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SUIJ.mary 

The nucleon isobars N31E(1518) and N'*'(1688) are observed in inelastic 

interactions of 5,7 GeV/c antiprotons in hydrogen. The widths of both 

of them are found to be (55 ~ 15 MeV and 70 ~ 20 MeV respectively), 

in agreement with recent phase-shift data. The 2-body to 3-body branching 

ratios are estimated (being 1.25 ~ ~:ii in the case of the N'*'(1518) and less 

than 1.26 with 95 o/o confidence for the ~(1688))and show that the inelas-

ticities of both resonances in n p scattering are high. 

A detailed study of ';he 3-body Nnn c1ecnys provides no evi,1.ence 

in either case for the cascade decay into N*(123s)+n. Deviations from 

uniform population of the Dalitz plots for the 3-body decays are observed 

and are studied in tems of the 3-body decay mtrix elenents. 

Upper limits for decay of the N*(l688) into N~ and AK final 

states are estimated. 
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1. ExperimentoJ procedure. 

Four-prong events produced by a 5.7 GeV/c separated p beao in 

the Saclay 81 co hydrogen bubble char:1bcJr have been rJeasured with the CERN 

HPD system. 1~100 events without detectable strange particles were accepted 

for analysis. A study of the HPD 11easurefJ1ents has shown that their quo.li ty 

is not inferior to that of conventional IEP 0011sur8ments(l)( 2 ). It hns been 

checked that 11 o/o of the attempted events 1 which did not pass successfully 

through the systen, show no spc~cj_0,l fonturfJS which could introduce a bias 

(2) 
into the accepted sample of 19,100 events . 

The standard oho.in of CERN programs was used to reconstruct and 

analyse the Iuel1sured events. Ionisation neasureraents supplied by the HPD 

for all events were used to help in choosing the right interrJretntion between 

different kinematical fits. 

The results reportod here come from a study of the channols producing 

2 or 3 "'1ions 

+ pp ~ p p TI TI 3638 events (1) 
+ 0 

PP -> p p TI TI TG 2312 events ( 2) 

+ + 
PP -> p n TC TI TI 834 events (3a) 

+ 
PP _,.. p n TC TI IT 750 events (3b) 

The data on tho production of w* N* pairs in the:; channel (1) and pp 0 
(Jj ' 

- 0 * -* 0 ( ) Pil 11 and N N re 3-bocly final states in the channels 2 are published 

( 3) ( i) 
elsowh0re \ L • 

In the present study we have alm) used the do.ta of R.K. B5ck et 

al( 5) on the channel 

-p A° K+ + c. c .. ( 4) 

to estimate an upper limit on tlw A1~ decay r·atc of tho N:;r: ( 1688). Finally the da tn 
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on one pion production channels has been communicated to us by the Bonn

H~mburg-Milano collaboration( 6 ) which, as a part of a systematic study of 

pp interactions, has studied 2-prong events in the same filr:.1. 

Events of the 4-constraint channel (1) have been separated out 

if the kinematical probability P( x2
40 ) was greater than 1 o/o and if ioni

sation was coopatible with the chosen hypothesis. In 96 events where there 

was an ambiguity concerning the p track the fit with higher probability was 

accepted. 

In separating the channel. (2) and (3) we Fequired the probability 

defined as a normalized product of the kinematical probability and an ioni-

sation probability obtained from the ionisation fit described in the paper 

by L. Miche,jda (?) to be larger than 1 o/o. Anbiguous events have been 

studied separately and then included in the reactions (2) or (3) where they 

represent 25 o/o and 15 o/o of the cross section for these channels. (see 

the discussion in Alles-Borelli et al( 4) on this point). 

For the channels (3a) and 3(b) it has been found that the distri

bution of kinematical probability P( x 210) for the accepted events had an 

important excess of events with small P(X \ 0) values, indicating the 

presence of a large contaraination of events with more than one neutral 

particle unseen. The events with a small probability value did not show the 

N*(123s) peak in the n n , p n + c.c. systems which was strong in the rest 

of the sample. Therefore it has been decided to use only the events for 

which P(x 210 ) was higher than 35 o/o, the numbers for which are given 

above. In this way part of the statistics has been lost but on the other 

hand the remaining part is relatively clean and is not biased by the applied 

cut. We find reasonable agreement in all corresponding distributions made 
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for tho cho.rge conjugr::,ted chc:mnels ( 3n) 'md ( 3r)) and in tho further stucly 

we will discuss the;:1 together as cho.nnel ( 3); the total nunber of consi-

dered events being 158~ 

The cross-sections and their errors corresponding to 1 evunt con-

side red for the afore r:wntionod chnnnols aro 

(1) 0.910 µb + 0.044 µb -
(2) 0.935 µb + 0.060 µlJ -

(3) 1.150 µb + 0.120 µh -

( 4) 0.264 µb + 0.036 µb -

The data on channel (4) was obtained fron a larger srn:1ple of filn in which 

strange particle production has been stuclied( 5). The differoncos between 

the channels (1) 1 (2) and (3L which have been studiod on the snno o.pount 

of filn, are due to problens concerning their sepo.rntion froo othor reactions 

o.nd contm::iinntion by background events which are different for each channel 

and require difforont solutions. 

