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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 — (1'r+1r_)n. These data require the presence of an ex-
change with the quantum numbers of the A;. A simple model based on 7, A, and A
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
Ay dominated amplitudes is discussed and the results are compared with earlier models
which neglected A exchange effects.

1. Introduction

The reaction
7p > (x* 1 )n (1)

has long been an important source of information concerning the dynamics of strong
interaction processes. Much of our knowledge of n7 phase shifts has been obtained
by studying reaction (1) and other related reactions [1]. 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 7w phase shift analyses [4] and for studying the dynamics of resonance pro-
duction [5]. 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 7, A,, and A; exchanges are in-
cluded as well as Regge cuts in amplitudes with zero net helicity flip in the s channel.
The addition of A, exchange results in a good description of the new polarization
data. Furthermore, the A, exchange terms improve the description of the unpolarized
data, particularly in the large ¢ region (0.5 <51 (GeV/c)?).

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 A, 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 nm 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 *’fm\',x’ where A
and X' denote the initial and final nucleon helicities respectively. The helicity of the
dipion system is designated by u with u = 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, py, while the y axis is along the normal to the production plane,
9= Pp X Dpn, where p and p.,, are vectors along the incoming beam and outgoing di-
pion directions of motion, respectively. In this coordinate system the target polariza-
tion vector, P, has polar and azimuthal angles ' and ¢". The normalized target den-
sity matrix is given by

pl =11+ Pp(sin 0' cos ¢ g, +sin " sin ¢'a,, + cos 6'a,)] . ()]

The 7w system density matrix can then be written as

PIT =2 20 fup o Pt TEpar] 20 | fugal® - 3)
a,a, f Moo, B

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

{ 2
P = 20 fup a(0aa [, a0l 20 fup,al® (4)
a,a, B M, 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 { takes on the values o, x, p, or z. Here the o,’s denote the
usual Pauli matrices with g5 = /.

Conservation of parity places the following constraints on the density matrix ele-
ments:

pl—p—u'z("l)ﬂ~# pitp', 1'20,}’ .

pl—p—u' = “(_l)ﬂ‘ﬂ pim' , i=x,z. (6)
Furthermore, hermiticity requires that
Pl = Pty ™ )
The above equations may be used to derive an expression for the normalized an-
gular distribution of the dipion system. Let (8, ¢) denote the polar and azimuthal an-

gles for the decay 7™ of reaction (1) in a suitably defined coordinate system *. With
these definitions the angular distribution takes the following form **:

C o 3 2 22 ,
W', ¢,0,0)= o {%pss+—£Re Pos €OS § — VA Re p, sin 6 cos ¢

+pgo €0s20 + p,; sin?0 — /2 Re P1o5in 20 cos ¢ — py _, sin2 cos 2¢

' 22 . . . .
+ Ppsin 6 cos ¢ li—\/—tlm o7 sin 0 sin ¢ ++/2 Im Piosin 20 sin ¢

V3
f ] 2
+1Im p}_, sin?8 sin 2¢>J + Ppsin 8 sin ¢ [%pg; +$Re ods cos 0

* For s-channel (t-channel) helicity frame density matrix elements ¢ and ¢ are defined in the
ntn™ c.m. system with the z axis opposite the outgoing nucleon (along the incoming 77). In
either case the v axis is along the normal to the production plane defined above.

*k . - . .0
Here and in the following oy, ' = oy,
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2

73 Re p7, sin 6 cos ¢ + phy cos20 + pYy sin?0

/2 Re p sin 20 cos ¢ — p3 _, sin?8 cos 2¢j| + Py cos 6

2
[iz\/% Im p3; sin @ sin ¢ ++/2 Im p7 sin 20 sin ¢ + Im p] _; sin? 0 sin 2¢]J
(8)

There are two relations among the density matrix elements shown above:
Pss tPoo T 2011 =1,
p3s tPoo 2011 =P, ©)

where P is the conventional polarized target asymmetry.

