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ABSTRACT

The production of N*(1237), the nucleon % - 3/2+ isobar,
in pair with its antiparticle in proton - antiproton collisions in
the laboratory momentum range 3.25 - 7 GeV/ ¢ is considered in the
one-pion exchange model, modified to take into account absorption
in the initial and final state due to competition from other open
chammels according to the theory by Gottfried and Jackson. It
is found that this model reproduces well the slope of the diffe-
rential cross - section, the decay distribution, including an
observed small correlation in the decay of the isobar and the
anti - isobar, and the energy dependence of the cross-section,
although the absolute magnitude of the cross - section is about a
factor of five too big. The production of v*(1382) and its anti-
particle from the same initial state is also briefly discussed.
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1« INTRODUCTION

‘The theoretical model usually applied in analysing quasi-two-
body resonance production (we call a particle, instable with réspect to -
strong interaction, a resonance) is the one-meson exchange model (OMEM)i).
Due to the spins of the particles involved, however, this model fails, in
general, to reproduce the exporimentally observed concentration to small
production angles, a fact which is connccted to the observation that the
unmodificd OMEM usually eoxceecds the unitarity limit in the low partial
wavesz). One argues, anyhow, that the main idea of this model is right,

partly because of its success in predicting resonance decay distributions.

Onc is then faced with‘tho problem of modifying the simple OMEM
in some way, in order to have it recproducing the peripheral production
experimentally found. The modifications suggested so far fall mainly
into one of the following three categoriecs:

)3 ,4)
.

We refer to this approach as the form factor version of the OMEM.

a) Inclusion of form factors or other "off-shell" oorrections1

b) Inclusions of effects due to competition from other open channels,
bascd on the analogy to the distorted wave Born approximation
(DWBA) of nuclear physicsz’s’é). We refer to this approach as
the absorption model, because it lumps all the other open channels

together and treats them as being absorbed.

)

7
¢c) Bxplicit unitarization, e.g., by means of the K-matrix /.
In this paper wec study the reaction

oo N*++N*++ (1)
where N* is the pion~nuclcon ié-ié+ resonance of mass 1237 MeV and width
125 MeV8>, under thc assumption that the reaction takes place mainly
through one-pion exchange, which is modified according to the absorption
model, TWe devote Section 2 to somec general considerations concerning
helicity amplitudes, cross—section and decay distributions for reaction (1),

followed by a list of formulae for these quantities in the Born approximation.
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The nedessary concepts of thé absorption model are described in Section 3;
it is then applied to reaction (1) in Section L. The comparison with. =
eiﬁériméﬁtFiS»given‘iﬁ'Section"5;'while Section 6 bricfly treats the =
réaction - Codd '

ce THEF av o . ‘

Feer T, 2

where Y* is the A-7 resonance of mass 1382 MeV and width 53‘MeV3),,in' o
the absorption model with kaon exchange. Section 7, finally,bcontains
the conclusion, partly in tcrms of a comparison between our results and

the Ferrari~Sclleri form factor approach3’9-12).
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2. CROSS-SECTION, DECAY DISTRIBUTIdNS,.AND HELICITY AMPLITUDES

Y e o o G St e s e . Tt e B o G

For the app¢1cat10n of tho absorption model, we have to con51der
the helicity amplltudes '2) for reaction (1). Let these amplitudes bu
denoted <M, 3*|T[A,X >, where M(X) is the helicity of the proton (anti-
proton), M (%) the helicity of the isobar (anti-isobar).

We first list some more general properties of these amplitudes.

4)

’ 1
From parity conservation onc has the fellowing symmetry relation

<o WTE[D] 20, SR> = (< 1) <an, T[T Rs (3)

no= AR -nFon+X| (3a)

while charge conjugation invariance, combined with the fact that both

14
initial and final states contain a particle and its antiparticle, implies )
<M [T = (-1)“ AE[ TR (4)

These relations reduce thc number of independent amplitudes. from 64 to 20.