2. Observation of .the N*(l688) isobar dec;ci,ying into p r/ TI syst2_g. 

In this section we present evidence for the production of a 

nucleon isobar with a iJass of about 1700 MeV which we iclcmtify with one 

* (8) of the two known N"'(l688) isobars (sou e.g. ) • 

The evidence cones froo the channel (1) which is dooinated by 

* -* I (4) associated N N production accounting for 63 o o of the crbss section • 

Fig. (10,) shows the p TL+ rt an.i p TI+ TL- nass distribution for 

2234 events of channel (1) after exclusi.on of ovcnts where both M(pTI+) nnd 

M(~n-) oasses lie between 1.15 and 1.35 GeV. i1 peak is seen at 1700 MeV 

which has a statistical significance of about 6 standard deviations. ·It is 

PS/5481/rnn 
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not easy to deterr;1ine the expectod faro of the mo.ss spectrm1 below the peak 

at 1700 and in order to estir:iate the nunber of events in tho peak wo fitted 

the r:.mss region 1. 48 - l, 92 GeV to a sun of a siuplo Breit-Wigner curve ~md 

a straight line. The fit with a least-squares muthod gave tho follo1Jing 

result : 

Mass M == (1695 2: 9) MoV, 

Full width r = ( 70 + 20) MeV, 

Nunber of events in the peak N = 255 2: 46 . 
The fitted curve is shown as a continuous line in Fig. l(a). 

Conpo.ring the nr1ss and the width with those of acceptod isobars 

(see ( 8 ) and ( 9)) we find that there are two possible assignr:.wnts for tho 

observed peak : both have isospin I = 1/2 and spin J = 5/2, called N*(l688) 

but of opposite parities. 

In the following wo will assume that tho penk is due to 

pp _,, ( 5) 

followed by the 3-body decay of tho isobo.r 

N3H ( 1688) ·+ + p TI TI (6) 

Before detornining the cross section for this 2-step process it 

is necessary to estinate the correction due to neglecting events having 

both M(pTI+) and M(pTI-) masses inside the interval 1.15-1.35 GoV. 

In the analysis of tho decay (6)~ discussed in Section 4, wo 

found tk1t 77 out of the 255 decays belonging to the of Fig. l(a) ful-

fill the condition 1.15 GoV < M(pTI+) < 1.35 GeV. We perforned a Monte 

Carlo calculation on the reaction pp ._,, p N*+(l688) in which we considered 

for tho N*(l688) eithor a 3-bocly p TI+ n- decay or a cascade decny 

(7) 
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For the events fulfilling tho condition 1.15 GeV < M(p1/) < 1.35 GeV 

the calculation showed that the number of events having a nass M(pTI-) in 

*-* the same interval and therefore sirmlating N N · events represented 14 o/o 

of the events having a M(i)TI-) outside this interval. We thus conclude 

* that the nur1ber of N"(l688) events should be increased by 0.14 x 77 = 11 ev0nts. 

In Fig. l(b) the p TI+ n - + and p TI TI cass distribution for 1404 

events fron tho N* N* region is shown and an area corres:tJondinc; to the 11 

expected events is shaded. The dashed line is drawn by hand and there is 

no evidence for a statistical significant excess of events in the neighbour-

hood of 1. 7 GeV. + IVioreover in these events the p TI angular distribution in 

+ the p TI TI rest fraue is strongly peaked along tho transformed target I'l'oton 

rnocentum, Any addition of these events to the corresponding distribution 

of the events in the N*(l688) regi.on of Fig. l(a), which is syrD.metric, would 

+ rapidly render the total p TI angular distribution asynmetric contrary to 

what we expect for a decay of n resonance. 

As a result of the above considerations we estinate the cross 

section for the chain of processes (5) + (6)· to be 

a = (242 ~ 42) µb 

This nay be conpared with the proton-proton cross section, viz. 

pp _,,. p N3\ 1688), .. foll~wed by the decay ( 6) of ( 360 ~ 160) µb reported by 

(10) . 
G. Alexander et al at 5.5 GeV/c. Further study of the charncteristics 

of the 3-bod.y decay (6) will be based on the 555 events from the peak region 

of Fig. l(a), defined as 1.64 to 1.76 GeV, as conpared to tho 369 events 

fron the adjacent regions 1.58 - 1.64 GeV and 1.76 - 1,82 GeV. 

