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ABSTRACT

We present an analysis of 20 000 events corresponding to the four-
body reaction v_p -+ pﬂ+ﬂ_ﬂ_ at 3.93 GeV/c, using a complete
set of seven variables necessary to specify such a reaction. The choice
of the variables and the method adopted are those of the "MIT prism plot
analysis". The distribution of the events over the competing channels
is determined and the residual contamination are estimated. 1In addition
the analysing power of the prism plot method is studied in more detail

- oo
for two "well known" channels : p A2 and A p .

LM/mk
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INTRODUCTION

The prism plot analysis is an iterative procedure proposed by
J.A. Pless and ccllaborators [1], with the aim of separating the
intermediate channels contributing to a given n—particle final state,
using a complete set of (3n-5) wvariables needed to describe the process,
excluding spin variables. The method is based on the idea that the use
of a complete set of variables would reduce the overlaps between different
competing channels. The choice of the variables is flexible. In this
analysis we shall follow ref., [1], e.g., we shall use three
kinetic enerdies, three longitudinal phase space variables and as a
seventh variable the modulus of the transverse momentum of the ﬁ_ﬂ"—system.
This choice is known to be usseful at high energies when separating

channels by studying projections out of the full phase-space.

The method neglects interference effects between the intermediate
channels although they are probably playing an inportant role at this low
energy. (It is in principle possible to incorporate them by assuming
some model, but it complicates very much the analysis of this four-body

reaction).

Technical details on the prism plot analysis and some results are

already reported elsewhere [11].

In the following we underline the limitation of this method in its

present form and discuss two specific tests made on the spin-parity of

2
o o .

of the A p =~ channel, respectively.

[T,
the m 7 7 -system for the p A - c¢hannel and on the production mechanism

ANALYSIS AND GENERAL RESULTS

The data input to this analysis consists of 19442 events corresponding

to the reaction

+._._
N p > pT T at 3.93 GeV/c

obtained from the measurement of four-prong events observed in an exposure
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of the CERN 2m hydrogen bubble chamber. The events were‘meésured on the
CERN spiral reader (LSD). This sample of events is relatively free of
kinematical biases (we have checked that events not successfully measured
do not correspond to a special configuration), and the separation

of this 4dc fit final state from others is better than 98%. The mass
resolution is gbhout + 6 MeV for the ﬁ+ﬂ~ effective mass in the

p region. The precisicn is sufficieat for the analysis of the properties
of the broad resonances in which we shall be mainly interested in the
following. More details on data collection and the measurements can be

found in ref. [2].

Figure 1 shows the two-and three-body effective mass distribution.
Figure la shows the Wi mass with a large po - signal and a small shoulder
at the position of the fo. In fig. lb one seeg the pﬂ+ mass with the copious
production of A++, and in fig. lc the three isobar obiects Ao(1234),
N*O(lBBO) and N*O(l680) above a rather large background Figure 14

X + - -
displays the nw m 7™ mass spectrum. A2 is clearly geen and the excess
of events around 1.1 GeV could be attributed to some Al“ production.

+ - *_
The pm 7 mass distribution (fig. le) indicates some N production or

some diffraction dissociation effect in the low mass region.

We are then led to introduce the following channels which will be

assumed to be incoherent

- - - o_- o + -
(1) 7™ p=>p Al ’ Al =opT oy, p oW
- - - o_~ o + -
(2) 7w p->p By s+ By Fpm A
— * e - 4 =
(3) wwp>N O(152O)p0, N 0(1520) > pr o, po - W
- * * — 4+ -
(4) 1 p >N (1688)p°, N (1688) » pr , po > T
- - + -
5 mp *'50(1236)90, AO(1236) 4 opr o, po T T
- .+. PR —
(6) wop A (1236ym w, AT (1236) - pr
- - b - ++ +
(7y ®p > (DD)T , (pD) + A ®m , A =+ p=m
- ’ - -
(8 wp-> (DD)7T , (DD} ~» p¥

{9y 7mp > pﬂwfo, fO -+ ﬁ+ﬂ~

+..,__
(10) " p > pwr 7™ @ {phase space)
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Masses and widthe of the resonances are given in table 1. (DD) means

+
diffraction dissociation of the target; the p¥ ¥ mass spectrum assumed for

this process 1s also indicated in table 1.

Table 2 gives an explicit definition of the variables we used and
their range. For the prism plot analysis one has to define a box as an
element of the seven-dimensional space. We have used for each iteration

1 1 1 1
i i — - - and T £t
step four box sizes corresponding to R T and 5 ] he
range of each of the seven variables, respectively.

The number of events and corresponding percentages assigned by the
prism plot analysis to each of the ten channels, after 13 iteraticns are
given in the first part of table 3. These percentages were found to be
stable after the tenth iteration. One notices the small fraction attributed

to phase space.

