reaction (1) [17] have been used to study the struc- 
ture of  the following combinations of  amplitudes: 

~ol 2_=lg°+l 2 + Ig  °_ l  2, 

IM_P  - IU+t+ l  2 + IU+~_l z . (21) 

If A 1 exchange was absent, then M o ~ U °_  and M_ ~ U+I_, aside from the small 
n exchange contributions to U+°+ and Ul++. In fig. 6 the values for 154o[ and IM_[ ob- 
tained in this analysis are shown as solid lines. The dashed lines show the results of  
setting the A 1 couplings equal to zero. It is readily seen that the effect is negligible 
for x / ~  ~ 0.6 GeV/c. This suggests, then, at least in the p region o f n n  mass, that the 
modifications required of  previous analyses will be slight in the small t region. 

One feature of  the A 1 dominated amplitude, U°+, which has emerged in this 
analysis is the role played by the A 1 cut. Similar results were obtained using either 
the parametrization of  eq. (18) or a simple absorption model prescription. It is there- 
fore likely that the pole-cut interference obtained here is indeed a feature of the 
structure of  U°+, although the available data have not yet unambiguously demon- 
strated this. The structure induced by this interference may be further illustrated by 
examining the structure of  the additional density matrix elements listed in the ap- 
pendix. 

If A 1 exchange is negligible, then several relations between the various observables 

I000.0 i i 

/ ~ . . ~ 1  - -  rr+A, 
I 00 .0  - - -  rr 

I 0 . 0  

o o o2 o4 & & ,o 

~"-t (GeV/c) 

Fig. 6. The model results for IMoI and IM_I (solid line). The dashed lines show the results of 
setting the A 1 couplings equal to zero. 
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Fig. 7. The results for (a) P, 2pY_l , and -2(pY 0 - plYl); (b) Re OYs , Re PYs' and Re ,OYlo. 

may be obta ined *. For  example,  setting U~.+ = U+°+ = UI++ = 0 results in 

P = 2P f -  l = -2 (oYo - 0 ] ' 1 ) .  (22) 

In fig. 7a our results for these three quanti t ies  are shown as solid, dashed, 
and dash-dot lines, respectively. All three lines would coincide if eq. (22) was 
valid. It is clear that  the A 1 terms provide a substantial  breaking of  the relationship 
in eq. (22). Notice, in particular,  that the curves for P and -2(pYoo - PYx) cross at 

~ 0.6 GeV/c.  This is due to a sign change in Po which occurs as a result of  the 
previously discussed A 1 pole-cut interference.  Fig. 7b shows the model  predictions 
for Re Pos,Y Re PYs, and Re PYo. In each instance substantial  s tructure is observed. 
The sign changes occurring near x / - t  ~ 0.6 GeV/c are again due, in part,  to the A 1 
pole-cut interference in U°+ and US+. 

* Equivalent relations have been discussed in ref. [18]. 
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Finally, fig. 8 shows the predictions for the x and z type density matrix elements. 
In all cases significant structure exists. However, each observable is given by natural- 
unnatural parity exchange interference. Thus, the absence of  A 1 exchange does not 
result in any simple relations. 

In the above discussion the structure resulting from A 1 pole-cut interference has 
been stressed. This structure results from the fact that US+ and U°++ have rapidly 
changing phases near x / Z T ~  0.6 GeV/c while the pion dominated amplitudes, U s _ 
and U°+_, have only the smooth phase variation of  the n = 1 Regge parametrization. 
This situation could be altered if n = 1 Regge cuts play an important role. In par- 
ticular, the model estimates of  ref. [16] suggest that there should be rr pole-cut in- 
terference resulting in a rapid phase variation, and consequently a dip, near v r z 7  

0.8 GeV/c in U°+_ and U S _ .  Such behavior would convert the single zeroes in 
several observables noted above into either double zeroes or two closely spaced single 
zeroes. In this analysis the attitude has been taken that the n = 0 Regge cuts, together 
with the various Regge pole terms, will determine tile dominant structure of  the ob- 
servables. In this view, the n = 1 cuts should play, at most ,  a minor role and should 
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not significantly alter the zero structure of  the observables. Therefore, if the predic- 
tions given above are strongly violated, this may be evidence for the presence of  
such n = 1 cut terms. At the present time this question remains open. 