PS/5481/rmn 
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In this experiment 7 ao will be discussed in Section 4, it turns 

out to be :LmpossiblG to determine tl1e parity of tho observed N*( 1688). 

However, it could be, as :i_ndo~)(1 ue w:Lll assumo, that the observed peak 

is due to only one of tJw two known isobars of this mass. In the present 

section we will discuss decay branching ratios of tho N~(l688), starting 

with tho pro1)1om of the 2-body Ihi; to 3-body lhni: bro.nching r:..;tio. From an 

analysis of two-prong interac dons fror1 tho same exposure <:cs used in tho 

prose1Tt oxperiE1c:r1t, tho Don11_-I-Iu.[1bl-1rg-i~ilano collnboration( 6 ) ho.s estimated 

that tho cross section for the reaction (5) followed by all allowed 2-body 

J-_.-•• ,·'IT dec:•_.-.,,r_q o·f' i· 1i·10 ~--_,.:r:(J_br8o'') i'q t2~)·u'· _+ i2rc:;\) µ'o. -· '. ,. 'tl -i ' ,, '< ~ ~ v ~ l - ~ \ - ./ - •1.n COE10ll18.-vl011 WJ. - 1 our CL8."CD, 

one finds tho ratio 

+ ::::: 0. 95 o. 50 (8) 

In order to determine tho bro.nching ratio 

R = ( 9) 

wo have to estimato tl16 contribution from tho tuo 3-body decay modes which 

could not bo observed in tho >)rooont o::pon.ment : 

0 0 
p TI TG cu1d 

+ 0 
11 TG TI 4 '11he isospin, I, of tlw TCTI pairs 

in tl'1oso decays is uniquely c1efi11oc1 cmd or:ual to I = 0 and I = 1 rospoc-

tivoly, + - + -whereas :Lr!_ tho observed IJ TC TI do cay mo do the TI TI pair could 
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1 a priori' be in an arbitrary r:iixture of I :::: 0 and I = 1 states (cm int erfe-

rence tern vanishes when integrated over the Dalitz plot). Using Clebsch-

Gordan coefficients it nay be shown that 

2 
(10) 

where 3/2 would correspond to a pur"' I = 0 aupli tude for the decay ( 6) and 

3 to a pure I = 1 ar:1pli tude. 

Coobining (8) with (10) we conclude that the 2-body to 3-body 

branching ratio R is linited to : 

0.32 ! 0.17 :;; R :;; 0.63 ~ 0.33 

where both the lini ting values have errors of about 50 o/o due mainly to the 

uncertainty in the 2-body decay rate. This estiuate agrees well with the 

phase-shift analysis data(ll) for the negative-parity D-wnve resonance but, 

within 2 standard devi::i.tion.s, is also conpatible with the elasticity found 

for the positive-parity F-wave isobar. 

Now we p::i.ss to a deterr:d.nct ti on of tho upp8r lini ts for the decay 

rates of the N*(l688) into Nn and 11.K states •. In the Fig. l(c) we present 

0 - 0 
the pr) and pr) r:w.ss distribution fron the reaction 

0 
PP -> P P Y1 (11) 

Se·p.-·~r~·.tea1 out( 3) ( ) which was , ·~ ~ fron the final states 2 • In tho Fig. l(d) 

we finally prusent the 11.K+ cmcl 11.K nass distribution for the reaction (4) 

(5) 
studied by R.K. BBck et al • Neither of theo show any excess of events 

in the 1.7 GeV region. We estirmt0 the possible anount of the d*(1688) 

in the 1.64 - 1. 76 GeV interval of these c1istri butions as equal to 0 + 3 

+ events for the Nn syste1;i and 9 - 6 for the 11.K systm. 

PS/5481/nm 
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Correcting for neutral ri 0 decays ancl using the lower linit 3/2 

in the inequality (10) we obtain the following estinates 

and 

N'lH(l688) 

N*+(1688) 

!."H(l688) 

0 
-·> '] 
~------~-

-> 

nll Nn and Nmt 

< 4.2 o/o 

< 1. 3 o/ o 

Both upper lioits correspond to a 95 o/o confidence level. 

The non-appearn.nce of the pYJ and AK decays in the present experi

oent supports the conclusions reached in Refs.(l2 ) and (l3) 

4. Discussion of the Dalitz plot for the N*+(l688) ~~P n+ n decay and a 

search for the cascade decay N3H(l688) _,, N•H+(l238) + n • 

In Fi~:· 2 Dalitz plots, together with their projections, are pre-

sentecl : the upp"'r one is for 5 region events and the lower one 

for 369 events fron the control regions. All plotted nass \'alues have 

been nornalized to Uw central M(p 1/ n -) = L 7 GeV isobar oass by nulti-

plying the kinetic energies of particles by the ratio of the central to tho 

actual Q-values. 