Figures 2, 3 and 4 show some distrilutions obtained from the separated
channels. Al_ and AZ_ show up with the expected masses and widths (figs.
2a and b}, The Ao mass distribution for the p A2”
) decay. Figures 2d and 2e display

channel (fig. Z2c)

2
- .;._.
the pv mass spectrum of 60(1236) and the ™ 7 mass spectrum of the

shows the p~ signal induced by the A

b b -
associated po for the Aopo channel. The A =-signal of the A 7 T -channel
can be seen in fig. 2£, and the T T mass spectrum of the same events in

+.....
fig. 2g. TFigure 2h shows the (p7 T ) mass spectrum attributed to the

. *
(DD) "  ~channel (number 8); it exhibits three-body N resonances.

The production angular distributions (fig. 3a to 3f) are consistent

with the expected peripherality.

In fig. 4 we display some of the mass spectra which should not show
resonance production after the gelection operated by the prism plot
analysis. One clearly observes several "wrong" signals like the A++ in
the Aopo channel (fig. 44d). Using these distributions, and several
similar ones, we can estimate the residual contaminations and their

origin, for each"separated"channel, These estimaticns are given in table 3.
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A more detailed analysis of this "overlap" between the different channels,
making use in particular of events generated by Monte-Carlo technigues,

can be found in ref. {41,

Table 3 shows that the p Al— - channel still contains a large
contamination of N*O and A++. This is not the case for the p Azw — channel
which appears to be better separated than most of the other channels.

The Aopo - channel contains a large contamination of A++(% 10%). Moreover

it is probably unreascnable to expect a complete separation of closely

— — *
related channels like p A, and p A, , or N ©1520)p° and n*°(1688)p° , respectively.

We shall discuss now in more details the properties of the p A2

oo
and the A p channels.

b= -
SPIN-PARITY OF THE (w v 7 )} - SYSTEM IN THE A2 REGICN.

We first combine the events which have been labelled p Al or p A2
by the prism plot analysis, and then, following the method of Abramovich
et al [5], we perform a spin-parity analysis for the 37 system which
satisfy the condition: 1.30 & M(3m) & 1.34 GeV. We apply the same
spin~parity analysis to the other eight channels in order to estimate
losses of the A2w signal into these channels. Finally, the same analysis

is applied to the unseparated sample of events, the result being used as

a reference for the total Azu signal.

Table 4 gives the number of events attributed to the usual set of
spin-parity assignments, for the whole data and for each separated channel,.

P .+. . ,
Identifying the A2 signal with the 2 contribution, we can see that 73%

of the A2_ contained in the total sample are correctly attributed to p A2

by the prism plot analysis. The remalning 27% of A2 are spread over the
o

other channels, mainly over those channels producing p . In fact, if

we anti =select the non—p0~ producing channels we get a result in good

+
agreement with the full 2 contribution (see table 4), On the other hand,

1 2
belonging to the 37 mass region considered here, 43% have the decay properties

by the prism plot analysis and

of the 552 ewvents labelled p A ocr p A



CERN/D.Ph. IXI/PHYS 73-29

+ + o
expected for 2 , and 14% those for a 1 signal. Thus there are more

than 40% of the events which must be classified as background coming from

other channels,

(ol el
PROPERTIES OF THE A p CHRNNEL

o o )
> for the A and p resonances are used to compute the density

The <YIM

4

matrix elements which characterize the production of this process as a

function of t'. The results are given in table 5.

A1l illegal moments were found compatible with zero. To estimate
the efficiency of the prism-plot separation, we have computed the same
density matrix elements for the sample of events obtained by mass cuts

+_ -
on the ® T and pf spectra :

0.680 < M(T 1} < 0.860 GeV

1.160 < M(pn ) < 1.280 GeV

This comparison is made in figure 5, where we also show the results
+ ++ 0
obtained by Barnhamet al., [6] on the reaction : T p > A p at 3.7 GeV/c.

We see that the three sets of values are in general in good agreement,

+ ++ o - o 0 . .

Both mp =+ 4 p and 7 p =+ A p productions can be expressed in terms

of I=}l and I=2 t-channel exchanges, the interference term having opposite
signs the comparison is valid if the I=2 amplitude and the interference

is small, as it is expected.

We have also computed the so-called "class A" relationships for the
transversity amplitudes [7!, wusing again the AOQO sample defined
by the prism-plot and by mass-cuts, with the additional ceonditien
that t' < 0.10 Gevz. These relations are given in table & and the results
presented on figure 6. Again the two samples give comparable results,
the prism-plot sample showing however a larger deviation from zero for:

AZ and Ad4.
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CONCLUSIONS

We have shown that at 4 GeV/c¢, the separation of the Ffour-body final

+ . . . . ,
state pT 7T 7 inte its constituant intermediate channels is still crude

evert using the seven variable prism plot analysis. The degree of separation

2
channel the spin parity analysis indicates serious losses and contaminations

fluctuates between 10% and 30% for the different channels., For the p A

so that it is difficult to estimate the biases which the method introduces
in the physics properties of the channel. An analysis of the polarisation
of the AODO channel yields similar results as those obtained by a

simple mass cub.

