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- - + - J A study of 3638 events of the reaction pp -> pprc n at 5.7 GeV/c in 

the 81 cm Saclay Hydrogen Bubble Chamber is reported. The measurements were 

·made with the CERN HPD system. The cross section for t.he channel 

pp-> ppn+rc- was found to be (3.31 :!: 0.16)mb. Abundant associated production 

n l.:ll':; ( 12~n) '.::~ ( - 2~c) 1 ' - d the cross section for the process OI ~ 33 )0 ~33 i 5d ~as oeen observe ; 

pp -0> N;3 1~3 is (2.08 :'.:" 0.14 which corresponds to (63 : 3) % of the 

total cross section for the studied channel. 

The liroduction mechanism 01" N;3 N;3 has been investige.ted and the 

experimental results conparod with various predictions of the one lJion 

exchanc;e model modified to ·cake into account absorption in the initial and 

final states (absorption rnoclcl). Tho slope of tho differential cross 

section is rather well reproduced by this moclel, the experimental value is 

however exceeded by a factor of about three. The decay parameters of tho 

joint decay distribution have been measured and found to be in a reasonai)le 

agreement with tho theoretj_cal predictions. 

decay angles of the N::'3 and r:r::f3..,. respectively 
) ) 

A small correlation between the 

of 0.10 ~ 0.04 has been found 

and is in agreement with the ]Jrediction of 0 .05 from the absorption model., 

~ Now at the Institute of Physics, Bologna. 

:;t::ir:; On leave of a.bsonce from Institute of nuclear Research, Uarsaw 
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1. Ex-cJorimontal Procedure 
,,._,..,,,.,.~"""- - ""-- .... --· - ... _, ______ ""..,....,......_.,, ... '°-- .. ~ ..... .- ~- ..... ·---------·· ~ 

The 81 cm Saclay hydrogen bubble chamber was exposed to a separated 

boam of 5. 7 GeV/c antiprotons f1~om tho CJ.::m.N proton synchrotron. I'he pion 

and muon contamina:cions of the beam were 2 and 6 <]'o respectively. Each 

frame cont:;,:i_necl, on avorace, 14 beam tracks. Four-prong interactions 

(without accompanying v0 ) were selected for measurement with the C8RH I-IPD 

s~·stom. Out of aboujc 21,000 events attempted 19,100 could be successfully 

reconstrt}.ctocl after a single remeasurement of events uhich failed in the 

first pass throuch tho system. 

About 900 events of the total sample were aJ.so measured with I:CP 

measurinct projectors. A comparison of the results obtained ·with the HPD 

and with tho conventional mothods has been made, the details of which are 

in Ref. 1. In this 1 those events which wore not 

ics from tho HPD measurements were investigated for any 

bias with respect to the accepted part. No bias could be detected. 

The events were processod through tho chain of CSRN computer 

programm0s for analysis of bubble chamber pictures. Ionization measurements 

from the HPD were used together with kinematics in the identification of 

tho events. 

Of tllo many f:i.nal states which are possible, we have so fc:tr studied 

tho following 
+ + - - (191 events) ( 1) PP -? TI n: TI n 
- + - (3638 events) (2) PP _., mm n 
- + - 0 

(2312 events) (::>) pp -? ripn n n 
- + - - (1584 events) (4) pp -? pnn n TI and c ~, 

• \.i • 

Bvonts wore considered to be1ong to tho four constrnint channel (2) 

if tho kinm1atical probab:Ll:i.ty (PX~c) was gre:::/cer than 1 <J'o .snd if tho 

ionization was in wj_ ti1 tho chosen llypothesis. l''or the sma11 

concerning tho negative tracks 

the fit wj_-[;h tho highor probability was choson. 
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pub~ish~d( 2 ). The reaction pp 

CERN/TC/PHYSICS 66-10 

- 3 ""' 

. . . 

four pion channel (1) has already been 
. + 0 (3) 

-1' ppn n-n is treated in a separate paper 
- ~ ~ -~ 0 

ui th tho emphasis on th0 tllr1Jo body fino.l states ppw, 1WO and N33 N33 n • . 