We notico that the Dalitz j_)lot for the control regions is unifornly 

populated. An excess of events in the N*(123s) region, whi~::h exists if all 

events of the channel (1) are plotted, has disappeared after elininating the 

N'llE N-:t: t even,s. Fron the uniforn density over the Dalitz plot for the control 

regions we expect that also in tho peak region background events are distri-

butc;d accordinc; to phn.se space. The ostinated background cont:-ibt.i_tion 

in the M2(pn+) and rvr2(pn-) projections is accordingly shown as a continuous 

line. The parts of the area which are above these curves should be duo 

* therofaro only to the N ( 1688) decay. 
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Before going into further details we notice that there is no 

2( +) 2 -) significant difference between the M pn and the M (pn distributions. 

A 
2 

X test for the hypothGsis that they are indeed equal to each other 

gives a probability of 17 o/o. This fact could be interpreted as a lack 

+ of interference between decay amplitudes with the n n pair in the isospin 

I = 0 and I = 1 states, or possibly the doainance of one of thee. 

An inclica ti on for the existence of the cascade decay mode ( 7) 

of the N*(l688) in the charge symcetric state n n+ n has been recently 

published by O. Czy~ewski et al(l4), 

However in this experiment the equality of the observed M2(pn+) 

and M2(pn-) distributions in particular in the region around 1230 MoV, 

shows that there is no indication for this cascade decay since the expected 

ratio of the nunber of N*+(l238) i:3obars to the nunbor of N31::o(l238) isobars 

is equal to 9. Counting the number of coobinations in the N*(1238) bands 

fron 1.15 GeV to 1.35 GeV for both charge stntes we find that the difforonce: 

+ doubly-·charged ninus zero-charge conbinations, is equal to -7 - 22. Even 

after correcting for tho 11 neglected N*(l688) events estinated in 

Section 2, which are all inside the N3H+(l238) band :md about 5 inside the 

N*0 (1238) band, there is no indication for an excess of the doubly cho.rged 

combinations. 

+ The n n distributions both for the peak and the control regions 

of the N*(l688) follow phase space. 

Due to the lack of any indication for a quasi-two-body decay of 

the N*(1688) it seens reasonable to assune a genuine 3-body decay and see 

what Dalitz plot densities are predicted for a resonance of spin 5/2. 

PS/5481/rnn 
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Unfortunately there "\re a nmiber of different na trix elenents 

which uus t be considered for eEich of the 2 possible JP = 5/2 + and 5/2-

assignuents. First of all spin 5/2 nay be constructed fron tho proton 

spin ancl 2 different total orbital angular nonenta of the 3-body systeL1 

1 = 2 and 1 = 3. Then for each of these 2 cases there are still various 

r:;a trix eleuentn which can bo built, as one can le:1rn e.g. fron the paper 

of C. Zenach(l5), Following Zei~"ach we construct :;1a trix eleuents frou the 

~ -
vectors P1 - r:ionentun of TI ~ + 

,t' 2 - r:1onentw:.1 of TI and their vector product 

~ = ~l x ~2 , all nonenta being in the rest frnoe of the decaying N*(1688). 

We will not give here details of the CJ,lculations and fitting 

of the Dalitz plot density distribution since the results are not conclusive. 

The nain feature of the data illustrated by Fig. 2 is the lack of events 

near the center of the Dalitz plot 9 where JVI2 (JY1t+) = M2 (pTI-). When fitted 

with various uatrix eler:wnts we finu the followin,'..c,· fit probabilities (P) 

&) 5/2+, L == 2, p = 34 o/o, b) 5/2+, 1 = 3, IJ 4 o/o, J: ·-

c) 5/2-, 1 = 2, p -- 0.1 o/o, d) 5/2-, 1 = 3, p - 47 o/o. 

Thus the basic probleu of parity deteruination cannot be solved due to high 

background and to the fact that for both parities oatrix elenents i:1ay be 

constructud capable of predicting an nccejJtable density distribution. As 

an exaL:1ple, the fit for the 5/2 + assiecnnent is shovm in Fig. 2 as a dashed 

line in the projections of Dalitz plot densities. 

5. Obseivation of the N*0 (1518) in the p TI 0 
n systems. 

In this section we discuss the evidence for the reaction 

PS/5481/rr;m 
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followed by either the 2-body 

N*0 (1518) (14) 

or the 3-body 

0 
~ p TC n; (15) 

decays of the isobar. 

