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'ABSTRACT
The channéls pn+ﬁ and pn+n' are studied.at 3.7 GeV/c. 'Thé Af+n’and Af+ﬁ'
data are compared to a Réggeized A2 exchange'modél, and are found to be ade-
quately described. The branching‘ratiOL‘R =-P(A2 - n'n)/I‘_(Ae.—9 ni) is
mea sured directly‘f?om theAn?ﬁ and nn mass distfibutions,'és well aé from
the ratio of the_couﬁling consténts for Af+nf ahd Af+n p?oduction. Both

estimates are coﬁsistent with a value of R = 0.04+0.0k.
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I. INTRODUCTION
_ Wé present“preliminary results of a.sﬁudy of’production méchanismé of.
AT+(1236);~meéon resohénée channels,-and of a.search fof reséhanées in many-
body final states. The“data samﬁie conSiéts.of events with four charged proﬁgs
in the final state from nfp,interactions at 3;7 Gev/ec. |
In Séction_II we present;the.défails of”the:dét&=handling._-In.SectiQn IIT
we discuss ;ﬁ tandem thevchanneis prn.and.pﬁfn'. Bbth_reaétions are found

+ R
to be dominated by Avf_production,ﬁthough_we observe the decay of the A, into

2
nn. The Af n channel is.found:to confirm an earlier studyl that the A is
polarized as expected for a»magnetié'dipéle (M1) transition at the nucleon

K | _ ' ' . ++
vertex, and agreement is found with a Reggeizéd'Ag-exchange model.2 “The A 7'

channel is amenable to a similar analysis, and is shown to be adequately

o ' LA
described by the same model as the A n channel.

IT. ED(PERIMENTAL DETAILS . .
_ The Lawrence_Rédiation Lébdratory_?Q-inch hydrogeﬁ bubbié chamberiwas
exposed to aﬁ”electrostatically‘separatéd nf beamvat momenta near 3.7 GéV/c;
Using both kiﬁematic. fitting and ionization information, we_find3,’Lf in the

’

four-prong final state topology -

n+p - pn+n+nf - ‘ (16 300 events) (1)
_ n+p - pn+n+n—n° o (16 400 events) (2)

n+P - pn+n+ﬁ_'MM' - (Th0O évents) . (3)
Réaétion (1) is évféur—constraint (kéj kinemétic fit; while reaction (2) is
a oné—constraint'(lc) £it and reaCtiQn‘(B) ié_a zero-éénstraint (oC) calcula-
tion. The events'conéidefed'ﬁnder'féactionzfé) are fhése with two or. more
missing neutrals for which there is a proton identifiable by ionization.
The total éross sections for reéctions (1) and (2) are 3.52+0.10 and

© 3.62%0.10 mb as given previous’l‘y.)+
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ITI. ‘pr n AND Jgrr 7'

" In. Fig. l we show the mass distrlbutlon of" the n+n no syétem from reac-
tion (2) (two combinations‘per event). “w production domlnétes the reaétionb
but an 7 s1gnal 1s also clearly. v1sxble, with a w1dth corresponding to our
resolution of about 15 MeV FWHM. For purposes of analy31s we define an n
mass region: _ »

n:'--538f5585Mev e S o . ',(4) -
Us1ng this cut, we show the npn Dalltz plot in Flg 2a, and the three possible
mass progectlons in Fig. 2b,c,d. The dominant feature of the Dalitz plot is
the strong Af+(1236) signal accounting for .~ 45% of‘the:npw events. The
simultaneous formation of INM and n'is also démonstratea in the shaded portion
of Fig. l;'where the‘mass.qf‘thejn%ﬁfnq-system-recoiligg‘against a‘pn+ mass
interval at the Af+, néﬁely; ‘ |

AL 1160-1280 Mev . ()

is plotted.
. ++ : .
In Fig. 1 we observe that the A ‘cut leaves very.little background under
+ ) . .
the 7n signal and therefore we estimate the A 1 cross section from Fig. Zb.
Correcting for the tails of the 71, we estimate the ratio of double resonance
events to.all events in reaction (2) to be
+ ++ .
H'p:—i A S
L + 0
: I T

(e}

T - = 0.0094+0.0012 - .

T p - pn T n -

~'We then find the cross sectlon for A n productlon to be5 14721 pb.
Turnlng to the reactlon E: p - x pn ' we_show the_miséing mass (MM) distri-

bution for reactlon (3) in Fig. 3. An n signal with a width of ~ 50 MeV is

: ' + + -
seen on & large background; we estimate 22060 pr xn =« n events in reaction (3).
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This corréspoﬁds6 to a cross.section for 14 p - §n+ﬁ n 1 of 62i17‘sb. In
Fig. I we show a scatter plot of the (n  MM) effectlve mass plotted agalnst
MM for a narrow N cut. A small narrow concentratlon of events 1s seen for
low (n T MM) masses at values of MM near the n. We 1dent1fy this signal as
the 7 ; where n decays to ﬂnn. There are approx1mately 50 events in this
cluster and, from a s1milar plot for A removed (not shown); we flnd that
the n events are_predomlnantly aSSociated with Af+ fcrmaﬁicﬁ;‘in agreement

T

with the results of Trillihg et.al. based on a much smaller sample. In order
to determine. the cross section for n'A  production, we use a feature discussed

by Rittenberg8: . The phase space for 3n ‘s from the non n decay of the

charged
n' peaks in the nﬁmass region and has a width roughly corresponding with-that

of our missing mass 1. : Therefore the 7' decays in- reactlon (3) include both

+ -

T and about8 75 of m n ~ We. include: -this correction in
ﬂ U

neutral charged

our determlnatlon of. the cross section.,
For the analysis of the A n reaction we have taken those events of
reactlon (3) w1th a m1851ng mass 1n the n region (510-590 MeV/c ) and refitted

