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The nucleon isobars N§(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 I 15 MeV and 70 t 20 MeV respectively),

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

+ 0.44
- 0.71

$han 1.26 with 95 o/o confidence for the W (1688))and show that the inelas-—

ratios are estimated (being 1.25 in the case of the N£(1518) and less
ticities of both resonances in n"p scattering are high.

L detailed study of “he 3-body Nmn decays provides no evidence
in either case for the cascade decay into N¥(1238)+n. Deviations from
uniform population of the Dalitz plots for the 3—body decays are observed
and are studied in terms of the 3-body decay matrix elenments.

Upper linits for decay of the N§(1688) into Nn and AK final

states are estimated.
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1. Bxperimental procedurc.

Four-prong events produced by a 5.7 GeV/c separated 5 bean in
the Saclay 81 cm hydrogen bubbie chamber have been nmeasured with the CERN
HPD system. 15100 events without detectable strange particles were accépted
for analysis. A study of the HPD measurements has shown that their quality
is not inferior to that of conventional IEP measurements(l)(z). It has been
checked that 11 o/o of the attenpted events, which did not pass successfully
through the systen, show no special features thch'could introduce a bias
into the accepted sanmple of 19,100 events(z).

The standard chain of CERN progrems was used to reconstruct and
analyse the nmeasurcd events. Ionisation measurements supplied by the HPD
for all eveﬂts were used to help in choosing the right interpretation between
different kinematical fits.

The results reported here come from a study of the channels producing

2 or 3 pions :

P > DD nt o 3638 events (1)
PP - DD oo 2312 events  (2)
p > pam om oW 834 events  (3a)
- - -~ = 4

Pp » PO W W 750 events  (3b)

The data on the production of Nﬁ ﬁ§ pairs in the channel (1) and §p wo,

ﬁﬂi

op n° and NF T 10 3-body final staotes in the channels (2) are published

(3)(4)

elscwhere

In the present study we have also used the data of R.K, Bbck et

(5)

al on the channel
0 > A% K+ cuc. : (4)
. , - 1.1 % . .
to estimate an upper limit on the AX decay rete of the N (1688). Finally the data
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on one pion production channels has been communicated to us by the Bonn-

Hémburg—Milano collaboration(6) which, as a part of a systematic study of
ﬁp interactions, has studied 2-prong events in the same filn.

BEvents of the 4-constraint channel (l) have beeﬁ separated out
if the kinematical probability P( X24C) was gr;ater than 1 o/o and if ioni-
sation was compatible with the chosen hypothesis. In 96 events where there
was an anbiguity concerning the 5 track the fit with higher probability was
accepted.,

In separating the channelA(Z) and (3) we requifed 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. Michejda(7) to be larger than 1 o/o. Anbiguous events have been
studied separately and then included in the reactions (2) or (%) where they
represent 25 o/o and 15 o/o of the cross section for these channels. (see

(4)

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

For the channels (3a) and 3(b) it has been found that the distri-
bution of kinematical probability P('Xglc) for the accepted events had an
important excess of events with small P(X 210) values, indicating the
presence of a large contamination of events with more than one neutral
particle unseen. The events with a small probability valué did not show the
Nﬁ(1238) peak in the nm , P T+ c.C, systens which was strong in the rest
_of the sample. Therefore 1t has been decided to use only the events for

which P(X’2 ) was higher than 35 o/o, the numbers for which are given

1C
above. In this way part of the statistics has been lost but on the other
hand the rémaining part is relatively clean and is not biased by the applied

cut. We find reasonable agreement in all corresponding distributions nade
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for the»charge conjugated channels (Ba) and (Bb) and in the further study
we will discuss then together as channel (3); the total nunber of consi-
dered events being 1584,

The cross—~sections and their errors corrcsponding £Q 1 event con-
gidered for the afore mentioned channels are

(1) 0.910 pb = 0.044 pb

(2) 0.935 ub + 0.060 ub
(3) 1.150 ub ¥ 0.120 wb
(4) 0.264 pb = 0.0% pb .