In Fig. 3(a) the p n: and p 1/ distribution is shown for the 

channel (1) froo which the N*(123s) N*(1238) region discussed in Section 2 

has been excluded. One notices a neutral N*(1238) peak at 122~ MeV and 

also a peak at about 1510 MeV. Due to difficulties of cooputing a oass 

distribution for tho background part of the s1)ectruu (a phase space curve 

does not follow the experincnt'1l distribution) we have used a least squares 

nethod to fit the expeririental distribution in the oass region 1.34 to 

1. 76 GeV, to ·a sun of a straight line~ plus 'l sinple Breit-Wigner curve 

with the following results : 

Mass· 

Full width 

Nllilber of events 
in the peak 

M = (1508 ! 8) MeV, 

r = ( 51 + 2"5) MeV, 

+ N = 160 - 44. 

The curve shown in Fig. 3(a) corresponds to the fitted straight lino and 

its extension outside the 1. 34 - 1.76 GeV region by hand plus th0 Breit-

Wigner curve. 

Fig. 3(b) shows the 
0 + 0 

n: n: and p n: n: uass distribution for the 

1696 events of channel (2) that reuE1in after rer1oval of events correspondinr: 

to the final states : ~ p w0 , pp n° and N*(123s) i*(1238) n:0 (see( 3)). 

1;. bunp is apyari:mt around 1510 l'kV. For this distribution a phase space 

curve plus a Breit-Wigner curve fits well (full line curve on Fig. 3(b)) 

and yields the following values 
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M = (1505 + 9). MeV 

r = 57 ! 18) MeV. 

Nunber of evente:1 in the pe0,k + 
lJ = 108 - 24. 

The fitted Mand r values for the p n 
- 0 and the p n n peaks 

are in good agreenent with each other and thus consistent with the hy~othesis 

that the observed ~eaks represent two different decay uodes of the same 

isobar. The weighted averages for its mass and width are then 

M = (1507 ! 6) MeV 

and r = 55 ~: 15) MeV 
(17) 

It should be noted that although the cleternination of these paraneters 

froc the experimental histocraus has been done in an approximate way (e.g. 

energy dependence of r hns been net;locted), the observed narrow wiclth 

makes po0sible corrections uniuportant. 

If we identify these peaks with the N*(J.518) with I = 1/2 and 

parity 3/2-, then the above de'ernination of its width gives a value whj.ch 

is in good agreement .with the valu~ of 56 MeV determined in phase shift am.-· 

lysis by P . .tl.UVil et al (l6 ) and by Bareyre et al (ll). 

The cross section for the react~on pp. ~ ~ N*0 (1518) n+ + ~.0. 

followed by the 2-body c',ecay pn + c.c. is equal to (146 ! 40) µb (a corroc··· 

ti on for events contained j n the rr*'( 1238) N*( 1238) region is small and has 

been neglected). The cross section for the saue production process followed 

by the 3-body decay p n n° + c.c. is estiuated to be (117 ! 26) µb after 

0 correcting for events which were excluded as background in the p p w 

p p 11° and N*(123s) jij*(1238) ·.ri: 0 final states. 

PS/5481/rnn 
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6. * The N (1518} NTI and NTITI decny bJZ§J}._ching ratios. 

The N*0 (1518) isobar has two 2-body NTI decay oodes : p TI and 

n TI0 • Frau tho known isospin I= 1/2 of the isobar one obtains : 

-> 
3 , 31W 

all NTI) = 2 x 0 (N (1518) ( 18) 

In order to deterEine th0 full 3-body NTITI decay rc,te we note the.t 

the N*0 may decay into three different Nnn final states viz. : p n 0 
TI 

observed in channel (2), n TI+ TI- which u:::y be observed in channel (3) Lend 

0 0 
n TI TI which cannot be detected in the pres8nt experiuent, .t-J.s in the 

case of the 3-body decays of the N*(16B8) there is one paraneter (the ratio 

of transition probabilities leadinc to NTITI systeus with a TITI pair in isospin 

I = 0 or I = 1 states), which has to be known in order to deterrdne the 

two ratios acong the three decay rates of the aforenentioned 3-body final 

states. 

In the case of the N*0 (1518) however we are in a oore favourable 

position than for the N*+(l688) since two of the 3-body decays could be 

observed experioentally and the probleu can in principle be solved conpletely. 

The coubined n TI+ TI + and n TI TI mass distribution for the 

channel (3) is shown in l"ig. 3(c). In this channel however, we observe 

production of the N*(1238) in four 2-body aass coobinations, nanely for 

the case of the channel 3(a), p TI- ("" 20 o/o), n TI- ( ,.,_, 20 o/o), 

n TI+ (""' 16 o/o) and p TI+ (""' 11 o/o). Using these estinates, the 

+ n TI TI + c. c. aass spectrur:i has beim cocputed as a sm:1 of the five 

following phase space distributions : 3-body (NTITI) out of 5 bodies, 2-body 

(N'll:TI) out of the 4-body rE3action (N*NnTI), 3-body (NTITI) out of the 4-bocly 

* reaction (N NTITI) and an additional two distributions where the neutron or 

one of the 1;ions is a decay product of the N'llf( 1238) . The result, norualized 

PS/5481/rmn 
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.to all events in the histogrmJs, is shown in Fig. 3(c) as a continuous 

line. 