The production of the :cmc1eon isobnrs N::t:(l518) and N:'.1:(1688) ~nd their decay 

charnctoristics has also.been studied( 4 )• In the present paper the reaction 

- + -pp -1' ppn n will be discussed, especic~lly the production mechanism for 

n;3 N;3 • This process has been studied previous_l.y in the momentum range 

3.25 - 7 GeV/c( 5-s). 

- + -Out of 19,100 events, 3638 fitted tho reaction pp ~ ppn n giving 

n cross-section of (3::31 :!: 0.16) rn.b. This agrees well with that of 

(3.18 :!: 0.20) ~b obtained by the Bonn-Haniburg-liilan collaboration (7 ) (here

after referred to as the B-J:I-r.1 collµ bore. tion) at the same energy. The cross 

section value was obtdned from the total 4-prong -~ross section (17 .3 :!: b. 7) rn.b 

which was determined from part of the avnilablo film. The error consists of 

the statistical error coming mainly fron tho total 4-prong cross-section, and 

the uncertainties due to chnnnel separatj_on. 

- .. 
In Fig. 1 we have plotted a scatter dingrarn of.the ·iminriant masses 

of the (p1t+) and the '(pn-) systems. The production of N;3 and its anti

particle is easily detected 2,s a strong cluster in tho. overlap region of the 

two bands centred o.t a mass value of about 1215 Mel/:/62 on each o...'Cis. 

. ~ -~ In order to estimate tho cr.oss section of the n33 1133 production we assume 

that tho final state can be described with tho following non-interfering 

channels : 

a) 

·b) 

PS/5496/ dmh 

~i3 ~~ (d~uble ~so~3,r production) .·· 

:r.)P + N 1"l'JL -- (g;t;n.o-1e. J;sonar pro.d.uc. ~tion.) 1, 3~ .!:' \ ..•... 0 .. .. . 

pn fi:t: ~ ( - " -
~,~) 

pn pn (ncm-ros6hant background) 

) 

-.:m -? .L.r. 

PP -l> 

pp -? 
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To cloturmine the relative frequency of each channel (a - d) we 

folloFod tho -pi·ocod1ue of :'i'orro-1,uzzi_ ot c.l. in thuir po.per on K::E lT:t: - · 

production in-Ic°1-p ro'.:'.ctfo1rn at 3 GuV/c(g). Fu do not ,:;ive th0 full description 

of tho method here since this is done in the above mentioned paper in a 

complete i:my. The resonances are described by a p-wave relativistic Breit

Uigner distribution(lO) 

r = 

. :i: 
M ~ and r ~ are the intrinsic mass o.nd width of the N • 

l. N 

(5) 

(6) 

q is the relative 
pn 

momentum between the nucleon and the IJion in the pn: ·rest fr rune. The fti.ctcir 
2 

D1 is defined by the eqv.o.tion D1 = ( qpn • r) , r being the intoro.ctiort radius 

of the pn-system. All non-resonant contributions are assumed to follow their 

phas'e space~ It should bo mentioned that we u.se a different formu1o. to tho.t 

of Ferro-Luzzi et al. for the energy dependence of the width. Their 
... 

expression contains a factor of tho typo 

instead of 
l + D1 (N:i:) 

--i-:+D"("I:I'J- • The former approach is found from lowest order 
1 pn 

perturbo..tion theory, the latter comes from nuclear reaction theory. A 

further discussion of this-problem is given below. 

The distribution function of tho events over tho kinematically 

allowed rogion can be written 

uhero tho f's are the fractions and F's the distribution.functions, i.e. 

Breit-Wigner functions and phaso space of the events for the different 

channels (a-d). 
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A likelihood fit was made in order to determine tho fractions, the 

masses and widths. of the Breit-Wie;nor functio:.rn and tho interaction radius 

of tho pn syst0r}. This gives :; totnl of 8 parameters. If we invoke charge 

conjugation the number of p2.rametors reduces to 5. The results of the 8-

parameter fit are given in Table I. 