The data on channel (4) was obtained from a larger sample of film in which
strange particle production has been studied(S). The differences between

the chamnels (1), (2) and (3), which have been studied on the sanc apount

of film, are due to problenms concerning their separation from other reactions

and contanination by background events which are different for each channel

and require different solutions.

2. Observation of the N*+(1688) isobar decaying into p n o systen,

In this section we present evidence for the production of a
nucleon isobar with a mass of about 1700 MeV which we identify with one

(8>>

of the two known NK(1688) isobars (sec e.g.

The evidence comes fronm the channel (l) which is doninated by
. x =3 L e | ()
associated N N production accounting for 63 o/o of the cross section .
Fig. (1a) shows the D n+ n and 5 n+ 7 nass distribution for
2234 events of channel (1) after exclusion of cvents where both M(pﬁ+) and

M(ﬁn—) nagses 1lié between 1.15 and 1.35 GeV. 4 peak is scen at 1700 MeV

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

PS/5481/rnn
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not easy tq deternine the expected form of the mass‘spectrum below the peak
at 1700 and in order to estimate the number of events in the peak we fitted
the nass region 1.48 - 1.92 GeV to a sun of a simple Breit-Wigner curve and
a straight line. The fit with a least-squares method gave the following

result :

I+

i

Mass M= (1695 9) MeV,

20) MeV,

I+

Full width T =( 70

Number of events in the peak N = 255 * 46 .
The fitted curve is shown as o continuous line in Fig. 1(a).
Comparing the nass and the width with those of accepted isobars

(8) (9)

(see ~and ) we find that there are two possible assignments for the
observed peak : both have isospin I = 1/2 and spin J = 5/2, called N*(l688)
but of opposite parities.

In the following we will assume that the peck is due tq
Pp - p N (1688) + c.c. , (5)
followed by the 3-body decay of the isobar

v (1688) - pou o . (6)

Before determining the cross section for this 2-step process it
is necessary to estimate the correction due to neglecting events having
voth M(pr') and M(Prn~) masses inside the interval 1.15-1.35 GeV.

In the analysis of the decay (6), discussed in Section 4, we
found that 77 out of the 255 decays belonging to the peak of Fig. 1(a) ful-
fill the condition 1.15 GeV < M(pn+) < 1.35 GeV, We performed a Monte
Carlo calculation on the reaction pp - D N*+(1688) in which we considered
for the N%(1688) either a 3-body p n+ n decay or o cascade decay

oot
i

v F(1688) - (1238) + 7 . (7)

PS/5481/rnn
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For the eveﬁts fulfilling the condition 1.15 GeV < M(pn') < 1.35 GeV
the calculation showed that the number of events having a nass M(En”) in
the same interval and therefore sinulating Niﬁﬁ events represented 14 o/o
of tﬁe events hﬁving a M(ﬁn—) outside this interval. We thus conclude
that the number of N%(1688) events should be increased by 0,14 x 77 = 11 events.

In Fig. 1(b) the p n+ © and p n+ 7 mass distribution for 1404
events fron the Nx ﬁﬁ region isg shown and an area corresponding to the 11
expected events is éhaded. The cdashed line is drawn by hand and there is
no evidence fof a éfétiétical gignificant excess of cevents in the neighbour—
hood of 1.7 GeV; Moreover in these‘events the p n angular distribution in
the p n+ n resf frame is strongly peaked along the fransformed target proton
moméﬁtum, Ahy édditiOﬁ of these events to the corresponding distribution
of the events in the N (1688) region of Fig. 1(a), which is symmetric, would
rapidly render the total p n+ angular disfribution asynmetric contrary to
what we expect for a decay of a resonanéé;

As a result of the above considerationé we estimate the cross
gection for the chain of processes (5) + (6)'to be o

o = (242 L 42) wv,
This nay be compared ﬁi%h the proton—protoﬁ cross section, viz.
PP - P NE(1688),hf§lléﬁed by the decay (6) of (360 t 160) pb reported by

