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ABSTRACT
It is shown from an analysis of eXperimental data on the
reaction Tt p i n+n P that asymmetries in n+no decay angular
distributions have a natural 1nterpretation in terms of 1nter—
fference.between PP producticn and dlffractlve dissociation of
the prcton.' |
' The xﬁ. systems produced in reactions of the form N = axN have been
the:subject of'intensive.study'particularly in the region.of_invariant mass
near the ] rescnance.'l For the reactions nip —? ninop, the nr decay
angular distrlbutlons, measured in the Jackson frame, exhibit asymmetrles
whlch go from a backward maximum to a forward one as the 5 n mass is
increased‘frcm below to above the central_value of the O resonance. This
behavior has generally been'interpreted inrthe context of the cne—pion—
exchanée (OPE) model in terms of an S-wave I ; 2 ’an elastic amplitude
interfering ylth the resonant I=1 ,P-wavebstate. A slowly varylng o

S-wave phase shift of approximately —15 accounts adequately for the

_observed a;ngular.asymmetry.2 The purpose of this letter is to proVide

a dlfferent 1nterpretat10n for the asymmetry which leads to a clearer,

understanding of some related features. of the pn n production Process.

+
‘Spec1f1cally we show that data on the reaction n_p - N p‘ obtalned

”
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in a hﬁhbieﬂohamberxstudy‘of n+p intefaotions at.3.7 GeV/e can be well under-
stood,iﬁ-tenns_of“a model.invwhioh o+'proouction and‘diffraotive.dissoéiaﬁion
ofuthe pnoton'have amplitudes which are cohefent and. interfere destructively
for nn masses below the o] mass and constructlvely‘above it. This new inter-
pretatlon may well be equivalent to’ the OPE approach at the pion pole and {‘:
hence does notvnecessarlly invalidate the determination of n n phase shifts,
providedethat this determination involves‘extrapolation from a small enough
regio#~of.momEntnm transfer.i
' The expe-fi_xﬁenta.l data consist of 4717 events in the channel n+n°p_
obtainedffromﬂan eXbosure of the 72-itich LéL_hﬁbble.chamber-to a 3.7 GeV/e
x béam.3a Ihe-nain.peripheral contribntions, ciearly.shown in the Chew-Low
plots of‘Figs. la—c; are, “ |
v : S n#p‘*’ ﬁoéf+*, L E :_(la)
T p P [pn ] ,A | N - - (1b)
*p =o' B €1
The bfooess'(lb),-Whioh aenotes the observed pnoduction of a highly peripheral
enhanoement in the pno ma.ss regionvfrom threshold to about 1800 MeV, is
interpreted}as'diffractive‘dissociation of the inoident proton into the
bfinal pﬁo'snate.v Although the.reaction n+p —; n+éf[ makes some contribu-
tion to the perlpheral events seen in Flg. lb, thls contributlon 1s only a
small part of the enhancement actually observed. Presumably thlsvenhancementbﬁ'

contains contrlbut;ons from many of the N resonanCes_although these are

._ _ 1/2
not well.reSOIVed. Furthermore as already pointed out by Boesebeck et al.,l'L

there are contrlbutlons from the mass reglon below lMOO MeV where no Nl/2 ' <.)
resonances have been establlshed in pion-nucleon phase shlft analyses.

Ib exhiblt most clearly the ex1stence of 1nterference between dlffractlve

dissociation‘and,p production in their region of overlap, wve show'in'Figs;
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2a-e»écattér plots of nn mass-squared versus four—momentum-transfer—squafed

'befweén incident and outgoing protbn, and in Figs. Sa—e the nn mass projec-

tions within the momentum-transfer interval -tp < 0.5 (GeV/c)g.. These plots
and. projections are shown for various regions,of cos a where @ is the polaf

decay angle of the nn system in the Jackson frame. In interpreting these

,figurés,'iﬁjshould Be remembered that cos a is closely‘reiated to the value

: L L e +
of tn’ the squared four-momentum-transfer between incident and outgoing = .

’FofWard values of corresbondito'small values of —tn; i.e., the region in

which diffréctive dissociation is important (Fig. 1b): Indeed the range

v

R . ' , 5
1 2 cos @ 2 0.8 roughly corresponds to 0O > t > - 0.07 (GeV/c)® near the
o region. ' .
In'Figs. 2a and’3a.thé large populations for nn masses above the p mass

arise'from proton diffractive dissociation [(Ib)'above], and are seen princi-

' pally:in the bin 1 2 cos o 2 0.8 _bécauée of their peripheral behavior.

The striking feéture in these two figures 1s the very‘sharp cutoff‘in event

population f¢r,nn mass just below 700 MeV. Indeed this pOpulation is .lower

than‘what bné'ﬁoulduexﬁect from:eithervthe'pbalone or'the.backgroundvalone
aﬁd is theféfore_easily understood only in terms of an interference effect.
The large magnitude of this effeét can be gauged from the fact that the e
mass peak in the histogram of Fig. 3a is shifted upward by about 60 MeV. A
fit of the»hass spectrum of Fig. 3& to phase space plus a p resonanéejof
adjuétable ma§s leads for this forward interval of cos @ to a fitted P
dentralkvalue of.838115.MeV. Ihe”absence ofysimilar interference;effects

in other r&hges_of cos @ including'the backward region (not shown ih Figs.