Concerning the errors, tho following comment has to bo made. In o.11 

attempts to fin9. a reasonable fit to tho dc,ta wo found that the most 

sensitive point was the typo of tho Br0it-Wigner function. Using for 

instance, tho same type of formula for the energy dependence of tho width 

as Ferro-Luzzi et al., no o.cceptablc fit could bo obtained (Px2 < 0.1 %) . 
In view of this fact and tho uncertainties in some of our assumptions e.g. 

the phase spo.ce behaviour o:'..' the non-resonant contributions o.nd tho <"J.bsonco 

of interference, tho errors of tho fitted pnro.meters should be treated with 

caution. From tho variation of those parameters when using different fitting 

procedures we find it justified to increase the fittod errors by a factor of 

two, and it is those on1nrgod errors thnt nre given in Tc.blo I. 

. 51: :-:it: 
The parnmoters for N33 and 1'J"33 o.groo with onch other rensormbly well. 

The mnss vo.luos o.ro however considor.::::.bly lower than tho accepted one of 

(1236.0 ~ 1.5) MoV/c2(ll), which is be.sod on the phase shift o.no.lysis of 

elastic scc.ttoring data. In production.experiments tho mass vo.lues nnd 

widths vo.ry with tho typo of ro:'.ction and C.N~S. enorgy o.nd in gonoro.l the 
. (9 12) 

mass value turns out to be lower them tho o.ccepted one ' • This fo.ct 
. (10) 

hns been discussed by J0,ckson · who showed tk>.t modific8.tions of tho 

Brei t-v:figner formula cnn rosul t in o. -shift of the fi ttod mass to n higher 

value. Ifod we not used tho formula (5) but instead, an s-wave non-rolO.tivistic 

Breit-Wigner, tho vnlue of tho mo.ss obtained would hc.ve been 1215 instoo.d of 

1223 MeV/c2• 

A compc.rison between tho monsurod and fitted distributions shows o. 

systemo.0ciC OXCOSS of events o.t sr:o.11 IJlO.OSOS of tho (pn+) and ('Pri;'.'.") sy~tems 
above the fitted distributions (Fig. 2a and b). This discrepancy is what ono 
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might imngino could 0,riso from tho poriphernl nature of th0 reactions 

(.2-d), Wo hcvo tried to account for thi,s by inserting n f0,ctor, being 

ossentic.lly ,?, vrnight to each event according to tho four momentum trnnsfor 

distribution, uhich modifios tho phcxJe ::.::pnco pe,rt of tho distribution 

functions. This SDacc modificntion however neither lends to n bettor 

fit ns judged from u x2 - test nor o.ny considore,blcJ chzmgos in the 

fitted v:-1luos of tl10 p['.rL'.mctors. 

Tho froquci1cy ( 63 ::'.: 3) % for double production corresponds to o. 

cross soction of ( 2 ,08 ::'.: 0 .14) ml). Tho cross section for sing lo production 

is 2 x (0.33 ::'.: 0.07) mb. 'I'ho collaboration hns obt.:1inocl c. cross 

section for cloublu production of (1.28 :'.:" 0.11) mb( 7), which corresponds to 

all ovo11ts ir1 tJ:10 ndot1blo isobc.1r rogiox1 11 in ·tl10.t v.rorlc dofi1'1od 0,s 

1130 < lI -1-, 
pn 

I 2 
IL - < 1330 HoV/c • 

pn 
According to our fit thoro is howovor a 

considornble contribution (""' 40 %) to the double production cross section 

corning from outs:Lde tho so-co.llod doublo isobo.r region, In Lwt who:t c.::rn 

be disti:ngvj_sl1ed as bc..11do out from tho strongly populntod region on 

Fig. l is po.rtly duo to do111)lo proc~uction, Other gr011ps have studiod tho 

snme renction t diffaront energies but duo to vo.rious methods of o.nc_;lysis 

it is difficult to extr2ct 

--~ q~ 
tl33 1'33 
obtain 

cross section with 

C5 (pp 

relio.bJ.o informo.tion on tho vo.rio;cion of tho 

energy. l.'hus cct lower energies Ferbel et o.l. ( 5) 

mb nt 3.28 GoV/c .::md (3.67 ::!:" 0.30) 

