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The reaction §p~575p n n+ no has been studied at 5.7 GeV/o in
the 81 cm Saclay hydrogen bubble chamber. Production of wo and no mesons
has been observed. The «° mesons are collimated in the forward and backward
directions in the c¢.m.s. The decay angular distribution of the w® indicates
that it is produced with the spin aligned in the plane perpendicular to the
incident 5 (or p) momentum transformed to the wo rest frame, an effect which
is enhanced when the four-momentum transfer t is limited to tt[zi_O.B (GeV/c)z.
It has been found that of the observed N*++(1238) and ﬁ¥_~(1238)
isobars about 80 o/o are produced in pairs in the 3-body reaction 5 P ~—>
T Hf++'ﬂ9 o In this reaction the N* isobars are produced in aligned states
with the spin directions of the N§ and ﬁ* being strongly correlated such
that there are few events in which both the N and N decay with the p and

5 from the isobars making large angles relative to initial p or 5 direction

transformed into the isobar rest frame.
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1. Experimental procedure and cross section

Four—prong events produced by a 577 GeV/c separated antiproton _
beam in the Saclay 31 cm. hydrogen bubble chamber have been measured with the
CERN HPﬁké&séém;‘ l9,lOO~evepté.Withoﬁt visible strange,particle production
were accepted for further analysis. A detailed study of the HPD measurements
has shown that their quality is nét inferior to that of conventional IEP

(1)(2)

measurements . Analysis of a sample of the 11 o/o of the atteﬁpted events,

which did not pass successfully through the system, show no special features
which could introduce a bias into the acéepted sampléAof 19;100 events(z).

The standard CERN chain of programs was used to reconstruct and
analyse the measured events. Ionisation measurements,'Which were automati-
cally supplied by the HPD for all evenfs, were used to help in choosing the
right interpretation between different kinematical fits. |

The events without neutral particles in the finalbstate, 4 constraint
(40) fité;vwere(sepéfated out‘prdvided the kinematical probabiiity P (}fic)
wés'greatef:thén 1 0/0 and if ioniéation was in agréement with the chosen
hypofhesié. | |

In the présent paper Wevdiscusé the following 1 - coﬁstraint (10)
channel : |

B>t w7 | (1)

A1l events having kinematical fits to (1) with a probability P (Xiic) gfééter
than 1 o/o were considered as candidates for this reaction. A total proba-
bility, defined as the normalized product of the kinematical probability and
an ionisation probability obtained from the ionisation fit described in"

(3)

reference , was computed for all these events. Fits having a total pro-

bability larger than 1 o/o were accepted by the programs and the decisions
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checked by physicists at a scanning table.

1742 events wére accepted which had a unique fit to the channel
(l), 570 events for which a second fit was also possible were analysed sepa-
rately. It was found that the production c.m. angular distributions for par-—
ticles and antiparticles become consistent with C conservation requirements
only after including these 570 events into the sample of unambiguous events.
In addition the production rate of wo mesons in the ambiguous sample was found
to be as high as in the unambiguous events. Therefore in the following ~
analysis we consider the total sample of 2312 events as belonging to
reaction (l). Another 127 events (5 o/o of the accepted events) which had
3 possible 1C fits were not considered but the cross section for channel (1)
was arbitrarily corrected by an amount corresponding to half of them.

The cross section for 4-prong stars without visihle strange particles
has been determined by track and interaction counting in 4 o/o of the available
film. After correcting for beam contamination (6 o/o of p and 2 o/o of 7
mesons) we obtained :

o (4 prong) = (17.3 T 0.7) mb.
Thus the cross section corresponding to 1 event in our sample is
(0.910 I 0.037) wb. Using this value and the data discussed above the cross
section for the channel (1) has been determined to be

o= (2,16 z 0.,14) mb,
The quoted error includes statistical errors, errors due to the uncertain-
ties of the corrections applied and the ungertainty in the separation of
channel (1) from thekother possible channels. From the;x-z distribution and
the symmetries observed in the particle angular distributions we estimate
thét the sample of 2312 events does not contain more than 5 o/o of contami-

nating events.
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. o . . - - .
2. Production of w in the 3-body reaction pp—> pp wo and its decay.

2. 1) Cross segtions for production of mesgonic resonances.

The mass distribution for the neutral %-pion system from the
channel (1) is shown in Fig. 1. One sees clearly the w° and no peaks.  The
smooth curve normalized to all events except the wo and no combinations has
been drawn by hand. The phase space distribution differs slightly in that it
predicts fewer events at low masses and more at high masses than observed.

