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The forward dlfferential cross sectlon of pA productlon is
‘shown to be reproduced quantitatively by an evas1ve Reggelzed one
pion exchange ‘model which smoothly reduces to the Born term at
the plonﬂpcle. Assuming exact n-B exchange degeneracy leads to
’j;predicfions for @A production which are in agreement with the
‘experimental's and t dependencesa Similarvagreemeht is found‘
» for‘K*A.production. |
The.t channel one- plon exchange (OPE) appedrs.as.the dominant forward
production mechanlsm, at medium energies, in many tvo- -body reactlons. There
1s, however, a con51derable'controversy as to the detailed features of this
process. The prox1m1ty of the pion pole to the phyulcal t reglon suggests
the 1mportance of the Born term. Nevertheless, it is clear that the experi-
mental momentum transfer distributions in the relevant‘reactions force rather
severe modifications of the Born ampiithde.; Such modifications have been
suggested (end'applied) taking into acccuht off maSSashellvcorrections}l
absorptionéziehd a variety of Regge-pole and cut models 3-5

In this letter we offer evidence that the OPE contributionvto the reaction
+ +4 : .
xp - p%a | (1)

is consistent with the exchanged pion lying on an evasive (M = 0) Regge-

trajectory with a slope near the "universal" value of 1 (GeV/c)—g. This
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.result is suggested by a recent hlgh statistics experiment6 at 3.7 GeV/c which
provides dlfferentlal cross sections and spin den51ty matrlx elements to a

Itl value as large as 1.5 @eV/c) A similar analys1s,of the reaction
ﬂ p a’A L ) (2)
then provides a - strlngent test of n-B exchange degeneracy which is well satis-

fied by the data 6 Our results are readily extended’ to the reactlon
N r L .
K'p -» K¥oA" S (3)
but cannot preperly'deSCribe either'charged'pion ?hotoproduction or np charge

However, our approach when cduplea'td models such as

5

exchange seattering.
the one suggested by Jackson and Qulgg may prov1de an overall descrlptlon
which is qulte satlsfactory.

It has been notedl 3 that the dlfferentlal cross section of reaction (1)
exhlblts shrlnkage of the forward peak with 1ncreas1hg primary energy. This
behavior suggests a 81mple Regge-pole parametrization with a steep evasive
ﬂ-trajectdf§33x However, it has been arguedl thgtithe shrinkage may oriéinate
kinematicall&}from the large widths of the measuredepfahd A resonances. The
avaiiabilit& ef the new 3.7 GeV/c data6 makes it pessible to examine the
structure of the unnatural parity t—channel exchahges-aWay from the very . .
.forward dlrectlon. The crucial observatlon is that the zero seen in P00 gg
at t' = t - t min = - 0:75 (GeV/c) enables us to discriminate against models
that are qulte satisfactory at lower t' values.

We limit-our study to 06 = Ppo —TETT to whlch only unnatural parity
(Pp = (- l)J ) exchanges can contribute. The Born OPE cross section for the

process ae+vb,—9 c +d is calculated8 to be
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L op 2| a1 | e -
o 0y = =5 G 5 5 [(mb + m, ) t] (%)
L 3sq t - m m_.
S Pl T
where . . , , Lo
o® = s - (u, - mS)eJ[s - (m + )1 ks
R A
The product effthe'coupling'constants @ /hﬂ) g§ /Mn ~ 0.9 . if widths

of 120 MeV are .assumed for both the p and A resonances. We Reggeize this

expression bylreplacing the pion propagator

-ina (1 + 20)(1 + .???‘)r(a + —-)

1 1+ e s - uy@

where ¥ja'(Q)(t - mi). The model thus consists-ef,an evasive pion with
kinematicalifactorsbdetérmined by ﬁhe behavior‘of’the.ﬁorn amplitude at
thresholdeJeedfpseudothresholds rather than the feetdrs suggested'by-the
cfossingimetrix.9"The'reduced residue is smoothly‘eentinued from the coupling
constahts ealeulated at the pioﬁ pole. The only e?biﬁrariness in the func-
tional depeﬁdence in Eq. (5) is introduced when we su§press the'pelee of
(o + %).v:We'choose to multiply by the lowest orQergpoiynehial iﬁ'd whieh
has the required zeroes in the measured t region. .Aiternatively,.one may
employna‘Veneiiahe-type'amplitude~whefe P(a + l") is eiiminated aitogeﬁher.lo
- We have performed a fit to the data for reaction (1) at 3.7 GeV/c, mini-
m121ng the X2 as a functlon of at(0), so and G2. The curve shown in Fig. la

" is the best fit result with a X© of 20.1

for 22 deérees'of freedom. The best fit parameters are
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a'(0) = 1.16%0.03 (GeV/c)—2
2s, = 1.08%0.11 GeV*
7 = 0.46£0.05
The zero observed near lt'l O 75 (GeV/c) is 1nterpreted as a nonsense
wrong 81gnature zero in the OPE Regge amplltude correspondlng to a = - 1.