0,t 3.66 GoV/c. Tho frequency of double production was found to be o.bout 

iilb 

80 °;b 0,nd corresponds to cc cros,s soct:Lon of 2~8 mb, 1rhore the figure of 80 °;6 
w1:1s obto.inod by compo.ring tho ch;tr1 v;ith V«lrious o.dmixturos of phnso spo.ce m1d 

s-unvo Droit-VT:Lgnor rosonc.nt functions. Tho result of Dehne et .Ql. ( 6 ) nt 

3.60 GoV/c ( - - + -\ (3.81 + 0.23) with double proc:uccion is CT\PP ~ ppn TI J -- - mb l ~ 

(2.13 + o.n) 56 % t~lG 
- + - so ct ion. cross soctio11 of - mb or of totc~l ppTC TI cross 

events in c1 certc:.in "double isob~:cr 
') 

region 11 defined c.s 1130 <i'T +ft < 1330 IfoV/c"-. At 6.94 GoV/c ll'erbol 
pTC ( 8) . o; 

ot :il. claim tl1c~t do·ublo prodl1ction can ,~ccoll11t for nbol1t 50 ;o of tl10 

renction pp ~ l)PJt +n-, tho cross Doction of which is (3.0 :: 0.7) nb. Thus duo 

to the different E1ethods of m10.lys:Ls it is cle~1rly d:Lfficul t to extract 

relic.1Jle 

on.orgy~ 

information on tho vc.r:Lo.tioE of the P2f fJ:l!: cross section with 
-'33 33 
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Production mechanism of the reaction pp ~ N:it:3 ~3 
--~----~····---· -------~--~--------·--~---·-··· -------· ___ .:-_]~-~ 

3.1. 

For the detailed study of the production mechanism of N;3 ~3 wo 

define the double isobar region in the following way : 

1150 < J':I + , IJL _ < 1350 IfoV/c2• This region contains 1404' ovonts, 94 cj, 
pn pn 

of which are due to double production, the rest being 5 °/o single production 

and 1 °;6 non-resonant background. The productio'n angular distribution · 

for the N;3 ~3 events shows the typical peripheral feature, 1~ being 

sharply peaked forward in the direction of the proton, N:it: backward in the 

direction of the incident antiproton. In the following sections we compare 

the experimental distributions with various predictions of the absorption 

model. 

Fig~ 3 shows the t-distribution for the events in the double isobar 

region, t being the four momentum transfer from the proton to the (pn+) 

system (or from the anti pro.ton to the Gn-) system). The dotted line 

indicates the corrected experimental distribution after taking into account 
OL - :it: ~ the fact that 40 ;o of the contribution to the process pp ~ N33 H33 

C(): ,os frou outside the double isobar region defined in the text. 

F<z.llowing the theory of Gottfried and Jackson(r3), Svensson(l4 ) has 

calculated the effect on the differential cross section for 
- :it: -~ 

pp ~ N33 lT33 
of the absorption in the initial and final state due to competition from 

other open channels. The full curve o~ Fig. 3 shows the absorption model 

prediction. This model reproduces rather well the slope of the differential 

cross section. The experimental value is however exceeded by a factor of 

about 3. The absorption model also predicts the energy variation of the 

total cross section. However, as mentioned above, the experimental 

situation is somewhat confused: and does not warrant comparison with theory. 

PS/5496/dmh 
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Finally it should be remarked that tho 2.bsolute value of the slope 

of the t-distribution for the reaction 
:i: -:i: 

pp ~ N33 N33 is considerably 

smaller 1han that of the corresponding elastic reaction i.e. for pp ~ pp. 

Our best .fit value of -(6.0 :1: 0.3) (GeV/c)-2 is found by fitting n distribution 

of the type F( t) = A e -Bt to the data of Fig. 3 in the t-intervc,l 

0~125 <: -t < 0.5 (GeV/c) 2• Tho slope limit corresponds to -t . for 
min 

M + = IL _ == 1350 Mev//. The slope for the elastic reaction is 
pre pre 

-(12.0: 0.4) (GeV/c) 2 at 5.7 GeV/c. incident momentum in the -t-interval 

0.015 - 0.285 (GeV/c) 2 (l5)• This result is in contrast to the observ0-tion(l6 ,l?) 

that for many quaoi two-body reactions the slope turns out to be about the 

same as for the corresponding elastic reaction. 