The resolution function for the w mesons has been constructed from individual
mass errors for the 37n combinations from the peak region. It is well approxi-
mated by a Breit-Wigner curve with a width {4res = 32 MeV, compared to which
the intrinsic width of the wo meson may be neglected... The region of the wo
peak (685 MeV - 880 MeV) was then fitted with a least squares method to a
straight line plus a Breit-Wigner curve and gave the following mass and width
values
Moo= (780.9 % 2.0) HeV

To=(29%5)myr
and a cross section for wo production

o0 = (2531 36) pb .
The error comes mainly from the uncertainty in separating the peak from the
background.

The cross section for qo production is estimated to be

5,0 = (43 T8) .
The cross secti0ns Gwo and Gno include only the observed n+ . 7’ decay mode.

We conclude that the cross section for wo production has increased
considerably compared to the value of 60 t 20 ub. reported at 3.6 GeV/c(4).

Weak evidence for no production in the 3-4 GeV/o region has been reported
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(5)

by T. Ferbel et al. In pp interactions at about 3 GeV/c observations

of wo(6> and n0(7) production has been reported.
Further discussion of the channel

Pp—>pp W (2)
will be restricted to the 253 events having a 3-pion mass lying in the region

760 MeV < M (n n n°) < 805 MeV .
The estimated number of n+ n no combinations in this region not arising from
wo decay is 89 events (i.e. 35 o/o of all events). As a control region for
a production angular distribution study we will use the following adjacent
bands of the ﬁ+ T ﬂo mass spectrum : 715-760 MeV and 805-850 MeV, where
we expect about 30 o/o of the events to be genuine omegas. The bands are
narrow enough to avoid the influence of a dependence of the angular distribu-
tion on mass which we find for the background. For the study of decay distri-~
butions, where we do nct find a dependence on mass, we enlarged these bands

to 670-760 MeV and 805-895 leV where the percentage or omegas is reduced to

19 o/o.

2. 2) Properties of Qé_mgsgn_pgogugt;pg.

In this section we discuss general features of wo production in
reaction (2).

The production angular distribution is shown in Fig. 2. The histo-
gram for the peak region is drawn with a full line and compared with the
angular distribution of the-nf n no combinations from the adjacent regions
(dashed 1ine). We conclude that there is a strong forward-backward collima-
tion of wo mesons which is somewhat weaker for the background events.

A Dalitz plot for the 253% ﬁp mo final states is shown in Fig. 3.

There is a tendency for the wo meson to meke a small mass with one of the
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nucleons. The broad enhancements of the pw or iw mass in a region of about

1.80 GeV is more easily seen in the mass distribution shown in Fig. 4 (b),

where it is compared with a phase space curve. The Chew-Low plot of

Fig. 4 (a) demonstrates that these small masses correspond to small momentum

transfers between the incident 5 or the target p and the Emo or pwo system

respectively, which is however a general tendency observed for higher masses
- as well.

We are not tempted to interpret the enhancement at 1.8 GeV in terms
of a possible nucleon isobar since (a) there is no known isobar in the region
of about 1.8 GeV and it is not very probable that the tail of the N*l/2(1688)
would be still important there and (b) 3m combinations of similar masses but
not coming from wo decay show a similar feature.

A more plausible interpretation seems to be in terms of a peripheral

. . 0
production mechanism for the w .

2. 3) Observation of w’ spin alignment.

Tempted by peripheral features of the wo production in a search for
a possible spin alignment of the wo meson we used as a quantization axis the
incident antiproton or the target proton directions Lorentz transformed into
the w° rest frame.

. To. decide which of themn, E or p, has to be used we compared the final
state ﬁw and pw masses and chose the particle corresponding to a smaller mass.
Other possible selection criteria based on c.m., production angle of the omega
or smaller t-value give similar results.

As an analyser we used the normal to the wo decay plane which on
the average lies perpendicular to the w° spin direction.

Fig. 5 (a) shows the distribution cos ©' of the angle between the

normal to the wo decay plane and the 5 or p direction in the wo rest system

PS/5438/rmn
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for the 253 events in the wo mass interval. The distribution is anisotropic
and indicates that the decay plane liesg preferentially perpendiéui&r +O tﬁe 5
or p momentum direction. A fit to this distribution, using a least squares

method, of the following equation

N

2
E—I*E7E—§ (l + B cos Q’) (3)

where N in the normalization factor is a number of events in the histogram,
yields a value of B = 1.05 : 0.44., The shaded area shows the distribution
for events in the adjacent regions 670-760 MeV and 805-895 MeV normalized to
89 events which correspond to the estimated n+ n no background in the wo peak
region. After subtraction of the background, which is congistent with isotropy,
the net distribution may be described by (3) with a coefficient B = 1.5% A 0.59.