The angular distribution in eq. (8) can also be expanded in terms of spherical
harmonics, Y}, (8, ¢). Thus, the various density matrix elements in eq. (8) can be
expressed in terms of the moments of the angular distribution of the mm 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 7 channel. Here M(U) stands for natural (un-
natural) parity exchange. Let

Uis =fs4, 2 Y. =fo+,+ »
U+1: =(f1+,t “_“fl.—,z)/\/2 s
N+1t=(f1+,t ifl—,x)/\/2~ (10)

In the event that the 77 moments are measured in the f-channel system (as in
ref. [6]), it is necessary to define new amplitudes where the dipion helicity refers
to the ¢ channel while the nucleon helicities refer to the s channel. These amplitudes
will be denoted by U¥, and N*,. They are related to the amplitudes of eq. (10) as
follows:

ﬂ::Uit, Ni. =N,
U%, =cos x US, +sinx Ul, ,

UL, = _sinx U, +cos x UL, , (1)

where x denotes the usual vector meson crossing angle.
At present, preliminary results are available {6] for the three m = 0 moments
2{cos Y Yo, 2(cos ¥ Yo, and 2(cos ¢ Y,¢)*. Expressions for the various s-chan-

* Here ¢ = 90° — ¢' (see fig. 1). These moments have been measured in the f-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 ¢-channel observables using the amplitudes of
eq. (11).

The twelve observables which may be measured with a transversely polarized tar-
get are almost 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 [6]. These amplitudes are defined by

gu= (U, +i U N2, hy = (U4, —i UE N2, u=s0,
gu=(UL +i UL )2, hy= (U, — i UL N2,
en=(N1, — i N1 W2, hy= (Nt +iNL W2 (13)

Finally, later discussions will be simplified by decomposing the polarization, P,
into the components coming from Uf ., ve,, U+1¢, and N}, which will be denoted
by Pg, Py, Py, and Py, respectively. The expressions for these observables are given
in the appendix.

3. Model

The model which is used here to study the A exchange terms is an extension of
that used to study a variety of reactions, e.g. 7 p = p%n [5], 7" p > (0°, w) A [9],
and 77 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 = |u+ X — A'|, withn =0
cuts strongest. The role of n # 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 # 0 cuts (see, however, the discussion in sect. 4).

Previous models for reaction (1) have been based on the dominance of 7 and A,
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; exchange; previous models must there-
fore be extended to include this new exchange. A, exchange populates v, u9,,
and U%, . Of these amplitudes, the last two have # = 0. Allowance must then be
made for Regge cuts in these amplitudes as well. Therefore, the model used here is
a straightforward extension of the approach used in refs. [5,9,10].



J.D. Kimel, J.F. Owens [ The role of A exchange 469

The m-exchange pole terms are parametrized as
m 0 2
Udo =V -1 B f e g

Uy =—r, U,
U_{_ = _[’ 671 eC"lT(t_m%)Eﬂ , (14)

1 _ 1
Usr =—r, Ui,

where ¢'=¢ — tin, 70 = Vimin/f > and £, = D(—0,) (1 + e77%7) (s/59)%7. Here
ay = 0.7(t — m2)and s, = 1 GeV2. Notice that the residues at the pion pole are those
required for elementary 7 exchange. However, the separate exponential parameters,
€2 and C}, effectively allow for the possible presence of a r-channel vector meson
helicity one coupling [11]. Note, too, that the 7 contributions to U?, and U1, have
been retained.

The A,-exchange pole terms are parametrized as

N1+:_\/§6A2 -t ECAZIEAz 5

N}_=v/=TRp Nbs (15)

where

Eay =Tl —apy) (1 +e77"A2) (i)aAz ,
So
ap, =043 +0.74 t[12], Ry, =—4.0(GeV/e)™' [13].