The decay angular distribution of a ·3/2 isobar decaying into a nucleon 

and a pion ccm be wrj.tten, in a model independent manner, as 
,-

W(cos G, 9?) 
3 l 1 

= 4;L6· (3 - 4P11) 

2 . 2G \!! -13 Re P~ 1 sin cos 2 
),-

2 
sir, 2 G cos ti?] (10) -1~ Re P3,1 h./ 3 

where G and <I? which are defined in the isobar C.o.r11. are the ancles 

introduced by Jackson (Fig. 't). q, is equivalent to the Treiman-Yang angle. 

The quantities p11 , Re p31 _1 and Re p311 are mo:i:;rix elements of the spin 

density matrix, with indices of ·the type 2 m, 2m 1 , where m and m1 are 

magnetic quantum numbers. 'rhese so-called decay parameters cnn be c1eterminod 

from the experimental distributions of G and <D. .A straightfonmrd wo.y of doing 

this is to integro.te over the o.ngles g or 9? making use of tho fact thnt tho 

angulc.r functions in (8) c,re orthogonal so the decay parameters cnn be 

evaluated as experimental mean values 1 for example we find for the 1~3 ·with 

( ~ - -) ·l;he decay angles g and 9? and the same for N33 with Q and <Q 
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15 2 '.) 3 ( 9) Pn = 3(cos Q ..F" 

8 

2lJ. . ., 
2 > Re P~ 1 = { si11c:.G cos 9? ( 10) ::>,-_ 8 ' 

Ro P3,1 = :d5 (sin29 cos 9? ) (11) 
8 

The unmodified one pion excho.nge model predicts P = 0.5, 11· 
which corresponds to a distribution in cos G Ro p - 0 and Ee p3 1 = 0 3,-1 

of tho type 1 + 3 cos 2 ~ o.nd o.n isotropic distribution in i1i • The 

corrections for the decay po.rnmoters introduced by the absorption model have 

been cnlculated by Svonsson( 14 ~ Fig. 5 (a,b,c) shows the experimental values 

in tho double isobnr region. Uc have invoked charge conjugo.tion and taken 
- :JI:: -:i: tho aver:::.r~o for N cJ11d N • Tho solid curves rep. resent the predictions of 

~ 33 ~ .. '33 -
tho absorption model. Tho oxpcrimentnl v.':1.luos have been corrected for the 

influence of ·tho bnckground by evc:.luating the pnrameters in a control region 1 

70 IIGV/c 2 wide, surrounding tho double isobar squo.ro. In most cnses the 

correction could be neglected. 

Fig. 60, shows tho distribution of cos 9 and cos G, Fig. 6b that of 

i1i nnd i1i for all events in tho double isob0,r region. The sh0,ded parts of the 

plots represent events not corresponding to double production, and hnve been 

subtracted fr01~1 tho totD.l so.mple. Tho sho,pe of this background lms been 

obto.ined from studies in tho control region. 'l'he solid curve on Fig. 6a 

represents tho best fit of tho distribution function 

W(cos 9) ~ i t (3 - 4p11 ) - % (1 - 4p11) cos2 Q J (12) 

+ with e, fitted value of p11 = 0.34 - 0.01. Tho fit turns out to be good, ·the 

probc,bility Px2 being nbout 50 % . ThG vnluo of the p11 -pe,r2.meter agrees 

with the avor:cc,o vnluo of p11 for 0,ll t-intervals co.lculnted with the 

formul2. (9). U(cos Q) (formula 12) with p 1~ = 0.34 corresponds to n 

distribution in cos Q of the type 1 + A cos .g with A = 0.65. Thus the 

effect of tho o.bsorption in tho initial and final state of the renction 

pp ...,. w;3 ~3 is to reduce A from 3 to 0. 65. The dis tri bu ti on of 9? and ¥' 
(Fig. 6b) is consistont with isotropy. 
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Pilkuhn and Svcmsson (l8) have pointed out 