Theée data indicate that the wo megons are produced with their spins
strongly aligned in the plane perpendicular to the direction of the incident 5
or the target p, and having a spin projection along the p or 5 direction‘equal
to zero in (56 : 6) o/o of events? Isotrépy would require the spin projection
to be zero in 1/3 of the events only.

This effect of alignment is almost complete for events where the
pwW or §w systems have small masses or where they have small momentum_transfers
relative to the target p or the incident E. This can be seen in Figs. 5 (b)
and 5 (c) where both sclections have been applied. BEven without subtragting
flat 5aokground the fitted B paraﬁet@rs in (3) are then 1.71 I 0.72 and
1.90 : 0.81 respéctively. |

If we consider a one particle:exchange mechanism, as e.g. the one
shown in Fig. 6 (a), it is important to see what is the w angular distribution
in the rest frame of the §w or‘pm system relative to the incident 5 or the
target p momentum transformed to the Ew or pw system taken as z-axis, and the

PS/5438/ron
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normal to the §w or pw production plane taken as y-axis. The distribution

of the Treiman-Yang angle is flat, as required for zero-spin exchange, and

the polar angular disfribution, while being symmetric about cos € = 0 as required
for an isobar decay shows also a slight forward-backward peaking. A fit to

the formula (3) for events with M (ﬁw) or M (pw) smaller than 1.88 GeV yielded

L

B=0.9 I 0.53, where subtraction of the background has not been attempted
due to poor statistics.

Kraemer et al. studying the reaction

+ . O
Tn T WP
| . o . (6)

near threshold found a strong alignment of the w spin . They used a
z—-quantization axis along the incident n' meson momentum Lorentz transformed
into the wo rest frame. Their distribution of the angle which the normal
to the wo decay plane makes with this axis is consistent with a cosine-squared
form (B = 2.1 * 0.7). A similar observation (B = 1.8 t O.5> has been reported

+ ) | : (9)
also at 1.7 GeV/c 7 momentum, (2.0 GeV c.m. energy), by Bacon et al. .

One could try to compare these data with the present observation
assuming that, in the one particle exchange graph shown in Fig. 6 (a) the ex-
changed particle is really a no. Then the process in the upper vertex of the
graph is

o- .. O-—

T p /WP
gimilar to that observed by Kraemer et al. and therefore a corresponding
angle could be easily defined. If in addition the.ﬁwo system forms an isobar

o . . . .

a natural choice for the w spin quantization axis would be the momentum of
the incident 5 transformed into the §w rest frame since.an isobar with spin
J ;> 1/2 produced according to Fig. 6 (a) would be aligned with respect to

this axis and could transmit its alignment to the wO.

PS/5438/rmn
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Therefore we studied the wo alignment along these two new quanti-
zation axes : 1) the direction of the virtual no momentum transformed'inﬁo
the wo rest frame, and 2) the incident 5 momentum direction transformed into
the §wo rest frame. The result is that none of them gives as strong an effect
as that observed for the axis which we used previously. On the other han@
the new cos ©' distributions have shapes similar to that showed in Fig. 5 (a)
and the statistics available does not allow us to distinguish which is the
real effect and what is only its reflection. Nor are we able to explain the
mechanisms producing wo alignment in the present experiment and those of

- Kraemer et al. and Bacon et al., which could ?qssibly be the same.

An interpretation of the n+n data in terms of a p - exchange model
with absorption corrections has been suggested by Bacon et al. . A simple
p - exchange model (in the reaction ip-syﬁpwo would mean a double peripheral
model with both no and po exchange as shown in Fig. 6 (b)) predicts for the
QO, as discussed by Kraemer et al.,‘a sin29' decay distribution in disagrecment
with the data. Only after "corre¢ting" for absorption effects does it become
equal to 1 + 2 cos2-O' as observed experimentally, a quite surprising result
as the "corrections™ turned out to be more important than the basic Born term

prediction.
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3. The 3-body reaction pp->N- I ' 7

3. 1) Cross section for an associcsted production of the N (1238),

— o — — — — — v irn e st om— st - — - m——w— v— —— _— —

We now pass to the evidence indicating the existence of the following

channel :

pp->T v A’ (4)
In the Fig. 7 the mass of the pn+ system versus the mass of the ﬁn— system
is plotted for the 2009 events outside the wo and the no regions. (The no—
region was chosen as the 45 MeV interval from 525 MeV to 570 MeV). There exists
an important clustering of points in the region where the N$(1238) and ﬁ$(1238)
bands overlap.