G. Alexander et al(lo)

at 5.5 GeV/c. Further study of the characteristics
of the 3-body decay (6) will be based on the 555 events from the peak region
of Fig. 1(a), defined as 1.64 to 1.76 GeV,‘as compared to the 369 events

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

PS/5481/run
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- . E - .
The Iz to Nnw branching ratio for N_ﬁ;688) and upper limits on its
In ond AKX decay modcs,

In this experiment,

out to be impossible to de

scussed in Section 4, it turns
e pari

, L
ty of the observed N (1688),
However, it could be, as indecd we will assume, that the observed

neak
is due to only one of the two known isobars of this mass.

e

present
section we will discuss decay branching ratios of the

W%(1688), startin

Q

with the problem of the 2~body In to 3~body Hun branching

ratio, From an

present experiment, the Bonn-[lamburg-liilano collaboration'
that -

et

analysis of two-prong interactions from the same exposure

the cross

as used in the
s sectio

for the
i

has estimated
he reaction (5)}followod by éll allowed 2-body
n decays of the M(1688) is (230 ¥ 125) pb.
one finds the ratio

In combination with our data

In order to determine the branching ratio

L . IT(aees) o Tm
N (1688) - Nnnm
we ha

(9)

could not be observed in the vresent experiment

ve to estimate the contribution from the two 3-~body decay modes which
%+
N (1688) » prnw

-t 4+ 0
and N s> NT T . The
in these decays is uniquely defined and eoual

isospin, I, of the mn pairs
to I =0 and T = 1 respec~

tively, whercas in the observed p m m decay mode the ©m =w

PS/5481/rmn
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'a priori' be in an arbitrary nixture of I = 0 and I = 1 states (an interfe-
rence term vanishes when integrated over the Dalitz plot). Using Clebsch~

Gordan coefficients it nay be shown that

3 ¢ N (1=1/2) »allliang 3 (10)
2 .
T =1/2) spnam

where 3/2 would correspond to a pure I = O anplitude for the decay (6) and
3 to a pure I = 1 anplitude.

éombining (8) with (10) we conclude that the 2-body to 3-body
branching ratio R 1s linited to :

0.32 2 0.17 <R < 0.63 = 0.33
where both the limiting valueshave errors of about 50 o/o due mainly to the
uncertainty in the 2-body decay rate. This estinmate agrees well with the
phase~shift analysis data<ll) for the negative-parity D-wave resonance but,
within 2 standard deviationg, is also compatible with the elasticity found
for the positive~parity F-wave isobar.

Now we pass to a determination of the upper linits for the decay
rates of the N§(1688) into Nn and AK states. - In the Fig. 1(c) we present
the pno and ﬁno nass distribution fron the reaction

PP > Bp (12)

(3)

which was separated out fron the final states (2). In the Fig. 1(d)

we finally present the AK' and AK  nnss distribution for the reaction (4)
studied by R.K. Bbck et al(b). Neither of then show any excess of events
in the 1.7 GeV region. We estinate the possible amount of the N§(1688)

in the 1.64 ~ 1.76 GeV interval of these distributions as equal to O + 3

events for the Nn system and 9 : 6 for the AK systen.

PS/5481/rnn
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Correcting for neutral no decays and using the lower linit 3/2

in the inequality (10) we obtain the following estimates

*-+ 0]
N (1688) > pon < 4.2 o/o
NTT(1688) - all Nx and Nan
and
(1688) o 2% kT < 1.3 o/o

¥ T(1688) - all Nn and Nux

Both upper limits correspond to a 95 o/o confidence level.
pp I

The non-appearance of the pn and AK decays in the present experi-

nent supports the conclusions reached in Refs.(ld) and (13>.