Our normalization of thc helicity amplitudes is such that the
differential cross-secotion for roaction (1), at the momentum transfer:

squared -t, is given by

—

do (w,0) = ==Q==7yx 1 | < 2= 3% |7|n, 5]
dt YU T ehmsq” T b T/ ’ P

where q is the c.m.s. momentum in the initial state; the sum is extended

to all valucs of the helicities., The arguments of do/dt indicate that,
b031dcs being a function of t and the total c. .S bnorgy squared s, do/dt
also depends on the ‘invariant mass w of the outg01ng D- T pair as well as
the corresponding p-m quantity . In fact, the differcential cross-section,
including the invariant mass distributions but integrated over the decay

15
anglcs, is given by

o do
Eiiar b (w,0) R(w) R(w) , (6)
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. el T (w) , C (ga
R(w) = T (%2 - ?)2 + %272 (0) (62)

where M*= 1237 McV is the mass and T'(w) is the width, dcpondihg on the
+
invariant mass, of tho isobar, In terms of the p -~ N -t coupling

G*ﬁ'f-apm-w, ‘ ' (7)

where G* is a coupling constant of dimension inverse mass, and where the
ficlds arc denoted by the same symbols as the corresponding particles, the

Width is given by

r@) = § (ol =2 o) (8)

Where_M_is the proton mass, m the pion mass and
e

o(w) ‘EL [(Mz+w -m) - LM ] - (9)

is the momentum of thc outgoing pion in the c.m.s. of the p-ﬂ+ pair,

having invariant mass w.

Knowing the oprrlmental width P(M*) = 125 MeV, one concludes
from Eq. (8), that

= = 0058 ju} . (10)

Finally, if also the angular dlstrlbutlon in the decays of the

isobar and the anti-isobar is considered, one. has

I i I - o
— ————— = = w(Q,Q) o 11
mmdwzdwadt dwzdwadt ( 3y ) ‘ ( )

/r]anéﬁiwl(n,ﬁ) =1 . | », (11a)
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Here, Q = (9,¢) are the polar angles of the outgoing proton momentum in

the isobar rest frame, conveniently rcferred to a co-ordinate system having
‘ z‘axis along the incoming proton momentum in this frame and with the x-z

piane as the production plane. The anti-isobar decay angles 0= (6,p) are

defined in an analogous way. The azimuthal angles ¢ and ¢ arc equivalent

s)

to the Treiman-Yang angles1 .

The general form of the angular function w(Q,Q) is given in
Eq. (40) of Ref. 14). In the following we will be intcrested only in the

special distributions

Wy (Q) = /dﬁ w(Q,q) =

= f; 1+ (1-3 cosae).a;.ZV? fsin 20 cos ¢ Re Py 4 * (12)
J
+ 5in®@ cos 29 Re p, _1}]
b

[[dcpd$ W(Q,ﬁ) =

% [1 + (1—‘3 cos?@).a+ (1-3 coszé)-a+‘<1- 3 c0s?0)(1~3 cos®8)-b] ,

(13)

W2 (9,6)

i

where, in the notation of Ref. 14),

a=-12-~2p“ v (111-8.)
b= (kii - p;;> : | (14b)

We have used here the symmetry'relation (42) of Ref. 14).

So far the discussion has been general; we now specialize and
assume that the process (1) occurs through one-pion cxchange, as is illus-

trated by the Feyhman diagram of Fig. 1. In principlo, within the OMEM,
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onc should also consider cxchange of other non-sitranje mesons with isotopic
spin not smaller than 1, in particular the p meson. We suppose, however,

that these contributions may'be nbglaotod at least as a first apprOXimdtion.