The amount of associated and single N*(1238) production has been
determined by applying a maximum likelihood fitting procedure to the 2-dimen-
sional distribution of Fig. 7. The 5-body problem has been reduced to a 4-body
one by considering only Ep n+ 1 substates with experimentally observed invariant
masses Wi' Compared with the analoguous fitting of the channel without

(10) there is one complication : each event has a different no energy and

o}
T
therefore the total encrgy W, left to 4-particle system op T 7 studied in

Fig. 7 is not constant.

In the likelihood function the probability distribution for the

ith event had a form analoguous to that used by Ferro-Luzzi et al.(ll)
i i i i,
- - = — — - = —-f Fg - 2
o (Mpn+ , Mpn ) foage T ogex + Lo T o+ £ox Foox + (1 oERE Nﬁ)
A -+
pie bﬁp T (5)

where the four terms correspond to the following final states :

N* §En° (3 bodies) (6)
Ni 5 T no (4 vodies) (6a)
pn+ ﬁi no (4 bodies) (6v)

PS/54%8/rmn
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pn+ P no (5 bodies) (6¢c)
The parameters foﬁx and ZfN% in (5) are the frequencies of double ahd
single isobar production which we would like to determine. In the four
distributions Fi we have assumed a relativistic Breit-Wigner distribution
for the N* isobars which has a p-wave energy dependence of the width according
to the formula A2 in the Appendix of the paper by Ferro-Luzzi et al.(ll>.
The appropriate 2 -, 3 - and 4 - body phase épace factors were also used.

The likelihood function was a product of the 2009 (number of events)
probability distributions @i (Mpn+ y Mgn-) normalized over the allowed kine-
matic triangles and where the experimental values (M;n+ , M%n_> were
substituted into the corresponding terms. The width was fixed and equal to

[": 120 MeV while the N5E mass M was aliowed to vary to account for its
pogsible shift from the accepted value.

The fitting procedure determined the frequencies of double and

single isobar production :

fNiﬁf = 0.292 - 0.022 ,
£ = 0.073 fo.000 (7)
(= = 1222 - 2 Mev) .

The two projections of the fitted 2-dimensional mass distribution on to the
M (pn+).and M (ﬁn—) mass axes are shown in Fig. 8 where they are compared
with the experimental histograms. It is clear that the fit is quite goqd
and a’)i2 test applied to the combined mass distribution gives a’probability
of 10 o/o.
The fit discussed above was based on the following assumptions ;
1) The 4 channels (6), (6a), (6b) and (6c) do not interfere with each
other (but even allowing for a maximum constructive interference of the

* =k

N*, N~ bands in the overlap region the fraction f *ﬁ* in (7) drops only

N

to about 25 o/o).
PS/5438/rmn
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, . * =%
s the parameters characterising N and N were

assumed to be equal).

The phase space mass distributions are adequate to describe mass distri-

butions for 4 and 5 body channels (6a), (6b) and (Ec).

We feel that

the weakest assumption is the last. The uncertainty

in the shape of mass distribution is not taken into account in the errors

calculated for the fit

as given in (7)° We think it is reasonable to multiply

the errors on frequencies (7) by a factor of 2 in order to account for possible

deviations of the mass
in (5).

After making
n+n—no triplets in the
to determine the cross

the channel (1). Théy

spectra from the phase space mass distributions used

corrections for the events containing uncorrelated
0 0 . ; . .
w and n regions the fitted frequences (7) were uscd
) . Fro 0 . .
gsection for single and double N (1255) production in

are equal to

c (pp=> N

pr n°)

E++ no> _ 580 + 9% ub

o (pp=N s (p-=>pr T 7°) = 145 L 80 ub .

Il

As can be seen in Fig. 9 (b) the c.m.s. angular distribution of
the ﬂo mesons is reasonably symmetric with respect to cos € = 0 which is an
indication that no important biases are present.

It seems striking that about 80 o/o of N*(IZBS) isobars observed in
the channel (1) are produced in the 3-body final state (6)3 This preference
of the isobars to be produced in peirs may explain why in the range of 3-4 GeV/c
antiproton momenta, which are close to threshold for the associated production,
little or no N¥ isobar production was observed in this channel(4)(5).