4, Discussion of the Dalitz plot for the N*+(1688) - D n+ n decay and a
N (1038) + o .

search for the cascade decay N*+(1688)

In Pis, 2 Dalitz plots, together with their projections, are pre-
sented : the upper one is for 555 peak region events and tﬁe lower one
for 369 cvents from the control regions. All plotted‘ﬁass valueé'have
been ﬁormalized to the oentral‘M(p n+ n‘) = 1.7 GeV isobar nmass by ﬁultim
plying the kinetic energics of particlés by the rgtio of the central fo the
actuﬁl Q-values. |

We notice that the Dalitz plot for the control regions is unifornly
populated. An excess of events in the N§(1238) region, whiéh exists if all
events of the channel (l) are plotted, has disappeared after elininating the
N* ﬁ* events. Fron the uniforn densify over the Dalitz plot for the control
regions we expect that also’in the peak region background events are distri-
buted according to phase space. The estinated background contribution
in'the Mz(pn+) and M2(pn;) projections is accordingly shown as a continuous
line. The parts of the area which are above these curves should be due

therefare only to the N (1688) decay.
PS/5481/rnn
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Before going into further details we notice that there is no
significant difference between the Mg(pn+) and the Mz(pn_) distributions.
A X2 test for the hypothesis 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+ 7 pair in the isospin
I =0 and I =1 states, or possibly the dominance of one of them.

An indication for the existence of the cascade decay mode (7)

of the N%(l688) in the charge symnetric state n n+ 1 has been recently
. . . (14)
published by 0. Czyzewski et al .

However in this experinent the equality of the observed M2(pn+)
and M2(pn~) distributions in particular in the region around 1230 MeV,
shows that there is no indication for this cascade decay since the expected

. *+ . *0 .
ratio of the number of N (1238) igsobars to the number of N (1238) isobars
is equal to 9. Counting the number of combinations in the N¥(1238) bands
fron 1.15 GeV to 1.35 GeV for both charge states we find that the difference:
doubly-charged ninus zero-charge combinations, is equal to -7 : 22. Even
after correcting for the 11l neglected N§(1688) events estinated in

Section 2, which are all inside the N 1 (

12%8) band and about 5 inside the
Nxo(l238) band, there is no indication for an excess of the doubly charged
combinations.

The n+ 7 distributions both for the peak and the control regions
of the N*(1688) follpw phase space.
Due to the lack of any indication for a quasi-two-body decay of

* . .
the N (1688) it seems reasonable to assume a genuine 3-body decay and see

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

PS/5481/rnn
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Unfortunately there ~re a number of different nmatrix elegents
which nust be considered for each of the 2 possible jP = 5/2+ and 5/2:H
assignnments. First of all spin 5/2 nay be constructed frou the Urotqn
spin and 2 different total orbital angular nomenta of the 3-body system :
L =2and L = 3., Then for each of these 2 cases there are still various
matrix elements which pan be built, as one can learp €ege from the paper
of C. Zemach(lB). Eoliowing Zerach we construct matrix elements from the
vectofé‘ﬁl - momentﬁm of nm, ?2 - nowentun of n+ and their vgotor product
> ) ,

q = ?1 X 52.; all momenta‘being in the rest frame of the decaying N*(l688).
Wé will not give here details of the calculations and fittipg

of the Dal;tz Qiot density distribution since the results are not conclusive.

The main feature of the dats illustrated by Fig. 2 is the 1a§k of events

near the center of the Dalitz plot, where Mz(pn+) = Mz(pn“).  when fitted

with various matrix elenents we find the following fit probabilities (P)

3, ¥ = 4 O/O,

It

e) 5/2F, L =2, P

i

34 o/o, v) 5/2%, L

]

c) 5/27, L =

|
N
]
i

0.1 0fo, d)5/27, L=3, P =47 ofo.

Thus the basic probleﬁ of parity‘determiﬁation cannpt he sﬁl?ed due to high
background and to the fact that for both parities ﬁatrix elements nay be
constructed capable of predicting an acceptable density distribution. is

L . i . + . . . . B
an exaunple, the fit for the 5/2 assignnent is shown in Fig. 2 as a dashed

line in the projections of Dalitz plot densities.

5. Observation of the N (1518) in the p 1 n° systens. -

In this scetion we discuss the evidence for the reaction

Tp o b N(1518) 1t + c.c. (13)

PS/5481/rmn
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followed by either the 2-body

*°(1518) o pr_ (14)
or the 3-body

0(1518) > po e (15)
decays of the isobar.