There are several theoretical considerations which can be used to motivate the
form of the A pole terms. Presumably, there exists an exchange degenerate partner
of the A, [5,14], called the Z, with J”C = 2~ ~_ Strong exchange degeneracy, together
with the absence of a particle with J/€ =07, requires that the Ay have a nonsense
wrong signature zero (NWSZ) at oy , = 0. Asimple parametrization for the A; pole
terms is

0 _q0 Okt
U++_6A1e 1 EAI >

1
i c
Ubs =V2Bh V=T T PiTgy (16)
where
Ea, =T —ay ) (1 —e ALy (i)aAl
So

and the A, trajectory is chosen to be ap , = —0.3 + 0.9 . This particular choice for
the A trajectory will be discussed in sect. 4.
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One of the Regge cuts appears in f, _ and, hence, contributes to both Nl _and
U} _. Tt is parametrized as

Ni_=Ul_=p, eCct ¥ e/ (17)

Previous analyses [5,9] have shown that at small 7 the cut and the 7 pole term in U} _
should be approximately 180° out of phase. Therefore, the cut trajectory has been
chosen to be a, = 0.0 + 0.47. The A, cut term in U9, is likewise parametrized as

. Aq A el
ULs = gt eCelroet emmect/2 (18)

where a1 was chosen to be a1 = 0.4 + 0.45 . This choice was dictated, in part,
by considering the energy dependence of (pgg + §0g)do/d? between 6 and 17.2 GeV/c
This point will be discussed further below.

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

$.=U%. Te, (19)

with I'=0.4 and A = 0.4 [4]. Note that the same value of I' is used for both the A,
and m exchange portions of U%.. This is undoubtedly an oversimplification, but the
presently available data are not sensitive to such separate values of T".

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 (pgg + 3 05)do/dr at 6 GeV/e [7]. The latter data
set was included so as to provide an additional constraint on the A; cut parameters.

Table 1

The fitted parameter values

8a, 6.08 (Gev/e)™!
Ca, 0.40 (GeV/e)—2
B 51.73 (GevZje3)—1
o' 2.04 (GeV/c)™2
cl 0.63 (GeV/c)—2
B, 411.5

A, 2.05 (GeV/je)y™?
BA, 67.6 (GeV/e)~1
CA, 1.17 (GeV/c)~2
Be ~67.2

C. 1.94 (GeV/e)—2
g1 -402.8

CcAl 1.53 (GeV/e)—2
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The parameter values are given in table 1 and a portion 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| exchange was absent, the equations in the appendix show that these
moments would satisfy

2cos Y Y190=0,

/51 lcos Y Yoo = —20/4m cos Yoo . (20)

Clearly, both of these relations are substantially violated. Furthermore, the A, 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 lg¢| and |hg|. These quantities are related to P as
is shown in the appendix. Furthermore, in this model, Py = F2P0. At small ¢ the 7
and A, contributions to Uy _ and U% , are about 130° out of phase, thereby giving
rise to a large separation between |g,| and |h|, corresponding to a large polarization
Py <0.Near t = —0.35 (GeV/c)? the two curves cross over, corresponding to a change
in sign for Pg. This is due, in this model, to pole-cut interference in the A, exchange
term. For — 2 0.35 (GeV/c)? the cut dominates while at smaller ¢ the pole dominates.
The present data do not confirm or contradict this sign change in P;. However, itisa
natural consequence of including an z = 0 cut, and it will be difficult to substantially
alter this structure.

Next, consider 1gg| and |hg!. The model correctly describes the large separation
between these two amplitudes (equivalent to a large negative FO). This separation in-
dicates that the A, has a large ¢-channel helicity zero coupling. Similarly, the small
separation between |gy;| and |/y/| indicates a small ¢-channel helicity one coupling.