2 or 3)'suggésts-intérferénce between p production and the only process

concentrated at forward values of (smallvtﬁ); namely, the diffractive

dissociation.
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Tb make a more quant1tat1Ve test of thls 1dea, we have represented the

2,

populations of Flg 3 by an amplltude of the form

where the p amplitude was approximated by,
A« '2_l= g‘ —— [a cos @+ b(sin @ e® + sin « ef;?)] o (3a)

and the dlffractlve amplltude by,

Y/2)t is

-Ad‘f«e . - (3v)

.In‘Eq;i(3) m is the g maes, u] is-the Treiman-Yang.angle, o_is a constant
phase to be'adjuated byvfitting to the data_and~flrepresentS'an average elope
for the angular distribution of the diffractive process. The valuelof T is
.taken froﬁ.the‘data'to‘be 5.5 (GeV/c)_25 and the value of tIt ie expressed
in terms of cos d.fFIﬁe ® depenaence of ‘the interference terns'is assumed
to average to zero, and therefore only the angular coeff1c1ent a, taken to
5

be Jp_, appears in the 1nterference term.

oo The‘p productlon dens1ty matrlx

_ element.poo has a.measured average value of 0.46 in the range of tp under

consideratlon. From a separate‘fit to the nn mass spectrum between

-0.5 = cos @ £ 0.5, which;is almost,pure o} the values mp = 765+8 MeV and
= l?Ot30.MeVl are obtained. IWithvthiS'input, the nn mass spectrum, calcu-

lated from fheiabsolute §Quare of tne amplitude (2) multlplied by an:approl

priate phase space factor, was fitted to the experimental data in Figs. 3a-e.

The resulting fit gives & = 1700160. with X° = 61 for 49 degrees of freedom..

The corresponding-nn mass spectra are givenABy the curves shown in Figs. 3a-e.

Both' the X2 and the curves of Fig. 3 indlcate remarkably good agreement

B between the data and the model, espe01ally when account 1s taken of 1ts very

Q} :
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' the data (X

interfering with an I = 2 S-wave haring & phase shift of roughly -15
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approximate nature. Tt is worth noting that removal of the interference term

-in'the-absolnte-squarehof the amplitude'(e) leads to only a veryvpoor fit of

22 101).

It is interesting to see if these resuits are compatible with the simplest

‘Regge‘exchange'diagrams'that'one might choose to represent p production and

diffractive.dissociation.‘ We assume‘p_productiOn to. be repreSented by Reggeized
pion exchange.and diffraCtive dissociation by Pomeranchukon exchange. We |
further suppose that in the dlffractlve process, the final pn state,‘spanning

numerous resonances, on the average contrlbutes an 1mag1nary phase. Since
the n+n phase is automatlcally 1ncorporated in the Brelt Wigner part of (3a),

the angle o) contalns the 90 average contrlbution of the pn final state
interaction plus the phase difference between the Pomeranchukon and pion

propagators, whlch is also about 90 « Thus © is expected to be zero or 1800

. _ R v 6
-in. good agreement with the experimental value of 170160.

It'is easily seen that the interference effects. just discussed lead to _
+
dlstributions of cos a with asymmetries which depend upon n —no mass in Just

the manner descrlbed at the beginnlng of thls paper, and, in thls sense, our

, model also prov1des an-interpretatlon Of these asymmetrles. However the

_ccnverse prbdedure of interpreting the nn angular distributions over the

relatively large momentum transfer range under study.(—tP £ 0.5 (GeV/c)

as representing = -no elastic scattering dominated by a resonant P-wave

o)

does not lead in a natural way to the mass distributions of Flg. 3. Indeed
+

1f ve assume that x -no mags distributlons at-a given value of cos O are

dQ
3a is less than lO-MeV“instead of - the much larger value actually observed.

+ 0, | ‘ .
roughly prOportibnal to QELE;E_l » the upward mass shift calculated for Fig.

Thus thepmodel presented here gives a.much,betterhdescription of the.data
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than a oné-pion-exchange amplitude applied to the rather large momentum transfer
'range covered. itAié essential however to emphasize that our description is

not in any sense incompatible with an OPE model at the pion pole. Indeed

this'compatibiiity is in accord with the duality arguments made by Chew and
Pignotti.!
We éxpress our thanks to Professor G. Goldhaber and Dr. Keith Barnham

for uséful.discussions, and to our scanning and measuring1staff for their

deVoted‘efforts.
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The amplitude (3a) actually represents a pure state producible by exchange

of ah:unnatﬁral spin-parity system. In the real p production proéess,
the effective value of the angular coefficient a in the interference term

is = Jp .

00
S . . o+ o+
Wé have neglected in this discussion any interference between x A_ and

‘'p p final states. In fact we have observed very little interference

- ++ + : L + .+ '
between ﬂOA ~and p p. From this we conclude that the n A state makes

- very little contribution to the observed effects.

- G. F. Chew and A. Pignotti, Phys. Rev. Letters 20, 1078 (1968).
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FIGURE CAPTIONS

Fig. 1. Chew-Low plots for the reaction =np = =« n?p.v

I . - : + . i .
Fig. 2. . Scetter plots of -t£ vs 1 x° mass squared. The value of -té is

Fig.

the momentum transfef'squared between ihcident and»finalrproton minus .

the kinematic:minimum corresponding to each particular value of = no ma,Sse

Thése ﬁlots.corresp0pd to‘various ranges of cos ¢, where ¢ is the nn.décay
angle in the Jackson frame, aS'follows:' (a). 1 2 cos abé 0.8, (b)vo.8 2
cos @ 2’0.6, (c) 0.6 2 éos a 2 0.h, (d) O.4 = cds a 2 0.2, (e) 0.2 2 cos &
co. . .

3. g+n°1mass spectra fof _-tﬁ < 0.5 (GeV/c)2‘ for the same angular
ranges as in Fig. 2. The curves are from the fit des‘éribed in the{ text.
Although the bins shownvaré the oﬁes used in the fit and'are‘not all the -

same size, thevprdinates do give events per'unit bin width. The vertical

~lines denote mo = 765 MeV, the expeéted p central value.

e

.,

o
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