In Fig. 3(a) the p n and p n distribution is shown for the
channel (1) from which the N'(1238) T7(1238) region discussed in Section 2
has been excluded. One notices a neutral N*(1238) peak at 1225 MeV‘ahd
also a peak at about 1510 MeV. Due to difficulties of computing a nmass
distribution for the background part of the spectruu (a phase space curve
does not follow the experimental distributioh) we have used a least squares
method to fit the experimental distribution in the nass region 1.34 to
1.76 GeV, to a sun of a straight line plus a simple Breit-Wigner curve

with the following results

Mass © M = (1508 T 8) Mev,
. + . '
Full width I =( 51=25) MeV,
Number of events +
in the peak N = 160 - 44.

The curve shown in Fig. 3(&) corresponds to the fitted straight line andv
its extension outside the 1.34 -1,76 GeV region by hand plus the Breit-
Wigner curve.
. - 0 - 4+ 0
Fig. B(b) shows the v n =n and pn 7n nass distribution for the
1696 events of channel (2) that remain after rermoval of events corresponding

(3))

to the final states : p p wo, 5 P no and N*(1238)-§§(1238) no (sce .
& bunmp is apparent around 1510 MeV. TFor this distribution a phase space
curve plus a Breit-Wigner curve fits well (full line curve on Fig. B(b))

and yields the following values

PS/5481/rmn
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(1505 ¥ 9) Mev

il

M

I+

T

t

(57 < 18) Mev.

Nunber of events in the peak N =108 * 24,

The fitted M and T values for the p n and the p 1 no peaks
are in good agrecnent with each other and thus consistent with the hypothesis
that the observed peaks represent two different decay modes of the sane
isobar. The weighted averages for its mass and width are then

+
Moo= (1507 - 6) MeV

(17)

and T = ( 55=15) MeV .

It should be noted that although the determination of these parameters
from the experimental histograms has been done in an approximate way (e.g.
energy dependence of T has been neglected), the observed narrow width
makes possible corrections unimportant.

If we identify these peaks with the Nﬁ(lSlB) with I = 1/2 and spin
parity 3/2°, then the above de'ermination of its width gives a valuc which
is in good agreenment with the value of 56 MeV determined in phase shift ana-

(16) (11)

lysis by P. Auvil et al and by Bareyre et al .
. . - - X0 +

The cross section for the reaction pp - p N (1518) T -+ C.0.
followed by the 2-body decay pm  + c.c. is equal to (146 I 40) ub (a correc-
tion for events contained in the I (1238) K (1238) region is small and has
been negleoted). The cross section for the saue production process followed
. - +
by the 3-body decay » 7 no + c.c, ig estimated to be (117 - 26)_ub after

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

b p o and N (1238) F(1238) «° final states.

PS/5481/rmn
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6. The N§(1518) Nt and Nnun decay branching ratios.

The NXO(lSlS) isobar has two 2-boldy Nn decay nodes : p n  and
n no. Fron the known isospin I = 1/2 of the isobar one obtains
o (8%°(1518) » all Wn) = g x o (F°(1518) - p ) =(219 T 60)up  (18)
In order to determine the full 3-body Wnn decay rate we note that
the N*O may decay into three different Nnn final states viz. : p n no
observed in channel (2), n n+ 7 which nay be observed in channel (3) and
n no no which cannot be detected in the present experinent. as in the
case of the 3-body decays of the N%(1688) there is one paraneter (the ratio
of transition probabilities leading to Num systens with a nn pair in isospin
I=0o0rI=1 states), which has to be known in order to determine the
two ratios among the three decay rates of the aforementioned 3-body final
states.

*0 .
(1518) however we are in a nore favourable

In the case of the N
position than for the N'1(1688) since two of the 3-body decays could be
observed experinentally and the problen can in principle be solved conpletely.