There is no obvious indication for an oxcess of events in the 

N*0 (1518) region which couL~. corros.1::,ond to tho lJeaks observed in the yn 

and p n- n° distributions. Tho nUEibcr of the N31w(l518)_,.n n;+ n + c.c. 

isobar events cleteruineu frou Fig. 3(c) under the assumption that the back-

ground is suooth in the rsgion 1.41 - 1.61 GeV, is found to be (2 + 49 ) 
- 2 

events and corresponds to a cross section of (2 ~ 5~) µb. 

Fron isospin considerations the branchinB ratio R1, defined as 

N31EO(l518) 

N'.AW ( 1518) 

+ 
-> nn 'L 

0 
-> pn; TC 

(19) 

has a minimun value of 1/2 when the aD~Jli tude for Nmc decays with the n;n; 

pair in an isospin stato I = 0 is zero. (The ar:ipli tucJe for the I = 1 sklte, 

of the nn: pair uust be different froo zero since this asplitude gives rise 

to the observed p n- n:0 oode). ii.lthough the obsurvecl value R1 is O.O+o. 5 

and is one standard deviation below the allowed ninicur1 it is consistent 

with it, and in the consiC:.ora tions bt:)low we will use the nininur;1 value with 

an upper experiL1E:>nhtl error 1 viz. : 

+ 0.5 0.5 - o.o (20) 

Fron (20) we clc;duce that the n n° n: 0 decay rn,te of the n*0 (1518) is soall., 

Furthernore one can show ·by I-spin considorations that the ratio 

PS/5481/rr;m 

NorO ( 1518) -> 

N*0 ( 1518) _,. 

all N n n = .2 
p TI 

0 
TI 2 

(21) 
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The best estiuate than of the 2-body NTI to tho 3-body NTin branching 

* ratio for the N (1518) is 

N*(l518)~- .,, 2111 N n 

N*(151s) ~ all N TI n 

+ 0,44 
= 1. 25 - 0.71 

Thi_s fig1.:.ro is in good LJ.greawnt with the value of .._,1, 5 deternined fron 

. (11) P I -the phase-shift analysis of P. J3aryere et al for the J = 3 2 , 

I = 1/2, D-wave isobar. 

7. Evidence a;•ainst the iaportance_of the cascade _decay of the N*(l518) 

into N*(1238) and TI. 

In this section we discuss the·evidence against the irnport2nce 

of the N*(l518) decny uoJe into N*(1238) + TI which has be0n suggested pre

viously by J, Kirz et al(l7) and by H.R. Crouch et al(lB). 

Despite a hiGh backgrouml which is present below the N*0 ( 1518) 

burJp in the p ·n: 
0 

TI cosbinations we now atteopt to study the details of this 

3-bocly deccty. Firstly we recall that the TI 0 
n pair is in a pure I 1 

stnte and therefore due to Boso statistics the wave function of the }J n 
0 

TL 

syster.:i rmst 1.Je antisyunt:tric relative to exchnnge of pions. So e.g. there 

should be no difference between the M (p TI-) and the M (p n°) mass distri-

butions for the isobar decay products. 

In I11ic;. 4 we present the IV!(p TI-) and IV!(p n°) clistributions in tho 

M(p n- n°) peak region 1.46 - 1.56 GeV (Fig. 4(b)) and in the 2 control 

0 0 
regions 1. 36 - 1. 46 GeV except those containing an w or ri meson. ThE:; 

plotted uasses were norraalized to the central (p n - n°) 011ss values by nul-

tiplying the kinetic energies of tJ1u :tinrtj_clos in t!~<:J 
- 0 p IG n rost frame 

tho rat:1.o of tho actunl Q vc,luo of tho - 0 p 1t T~ 'J'ilG 

sp~co predictions ~ormalizod to all 

263 background evo:n.ts ir• tho case of the peak region ( • 4(b)). 
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Since the phas8 s11ac0 curves fit relatively well the distributions 

(a) and (c) one might conclude that events above the full line in Fig. 4(b) 

. N3E0 (1518) are genuine 0 
n + c.c. decays. There is indeed soue 

accumulation of M(pn) 11asses in the region of the Ni:(l238). However the 

measured low value of the branching ratio R1 (0.0 + 0.5) is in contradiction, 

as we show below, with what one expects for the. decay via the N*(1238). 