In the following study of the reaction (6) we will confine the dis
cussion to those events which have both the M(pn+) and M(En’) masses lying

inside the interval 1.16 - 1.28 GeV. In choosing such a restricted mass

PS/5438/rmn
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interval we will have the advantage of dealing with a relatively clean sample.
Namely, out of 313 events coming from the described region we expect 229
. ¥=F O . . E .
to represent genuine N N n events, 31 single N production events and 53
five-body events. We will subtract the "background" by using the 567 events
which have both masses M(pr') and M(pr~) smaller than 1.4 GeV but not lying
* 0

inside the square 1.16 - 1.28 GeV x 1.16 - 1.28 GeV. In this sample TR

production represents about 37 o/o of the events.

EE .
3. 2) General propertigs of the N . x_final state.
We will now discuss the properties of reaction (6) using the 3173%
events which, in Fig. 7 are located in the square in which both the MER + Mgn—

masses lie in the interval 1.16 GeV to 1.28 GeV.

Fig. 9 shows the c¢.m. angular distributions for Nx's , no mesons
and ﬁ*'s . One notices a strong peaking of the isobars and a small anisotropy
in the no distribution. The presence of a small biag indicated by the asymmetry
of the no angular‘distribution and the difference in the NEE and reflected
ﬁ* distributions, is expected to have little influence in the following
discussion.

In Fig. 10 a Dalitz plot for the ﬁ*N% no final state is shown and
in Fig. 11 a projected mass distribution of the ﬁ*"~no'and N¥++no systems is
compared with the phase space curve. There is an excess of events in the
lower mass region which seems difficult to explain in terms of one or two
well established nucleon isobars. On the other hand the angular distributions
shows that this reaction has a strongly peripheral character and as a conse-
quenbe one could then expect a broad enhancement in the small mass region.

As a conclusion from the above discussion in the next Section we will

assume a peripheral graph with 2 or 3 vertices : the upper vertex producing the

ﬁ* and the lower vertex the N* .
PS/5438/rmn
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3. 3) §p;n_a;igngegt_agdudgpgy_Qgrgngggyggé:jjggQfﬁjgykjﬁf‘;sgbgng.

We define the angle €' as the angle between the momentum of the p
from the N° decay and the incident antiproton‘momenﬁﬂn transformed into the
ﬁ*>rest frame considered as z-axis. The normal to the production piané'éf NaE
is taken as y-~axis which fixes the aZimuthal angle é&Y' Corresponding éngles
are élso defined for the N¥ isobars.  In the various éngular distributions
presented the background has been always subtracted since 1t was found to beheave
differently from ﬁhe genuine N§ ﬁ*”no events. The background distributions
were obtained by using the 567 events from adjacent regions as described in

. Section 3.1. These distributions were always normalized to the estimated
number of 101 background events which, when subtracted from the sample of 313
events, are assumed to leave 212 clean N*ﬁ*\no events. The distributions of
the background will be indicated to show what difference this subtraction
procedure makes.

The angular distribution of &' for all Nx and ﬁ$ isobars is shown
in Fig. 12 (a) as a full line and a slight anisotropy is apparent which may
be expressed by the value of the coefficient B of formula (3). This coefficient
was found, with a least squares methed, to be B:= 0,47 : 0.27. The back-
ground events are peaked forwards as is shown (dashed line histogram of
Fig. 12 (a)).

The observed anisotropy might be explained by using the graph shown
in Fig. 13 (a). Assuming pion exchange one could expect that one of the N*'s

- will be produced in an aligned state as for example is observed for both
isobars in the 2-body reaction 5p-€>Niﬁ¥_(7). This results from the fact that
the isobars are produced with their spin projections along the direction of

corresponding incident nucleon equal to.t 1/2. The decay distributions is

then predicted to be of the form : 1 + 3 0032 @'. On the other hand the
PS/5438/rnn
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(

. . . . 2 . .
absorption corrections (sec Svensson's calculations 1 >) destroy this high

alignment reducing the anisotropy to 1 + 0.7 cos2 ©' observed experimentally(lo>.
The observed value of B = 0.47 A 0.27 is consistent with the hypothesis of
O-spin exchange if we assume that the N§ produced at the no vertex (Fig. 13(3))
would produce an isotropic decay angular distribution and that the absorption
corrections are as strong as in the 2-body process ﬁp‘5>N*~ﬁ§. To check further
the possibility that the graph shown in Fig. 13 (a) plays an important role in
the studied channel (6) we have tried to separate the events where the no meson
is produced in the upper vertex and the N* is emitted "free" from the events
where the n° is produced in the lower vertex and thevﬁ* is produced "free".

