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Asymmetry in the decay angular distributiog of the neutral p has been
observed by a number of investigators in reactionslleading to three particles
in the final sfame T +po-w * A+ n. This phenomenon has been attributed
to either‘f interference of the resonating p-wave of the (:t+zt—)' system with other
angular momente (i.e., s— and d—wavés) present in ﬁhe background or to & scalar
_singlet (n+ﬂ_) resonanéé unresolved from the' vector o meson.

¥
il

We find a similar asymmetry in the decay anéular distribution>;f the neutral
P formed in a four—particle reaction © + p - oo+ p + .. We propose that
the major part of the asymmetry thch we observé is due to the‘presence'of the
‘N*++ isobar overlapping the p resonance. -We further give evidence,that the 3,3 -
resonance comes in part from the decay of a‘pn+ﬁ— state,. Compering the peak,

we observe in the pﬂ+ﬁ— mass distributions with the inelastic pﬁ cross section
obtained by counter techniques, we concludevthat our data could 5e associlated
with the Ni/z(lSlO) isobar.® The width of the mass pesk wé'qbservé T = 240 MeV
is considerably larger than the N*(lSlO) resonence. The large width may be due
to the presence of additional structure in ﬁhe'T = 1/2 and T =(3/2.iso£opic

spin states as observed in np scattering experiments. '

* Work sponsored by the U. S. Atomic Energy Commission. T - v k
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The data discussed.here come from an experiment cerried out in a nomentum
analyzed negative beam of the LawrencefRndiation Latoratory's.Bevatron using the
T2-inch hydrogen bubble‘cnamber 8.8 detector.t The reaction we will disucss here i
is one leading to four eharged'particles in the finel state, viz. n—ipf - ﬁ-ﬁ+pn;.
The'kinematic.fittingvand_iOnization informntion reduGes the number of events with

ambiguous interpretation to less than i%. The meaéurementé of all events produced

in the n p Snteraction have been carried out with the "flying spot digitizer" (FSD)‘_

of the Lawrence Radiation Laboratorya

We find that only 5% (1129 events) of « p intéfaetidﬂsiap.3§7'Bev/c glve
:ifour;ohérged-pérticles 1n the final stqte. This leadé to a cross:eection of

1.8 o.u-;t for this. reaction. :Twoethiréé of the events leading to & four-
particle final etate.are the deoay product.of reeonences;' We*iist ail'the chen-
nels feeding the fourﬁparticle final state in Table I. It 1s interesting at this -
point to compare the data with similar date obtained in the ﬂ D interaction. .The~‘v
cross.section for the fouraparticle state in the’ n p~interaction is about a factor
of three higher. The lack of the strong P °n +f ohannel suppreSSes the cross section
in the x P interaction. On the other hand, the non—resonating channel is roughly

of the seme 1ntensity in the two reactions.

In Fig. 1 we show the mass distributions of the three two-particle final -
+ - - :
states, 1i.e., (n ) ), (pn'), and {pn ). Since two % mesons are present we show
the invariant ma.sses: formed by both combinations. The formation of both'theopbf"

: HAt o - :
and N is evident. The N formation 1s seen much more cledrly when we confine -

oursgelves to events 1n the double resonance region, i.e., together with the p

v
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meson, as sho&n in Fig. 2; the sheded part glves the mass distribution for events
with four momentum transfer to the po, Z&ﬁ))<150 mi, We find three distinct
peaks with central values 1220, 1480, 1690 MeV and respective full width at

half makimum of 120, 120 100 MeV. These we interpret as the N;72(1238),

(1510), and N 1688) 1s0bars respectivel
1/2 /?

+ — -+
A scatter plot of the (n n ) mass versus the (pr ) mass (two points for
each event, see Fig. 3) shows that there exists a large 6ﬁerlap region between

the N - and po resonances., By plotting a density distribution of the two reso—

‘nanée bands we obtain an estimate of the total Nz;; isobar production (see

Teble I). The overlap of the two resonance bandévﬁas a crucial effect on the
decay aﬁgular distribution of tﬁe o] mesoﬁ. Confining ourselves to events with
small momentum transfer to the pn  system, we would expect on the one pion
exchange model (see Fig. 4a) the scattering amplitude Pi = cos® to dominate
since the p meson can be identified with a scattering vertex of two pions in the
p—-state. We find instead of the expected cosza angular distribution, a strongly
: asymmetric one (see Fig. 5). The solid curve shown 1s en éxpansion in coéa viz:.
I(d) = A+ Bcos a+C cos®0. The coefficients are B/A = 1.5 = .h. C/A = 3.7 % .7.
The shaded area gives the distribution of events after the N*++(1238) isobar

has been removed. It is clear from examining fhis figure that the ﬁajor part of
- the asymmetry comes from the overlap of the two resonances., We therefore feei

that in the present data neither interference with s— and d-waves nor the existence

of a scalar meson need be invoked to explaln the asymmetry.

Kt
The next question we would like to pose concerns the N isobar., If
diréctly produced in the primary collision it would be formed together with a

pair of negative pions (see Fig. Lb). . For the events produced with small
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. o N _ . , ,
mementum transfer to the (pr ) system, we expect the single pion exchange to

dominate, We have made two tests to check for single pion exchenge: (a) the

‘ + ' o
‘wp scattering apgle_in (pr ) center of mass which should follow a 1 + 3 cos &

distribution, and (b) the Treiman-Yang angle which is expected to be isotropic.