Thus consider the cascade decay 
+ 

N!:0 (1518) + n 

-+ 
0 

c 
0 

p n n 
+ -n n n 

(22) 

We may express the initial isotopic spin state N*0 (r = 1/2, r3 = -1/2) in 

terms of the final isotopic spin states p n- n° and n n+ n- as follows 

N3E0 (151$) =i(pn°)n-- ,j~(pn-)n°+ j~~(nn-)n++ j~8 (nn+)n- (23) 

where the particles in parentheses form the N£(1238) in the intermediate 

state and the n n° n° contribution has been .omitted. 

Neglecting interference terns one obtains for the branching ratio 

R1 = 1 2 + 1 18 = 2 5 I . 
l 9 + 1 9 

(24) 

which is 4 standard deviations higher than the mininum possible value of 

0.5 ~ ~:6. However it is necessary to consider.the influence of possible 

interference and to this end Fig. 5 shows the Dalitz plot for the peak region 

of the p n n ° nass svectr1111 excl ucling w 0 and ri 0 events. The expected 

position of the N3E(l238) isobar is indicated. The Dalitz plot is doninated 

by the overlap region of the two N*(1238) bands and therefore interference 

terr.is in the transition probabilities for the decays (22) could be important 

and must be taken into account. 
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Detailed calculations of the ratio R1 were perforned in which 

s-vmve decay of the N*-(1518) into N*(1238) lJlus n was assunecl (the d-wave 

amplitude is expected to be uniaportant as the Q value of the decay is 

150 Mt.N only). The t:1atrix element for the hy:;_Jotl10tical cascade clecay is 

then rdntively sim~_;lc :rnd consists of the N*(1238) St>in function r:.mlti-

plied by a Breit-Wigner rosonant factor, which we take as 

where MNTI is the effective nucleon·-j!ion Dass, M 0 , the resonance mass, taken 

as 1230 MeV, anu, I' the wici.th taken, as 120 MeV with an energy dependence 

* re qui reel by the lJ-wave decay of the N ( 1238). 

- 0 The two rJatrix elements for the:: p n TI final state, depending 

h . h f' tl - 0 t f' 1 the N*0 (12·J28). on w ic o ie p n or p TI sys-ea ormeQ . were then rml ti-

plied by the isospin coefficients f£iven in equation (23), squarud and 

integrated over the Dalitz plot to~ether with appropriate phase space 

factors. LL sirJilar integTcLtion has be'm done for the interferenc0 terms, 

As can be seen fron equation (23) the intGrference term for 

0 
p n n decay has a neeativu sien which follows frou thG fact that the 

0 
n n pair is in an I = 1 state thus yielding cou2letely destructive inter-

2 - 2 0 
ference al ones' the line M ( p1~ ) = M ( pn ) . Furthernore in the ne::;,rby region 

* which covers nost of the N ( 12:38) area the interference should also be 

strongly destructive. In contrast the interference in the n n+ n final 

state, which is also inportant, is constructive. 

Taking the interference into account the vo.luo found, by numerical 

integration, for the branching ratio R1 is 6.1, wore than 2 times higher 

PS/5481/rrJn 



- 19 - CERN/TC/PHYSICS 66-11 

than the value found by neglecting interferenc0 effects, Thus if the 

cascade d8cay rate represents a fraction R of the full 3-body decay 
c 

ratG we find that 

R = N*(l518) _, N*(l23tll +..J.l -- 0.00 + 0.09 c 
N*(151a) _., N TI TI 

(25) 

or on a 95 o/o significance level the branching ratio R is smaller than 
c 

18 o/o. 

A few coDments r01,1ain to bo r1ade about the p TI 
0 

TI :Dass spectrun 

for the peak region which has been shown in J!'ig. 4( b) • .Assuoing a genuint.~ 

3-body decay of the N*(151s) into p TI 
0 

TI we have 2 possible decay matrix 

elements which correspond to s'pin-pari ty 3/2- constructed fro11 the proton 

spin-parity 1/2+ and the total orbital angular nonentun and parity of the 

3 final bodies of l or 2 . The<:1e uatrix eleDents are 

and 
µ 

q 

(26a) 

( 26b) 

where pi , p~ are the uomentura vectors of the TI and the TIO in the 

N*(l518) rest frame, and ~ = ~l x ·-> 
r .1~)2 • The data in t~hG Dalitz 

plot aro too poor and contnin too ouch background to allow c. deterDination 

of a ratio of these 2 natrix eleuents. Both are acceptablu, the dashed 

curve which is shown in Fig. 3(b) corrcs1Jonds to the square of the one given 

in (26b) which fits better the dnta. 

8. Conclusions. 

Production of the nucleon isobars N*'(l518) and N*(1688) is 

observed in pp interactions at 5,7 GeV/c. 
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The cross soctions for the reaction 

OEO + 
pp ~ p N (1518) TI + c.c. 