. + - - - . . i ;

The conbined nn n and nn 7 mnass distribution for the
channel (3) is shown in Pig. 3(0). In this channel however, we observe
production of the N*(1238) in four 2-body mass combinations, nawmely for
the case of the channel B(a), 5 . (~ 20 o/o), nom (rv 20 o/o),

n n+ (rv 16 o/o) and 5 n+ (fv 11 o/o). Uging these estinmates, the

n n+ n 4+ c.c. nass spectruwa has been computed as a sua of the five

following phase space distributions : 3-body (Wnm) out of 5 bodies, 2~body
* . * _

(N*1) out of the 4-body reaction (N'Nnn), 3-body (Num) out of the 4-body

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

one of the pions is a decay product of the N§(1238). The result, nornalized

PS/5481/rmn
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.to all events in the histograns, is shown in Fig. 3(c) as a continuous
line.
There is no obvious indication for an excess of events in the

N*O(1518) region which could correspond to the peaks observed in the pn~

and p m no distributions. The number of the N§0(1518)+ n n+ T+ c.c.

igobar events determined fron Fig. 3(¢) under the agsunption that the back-

ground is smooth in the region 1.41 - 1.61 GeV, is found to be (2 j 42)

+ 56

o) bb.

events and corresponds to a cross section of (2

Fron isospin considerations the branching ratio R., defined as

1

*0 +
Rl = N (1518) > n 1 = (19)

N%O(1518> > p owd

has a minimum value of 1/2’when the anplitude for Nmm decays with the nn
pair in an isospin state I = 0 is zero. (The amplitude for the I = 1 state,
of the nn pair must be different from zero since this amplitude gives rise

to the observed p T no mode). Although the obscrved value R, is O.O+O'5

1
and is one standard deviation below the allowed minimum it is consistent
with it, and in the considerations below we will use the uninioum value with
an upper experinental error, viz.
+ 0.

R, = 0,5

5

Fron (20) we deduce that the n no no decay rate of the Nxo(1518) is small,

Furthermore one can show by I-spin considerations that the ratio

N*0(1518) > 21l Nmom _ 3 (R + 1) C(21)
N °(1518) » p 7’ 2+ 3
and hence o (N°0(1518) - all ¥ ) = (1.5 ‘gS) x o (F°0(1518) & p 7 #°) =
+ 88 |
(176 - 39) ub.

PS/5481/run
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The best estiunate then of the 2-body Nm to the 3-body Nnn branching
ratio for the N£(1518) is ¢

N (1518) - 21l N g - 105 * 0.44
N (1518) + all W 7 =

- 0.71 .

This figure is in good agreement with the value of ~1.5 determined fron
(11)

the phase-shift analysis of P. Baryere et al for the JP = 3/2—,

I = 1/2, D-wave isobar.

7. Bvidence asrainst the inportance of the cascade decay of the N§(1518)

into N-(1238) and 7.

In this section we discuss the evidence against thevimportance
of the N*(1518) decay node into N*(1238) + n which has been suggested pre-
viously by J. Kirz et al(l7) and by H.R. Crouch et al(ls).

Despite a high background which is present below the N*O(l518)
bunp in the p . no counbinations we now attenpt to study the details of this
3-body decay. Firstly we recall that the T no pair is in a pure I =1
state and therefore due to Bose statistics the wave function of the:p T no
systerm nust be antisymmetric relative tokexchange of pions. S0 e.g. there
should be no difference between the M (p 7 ) and the M (p no) mass distri-
butions for the isobar decay products.

In Fig. 4 we present the M(p n—) and M(p no) distributions in the
M(p n~ 1) peak region 1.46 - 1.56 GeV (Fig. 4(b)) and in the 2 control
regions 1.36_— 1.46 GeV except those containing an wovor no meson. The
plotted masses were normalized to the central (p T no) nass values by nul-

—

L . 0 S 1
tiplying the kinetic energies of Thoe particles in the p n w rest frame by