In this attempt we have neglected a possible interference between the conju-
gated graphs and used as in the w case the criterion of a smaller mass applied
now to the masses of the ﬁ* no and the‘NaE no systems. Nemely, for the events

where M(I™ 7°) 4 M(T* 7°) we assume that the n° is produced in the lower
vertex and thelﬁ§ ig "free" and for the events where M(N§E nc) s M(ﬁ* no)

we assume that the no is produced in the upper vertex and the Nx is produced
"free".

The results of this separation procedure are presented in Fig. 12 (b)
where the lower and upper histograms show the decay aﬁgular distributions for
"free" igobars and the isobars which are consgidered as being produced in the no
vertex respectively. There seems to be a dependence in the predicted sense.
The values of the B coefficients are respectively 0.95 : 0.51 and 0.21 iy 0.%1,

but the significance of the observed differences of these values from the

expected value (0.47 : 0.38) corresponds to 1.4 standard deviations only. The

"free" isobar distribution of the azimuthal Treiman-Yang angle defined at the

beginning of  this Section is uniform in accordance with a O-spin exchange model.
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However we now present an effect which is not readily explained
by the graph of Fig. 13 ga). Following Ref. (13) we looked for a possible
correlation between the decays of the NSE gnd the ﬁ* igsobars. Thus the lower
and upper histograms of Fig. 12 (c),show the digtribution of cos Q’l for those
isobars in whioh the absolute value of cos 9’2 of the other isobar is less
or greater than. 0.5, respectively.

If there Were no correlation between the degays of the N* and ﬁ*
isobars both distributions should be equal within errops;to thg overall distri-
bution presented in Fig. 12 (a), with B = 0.47 & 0.41 and 0.47 = 0.36, uhere
the errors are predicted from the known number of events in both distributions
and include errors due to background subtracﬁion. The experimental distributions
of Fig. 12 (c) are different from each other, the fitted values of the para-
meter B being 1.74 : 0.83 and 0.00 * 0.23 for the lower and upper histograms
of Fig. 12 (c) respectively. A one degree of freedom-}{2 test for the "no
correlation”™ hypothesis gives47< 2 = 11.3 and corrcsponds to-3.4 standard
dgviations. We may consider it proven that a correlation exists between the

=X
!

decay of the N° and the decay of the N isobars in the channel (6). Tt is

important to notice that a weak correlation which scems to exist in the quasi-

two-~body reaction 5p-§>ﬁ*—— N§++ (10) has the opposite trend and could be

explained as due to absorption corrections of the m-exchange mechani;m(l2).

It should be noted that the graph of Fig. 13 (g)twhen>mixed with its
charge conjugatg grqph and with the agsumptions previously discussed predicts
a smali corrclation betwsen the 2 decays. The joint, 2~dimensional decay dis-
tribution may be written as
E? (cos@'Nﬁ , cos@'ﬁ%) d cos@'Nﬁ d oos@'ﬁﬁ =

= (21 +1.11 cos® & £) + (1 + 1,11 cosgig’ei;]d cose' * d cos®'=x , (8)
| N : N A N

PS/5438/rmn
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where the first torm in the right-hand side square parenthesis corresponds to

the "free" aligned N and isotropically decaying N* and the second term corres-

ponds to the aligned ﬁf and anisotropically decaying N*. The coefficient 1.11

has been compute& such that aftcr integration of (8) over one of the angles

one obtains the overall observed angulaf distribution 1 + 0.47 cos2 6'. The

B coefficients and their predicted errors corresponding to the two experimental

distributions shown in Fig. 12 (c) can be calculated from the formuia (8)’

and they are B = 0.53 & 0.41 (for lcos@2\< 0.5) and B = 0.42 £ 0.36 (for

{cos@2\7>0.5)° It is clear that the observed correlation is much stronger

and significantly (% standard deviations) different from the predicted amount.
We could expect that the small correlation predicted by (8) would

be eliminated if we studied not a Jjoint angular distribution where the

cos €' of I\TiE is considered versus the cos 8' of ﬁi but instead the cos 9'1

of the isobar which makes a larger mass with the no (nfree" isobar in the

graph of Fig. 13 (a)) versus the cos @'2 of the isobar which makes a smaller

mass with the no (isobar produced in the no vertex in Fig. 13 (a)). 1In Fig. 14

we show such a scatter diagran together with projections made separately for

2 intervals of cos @' of the partner isobars. All.313 events are plotted in

the scatter plot but in the projections backgrdund distributions hafé beeni

subtracted and are¢ marked with a dashed line,v Least squares fits for the para-

meter B of formula (3) gave the following values

. _ + | v 5
B (cos @'l) 2.1% = 1,26 for (cos ) 2‘<ﬁ 0.5
B (cos 6',) = 0.38 = 0.45 for |cos o1y 70:5
B (cos 9'2) = 1.32 ~ 0.94 for ‘cos g'lk‘i 0.5