U31ng the coupllnﬂ of qu (7), the CTOSS—uLCthH in the Born

approximation may be erttcn

d3o, . 2 . . -2 -
Born 1 w plw,t 1 w?p(w,t)
— p( 2 ) 033‘(0),'t) (mg _t)g M* 033@’t> 9 (15)

dw® dw2dt 16w sq’ M

8ir?
p(w,t)®

o33 (w,t) = M* T(w,t) R(w) , (152)

where T'(w,4) and p(v,t) are the quantitics defined in Eqs. (8) and (9),
cxcept that the square of the real pion mass n® is to be repléced by the
"virtual pioh mass" t. The quantity oss(w,t) is sometimes called the
"off-shell" pion-nuclcon cross-section in the 1sotoplc spin *k, total

angular momentum /é state.

The "polec approximation® 3,17) consists in substituting m* for t
overywhere in Bg. (15), cxcept in the propagator denominator; in particular
one substitutes for oss(w,t) the (theorctical or uxperlmental) "on-shell"

pion-nuclecon cross—soccionn BLC&UbC

033 (w,t) plo,t)2[(M+w)? -t] ' |
Uss(w,mz) - P(w)a[(M+w)2-m2] ’ .(16)

the ratio between the two cross—-scctions is

©nmn _ p(ut)f 56,0 L o) - ][ (v a)? - t] (17)

dzopole _. p(q)z P(Q) [+ 0)® -m ][(M+—w) -mz] )

This is a big factor, even for forward production; for w = w = M*,
it is 8 for -t = 0.1 (GeV/c)? and 250 for -t = 0.7 ‘(G'eV/c)'z " This means
that, WhllC in the polc approximation the cross—sectlon as a function of t
varies like (m® —'t) > in the Born approx1mat10n thlS variation is almost

completely masked due to the t dependence of the factor (17).
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For completeness it must be remarked, that often the factor of
Eq. (17) is multiplied into the result of the pole approximation to give
an "off-shell correction". This then means that the pole approximation,
with this off-shell correction, will give essentially the same result as
the Born approximation. In order to obtain the experimentally observed
decrease of +he cross-section with increasing momentum transfer, cut-off
functions [further, theoretically derived, off-shell corrections and/or
products of form faotorss’9—12)] have to be multiplied into the cross-

section.

Finally, the function W(Q,Q) of Eq. (11), giving the angular dis-
tribution in the decay,‘reads in the Born approximation

= 1 1 =
wBorn(Q,Q) ok (? +3 cos?0) B (1+ 3 cos?0) . | (18)

To the extent that the real picn-nucleon elastic scattering in the neigh-
boufhood of the N* resonance is entifeiy dominated by the state of total
angular momentum 3é+, the same distribution is also predicted by the pole
approximation, with or without cut-off functions. Small admixture of other
angular momentum states will cause small deviations from the form (18);
however, in this approach, it always remains a product of two angular func-
tions, one referring to the decay of the isobar, the other to the decay of

the anti-isobar, implying an absence of correlation between the two decays.

s ot vs v o v 0 s o e v it e ot S D oo S i B o o4 e G S P S s o T o e S s S W s et

In writing down the helicity amplitudes <M, NF|B|A,X > for the
Feyiman diagram of Fig. 118), we denote by E and E* the energy of the inci-
dent proton and the isobar,respectively, in the total c.m.s. and by a(g*)

the c.m.s. momentum in the initial (final) state. Let us further write

= - M+ N N 1 4 T ,
sty - (e g f e g R (09)
: s - T. S



and also introduce the auxiliary nototions

s n e el

N/(E+M)(*+ *Y [ o

5]
¥

K

i

%
a [

b=

cos 9/ for N = ‘%

Cx(ﬁ) =

3*4_ij ,

sin ¢/2 for A = -

(ZCa)

H(éOb)

(200)

The quantities Jyy, and JX* X of Eq. (19) are then determined, as functions

of the isobar productlon angle § in the c.m.s., by the relatlonb

IRER X
t AF+ N
T, = G Gy

J3/2,t1/2 = 7‘)+ 51nz90t1/2 (‘8)