5. Alternatives to A 1 exchange 

Thus far, it has been shown that the polarization observed in reaction (1) can be 
described using a model which incorporates A 1 exchange. However, to date the A 1 

has remained an elusive object and some attention must be directed towards alterna- 
tive mechanisms for populating the amplitudes U°+ and UI+ .  The most likely me- 
chamisms would be Regge-pomeron (RP) or Regge-Regge (RR) cuts which are dis- 
cussed in turn below. 

5.1. Regge-pomeron cuts 

If RP cuts are generated via a convolution integral, as in the absorption model, 
then U°+ and UI++ will be zero, provided that the pomeron does not couple to the 
helicity flip nucleon vertex. An upper limit for such a coupling can be obtained from 
7rN scattering amplitude analyses. The result for the I = 0 amplitudes is that the flip/ 
non-flip ratio is of  the order of  10-20% [19]. Calculations show that such a value 
yields an estimate for U°+ which is approximately an order of magnitude too small. 
Furthermore, consider the phase of a 7rP cut contributing to U°+. Since the 7r am- 
plitude is mostly real and the pomeron term is mostly imaginary, the resulting cut 
will lie near the real axis in the first or third quadrants depending on the sign of  the 
pomeron flip coupling. However, the phase for U°+ must start out in the fourth 
quadrant relative to the predominantly real and positive U ° _  in order to describe 
the polarization correctly. Therefore, RP cuts generated with a flip pomeron will 
have the wrong magnitude and phase to reproduce the data. 

5.2. Regge-Regge cuts 

A priori there are a large number of prospective RR terms which can contribute 
to reaction (1). However, there exist RR selection rules [20,21] which severely con- 
strain such contributions. In particular, these selection rules suggest that RR cuts of  
the form VV, VT, TV, or TT, where V(T) denotes a vector (tensor) exchange term, 
are strongly suppressed. The first allowed RR cuts are thus np and BA2. The duality 
diagrams used in deriving the RR selection rules further constrain these two cuts to 
appear in the combination 7rp-BA 2. Of these two terms, the 7tO cut is dominant, 
while the BA 2 is smaller and adds constructively. 

In order to obtain an order-of-magnitude estimate for this RR cut combination, 
the standard convolution prescription has been used. The input n amplitude was 
taken to be U °_  while the p amplitude was taken to be the p flip amplitude from 
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n - p  elastic scattering. The resulting RR cut contr ibution to U+°+ was more than an 
order of magnitude smaller than that required to reproduce the observed polarization. 

5.3. Z exchange  

In refs. [5] and [10] the role of  Z exchange in n N -+ coN has been stressed. Pre- 
sumably the A 1 and Z are exchange degenerate partners, and the Am exchange term 
structure used here reflects this assumption with a NWSZ at ~A 1 = 0. The assump- 
tion of  exchange degeneracy then predicts that the residues and exponential  slopes 
for A 1 and Z exchange in n - p  ~/)On and n - p  ~ con would be equal. To test this 
prediction, the model of  sect. 3 has been adapted to n - p  ~ con and fitted to the 
6 GeV/c data of  ref. [22]. The resulting Z exchange pole parameters are 

/3 ° = 94 .8 ,  /3~ = 71.9 (GeV/c ) -  1 , 

C ° = 0.38 (GeV/c) -2  , C~ = 1.54 (GeV/c) -2  . 

Comparing these values with the corresponding A 1 parameters in table 1 shows that 
there is good agreement for the UI++ parameters. For U°+ the Z term appears smaller 
at t = 0 and flatter in t than the corresponding A 1 t e r m .  However, the systematic 
uncertainties attached to/3 ° and C ° are large since these parameters depend crucially 
on the assumed form of  the cut appearing in U+°+. The lack of  polarized target data 
for co production prohibits a precise determination of  these parameters. Nevertheless, 
the similarity in the overall contr ibut ion of  Z exchange in ~ - p  ~ con and A 1 exchange 
in n - p  ~ pn lends support  to the concept of  approximate A 1 - Z exchange degeneracy. 

The values for the B and p pole parameters are 

/313 = 53 .5  ( C e V 2 / c 3 )  - 1  , Cg = 1.52 (GeV/c) - 2 ,  C~ = - 0 . 4 7  (GeV/c) - 2  , 

/3p = 9.37 (GeV/c ) -  1 , Cp = 0.35 (GeV/c) - 2  . 