The model 1s seen to reproduce quantltatlvely both th1s zero and the detailed

shape of G over a 1arge range in't. In partlcular the apparent change in

0
slope nearlkltwl = 0.2 (GeV/c) - is well reproduced.by:our calculation. The
fitted G2 vglﬁé corresponds to p and A widths of abonti90 MeV each, which
may be regarded as satisfactory in View.of the simpiicity and small number
of parameters;introduced in this model. B

Havinéffixed the parameters from the fit at 3;7 GeV/c, wé compare in
Fig. 2 the model predlctlons with the results of other experlments at different
energles.ll l?; We wish to stress that we have not attempted to fit the overall
data as dlfferent experlmental procedures have been applled both to cross-
section normallzatlon and to background estlmatlon..'In our oplnlon systematic
d1screpanc1es as large as 20% may be present in comparlng two different experl—
ments. It may be seen, however, that our calculatlon provides quantltatlve
agreement with both the s and the t dependence of the data . |

We next consider the unnatural parlty exchange contrlbutlon to reactlon
. (2) for whlch the nearest t-channel singularity is the B meson with JPG = l++.
From the absence -of. strongly coupled resonances in the s-channel K p system,
one can argue that reaction (3) proceeds via the exchange of exchange degen-
erate pairsvsnch as n+B. Assuming then that aB = aJT = and that the

- residues are~equal (strong exchange degeneracy), one finds that
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(o) . » |
—(_)'ﬁ— A cot? ’;_a , (6)
o (aﬂQ .

vhere A =rl' 1n the limit of exact SU(3) symmetry (assumlng that F(B = o) =
as expected for the ideal nonet).

‘In Fig;t3a vie show the data6 and the'best fit*étfve from an independent
fit of o pAQ/J (wd) as a functlon of t‘ * The pafemeters at the minimum value
of X° (lh_ferﬁ}9 degrees of freedom) are A = O.hliO;OB and «'(0) = (1.12%0.08)
(GeV/c)_e_fwnen a linear trajectory, d =a'(0)(t ~.m§)é is.assumed.rvThis
fitted valnetqf a' agrees well with the value'we haye ebtained using Eq. (M)‘
and the pA data alone. The»experinenta] distnibdtien“is well reproduced over
a wide range of t values, but the significant d1p in o (wA) (see Fig. 3b) at
lt I = O 17 « GeV/c) is unexplained by our model,vnA'possible-explanation.
in terms of a nonsense wrong signature zero of the B amplitude appears‘to be
unattractive“poth on experimental grounds6 and theWrather good'general agree-
ment with_n;B'exchange’degenerecy. The fit of onr:nOdel to reaction (2) at
3.7 GeV/cvis'ehown in Fig. 3b (see also Fig. 1b put' ). The parameters.
d'(O) and'so:are fixed to the values found for reactlon (1), SO that the only
parameter varled in the fit is G (the sign of Exp(s 1ma) is reversed in Eq.
(5 ) for B exchange) This fit was performed over the range 0.2 = ‘t | = l b
(GeV/c) to ellmlnate complications due to the dlp and possible p-w inter-
ference.6v'Wh11e some systematic deviations are seen at the largest_t' values,
the overali:eéreement is good (X2 = 16.3 for 15 deérees of freedom), as
expected ftom:the agreement shown in.Fig. 3a. _

From the fit to .the o Quﬁ) dlotrlbutlon at 3.7 GeV/c, we find that
2 = 0. 9&*0 15 Combining this result with the prev1ous one for pA productlon

ve get A O 49+0.06 which suggests p0551ble breaklng of either SU(3) or
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exchange degcneracy. 13 A further consequence of our analys1s is that the oA
cross sectlon 1s expected to fall more rapldly w1th energy than the pA cross
section. Tn;s.effect arlses kinematically from thefdecrease of ltminl as s
increases,eandsis evident fromvthe form of Eq._(6){ fThe'predicted differential
cross seotionaforcna at 8 GeV/c is compared to the'datall in the lower part

of Fig. 3b, and is seen to reproduce the experlmental energy fall-~off.