7

R IS EAORS - oo 022) 10, w)] (210)

(éfa)f
(21b) -

(210)

If one wants the amplltudes as functions of the 1nvgrlant masses @ and w,

one has to replace M* by w in K* X and by 0 in

x* 7 g

When maklng use of the amplltudes (19) in the. absorptlon model

calculations below, we have also made a small—anglo approximation by puttlng

cos ¢ (andwgps 8/2) equal to one, however always using cos d-a

1 -2 sin® 9/2 - a, because a is in general close to 1.
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3, DESCRIPTION OF THE ABSORPTION MODEL

Only the necessary formulae will be given; a complete account

of thestheory may be found in Ref. 2).
Consider in general a two-body production process
1+ 23+ L4 . (22)

Let the helicities of particle i be denoted by ki, i =1-L4. Then the
partial wave expansion of the helicity amplitudes, as functions of the

. 13
production angle, reads

I

<Az yha [T e >

- . . i (9) ~
= z <J + 2> <7"“3M;)\4IT(J)I)\1 :)‘2 > d7\1")\-2,7\3—7\4(0\) ~
=dnin |
z[ 55 <Ms,ha |T(3) M e > dn (2] sin 8/2) . (23)
jmin
Here, Jmln = max(lx1-xz| A3 =2s]) and dx (8) are the matrix elements"

of the rotatlon operator. In Eq. (23) we have approximated the d functions
by Bessel functlons Jn(2j sin 9/2) of order n = |As = X4 = A + | and also
converted the summation into an 1ntegratlon, i.e., essentially an impact para-

meter approximation.
The DWBA approach suggests the following expression for the partial
wave helicity amplitudes2
<hs e [T(3) M yhe > = exp [18,(3)] < Aok [B(3) M e > exp [18,(5)]
(2u)

where <x3,x4l3(5)lx,,x2 > are the partial wave helicity amplitudes in the
Born approximation and §. (J)[Sf(g)] is the phase shift for the elastic
scattering, assumed to be helicity non-changing, in the initial (final)

state.
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In order to determine the pnase shifts, we ~lso assume that the
elastic scattering is purely diffractive, given by the scattering on a
partially absorbing disc of radius.R. This amounts to a differential

elastic cross—section, which reads

do 2 - —
el . tot | 1o, | .
it~ e | ¥ i (25)
where Otot’is the total cross-section. ‘ This is usually a good approxi-
mation for small momentum transfers. One then derives
exp[ 2i3(§)] ~ 1-24 exp[-v 5] - (26)
where we have put
o
tot
A= » 27a.
- | (27a)
2
i o (27v)

The quantity A can be thought of as the absorptivity of the disc. The

model requires 2A < 1 for consistency.

As can be seen from Egs. (24) and (26), if A ¥ ', the absorption
model introduces a large damping of the low partial waves, remedying, at
least at not too»high an energy, the disease of the Born approximation +o

exceed the unitarity limit in these waves.



1.

4. APPLICATION OF THE ABSORPTION MODEL TO REACTION (1)

We now feed in the helicity amplitudes (18) into the absorption
model formula (23)u ~For the so far unspecified parameters we proceed as

follows.

The parameters R.i and Ai for the elastic scattering in the initial &
19-21) il

state can be determined directly from experiment The optical model '

for elastic 5— p scattering gives good agreement with the data for small

scattering angles. Also, the approximation of purely diffractive scatter-
ing should be especially good for proton-antiproton reactions, because the
ratio X of the real to the imaginary part of the forward scattering ampli-
tude has been measured to be less than 20%; dispersion theory predictszz)

|X| < 5% in the incident momentum range 3-7 GeV/c.

Numefically one fihds Ai = Dé all over the mentioned energy rahge,
while the interaction radius Ri decrcases slowly from about 1.5 F at 3 GeV/c

to about 1.4 F at 7 GeV/c.