Finally, the large difference between |gx| and |y is properly described by the
model. This separation, corresponding to a large negative Py, is due to interference
between the A, pole term in N1, and the cutin N

The results discussed above show that the A, exchange terms used here are indeed
capable of describing the large unnatural parity exchange contributions to the polari-
zation. The phase of the A, exchange pole terms is determined by the trajectory,
chosen here to be ay = —0.3 +0.91. This choice corresponds to an A; mass of
~1.2 GeV/c?; not an unreasonable value considering the uncertainty surrounding the
properties of the A;, assuming that it does indeed exist as an identifiable resonance.
The magnitude of the polarization, especially in the small £ region, is sensitive to the

* The fits to the unpolarized observables not shown here are of excellent quality, yielding a
2 N -
x“/D¥ of 1.1.
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Fig. 2. The results for the m = 0, ¢-channel, polarized target moments.

intercept chosen for the A, trajectory. For example, if the A| mass was estimated
as 1.1 GeV/c? and a slope of 0.9 (GeV/c)~2 was used for the trajectory, then
ap, ~—0.09 +0.97. The NWSZ then occurs at t ~ 0.1 (GeV/c)? which results in a
large suppression of the A, exchange terms at small 7. This suppression has been used
as an argument for the neglect of A, exchange in ref. [5]. In ref. [15] an estimate of
the polarization expected from A; exchange was given which is in reasonable agree-
ment with the data at large 1 (~20% — 40%). However, the trajectory choice of
ap, =0.0 +0.82 7 caused the polarization to be underestimated at small 7.

During the actual fitting procedure used here a4, (0) was varied between —0.5
and —0.05. A broad minimum in the x2 was observed for —0.4 < ap, (0) <—0.2s0the
value of —0.3 used here is merely representative, and some variation is allowed by
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Fig. 3. The results for the transversity amplitude magnitudes. In each ¢ bin, the amplitudes are

normalized such that the sum of the squares of the amplitude magnitudes is one.

( Poo *1/3Pgs ) do/dt(pLb/(Gev/e)?)

10000.0 —
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Fig. 4. The results for (pgo + 5055) do/dr.
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the data. Note, however, that if ap, (0) <<-0.5, the A; phase becomes too close
to the 7 phase, thereby suppressing the polarization. Similarly, the polarization is
suppressed by the A; NWSZ if aAl(O) >>—-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; terms
could be imposed if some feature of the data at energies other than 17.2 GeV/c could
be attributed to them. For sometime it has been known that oy = (pgo + 5 P )do/dr
exhibited structure for —¢ 2 0.5 (GeV/c)?. 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, exchange
term in U9, falls off gradually while the 7 exchange term in U9 _is decreasing rap-
idly. At some point the shape of 0y should reflect these two different ¢ 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, cut trajectory. The cut must be roughly
180° out phase with the pole at smalj ¢ in order to obtain the proper pole-cut inter-
ference in U?,. It is this interference which give rise to a dip at  ~ —0.35 (GeV/c)?
followed by a broad secondary maximum (this structure is shown in detail in fig. 5).
Furthermore, the A, cut trajectory must be sufficiently negative to describe the en-
ergy dependence between 6 and 17.2 GeV/c. The resulting trajectory, aé"l =
—0.4 +0.45 ¢, satisfies both of these requirements. The fact that a2 1(0) < aa,(0)
may be interpreted as additional log s dependence not contained in the parametriza-
tion of eq. (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, cut **.

In fig. 5 the results for |U%, | and |U%_| are compared. The 7 contribution to
|U?,|is shown by a dashed line. Over the interval 0.1 S\/fl‘ <06 GeV/c the A
contribution to |U?, | is about 20% that of the @ term in U9 _|. This feature was
noted in ref. [6] and is easily reproduced by the model used here. The A, ¢ depen-
dence is comparable to that of the 7 pole term in this region as a result of the pre-
viously mentioned pole-cut interference. |U2, | has a minimum at 7 ~ —0.35 (GeV/c)?
followed by a broad maximum at larger t. For —t 205 (GeV/c)? the A, term dom-
inates the helicity zero cross section as discussed above.