B (cos 6',) =-0.26- 0.25 for |cos S ALE
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It is clear that the correlation which can be noticed as the lack of events
in the middle of the scatter diagram is not dependent on the specific separa-
tion of isobars.

The observed correlation shows that decay of both isobars under
large angles is very improbable, but when one of them decays under a small
anéle the decays of its partner under lerge angles are not suppressed. In
the reference frame previously described this means that states in which both
isobars have projections on the z-axes (determined by incident particles)
equal to : 3/2 %end tovbe su%pressed.

| The only explanation of these data which we could think of requires
the introduction of the double‘peripheral graph shown in Fig. 13 (b).
Supposing that the Stodolsky—éakurai model(l4) is»valid for the NpN* vertex
and neglecting any absorption corrections, we can write down the joint decay
probability distribution corresponding to the graph from Fig. 13 (b) and its
charge conjugate as follows
§i(cos Q'Nx , cos 9'ﬁ§) d cos @'Ni d cos Q'Nx =

-

= | (5 -3 cos®0r 2)(1 + 3 cos®@i=2) + (5 - 3 cos°0'=x)( L+ 3 cos 0 xi]

X N N N N

d cos @'Nx d cos Q'Ex

Terms of the form 5~-73 cosZQ' describe the decay angular distribution of
isobars produced in the NpN* vertices, while the terms 1 + 3 cos®' correspond
to sobars produced in the NnNx vertices. The former have a bump for large
angles and the latter give a forward—backward peaking with a dip at cos ©' = 0.
Approximately speaking fOf’each event one igobar is predicted to decay under
a small angle and one under a large angle. As we see this correlation is gua-

litatively observed experimentally. In terms of the graphs of Fig. 13 (b) the

. . . L o}
result of stronger anisotropy for isobars making small masses with the n mnmeson
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could be understood if we assume that smaller (larger) momentum transfers
correspond to the pion (p) internal line. This could be theﬁ followed by a
tendency fo£ the p;vertex isobars to make smaller masses with no mesons.

A prediction of the graph shown in Fig. 13 (b), assuming the
Stodolsky-Sakurai model for the NpNi vertex, is that the azimuthal decay dis-
tribution of the isobars should be of the form

2 () a0 = (1+2/3sin° § ) a ¢

where the (1 + 2 sin

N k-@«»‘

%} distribution for the N§ coming from the p-vertex has
been combined with a u;;forﬁ distribution for N© coming from the m-vertex.

We have computed a new azimuthal angle which is éﬁpropriate’tb the
upper part of the’graph giVen in Pig. 13 (v) by making a transformation of
all momenta into the c.u. system of the virtual collision T P —= N R
and’defining the normal to the productionAplane féf this process. This
direction was used in the ﬁ%—- rest frame as the y-axis, while the transformed
5 momentum direction served as the‘z-axis.

" The experimental distribution of this angle'is flat and when fitted

with a least squares method to the form

I | ¢ sin 0)
R (1+0 g;_)

yields a C value of 0.1 I 0.2 in contradiction with the expected value of

0.66.

Therefore the model seems to us unlikely to explain the data.
However one has to know how much the absorption corrections modify the
alignment produced by the double peripheral model before making any final

conclusions.
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4. Conclusions

The two %-body final states : Epufyﬁpwo and §p.4>N¥ﬁ*no make important

contribution to the 5-body reaction pp- pp nt n n° , accounting for 11 o/o

- and 30 o/o respectively of the cross section of 2.16 t 0.14 nb for this
reaction. Conpared to the data at lower energies(4)(5) the wo production
cross section has increased by a factor of four.

Both 3-body processes apparently reveal strongly peripheral charac-
\teristics and any suggested production mechanisr must explain the observed
strong spin alignment of the wo neson and the N*, ﬁ* isobars.