Lack of knowledge of the elastic scattering in the final state
is substituted by the assumption that it allows the same parametrization
as in the initial state. Numerically we choose Af = '% and, merely to have
some sort of standard, Ry = 3 Ri, corresponding to an elastic as well as a
total cross-section being three times bigger than the corresponding quanti-

ties in the initial state.

Concerning the validity of the absorption version of the one-pion
cxchange model in the present case, we remark that due ﬁo»tho-expérimentallyf,*
large annihilation region [large Ri-in,the optical model (25)], the range A
of the. pion forces (pion Comﬁfon wavclength = 1.4 F) at least does not
exceed thc range of the residual forces. Also, the cross-section for reac-
tion (1) is small comparcd to the total p-p cross-section (typically 1 -2 mb

compared to o, . around 70 mb).

In fact5 it was to p-p reaction that Sopkovich first applied the
absorption model5 , and when it was rediscovercd by Chiu and Durand6 s they
also applied it to p- p reactions, among them reaction (1), at first, how-

ever, without taking proper account of the spins.

65/657/5
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COMPARISON WITH EXPERIMENT FOR REACTION (1)

a) Cross-scction

The result of our calculations of the cross-section for reaction (1)
is compared to the experimental data1o) at 3.6 and 5.7 GeV/c in Fig. 2 on a
logarithmic scale., In this diagram we have also plotted the cross—sectioh,
as detorminod from the ummodified Born approximation acdéfding to for-
mula (15), without any form factor. A1l theoretical curves are calcu-~

lated without taking into account the finite width of the isobars.

- The Born approximation cross-section is too big compared with fhe
experimental 6ne$ by a factor of afound 15 in the forward direction, and does
n§t give the sufficicnt decrease with increasing momentum transferj the
main reason for this is the ratio (17).  In order to bring it into agree-
ment with experiment, one has to introduce a cut-off function F(t)? into

the cross-section. One possible form of F(t) is

P(t) = F(0) oxp(t/a) . o (28)

F(0) = 0,33 ‘ (28a)
-a = 26'm; . | (28v)

Another possible form is suggested by the work on pp collision by Ferrari
and Selleri3’9-12); still another form factor is used in Ref. 10)s A
direct comparison of thesc results with ours is, however, not possible, be-

cause there the finite width of the isobars is takenvinfo aqcount.

The curves calculated in the absorptioﬁ model are still too big
in absolute magnitude by a factor of about 5?3), but they reproduce rather
well the variation . with t. To see this in more detail we have in Fig. 3,
on a linear scale, plotted the experimental results at 3.6 GeV/c, the result
of the unmodified Born approximation multiplied by the cut—off function (28)
and onc-fifth of the result of the absorption model.

‘ -Concerning the dependence of the absorption model results on the
choice of the absorption parameter Rf we remark that choosing a somewhat
smaller value than J? Ri will give a larger cross-—section, but will not
change either the slope of the cross-section or the predicted decay

distributions.
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The cnergy variation cf the total cross-scction for reaction (1)
is shown in Fig. L4; all the e.perimental points10"‘2 are for the invariant
nasses o and o between 1. 13 ard 1.33 GoV. The theoretical curve is
one~fifth of +the result of our calculations within the absorption model.

As can be scen, this curve behaves roughly as s—1q"2. This can be under=
stoed from the observation that if the absorption parameters R and A arc
independent of cnergy, thc impact paramcter cxpansion in Eq. (23) always ANV 23\
gives the same cnergy dependence to the helicity amplitudes in the unmo- g

dified as in the absorption OMEM, which in the present casc (i.e., pion
P 3 b s P

2

2

-1 .
exchange) means a cross-section behaving like s~ ¢ , from Eq. (5). The
slight deviation from this behaviour is explained by the variation of Ri

(and Rp) with encrgy.