L . | , | a -~ 0 \
the ratio of the central to the actual Q value of the p m n systenm, The
full lines on the figure show The phase spoce predictions poermalized to all
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Since the phase space curves fit relatively well fhe distributions
(a) and (c) one nmight conclude that events above the full line in Fig; 4(b)
. *0 - 0 L
are genuine N° (1518) » pn 7 + c.c. decays. There is indeed sonme
accunulation of M(pn) nasses in the region of the N*(1238). However the
neasured low value of the branching ratio Rl (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
0 ;
NT(1518) - N (1238) + =

r pm om (22)

+
- n T T

We nmay express the initial isotopic spin state N O(I = 1/2, I, = -1/2) in
terns of the final isotopic spin states p_n_ no and n n+ n as follows
%0 L, oy~  fl_ = o (1, -\ + [T + -
1518) = |= - =03 = — 2
NT(1518) ,Jg(pn ) /Jg(pn )+ \lz(nn )+ T8 (nn )m (23)
where the particles in parentheses form the N*(l238) in the intermediate

state and the n ﬂo no contribution has been onitted.

Neglecting interference teriis one obtains for the branching ratio

Rl= l£2+l£18: 2.5 (24)
1/9 + 1/9

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

+ 0.5 . y . . o )
0.5 _ 0.0 ° However it is necessary to consider the influence of possible
interference and to this end Fig. 5 shows the Dalitz plot for thé peak region

- 0 . 0 0 . ) »
of the p m 7m mnass spectrun excluding w and n events. The expected
position of the N'(1238) isobar is indicated. The Dalitz plot is dominated
. * ] . h '

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

terms 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 Rl were performed in which
s-wave decay of the NX(1518> into N*(lZBB) vlus m was assuned (the d-wave
amplitude is expected to be unimportant as the Q value of the decay is
150 MeV only). The matrix element for the hypothetical cascade decay is

then relatively simple and consists of the N$(1238) gpin function multi-

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

I\‘l/?_’

2 .2 . )
Nn“Mo)+ i MO 1

(M

where MNn is the effective nucleon-pion nass, MO, the resonance mass, taken
as 1230 MeV, and, I' the width taken, as 120 MeV with an energy dependence
required by the p-wave decay of the N*(1238).

The two matrix elements for the p T no final state, depending
on which of the p n or D no systen formed the N*O(1238), were then multi-
plied by the isospin coefficients pgiven in equation (23), squarcd and
integrated over the Dalitz plot together with appropriate phase space
factors. 4 sinilar integration has been done for the interference terms.

Ag can be seen from equation (25) the interference term for
P o no decay has a negative sign which follows from the fact that the
n no pair is.in an I = 1 state thus yiclding completely destructive inter-
ference alongz the line Mg(pn—) = MZ(pno). Furthermore in the néarby region
which covers nost of the N*(1238) area the interference should also be
strongly destructive. In contrast the interference in the n n" 77 final
state, which is also iuportant, is constructive.

Taking the interference into account the value found, by numerical

integration, for the branching ratio R, is 6.1, nore than 2 times higher

1

PS/5481/rmn
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than the value found by neglecting interference effects. Thus if the
cascade decay rate represents a fraction RC of the full 3—b6dy decay
rate we find that

R = NT(1518) > W(1238) + 1 = 0.00 + 0.09 (25)
N*(1518) - N=nmn

or on a 95 o/o significance level the branching ratio RC is smaller than
18 o/o.

A few comments remain to be made about the p n %O nass spectrumn
for the peak region which has been shown in Fig. 4(b). Assunming a genuine
3—body decay of the Nﬁ(l518) into p n no we have 2 possible decay matrix
elements which correspond to spin-parity 3/2— constructed from the proton
spin-parity 1/2+ and the total orbital angular momentun and parity of the

'3 final bodies of 1 or 2 . These uatrix elefents are

Pt - b (26a)
and " u v v v u

(py +05) o +(py +1,) q - , (26D)
where p? , pg are the nomentun vectors of the m and the no in the
N%(1518) rest frame, and a = fl be ﬁg . The data in thc Dalitz

plot are too poor and contain too nuch background to allow a determination
of a rétio of these 2 matrix eleuents. Both are acceptable, the dashed
curve which is shown in Fig. 3(b) corresponds to the square of the one given

in (26b) which fits better the data.