- 0 
N*(l518) followed by ths 2-body pn ::ml tho 3-bocly lJ TI TI do cay of the 

found to bG (146 + ) µb nnd (117 + 26) respecti VE:dy. are - -

The cross section for the r~action 

_,, p N*+( 1688) + c.c. 

followec~ by the 3-body }J TI+ TI docay of tho N*(1688) is estiL2tud. to be 

lVI = (1507:'.:6) MeV,. l' = (55:'.:15) IfoV for the N*(l518) isobc:;,r and r-1 = (1695:'.:9) l'foV, 

r = (70:'.:20) MoV for the N*(1688) isobnr. 

The 3-body Nnn decay 1..10l1es are found to have hic::u r.'.ltus for iJoth 

isobars; the 2-body to 3-body branchinG r2tios 1 2h + 0. eq_u,~,1 to _. J _ 0 . 71 

in the case of the N*(l518) and less than 1.26 with 95 o/o confidence for 

the N*( 1688). 

Upver linits for thG NTJ and AK decay nodes of the N*(1688) nre 

estiuated to be 4.2 o/o and 1.3 o/o respectively with a 95 o/o confidence 

level. 

ii. detailed study of the Nnn decays does not vrovide any evidence 

for the cascade N*(1238) + n decays. The observed deviations frrn~ the 

unifor;:; lJO~)ulation of the Dnlitz plots nay be ex)lainud 3.s due to the 3-

body decay c::drix elecents. 

,m attE:n;t to detercin"° the parity of the N*(1688) frou its 

3-bocly dec:1y nod.e failod due to hi,c;h background r:nd cli.1bi,~ui ties concerDin(!; 

various .. ,atrix ele::l8nts which have to bo considered. 

PS/5481/ron 
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FIGURE CL.PTIONS 

1. (a) Mass distribution of the + p 1t 1t and p n+ re conbinations fron 

channel (1). 

Events with pr/ and pn nass lying in the n*(l238) N-*'(1238) reeion 

has been excluded. Continuous lines show the fit to the peak region 

(1.48 -1.92 GeV) usinc; a sun of a straight line and a Breit-Wigner 

curve. 

(b) + + Mass distribution of the p n TI and p n re conbinations from the 

channel (1). Only events for which both the (pn+) and (pre-) nass are 

inside the interval 1.15 - 1.35 GeV were plotted. 

( c) 0 - 0 0 The p 1l and p 'r] nass spectrun for the 3-body final state p p 11 

selected fron channel ( 2). · 

(d) The AK+ and AK nass spectrun for channel (4). 

2. Dalitz plots for the N3E-l-(1688) decay into the p n+ TI- systeo (and c.c.). 

The upper one is for the peak region and the lower for the adjacent regions 

as defined in the text. In all projections, both for the peak and the 

control regions, the full continuous lines show the same phase-s1incu c1ic»cri1;u-

tion norrJalized to the 369 non-resonant events. The dashed lines show 

the best fit for the 5/2 + assignment of the 1'T'I:+( 1688) assuming a genuine 

3-body decay. 

3. (a) Mass distribution of the p n- and p n+ combinations from channel (l)~ 

events with pn+ 2nd pre nass lying in the d*(l238) itt:(l238) region 

have been excluded. Continuous lines show the fit to the N'I:(l518) 

peak region fron 1. 34 to 1. 76 GeV as a sun of a straight line 

(extended outside by hand) and a Breit-Wigner curve. 
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(b) Mass distribution of the 0 + 
TI TI and p TI . combinations from 

channel (2). The 3-body final states containing w0 or ~o produc-

tion as well o.s the N:ir(1238) N3!E(1238) TIO final state have been excluded. 

The continuous line shows a phase-sp~co curve normalized to all overrts 

outisde the N*( 1518) peak plus a fitted Breit-VHgner curve. 

(c) + - + Mass distribution of the n n TI and n TI TI combinations from 

channels (3a) and (3b). The smooth line is n phase-spnco ou:rvo which 

includes reflections of the N*(1238) production observed in these 

channels, as explained in the text. 

4. Mass distribution of tho p TI , 
0 + 

p TI and the p TI , - 0 b" t• f p TI con ina ions rom 

3 intervals of the p TI 
0 + 0 

TI or the p TI TI mass spectrun 

(a) below the N'lii:(l518) peak : 1.36 - L46 GeV, 

(b) at the peak recion : 1.46 - L56 GeV, 

(c) above the N'*'(l518) peak : 1.56 - 1.66 GeV. 

The full, continuous lines in (n) and (c) show phase space distributions 

normalized to all events and in (b) to the expected number of background 

events. The dashed line in (b) shows a possible matrix element prediction 

for the 3-body decay of the N*(l518). 

5. Do.litz plot for the I·J*0 (1518) decay into the pn-n° system (and c.c.). 

The expected N*(1238) bands, corresponding to the full width at a half-

height, are marked together with the expected positions of the maxima. 
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