Also shown in fig. 5 are U}, | and |UL_}. Again, the 7 contribution to UL, 1is
shown by a dashed line. The sharp minimum in |U} _| at /=7~ 0.14 GeV/c is a well
known feature of the data and is interpreted as a result of pole-cut interference. |UL,|

* 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 See(h) = 1 — ¢ =2 /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 # exchange contribution to |U?+| and [U1,].

is dominated by 7 exchange for v/—t <0.2 GeV/e with A, exchange dominating in
the larger 7 region. As ¢ approaches —1.0 (GeV/c)? the amplitudes U1, and U} _ are
seen to become comparable in magnitude.

The results of the model discussed above can be compared to those obtained with
another model in ref. [6]. The model used there allowed tor only a f-channel helicity
zero A, coupling and the exponential ¢ dependence of the A; term was set equal to
that of the pion pole. In the present analysis this sharp ¢ dependence emerges natural-
ly as a result of pole-cut interference; no A; cut was used in the analysis of ref. [6].
Furthermore, in [6] both the A, and A, 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; exchange
term used here has been shown to be compatible with the energy dependence of gq
between 6 and 17.2 GeV/c. Thus, the analysis of ref. {6] demonstrated the need for
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A exchange while this analysis has shown that a conventional Regge pole and cut
prescription gives a good description of the data.

Since A, 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:

Mol = U0, 1P+ U9_I2,

M_P=UL PP +IUL2. (21)

If A exchange was absent, then M ~ U%_and M_=~U!}_ , aside from the small

7 exchange contributions to U?, and Ul,. In fig. 6 the values for [My| and |M_| ob-
tained in this analysis are shown as solid lines. The dashed lines show the results of
setting the A, couplings equal to zero. It is readily seen that the effect is negligible
for v/=f £ 0.6 GeV/c. This suggests, then, at least in the p region of 7 mass, that the
modifications required of previous analyses will be slight in the small ¢ region.

One feature of the A| dominated amplitude, U?h which has emerged in this
analysis is the role played by the A, 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 U9, , 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, exchange is negligible, then several relations between the various observables

1000.0 T T Y T

— THA,

100.0
10.0

100.0

10.0

1 1 | 1

0.0 0.2 0.4 0.6 0.8 1.0
Vot (Gevre)

Fig. 6. The model results for IMgl and 1M _| (solid line). The dashed lines show the results of
setting the A couplings equal to zero.
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Fig. 7. The resuits for (a) P, 2p31’_1, and -2(;%0 - p{l); (b) Re p%’s, Re pJI’S, and Re le’O.

may be obtained *. For example, setting U, = U$, = U}, =0 results in
P=2p{_1 ==2(pdo ~ P11) - (22)

In fig. 7a our results for these three quantities 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, terms provide a substantial breaking of the relationship
in eq. (22). Notice, in particular, that the curves for Pand —2(p%o — p3;) cross at
v/—t = 0.6 GeV/c. This is due to a sign change in Pg which occurs as a result of the
previously discussed A pole-cut interference. Fig. 7b shows the mode! predictions
for Re pg;, Re pi,, and Re p{j. In each instance substantial structure is observed.
The sign changes occurring near v/—¢ ~ 0.6 GeV/c are again due, in part, to the A,
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; exchange does not
result in any simple relations.

In the above discussion the structure resulting from A, pole-cut interference has
been stressed. This structure results from the fact that US .. and U9, have rapidly
changing phases near v/~¢ =~ 0.6 GeV/c while the pion dominated amplitudes, US _
and U9_, have only the smooth phase variation of the 7 = 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 7 pole-cut in-
terference resulting in a rapid phase variation, and consequently a dip, near /—¢
~ 0.8 GeV/c in U%_ and U$ _. 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 the 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; exchange

Thus far, it has been shown that the polarization observed in reaction (1) can be
described using a model which incorporates A, exchange. However, to date the A,
has remained an elusive gbject and some attention must be directed towards alterna-
tive mechanisms for populating the amplitudes U9, and U ,. 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 U9, and UL, 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
7N scattering amplitude analyses. The result for the / = 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 U9, which is approximately an order of magnitude too small.
Furthermore, consider the phase of a 7P cut contributing to U9, . Since the 7 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 U9, must start out in the fourth
quadrant relative to the predominantly real and positive U2 _ 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 mp and BA,. The duality
diagrams used in deriving the RR selection rules further constrain these two cuts to
appear in the combination mp-BA,. Of these two terms, the mp cut is dominant,
while the BA, 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 7 amplitude was
taken to be U9_ while the p amplitude was taken to be the p flip amplitude from
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77 p elastic scattering. The resulting RR cut contribution to %, was more than an
order of magnitude smaller than that required to reproduce the observed polarization.