For comparison,in Fig. 4 we have also plotted the experimental
ratio n of the cross-section for recaction (1), with thc above-mentioned res-
triction on the invariant masses, to the total cross-scction for production
of ﬁﬂf'pﬂ&; whilc this latter stays about constant over the momentum range
3.25 to 7 GeV/c (it varies betwecn about 3.5 mb and about 3.0 mb), the ratio n
decrcases from about 65% to about 35% over the corresponding range, thus
accounting almos*% completely for the decrcase with cnergy of the cross—scction

for reaction (1).

b) Decay distributions

The decay parameters i1 of Eqs. (12) to (14) have been measured
as functions of the momentum transfer at 3.6 and at 5.7 GeV/c; the comparison
between these cxperimental results and the predictions from our calculations
is shown in Fig. 5.  Remcmbering, that in the unmodificd one-pion cxchange
model, with or without form factor, the predictions arc piq = 0.5, 03,1 =
03,_1 = 0, one concludes w..z; the suppression of the low partial waves in
the absorption model changes the decay distributions to boe in much better
agreement with the data, in particular at 5.7 GeV/e. iven if background
effects could bc invoked to explain some discrepancy between, for example,
the value 0.5 for pyy and the experimental oncs, we think it is rather diffi-
cult te cxplain such largc deviations as thosc obscrved, and cspecially to

reproduce the dependence on the momentum transfer,
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We have also calculated those combinations of thc joint spin
donsity matrix clemonts which entcr into the joint decay distribution W(Q,Qd)
of Eq._(11). At an incident momentum of 3.6 GoV/c we find in particular
for the paremetors in the distribution W2 (0,9) of Eq. (13), averaged over
the produotion angle: a = = 0,29 (corrcsponding to p11 = 0.40) and b = 0;15.
Almostffhe same values arc obtained at 3.25 GeV/c.

As can be scen from Eq. (13), the condition for a corrclation
between the decay of the isobar and the anti-isobar to show up in the -8

. ) 4
distribution is b=-a? £ 0. Our theorctical prediction is b-a® = 0.05 7,

i.€e, &small correlation of this type.

The corrcsponding experimental values at 3.6 GeV/cas), averaged

over 0.0 (GeV/c)? € =t < 0.4 (GeV/c)?, are a = = 0.29 £ 0.13 (i.c., p =

0.40 *+ 0,07) and b = 0.41 * 0,13, giving b-a® = 0,32 * 0.16. From a sample
of events at 3.28 and 3.69 GoV/c, unrestricted with respect to momentum trans-
for, it was found  / that a = - 0,22 * 0.03 (giving pss = 0.36 * 0,02) and

b = 0,23 * 0.06, implying b-a® = 0,18 + 0.07. Thus in both cases there is
found experimentally a small corrclation in the decay of the isobars, which

_is in dccent agrcement with thc predictions from our calculations.
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6. APPLICATION T0 REACTION (2)

Although we have formulated the theory so far for reaction (1), it
can with minor changes also be applied to kaon cxchange in reaction (2).
Besides trivial replacements, the only change will be in the determination

of the coupling constant: while the p- N*- 7 coupling constant can.be ex-

pressed directly in the width of the isobar, the decay of Y* into a nucleon?‘ICo\&d
N
and a kaon is energetically forbidden. We may obtain an estimatec of this A
coupling constant from supposed SUs invariance:
G‘2 G_2
Lm T2 Tln 4’2‘”1{ S (28)

However, such;an estimate is very uncertain, due to the largce
mass difference between the pion and the kaon.  Anyhow, using this value,
we arrive at a total cross-scction for rcaction (2) at 5.7 GeV/c incident
momentum of 16 mb, The experimental valuec is about 5 ub27 . In order to
reproduce this, onc needs in our model

GpY K

— o 08 my . (29)