8. Conclusions.
Production of the nucleon isobars N (1518) and N (1688) is
observed in ﬁp interactions at 5.7 GeV/c.

PS/5481/rnn
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The cross sections for the reaction

*0(1518) 1t + c.c.

pp > PN
followed by the 2~hody pn* and the 3-body p T nO decay of the N*(1518)
are found to be (146 : 40) ub and (117 : 26) pb respectively.

The cross section for the reaction

P - D N%+(l688) + Cc.C.
followed by the 3-Lody p n+ n decay of the N*(1688) is estinated to be
(242 T 42) pv.

The neasurcd uass (M) and width (I') are

M = (1507%6) MeV, I = (55%15) MeV for the NT(1518) isobar and M = (169529) ueV,

il

(70¥20) MeV for the NT(1688) isobar.

Lo
It

The 3-body Num decay nodes are found to have higi rates for both

+ 0.44

isobars; the 2-body to 3-body branching ratios being equal to 1.25 - 0.

in fhe case of the N*(1518) and less than 1.26 with 95 o/o confidence for
the N (1688).

Upper linits for the Nn and AK decay modes of the N*(l688) are
estimated to be 4.2 o/o and 1.3 o/d respectively with a 95 o/o confidence
level.

i detailed study of the Nnm decays does not provide any evidence
for the cascade N*(1238) + 7 decays. The observed deviations fromn the
unifor: population of the Dalitz plots nay be explained as due to the 3-
body decay nmatrix elenents.

in attenpt to deternine the parity of the N*(1688) fron its
3-body decay mode failed due to high background and ambipguities concerning

various watrix elements which have to be considercd.

PS/5481/rnn
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FIGURE CLPTIONS

Mass distribution of the p ﬁ+ n and 5 n+ n  combinations fron
channel (1).

Events with pn' and pr  mass lying in the 10(1238) T (1238) region
has been excluded. Continuous lines show the fit to the peak region
(1.48 - 1.92 GeV) using a sun of a straight line and a Breit-Wigner
curve.,

Mass distribution of the p n+ n and P n+ n  conbinations from the
channel (1). Only events for which both the (pn+) and*(Enﬁ) nass are
inside the interval 1.15 - 1.35 GeV were plotted.

The p no and 5 ho nass spectrun for the 3-body final state 5 P no

selected from channel (2).‘

The A K+ and A X nass spectrun for channel (4);

2. Dalitz plots for the W (1688) decay into the p n@ 7 system (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=space distribu~

tion normalized to the %69 non—resonant~e#ents, The dashed lines show

the best fit for the 5/2+ assignment of the N¥+(l688) assuning a genuine

3=-body decay.

3 (a) Mass distribution of the p n and 5 n+ combinations from channel (l),

PS/5481/rmn

cvents with prn' and pr mass lying in the N (1238) T (1238) region
have been excluded. Continuous lines show the fit to the N (1518)
peak region from 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) UMass distribution of the A n 7w and D nT'no combinations from

channel (2). The 3-body final states containing w° or n° produc—

tion as well as the N-(1238) T (1238) n° final state have been excluded.

The continuous line shows a phase-gpoce curve normalizcd to all cvents
outisde the N (1518) peak plus a fitted Breit-Wigner curve.

(c) Mass distribution of the n n+ n and n n+ T combingtipns from
channels (Ba) and (Bb). The smooth line is a phase-s ;cc curve whilch
includes reflections of the N%(1238) production observed in these
channels, as explained in the text.

Mags distribution of the p n—, i) no and the 5 ﬁ+, 5 no conbinations from

3 intervals of the p T no or the 5 n+ no mass spectrunm

(a) below the N (1518) peak : 1.36 - 1.46 GeV,

(b) at the peak region : 1.46 - 1.56 GeV,

(¢) above the N (1518) penk : 1.56 — 1.66 GeV.

The full, continuous lines in (a) 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 (1518).

Dalitz plot for the NXO(IBIB) decay into the pn~no 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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