In the 5p-ﬁ>5pwo process the oregas are produced preferentially
(56 o/o) with a spin projection of zero along the incident particle wmomentum
direction. The spin alignment is almost complete for those events having small
pwo or ﬁwo masses or produced with smell momentum transfers. Both the align-
ment presently observed and the wo alignment reported in the reaction
nfn»~?pwo could possibly be due to the same production mechanism.

A strong correlation between the decays of the NE and the N*
isobars was found in the channel ﬁp-ﬁzN*ﬁ¥no. The correlation is such thet
when one of the isobars decays with a large angie thé other isobar tends to
decayvat a émall angle relative to the incideﬁt nu;iéon moméntum direétién.

A possible explanation in terms of a double peripheral model involviﬁg % and p
exchange has been attempted but a disagreement in a Treiman-Yang angle dis-
tribution and the lack of information about the influence of absorptionvon

the spin alignment does not allow to reach firm conclusions about the

validity of the model.
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Figure Captions

Fig. 1 The n+n_no mass distribution. The curve (thin line in thevwo peak
region) has been drawn by hand and normalized to all events except
the wo and no combinations. The peak region (685-880 MeV) has been
fitted with a straight line plus a Breit-Wigner curve which is
shown as a thick line,

Fig. 2 Production angular distribution of wo mesons. The full line histo-
gram shows the peak events while the dashed one is made for events
from adjacent regions.

Fig. 3 Dalitz plot for the ppw final state.

Fig. 4 (a) Chew-Low plot for the ﬁpw final state.

(b) Its mass projection compared with a phase space curve. BEach
event is plotted twice,

Fig, 5 Decay angular distributions of omega mesons. Angle ©' is the
angle between the normal to the decay plane and the incident 5
or the target proton direction (see text) transformed to the w
rest frame. Smooth curves are of the form 1 + B’0082G', the fitted
values of B being‘shown.

(a) Full line histogram shows the distribution for the 25% peak events.
The dotted line is the distribution for enlarged adjacent
region normalized to 89 background events.,

(b) Lower distribution is for events where the smaller of the 2
masses Mpw’ M—w was below 1.98 GeV, upper one shows the rest

of events.
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(¢) Lower histogram is for events in which the lighter of the 5@,
' 2
pw systems has a nomentum transfer - t<< 0.5 (GeV/c) , upper
one shows events with higher t values.
- - 0
FPeynman graphs for the process pp =~——  DPPW .
The pn+ nass vs. the 5n— nass scatter plot for 2009 events of the
channel (1) which are outside the w and no regions.
The pn+(a) and En—(b) mass distributions for 2009 events of channel
(l) which are outside the wo and no regions. The smooth thick lines
show the result of the fit (7). The thin lines show the phase
space mass distributions for the 5-body channel (60) added to one
of the 4-body channel (6a) or (6b) distributions when projected on
to the axis other than that corresponding to the resonating pair.
. . . T’& o] =3
Angular c.m., distributions for N (a), T mesons (b) and N (c)
produced in the reaction 5p-@>N£ﬁﬁno.
. =% ¥ 0 _,
Dalitz plot for the N* N = final state.
. . . =% 0 £ 0 , .

Mass distribution of the N n and N nn systems in the channel (3),
Decay angular distributions for the N%, ﬁi isobars. Angle 9' is
defined as the angle between the terset p or the incident E momentum
transforned to the isobar rest frame and the momentum of the nucleon

resulting from the isobar decay. The full line shows the distribu-

-

tions for 212 clean NiE Nﬁ no events, a continuous line the result

of a least square fit and the dashed line the background distribu-
tions which were subtracted from the total distributions.

(a) Overall distribution for all Nx, ﬁ¥ isobars.

(b) Lower histogram is for isobars which make a bigger mass with

o} . .
the n~ meson, upper for isobars which make a smaller mass.
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(c) Lower histogram is for isobars which are associated with their
partner isobar decaying under large angles, upper for isobars
for which accompanying isobar decays under small angle (no

. . ' *¥ 0 =¥ 0
restriction on Nn , N & mass).
' ] e o A s edd mm o LE=E 0
Feynman graphs for the reaction pp —>» W I 77,

Scatter diagram for the reaction Ep->N* ﬁ* no where cog ©'., the

1
decay angle for the isobar making a higher nass with the 7° meson
("free“ isobar) is plotted versus cos 9'2, the decay angle of its
partner isobar. Projections (full 1ine) are nade after subtracting

background distributions (shown with a dashed line) for 2 intervals

of decay angles of the accompanying isobar.
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