decay distribution W(cos G, cos ~' ~, i ) of N;3 

CERN/TC/PHYSICS ~~-10 

that by using the joint 
~ and N33 one can extract 

more information than by studying each decay separately: .the latter method 

gives, as can be seen from equations 9 - 11 abovo?6 parameters, 3 for each 

decay while the former procedure gives 13 additional parameters. These may 

bo evnluo:ted in the smno way as the separate parameters. The formulae are 

given in appendix I. The experimental data and theoretical predictions from 

the absorption model are shown in Fig. 5(d-l). The overall agreement is 

good but the experimental errors are obviously too large to allow a serious 

test of the model with these parameters. The unmodified one pion exchm1ge 

model predicts that the parameters on Fig. 5 (d-k) are equal to zero except 
1 

for the last one Fig. 5 (1), which is expected to be 4• 

! further prediction of tho absorption model is tho existence of a 

correlation between the decays of the N;3 o.nd the ~3 in the decay ongles 

Q and G. By making a likelihood fit of the joint decay distribution of 

cos Q and cos Q the correlation po.rnmeter has beel'.}. determined for different 

t-intervals. The joint decay distribution may be written 

with 

and 

W(cos G, cos g) = ±[~1 + (1- 3 cos2 G)aJ (1 + (1- 3 cos2 g)aj 

l 
a = 2 - 2P11 

b - l ( 3) - 11 ) 
- 2 f:.- P-

+ (1 - 3 cos2 G) (1 - 3 cos2 ~) (b - a2)] (13) 

(14) 

(15) 

p33 and p11 nre functions of certain matrix elements of the joint spin 

density matrix(lS)• The absence of a correlc..tion between the decays of the 

~3 nnd ~3 would mean that the joint decay distribution in cos Q o.nd cos ~ 
can be written as o. product of the simple distributions (formula 12 with 

p11 = i -~ n for cos Q and cos Q respectively). The condition for -i:;his is 
2 2 

obviously b - a = o. The vo.lue of the correlation parameter b - a for 

different t-intervO:ls is shown in Fj_g. 7. 'rhe prediction of the absorption 

model is 0.05 for all production angles. ·Our meo.n value over the whole 
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t-range is 0.10 ::!: 0.04, which supports the observation made by other, 
(13) c;roups and is in agreement with the prediction of the absorption model. 

- + - I I~ The cross section for the reaction pp ..,,. ppn n at 5. 7 GeV c is found 

to be (3.31 ::!: 0.16)· mb. An abundant production of u;3 in pair with its 

anti-particle has been observed; the cross section for the process 

pp ~ N;3 N;3 is (2.08 ::!: o~i4) mb which corresponds to (63 ::!: 3) °/o of the 

total cross section for the stutlied reaction. The single production cross 

section is (o.66 ::!: 0.14) mb. 

The Breit-Wigner fit 

= (1221 ::!: 3) 

(1224 ::!: 3) 

:t: 
of the N33 

'I --v/ 2 I e c ; 

-~ and N33 gave the following results 

rN~ = (104 ::!: 9) MeV/c2 

= (117 ::'.:' 11) NeV/c2 • 

II. The one pion exchange model9 modified to take into account absorption 

in the initial and final states is alJle to reproduce fairly well the slope 
:i: -::1: of the differenti2,l cross section for the reaction pp ~ u33 n33 , the 

experimental value is however exceeded by a factor of about three. 

Concerning the energy variation of the total cross section, the experimental 

situation is unclear. 

III. The decay parameters of the joint decay distribution have been 

measured and found to be in reasonable agreement with the theoretical 

predictions of the absorption modeL However, only a few parameters 

e~g. p11 , Rep..,. J and Re p3 _1 have small enough errors to allow a serious 
-- )1 - ' 

test of the model. For Pn the deviation from 0. 5 (which is the prediction 

of the unmodified one pion exchange model) is statistically significant 

and in fair agreement with the absorption model. 

IV~ 
:t: ~ 

A small correlation betueen the deca1ys of N and N in the decay 
33 33 

angles Q and g has been observed. The experimental value for the 

correlation parameter (b - a2 ) is 0.10 ::!:' 0.04 which agrees with the 

prediction of 0,.05 from the absorption model. 
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APPEHDIX I 

Formulae for the joint decays parameters~ For notations see ref. 18. 