An 1ndependent experlmental test of our model may be made ut111z1ng
available oata on reaction (3). To incorporate possible symmetry breakings
we have chosen»to use the experimentai coupling constants determined bylthe
picnic decay;of g*° ana Af+, and take G2 0. 38 - The only changes in Egs.
(4-5) are thus the approprlate different masses and’ s1gnatures, retaining
“the values of a(t) and s, determined in reaction (l).’ These predictions,

14,15 especially

shown in Flg.ih, are seen to agree rather well witnvthe data,
50 in viey.of the lack of arbitrariness in the mo@ei.'

The model proposed for V A production is seen to be.in quantitative
agreement w1thvexper1ment. We have considered alternatlve models to analyze
the uniqueness of our conclusions. If the exchanged-plon were a flxed pole,
or had a traJectory which is almost flat,7 then a zero at It | 0.75 (GeV/c)2
is not expected In particular we note that a,form factorl correction does
not.produce such a dip. In our oplnlon the data analys1s of Wolfl is somewhat
mlsleadlng as he considers the full dlfferentlal cross sections which contain
contrlbutlons from natural.parlty exchanges whlch cannot be neglected. 6 Such
contrlbutlonsoeannot be reproduced by an OPE amplitude'as long as it is modi-
fied by ayform factor only. Additionally, a flat trajectory does.not motivate

a possiblegu—B exchange degeneracy which is strongly indicated by the data.

ilence we argué,that the shrinkage observed in pAvprOduction is a consequence
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of a x trajeétory vith a slope ~ 1 (GéV/d)-e, faﬁher than a pure kinematic
effect.l o

Anothéx’suggestéd mbdelh with only Reggé poles~cbﬁsiders contributions
from an M = l plon, its conspirator and a strongly coupled A1 While this
model prov1des a good fit to data from reaction (l) at*small t' values, no
. structure neax t' = - 0.75 (GeV/c is suggested.‘ Fﬁrthermorevthe fitted
Al tragectpryv;s quite different from the =« trajec?bry, S0 that_it may be
difficult.£§ ¢§nstruc£ an exéhange degenerate sche@é for this model. It is
worth notiﬁg.that we have neglected an A exchangé:coﬁtribution in the present
model, 1nd1cat1ng that the pAlA coupling may be rather small.

‘We have also considered the possibility that the ‘zero observed in o© (pA)
is due to Lhe optloal propertles of the scatterlng amplltude.l6 Such a zero
vould be expecued near t' = -~ 0.6 (GeV/c if the net s-channel helicity
flip is one,  Present data cannot rule out such a.correlation. However, this
interpreta%ion.leads to some difficulties. One ekpects that the small pion
ma.ss would'shift the dip to |f'| values smaller than.0.6 (GeV/c)2, and not
larger as<Seén experimentally. It is possible tofciréumvent thi's complication
by aséociating the dip with Al exchange rather than w;th n exchange. However,
one would then expect the B contribution to wA tobshow'a similar dip which
is not obsérved experime_ntally.6 We comment also that the dip observed_in
Py * pl_l.'near t' = - 0.65 (GeV/c)g"for reactibn (2) contradicts the
Simple optib;l_picture.

The preéent model offers no explanation for the obsefved forward peaks
in the phété?roduCtion of charged pions and ﬁp charge exchange. Modification
of the OPE Reége amplitude as used in our calculation by appropriate cuts

(absorption) does provide a good Fit” to these problematic reactions. It
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is not entireiy clear why such cut corfectlons are. not requlred in the analysis
of reactions (l 3), although we note that there is'no s-channel structure in
v K P reactlons.and relatively little in n+p reactioné. .A better understanding
of the role of Regge cuts is therefore crucial- to a complete parametrization
of the OPE amplltude.

The-authofs gratefully acknowledge many usefni'discussione with Gerson

Goldhaber, Keith Barnham, Donald Coyne, and Bronwyn Hall.'
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FIGURE LEGENDS
- o+t ] _ '
Fig. 2. 0 (p°A ) as a function of lt'] at 3.7, 8.0 and 13.1 GeV/c.

SR : Ny ++
Fig. 1. 0,.as a function of |t'| at 3.7 GeV/c. (a) p°A ; (b) 0’A .

Fig. 3. (_a})'r’VGE)(QOA#F)/GB((DA) as a function of It'll. (v) Ga(a)oA-H') as a

functioh:df [t'| at 3.7 and 8.0 GeV/c.-

Fig. 4. o (K*°A"™) as a function of |t| at 2.53, 2.76, 3.20 and 5.0 GeV/e.
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