3.3. Z exchange

In refs. [5] and [10] the role of Z exchange in m N = wN has been stressed. Pre-
sumably the A, and Z are exchange degenerate partners, and the A; exchange term
structure used here reflects this assumption with a NWSZ at a5 | =0. The assump-
tion of exchange degeneracy then predicts that the residues and exponential slopes
for A; and Z exchange in 77 p = p%n and 7~ p = wn would be equal. To test this
prediction, the model of sect. 3 has been adapted to 77 p = wn and fitted to the
6 GeV/c data of ref. [22]. The resulting Z exchange pole parameters are

89 =948, gL =719 (GeVje) ',

C%=-038(GeV/c)™2, Ch=154(GeV/e)?.

Comparing these values with the corresponding A parameters in table 1 shows that

there is good agreement for the U, parameters. For U9, the Z term appears smaller

at £ =0 and flatter in ¢ than the corresponding A, term. However, the systematic

uncertainties attached to % 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 w production prohibits a precise determination of these parameters. Nevertheless,

the similarity in the overall contribution of Z exchange in 77 p = wn and A, exchange

in 77 p = pn lends support to the concept of approximate A; —Z exchange degeneracy.
The values for the B and p pole parameters are

By =53.5(GeV2/c3) 1, €% =1.52(GeV/e)~ 2, CL=-047(GeV/c)™?,

Bo= 9.37(GeV/e)™!, C, =035 (GeV/e)™2 .

Comparison with table 1 shows that the p term is somewhat larger than the A, term.
This is the same result found in ref. [5] and also in ref. [9] for 7"p > (p, wW)A™*. On
the other hand, the 7 and B parameters are in reasonable agreement, indicating that
the amount of 7-B exchange degeneracy breaking can be reduced by including A,
and Z exchanges. This effect has been noted in ref. [9] for 77p = (p, w)A™ .

6. Conclusions

In this analysis the form of the A; 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 7, A,, and A; Regge pole terms, together
with Regge cuts in the # = 0 amplitudes. A good description of both the unpolarized
and polarized data has been obtained. The major conclusions of this study are as fol-
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lows:

(i) Significant A exchange terms are present in the amplitudes of reaction (1).
The data are consistent with the use of A, pole terms which have the NWSZ struc-
ture suggested by duality and exchange degeneracy.

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

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

(iv) At small ¢ the amplitude magnitudes, My} and M _|, show only very slight
deviations from the values given by neglecting A exchange.

(v) For -t 20.5 (GeV/c)? A, exchange dominates the s-channel helicity zero
cross section, 0y, which, together with the above mentioned pole-cut interference,
results in a break in gy at this point. This break becomes less pronounced as the en-
ergy increases due to the low trajectories of the A; 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 w production are in
reasonable accord with the corresponding A exchange parameters. Thus, a consis-
tent picture for both p and w production emerges with approximately exchange
degenerate m-B, p-A,, and A, -Z exchanges.