‘f:Figs. 6 and 8 show the two distributions. The distribution in thé scattéring
“angle shdws cqnsiderable interferenée effects while the Treiman;iang angle is
“consistént_ﬁith:being isotropic. To examine inferference effects with the p
- meson we lqpkéd at the distribution including and excluding events (see shaded

area, in.Figs. 6 and 8) in the N*+ﬁ~pvoverlap region. The evidence for an

aligned N*++ isobar is thus inconclusive. For comparison ve showtin Fig._?
' o

_ ‘ *
.the decay angular distribution ‘for the events.with N 1sobar formetion. The

" data here are consistent with 1 + 3 cos’a.

. One further diagram that may possibly contribute to the reaction under
discussion is given in Fig. 4d4. To study this channel we looked at a Dalitz

, %0, - + -
plot corresponding to the following three'particles", N (1238), n and x .

. *0 + :
In Fig. 9 we show such a diagram in which we plot the square of the (N x.) - =

rass on the x axis and that of the n+x— mass on the y axis. A clear band

corresponding to a mass of 1400-1640 MeV is seen crossing the po band, A

. ' 2 %0 4 + .
projection of the M (N = ) axis shows a marked peak at a mass value M(prt w ) =.

.',1520 MeV and T''= 240 MeV. The shaded area shows the events outside ﬁhe po
’:band, If we noﬁ investigate the structure of the three—particle mass peak
we find that the proton forming tﬁe N*Q forms.a pﬂ+ mass which lieé in the
N*f+(1238) mass region (see Fig. 10). In Fig. lll*e‘show a Chew-Low plot

' *O 4 : ,
of the N = events. - A strong clustéring of events at low four—momentum .

g transfer to the three-particle system is evident, indicating peripheral pro+=- e

'

vv. 
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" 4b teking into account the Bose symmetrization of the two negative pions.

 negative pions are indistinguishable.
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duction of the‘mass peak. Here we must notehthét at the lower vertex in

- Fig. 4d we can form a nucleon iscbar in T = 1/2, 3/2, and 5/2 states. While

: *
' the observed pesk 1s centered at the location of thg Nl/2(1510) it is con—

‘siderably broader than the accepted value for that lsobar. We suspect that

other states such as the shoulder in the T = 3/2 state may also contribute

o the peak. The asymmetry in the po can now be understood to arise in part
“from the overlap of the po with the three~particle state which in turn decays-

~ to the N ° i1sobar. We must further note that another possible origin for

/

" the observed mass peak may be'interferenceieffeCts between diagrams lha and

3

.Finally, we would like t&adiscuss the properties of the two identical

- bosons, ¥ © , The most surprising feature is the distribution in the =« =«

vscatterihg angle (see Fig._lz). The distribution has all the earmarks of an

aligned high angular momentum state. We cannot find, however, any'particular

mass enhancement assoclated with the angular distribution. In a study of a

. *¥0 + N
" correlation between the N 5 mass and the n n -scattering angle we find the

above mass peak is directly related to the anisotropy in the scattering angle.
' ) 4
The anisotropy may thus be due in part to the observed mass peak,althoufh the

presence of T = 2 d~wave scattering in the % % system cannot be ruled out.

- The symmetry in thedistribution shown arises from the fact that the two

>
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' Mass distributions of (px ) state formed in the reaction
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FIGURE CAPTIONS

- o+ -
Mass distributions of the two-particle (« = ), (pn ) end (pn )states.

T+ P - p? + pﬁ_v o T
| 4 +

Scatter diagram of (s % ) mass versus Pt mass.

Feynman diagrams for reactions

() « +p - p +0N

(b) « +p - f +x +N

(¢) o +p > A +p

' - %0 +
() =« *+p - 7 +N =x

‘ Distribution-in . scattering angle in'pO center of mass.

Distribution in pﬂ+ scattering angle in pn+ center 6f mass.,
Distribution in pr scattering engle in pn center of mass.
Treiman—Yang anglé computed at N*++vertex.

Dalitz plot of M?(N*n+) versus n+n— with~respective §rojectioés,
Chew-Low plot of MZ(N*O:t+). |
Invariant mass distribution of pn+ fof events in mass\peak

- *0 +
1400 < M(N =t ) < 1640 MeV.

Distribution in i x scattering angle.
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Table I. Cross sections for the various channels in the reaction’

[ ﬂm“"lpm——;-ﬂ‘*.'!‘ﬂ—.*‘p‘f“ﬂ-‘
Channel Events Cross Section(aﬁmb - _
%0 ' |
N (1238) B To N 0.085 = .025 , _
*0 . ' .
1. p%+ N (1510) A 140 0.075 + .025 5. 0.24 +..07
%0 ' . » ' .
¢ N (1688) k6 - 0.078 %' .025 . .
| o | () S,y
. -~ Ap ' 160 /0,27 £ ,08 , ‘ -
S o~ o .
i 8 pwDp S - 290 - - > 0,50 £ .15
L ™ % p 130 | 0.23 .07, |
. ' 7:;:-. - B ¢
l 4:.’;; . . o _ 5 . A . . i . ._ \ '
I _Sprat)a CLe 90 - 10,15 £ .05 | -
) . Hofod - . L ‘ y -
? B . 3’ - N T \ 260 : ;./ Y Ocl"h‘ .11
' ’ ¥ U, : . - : .
e o 170 0.29 £ .10 |
1. ' *0O __ ¢ .
N (1238)ﬁ+ﬂ
l"t. d o e 3)4‘0 ’ ' . 0060 * 02
T N px
TOTAL 1030 1.8 £ 0.4 - .
- (a) | , - o
' all -cross sectlons have been normalized to the totel n p cross section.
: the events in the AI and A, reglons are included here. .
Ty
§
g
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