- them as a one«constraint hypothe31s

+ S 4+ - L

TP pnowow (n = neutrals) _ (6)
with a missing n in order to improve the resolution. Although.ﬁhis gives
only a 25% pure # pr b "n" sample, we find that this technique does not appear
to lose any A n events in reactlon (3) and considerably improves our mass
resolution. In,Flg. 5 we show the . 1 mass distribution for all events
fitting reaction (6). The n' signal can be seen at 960'(MeV/c)2 and the

: : o ' ' +4+

background is reduced almost to zero by the addition of a A selection, as
. X : . - '+‘_
in (5). We define our n' signal as those events with a n = n mass in the

interval
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' 940-980 MeV ‘ (iO9 events)“ - (7)
.The n'p&+“Dalitziplot is sﬁown in Fig;:6 togethef‘with the thfee mass
'projectiohs{ 'Like tte'ﬂpﬁ+ reaction,‘q'pnt is dominated by A ﬁroduction,
and we shoﬁlthe nﬁ’ and 7’ mass progectlons w1th thls 51gnal removed No
signifieant'evidence for other ephencemeots ;n.the N pn flnal state is found.
From Fig; 6c, we‘oan setrfough limits on tte’number of deeays A; - q'ﬁ+,
namely 3%3.. Thislfiéure ¢ah”£é?¢6mpaféa ﬁithvoﬁr estimete of the humbef of
A; - nn+ decays from Fig. 20, namely 50*12 Correctlng for the 1,10 branchlng
ratios® we estlmate the ratio (A2 - n'n) /(A - ) to “be 0.04%0.04%, much-
lower than prev1ously measured values.lo The A n cross seetioﬁ'is deter-
mined frofm Fig. 6b, the pn mass dlstrlbutionffor eveﬂts'lne(6); where we
eStimate 53#11 Af+n"eVents. ﬁelcorreot:for tﬁe unseen decay @odes of the 7'
as discussed abo&e, and,find a cross seetion for.Arfn’ production of 30t6 ub.

_ The A n and N n dlfferentlal.cross sections are shown in Fig. 7. (The
kinematic variable plotted 1s t"= !t - t min!’ where lt lnl is the smallest
value of 'tl.kinehaticall& allowed.) A.marked similarity may be seen in the
shape of the angular disttibutions froﬁ the two chennels. A furthef resemblance
_between the two channels is. evident in Flg. 8, where the A density matrix
elements are shown. For both reactions the A has a polarlzatlon that is consis-
pg3 = 3/8,

Re p3 1= J§/8 and Re p3 1 = 0. Thls feature has been noted previously for

tent with that expected for a magnetlc dipole (Ml) trans1t10ns

the Ay channel.l

The curves shown invFigs. 7:end.8’are:Calculated using the Reggeized A,
exchange model of Krammer and Meor.e. While for the An reactlon we have used
the coupling constants given by these authors, the Ot channel represents an
extension of" thelr model, for which we have calculated a nAEn' coupling constant

which gives a best fit to the data. .In the curves presented we have used Krammer
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- and Maor's 'soluti,on_ 2 ‘Th_ej_ _re.il:ie_"__‘ of coupiing j"const_;é.‘ritys(_ 'obtaiﬁed .i‘s':

2.

-gnAn
fETELf»— O 38+O 07

. The. agreement of the dlfferentlal cross sectlons ‘and the A dens:Lty matrlx

elements with the model predictions 1s q_uite good

We can relate the ratio oupling;ucon,st’fa;nt’s' “to an expeéted ratio of

edecay widths using a. snnple d- ,a,ve.-a.ng‘ular vnvibmentum ’ba'x"rie_r:-.

Taoute S

RIREU — ~ 0.0L - .~

This lesultzsalso smalie"rvfth'e.ﬁ\‘;the 'V'ribraneﬁi-hg ratio of Ascoli et al.ilo, but”

is comp'at_i'b‘lef_ ﬁ_ith;pur. ewri-"previjbli;siy-, quoted limit;: of O.:OI}#O.OH.
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FIGURE CAPTIONS
Fig. l. Dlstrlbutlon of the n n no mass for all events from reactlon (2)
(16 433 events plotted twice), the shaded events correspond to oppos1ng
pu+ maSSes 1n the At reglon 1160-1280 (MeV/c .

Fig. 2. Dlstrlbutions from the channel prt n, where N nox x° (337 events).

(a) pn n Dalltz plot. ( ) P mass dlstrlbution. (e) 7t mass distribution.

(d)'pn‘mass'distribution.
Fig. 3. Distrihntion of the Missing Mass (MM) for ail events from reaction
(3) (YhOO events) | . | \
Fig. k. Scatter plot of the (ﬁf&’"Mm)'nAss vs MM for‘eventslfrom reaction (3)
with an oppos1ng A Eq. (5 (59%& events)
Fig. 5; P n ma.ss dlstrlbutlon for events from reactlon (65 (255& events);
the shaded events oppose a pn mass in the At region, Eq. (5).
Fig. 6. Dlstrlbutlons from the channel Pt n ’ where the n 1s sélected by
| . (7). (a) pn n' Dalltz plot. ‘(h) pni mass distribution. - (c)'n'n+
mass distribution (pn not in N band; Eq. (5)). (d) pn' mass distribu-
tion (pu not 1n A band). The smooth curves are phase space predlctlons
normalized to the number of events (44) with A ‘out.
Fig.>7._ leferentlal cross sections for A n and N n"production. The curves
" are described in the text.
Fig. 8. Density matrix elements'of the Af* infthentechannel coordinate,system

~for An and An' events.

-
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