Comparison with table 1 shows that the p term is somewhat larger than the A2 term. 
This is the same result found in ref. [5] and also in ref. [9] for n+p ~ (p, co)A ++. On 
the other hand, the 7r and B parameters are in reasonable agreement, indicating that 
the amount  of n-B exchange degeneracy breaking can be reduced by including A 1 
and Z exchanges. This effect has been noted in ref. [9] for n+p -~ (0, co) A++- 

6. Conclusions 

In this analysis the form of  the A 1 exchange amplitudes in reaction (1) has been 
studied. The model used is a straightforward extension of  that used in previous anal- 
yses. The model is based on conventional 7r, A2, and A 1 Regge pole terms, together 
with Regge cuts in the n = 0 amplitudes. A good description of  both the unpolarized 
and polarized data has been obtained.  The major conclusions of  this s tudy are as fol- 
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lows: 
(i) Significant A 1 exchange terms are present in the amplitudes of  reaction (1). 

The data are consistent with the use of A 1 pole terms which have the NWSZ struc- 
ture suggested by duality and exchange degeneracy. 

(ii) The results show that both the phase and the energy dependence of  the A 1 
exchange terms can be described using a reasonable A 1 trajectory. 

(iii) The presence of Regge cuts in the n = 0 A 1 amplitudes results in significant 
pole-cut interference which, in turn, gives rise to characteristic zeroes in several of 
the observables. 

(iv) At small t the amplitude magnitudes, [34ol and [34_ ], show only very slight 
deviations from the values given by neglecting A x exchange. 

(v) For - t  >~ 0.5 (GeV/c) 2 A 1 exchange dominates the s-channel helicity zero 
cross section, Oo, which, together with the above mentioned pole-cut interference, 
results in a break in oo at this point. This break becomes less pronounced as the en- 
ergy increases due to the low trajectories of  the A 1 pole and cut. 

(vi) The new data may also provide some indication as to the importance of n = 1 
cuts. 

(vii) Estimates of Regge-Regge and Regge-pomeron cuts, using the conventional 
box diagram, show that these terms are approximately an order of magnitude too 
small to account for the observed polarization. 

(viii) The Z exchange parameters found in an analysis of co production are in 
reasonable accord with the corresponding A 1 exchange parameters. Thus, a consis- 
tent picture for both p and co production emerges with approximately exchange 
degenerate 7r-B, P-A2, and A 1 -Z exchanges. 

A p p e n d i x  

In this appendix the observables in eq. (8) are related to the moments of  the ~rlr 
angular distribution and are then expressed in terms of  the amplitudes defined in 

eq. (10). 

P = 3X/'~(sin 0' sin q~' 1Ioo) 

s s* Ho fro* N 1 N 1. 1/y~ (A.1) 4 Im[U++U+_ + + UI++ 1" = U + _  ] + +  + - J l  , ,..F + + ~.J +__ 

U o U s* 1 Re Pos = x / ~ ( Y l o )  = 9~ Re t~++v++~1r° rrs* + +_ +_~/2; , (A.2) 

u ' *  , Re PYs = 3X/~(sin 0' sin ~' Ylo) = 2 Imt,., ++ +_ - ]/Y, (A.3) 

Re p I s = X / ~ / , R e  Yx 1 ) = x / 2  1 s* 1 s * Re [U++ U+ + + U+_ U+_]/2; ,  ( a .4 )  

Im x - - 3 x / ~ - ( s i n 0 '  ~' P l s -  cos Im Yl l )  =%/'2 Im[N+l+ s* U+_ + N+ ~ _ U~_%]/:~,(A.5) 

I l l  l r S * l l ~ ,  (A.6) Re p lYs = 3X/~(sin 0 ' s in  q~' Re Y l l ) =  x /2  Im [UI+ + U s*_ - ~ + _ , J + + r  , 
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Im z = _ 3 x / ~ - < c o s 0 ,  i m Y l l ) = X / ~  1 s* N 1 US*~tx .  I m [ N + + U + .  - , (A.7)  /3 is  + _  + _ | / z - ,  

(/900 --  ,011) = X/5-~ <Y2o) = [21U°+I 2 + 2 [ U ° - i  2 - IUI+[ 2 - I U £ - I  2 

_ [N+I+I: _ IN+l_la] /2 ; ,  (A.8)  