Taking_the.point of view that the predicted cross-scction for reaction (2)
shduld again, as in the case of reaction (1), bc about a factor of 5 bigger
than the cxperimental one, this coupling constant should instcad be 0.18 mié.
This value of the N-Y*-K coupllng constant could, in pr1n01plo, be tostod

in the reaction Kp - p¥*, also assuming herc kaon exchange.
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CONCLUSIONS

From the preecding scetions wo conciuvdo biat the aboorption version
of the one-pion cxchange model for reaction (1) is ablc to account for the
slopo»of the differcntial and the cnergy variation of the integrated cross-
section and for the decay distributions, including a small correlation bet-
ween the decays of the iscbar and the anti-isobar. | Only the absolute value
of the cross-scction comes out a factor of five too big, a featurc which
occurs also in the absorption modcl trcatment of other reactions, in. which

)

particles with high spins are produced??~.

The success of our approach to predict the decay distributions
correctly is an argument in favour of the absorption model versus the form
factor version of the one-pion exchange model. HoWévor, we would like to
point out that this featurc scems to bc common to all models which "unitarize"
the Born approximation, is.ec., suppressing the low partial waves leaving the
higher ones essentially unchangcd.a9 . In order to Jjudge between different
unitérized_theories,vpne would then need cxperiment with much better statis-

tiqs.or to find some other distinguising featurc.

The reaction (1), or more generally the prccess pp > p7m P " has
previously mostly been compared to the Ferrari-Selleri theory, taken over
unchanged from proton-proton collisions. It has been shown that this model
gives good agreement with the data in the range 3.25 to 7 GeV/c incident
momentum, except concerning the decay distributions; rcstricting the theory
tovréaction (1), the Ferrari-Selleri modecl predicts the samc dccay distri-

butions as the pole. approximation.

A detailed comparison between our calculations and the Ferrari-
Selleri approach is: however difficult, mainly because we have here ncglected
the finite width of the isobar. Let us only remark that the invariant mass
spectrum, successfully predicted in the Ferrari-Selleri model, is in shape in
fair agreement also with our approach. This is so, simply because from our
calculations we find that do/dt(w,a) does not depend significantly on the
invariant masscs, implying that the invariant mass distribution is given by

the factor R(w) R(w), from Eq. (6), in rough agreecmcnt with the data.
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FIGURE CAPTIONS

Feynman diagram for one-pion exchange in reaction (1)

Cross-section for reaction (1) as function of momentum trans-
fer on a logarithmic scale. The curves (a) are obtained fron
the formula (15), while the curves (b) are the absorption model
results, all ncglecting the finite width of the isobars. The
experimental results are from Ref. 10). Vertical dotted lines
indicate lower limit on -t for a sharp isobar mass of 1237 MeV;
experimental values below these limits havc been added to the
first "allowed" interval as indicated by the dotted part of the

histograms.

Cross-section for reaction (1) as function of momentum transfer
on a linear scalec. The curve (a) is the Born cross-section (15)
corrected by the form factor (28), curve (b) is one-fifth of the
absorption model result. Expcerimental results are from Ref. 10).
Vertical dotted line and dotted part of the histogram have the

same meaning as in Fig. 2.

Integrated cross-section for reaction (1) as function of energy.
The curve marked (a) is proportional to s_1q—2, the curve (b)

is the one-fifth of the absorption model results. Experimental
points at 3.6 and 5.7 GeV/c are from Ref. 10), while the one at

7 GeV/c is inferred from the invariant mass plot of Ref. 12),

the one at 3.5 GeV/c inferred from the invariant mass plot of the
combined 3%.28 and 3.69 GeV/c events of Ref. 11). The open
circles are the corresponding values of n, the ratio of the

cross-section for reaction (1) to the cross-section for reaction
~ - - 4+

PP PT P .

Spin space density matrix elements, giving the decay distri-
bution (12).  Experimental values are from Ref. 10); the curves
are the absorption model results. Dotted vertical lines have

the same meaning as in Fig. 2. Dotted experimental points at

3,6 GeV/c indicate values based on a small number of events.
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