Appendix

In this appendix the observables in eq. (8) are related to the moments of the 7
angular distribution and are then expressed in terms of the amplitudes defined in

eq. (10).
P =3+y/4nsin 0" sin ¢’ Ygo)

=4 Im[US, US_ +UQ U + UL, UL + NN YT, (A.1)
Re pos =7 (Y1) =2 Re [US US, +UO_US_1/2, (A.2)
Re pf, =3/ sin §'sin ¢' Y, o) =2 Im[U9, U — US_USL/Z, (A3)
Re pys=v/mTRe Y ) =+2 Re[UL US, + UL_UST)/T, (A4)

Im p¥,=—3v/7 Gin 0’ cos ¢’ Im ¥y1) =+/2 Im[N1, UST + N} _USLYZ(AS)

Re py=3/7 Gsin 0’ sin ¢’ Re Y1) =+/2 Im[UL, UST - UL_USL)IZ, (A6)
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Impfs=-3Vmlcos 0' Im Y, ) =/2Im[N L US, —=NL_US“ )2, (A
(Poo — P11) =V5T (Y 30) = 21U 12+ 21U 1> — UL 2 - UL_?
— VL P = INE_ P/, (A.8)

(030 — pY1) =357 Gin 0" sin ¢' Ypo) =2 Im[2U09, U7

—ULULL - NN, (A.9)
5 * *
Re p10=V§(Re Y0 =2 Re[UL, U +UL_U" ) /2, (A.10)

5 ! f * *
Im p¥y = —3 ‘/?” Gin 0’ cos ¢' Im Y5,)=+/2 Im[N1,UQ" +NL_U9%)/z,
(A1)

5 . .
Re ply =3 |/ Ztsin 0" sin ¢’ Re Y50 =vZ Im[UL U9 — UL_UYI)E,
(A.12)

5 , . .

Im p3o = —3 |/?ﬂ(cos 6" Im Y, =2 ImNL, U0 — N1_UOT YT, (A13)
10n 12 12 12 12

pro1 = |5 Re Yap = (VL + WL~ UL P U PYE (A1)

10 ' ' *® %
Impy_,= 3‘/—3’1[ sin 8’ cos ¢' Im Yy =2Im[UL N+ UL _NLJVZ,
(A.15)

10 r . ’ * *
p¥ =3 ‘/Tﬂ(sin 0'sin ¢’ Re Y,,0=20m[NL N — Ul ult s,
(A.16)

Tom , ) .
Im p?_, =3VT"<0056 Im Yy, = 2Im[N!_Ul* —NLULIYE, (A17)
where

L= 20 1 fupal
My,

=2 US 2+ IUS P2+ U 2+ WU P+ UL 2+ UL IVE 2+ INL 1P

do_ 389 ub - GeV?

dr 128 m? k2

(A.18)

In the event that a transversely polarized target is used, 0' = %n. This is the case
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for the data of ref. [6]. Furthermore, the target polarization vector is described there
by an azimuthal angle, ¥ =1m — ¢". In this instance, the relations in eqs. (A.1)~(A.17)
are modified in the following manner:

P=2V4ncos ¢ Yoq) (A.19)
Re pds =23/ (cos ¥ Y¢), (A20)
Im pfs= =27 Gin ¢ Im Y, ), (A.21)
Re p = 2v/m{cos ¢y Re Y, ), (A22)
(pbo — 71) =257 {cos ¥ Yyq) , (A.23)
% ST
Im pio = 2 3 Gin g Im Yy, (A.24)
Sm
Re pig =2 /—;<cos Y Re Y,q), (A.25)
10
Imo%_, =2 |/ —3f<sin Ulm Yyy), (A.26)
10
pl_1=2 |/ 3—"<cos U Re Yy . (A27)

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

P=P +Py+Py+Py,

with
P=41Im U, UST/T, (A.28)
Po=4ImU%, U9 /2, (A.29)
Py=4Im UL, U}z, (A30)
Py=4ImNL NI /3. (A31)

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),

Po=Po=2[lgl* — Ing2)/z (A.32)

Po=41m U0, U97 /2 = 2[lgol? — lhoV/2 (A.33)



484 J.D. Kimel, J.F. Owens [ The role of A exchange
Py=41m UL UL /2= 2[1gyl® — hy Pz, (A.34)

Py =Py =2[Ihn!? — lgn )T . (A35)

Note, too, that Fo + ﬁu =Py +Py.
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