(PY0 [ Y l )  = 3~/~-Tr <sin 0' sin 4~' Y2o) = 2 Imr '~U ° fro* L ~ + + v + _  

i]-1 i / 1 "  N 1 N I * I / w  - -  v ++~,.F +__ --  + +  +__j/~..~ (A.9)  

"t ~/~-~5V~_ ~ '9 1 0* 0* Re P lo  = <Re Y21)='v/2- Re[U++U++ + U1- U+_]/E , (A.10)  

V ~  1 0* I m P ~ o = - 3  (sinO'cos~'Im Y 2 1 ) = x / ~ - I m t N  1 U °* +N+_U++]/Z L ++ + -  

( h A 1 )  

R e p r o = 3  5V~(sin 0 '  sin qS' Re Yzl ) - ,~ , Im[U++U+_-  - ~ 1 o *  1 1 1 v + _ , ~ + + ] / 2 ; , . o *  

(A.12)  

lmpZlo=_3V3(cosO, im Y 2 1 ) = N / ~ i m t A r l  1To* 1 o v ,  ++,~ ++ N+_U+*]/E, (A.I  3) 

= - V (Re Y22) = [IN~++I 2 + W I - I  2 - IUI+l 2 - Ig~+-IZ]/y~ , (A .14)  /91 

Im P:~-I = 3 (sin 0' cos ~' lm Ye2) = 21m[UI+NI*_+ Cd_sl+21/X, 
( A . l S )  

PY-1 =-3 l /~ - ( s in  O' sin O' Re Yzz)= 2IrnrN 1 t ++ N I * + - -  //-1~++,..~+_]/2,rr1" 

(A.16)  

Im Pl -1  = 3 (cos 0 '  Im Y22 ) = 21m[Nl+_ U+ 1._ l i * z N++U++]/Y,, (A.17)  

where 

p,, cq 3 

= U • b 2 2[[U~+I z+ l  +_ +lU°+l z+lU°_l 2+1U1+12+lUl_l uWI+I u+INI_I z] 

do 389 o b "  GeV 2 
2 2 d t  1 2 8 r i m  kla b 

E .  (A.18)  

In the event tha t  a transversely polar ized target is used, 0 '  = sTi'.l This is the case 
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for tile data of ref. [6]. Furthermore, the target polarization vector is described there 
by an azimuthal angle, ~ = 1 q),. ~rr - In this instance, the relations in eqs. (A.1)-(A.17)  
are modified in the following manner: 

P = 2X/-~-(cos ~ Yoo), 

Re PYs = 2V'7(cos ~ YlO ) , 

Im x _ -2X/~-(sin ff Im Yll)  Dis - 

Re pYls = 2X/7(cos ~ Re Y11), 

(P{o -- PYl,) = 2X/-~- <cos ~ Y2o ) , 

ImP~o = - 2  5V~ ( s i n ~ I m Y 2 1 ) ,  

Re PYlo = 2 ~/~-(cos  ~ Re Y21), 

= 21 l ~ ( s i n  4; lm Yz=), lm p:~_ 1 I' 3 

pY_l  = 2 V~---(cos ~ Re Y22). 

(A.19) 

(A.20) 

(A.21) 

(A.22) 

(A.23) 

(A.24) 

(A.25) 

(A.26) 

(A.27) 

It is convenient to separate the polarization, P, into its component  parts by de- 
fining 

P= Ps + Po + Pu + PN , 

with 

Ps = 4 Im U s++ U s*+_,/Z , (A.28) 

U++U+*_/~,, (A.29) Po = 4 Im o o 

U++ U+_/Z , (A.30) Pu  = 4 Im 1 1 * 

PN =4 Im NI++ Nl*+-/,~/'s" . (A.31) 

Similar quantities may be defined using the amplitudes in eq. (11). These quantities 
then have simple expressions in terms of the transversity amplitudes given in eq. (12), 

Ps = Ps = 2[Igs[ 2 - Ihs[ 2 ]/22, (A.32) 

P o = 4 1 m  TT°~,++v+_,Ty°*/y,=2[Igo12 1ho[2]/£ , (A.33) 
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Pv=4I m v+~  +_/~,-2[[gvl z-lhc~[2]/2, 

~N= PN= 2[IhNI a IgNI2]/Y~ . 

Note, too, that Po + Pu = Po + P~. 

(A.34) 

(A.35) 
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