Re ( 3,-1 1,-3 ) 2. . (cos 2 (in + ~) > P3,-1 + P3,-1 = 2 
(Al) 

Re ( 3,-1 1,-3 ) 2.. (cos 2 ( m - ~) > p + p = -1,3 -1,3 2 
(A2) 

Re p_?_:_~_: = -~· (cos 2 i (1 - 3 cos2 Q)) (A3) 

r;/3 . ... 2 
- ~-4 (cos 2 ffi (1 - 3 cos Q) > Re p-·- = 3,-1 (A4) 

Re 3,1 
p_ = - ~ry/j_ (( 1 - 'A. 2 ri) . 2 (\ ~) 16 ~ cos ~ sin ~ cos • (A5) 

Re P3;1 = - Lr:;f ~l - 3 ~os2 G) sin 2 Q cos m) (A6) 

Re ( 3,1 -1,-3 
P3,1 - P3,1 ) -· £?2( . 2 Q 48 . sin sin 2 Q. cos (m + ~)) (A7) 

Re ( 3,1 -1,-3 
P1,3 - p 1,3 ) = 225 ( . 2 Q 

48 sin sin 2 Q cos (m - i)) (AS) 

Re ( 3,-1 l,T"3 
P3,1 + P3,1 ) = 225 ( . 2 Q -43 sin sin 2 Q cos (2 m + ~)) (A9) 

Re ( 3,1 3,1 
P3,-1 + Pl,-3 ) = ~( -48 sin 2 Q sin 2 Q cos (2 m + m)> (AlO) 

Re ( 3,-1 1,-3 
P1,3 + P1,3 

) ::;; .?.?.2.( . 2 Q 48 sin sin 2 Q cos (2 m - m)) (All) 

R ( 1,3 1,3 
ce P3,-1 + Pl,-3 ) = 2_12 .( --48- sin 2 Q sin 2 Q cos (m - 2 ~)) (Al2) 

1 ( 3,3 1,1 ) 2 P~- P~ 
100 Ir( 2 ) ( 2 -),'.. = ~ 64- ~l - 3 cos Q l -3 cos Q / (Al3) 
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TABLE I 

Fitted Value 

(1221 :!: 3) MeV/c2 

(104 + 9) J'IeV/c 
2 -

(1224 + 3) 11eV/c 
2 -

(117 + 11) JileV/c 
2 -

(11 + 2) % -
(10 + 2) % -
(63 + 3) % -
(1.9 + 

0.5) Fermi -

s of f'Teodorn.. ( p 2 "'10 % ) 
v 
IC 

N.B. as mentioned in the text 9 the quoted errors 

are tvrice those 1"ound from the fit procedure. 
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]1fil!_RE CAPTIOJ{S 

Fig. 1. 

Fig. 2a. 

Fig. 2b. 

Fig. 3. 

Fig. 4. 

Fig. 5a-l. 

Fig. 6a. 

Fig. 6b. 

Fig. 7. 

PS/5496/dmh 

Scatter diagrafil of the invariant masses of the (p n+) and 
CP n-) systems. 

The experimental and fitted distributions of the (p n+) 
system. The curve a)· is the total distribution. The 
C'l1I'Ves b) - e) show the contributions from double production, 
single production N;3p n - and pn~13 and non-resonant back-

ground respectively. The fitted mass and width of the peal~ 
is (1221 :' 3) MeV/c2 and (104 ± 9) MeV/c2• 

The experimental and fitted distributions of the (p n-) 
system. The mass and width given by the fit is (1224 ± 3) 
MeV/c2 and (117 ± 11) HeV/c2 • 

t-distribution for all events in the double isobar region 
defined as 1150 < Mpn+, Mpn- < 1350 MeV/c2. The dotted line 
indicates the corrected difforen·tial cross section accounting 
for the fact that 40 °/o of the double production comes from 
outside the double isobar square. The full curve shows the 
prediction from tho absorption model. 

Diagram showing the dofinHions of the angles Q and !Ii in the 
rest frame of N51:3 (H*3). The Z-axis is along the direction 
of the bea.m or iarge~ particles and the Y-axis is the pro-

-' ..:. 
duction normal defined as Pp,CM x PN~,CM • 

The decay parameters cf the joint decay distribution with 
experimental points for different t-intervals. The curves 
show the predictions of the absorption model. 

The cos G distribution for all events in the double isobar 
region. The curve is the best fit curve of the decay angular 
distribution (12) with p11 = 0.34. The shaded part shows the 
background events. 

The distribution of the Treiman-Yang angle for all events 
in the double isobar region. The background is indicated 
with the shaded part of the diaGram. 

The correlation parameter b - n2 for different t-intervals. 
The straight line shows the prediction of the absorption 
model. 
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