At this energy and for such a complex final state, it ig clear that
any improvement in the channel separation must be based on a better

understanding of the clustering in the multidimensiocnal space, in

particular for the regicns, where several channels overlap and the interference

effects might play an important role.
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TABLE CAPTIONS

1. Mass and width used for the resonances and mass spechtrum used for

+....
the (pn 1 ) diffraction disscociation.

2. Definition of the variables and of theilr range {in MeV/¢) for our events.
o
p : momentum (CMS)
g : longitudinal momentum (CMS)

T : Kinetic energy (CMS)

3. Number of events attributed to each channel after 13 iterations of

the prism-plot analysis,

4. Spin-parity analysis of the 37T system in region

1.30 < M(23%) < 1.34 GeV.

o o
5. Density matrix elements for AO and po of the channel A4 p  separated

by the prism-plot analysis.

5. Relations of Biales and Zalewski for the transversity amplitudes

of the Aopo channel.
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RESONANCE M r
o 765 135
A° 1236 120
N 52 12
NlSZO 1520 0]
w
N
1688 1688 120
A 1100 200
A, 1310 100
£ 1250 140
DD[B] ’
4
: a5’
1.3 2.5
m(pw )
2
GeV/c
TABLE 1

Mass and width used for resonances

and mass shape for DD.
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VARIABLE g MTN, MAX. RANGE
VALUE VALUE
o 1169 1169
= - + -1.195 1154 2349
XVH %(3qp (qﬂ++ Ly qﬁg))
Y = "%= (2 g - {q + g _)) 5 -982 999 1981
VH  2v2 7t T Ty ’
7 =.€/§_ - i -1019 1029 2048
VH 3 (qﬂT qﬁ§)
= 3T - - -378 232 Lo
Xoo B 3Tm(T T T’"’E)) !
1
= - - 12
Vog =3y (T - (T T ) 523 701 24
o = ‘ﬁ“ T - T ~612 &lo 1222
‘{'ES 3 ( LA 1T“2')
TABLE 2

Explicit form and variation field of the seven Prism Plot variables

used in the W_p -+ P n sample. (Quantities in MeV/c).
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nLowex
Number CONTAMINATIONS COMING FROM OTHER CHANNELS (IN NB. CF EVENTS) Limit for
RATES] of Total losses
%) |events| P°1 P2 N ° N © 1%% AT mpatarysT ppierT sy n pr £° o
‘ 1520 7 Miegg P PP 0 TT DRUA T BDlem v TP e b o
A
p i 3.1 0 15 20 o) o 0 o o} 35
A
iop 2 11.7 4 15 0 20 40 68 s O 18 161
‘:—n--——w—.-—»:;—»—- RS R S - %}g!f;&,ﬂ W- - D . s ey . - - - - - - R - B e T e S o — e
L N, P 8.5 %}5} 30 2o o 20 0 0 o o I 16l
,: e i Vg, ] _ o 4 ; -
— b
N gg © 10.7 {2077 {100 | 25 0 %’ﬁ;’ égﬁ,ﬁ o 40 0 o o o 165
: bl el ¥ : ) RO RS TN S
o T : WA - ‘ s
P 2% 11.9 {2313 | 50} 70 0 66 %'g:{;ﬁg 50| 7 o 0 o 236
R SR R [ SR NS LLAEE e U O T A Y U
8w om 9.2 11793 250 | 46 | 104 130 130 @igéf%{ﬁ ? ? Loa2 130 902
R Y J O A P A FhEE A e | R . ) B . e o B e e s i e bt =
+ - - i
DD(A w Yw 17.5 |34G9 g ?
? DR
DD{p® © )7 110.5 {2050 5
N 3.7 | 728 ? ? 20 20 46 0
v, /}"""’ i % 7 /%W Z
oh.sp. 3.1 614 éy 2 /;f?€§7,/§? j/égﬁééf .@??gﬁﬁﬁﬁﬁ?ﬁﬁkfﬁ
s, i I e e 7 A
Lower limit
for total 187 139 251 386 150
contamination |
TABLE 3

RATES AND CONTAMINATIONS AFTER 13 ITERATIONS

? HNot able to estimate

O No apparent contamination
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+ + -
CHANNEL Y weights 2 1 /s 1 /4 o /oo 50T % background
ALIL CHANN-
ELS = ALL 1139 321 43 233 £ 42 13 £ 13 1386 £ 471 49 * 3 51 £ 3
DATA
pAl + pAZ 552 235 + 22 cd £ 21 128 £ 17 43 + 463 57 = 4 43 + 4 é
* + -
N p 59 16 £ ¢ 10 + & 3+5 | 33+ 5 47 + 9 53 = €
152¢
* L
77 21 8 21 £ 8 - 36 + © 55 + 8 45 + 8B
N1e6a8” ! B
o
112 7o+ 12 51 = 14 S + 9 45 + 101i 38 = & 472 + 6
A1236p >
N 78 g+ a 5:5 | 66 | 277 1252+8 75 + 8
po(d Tw yw 139 26 % 9 13+9 11128 45 + 107 27 % 5 73 5
DD(p™ W )T 88 - - 63 | 60 £10| 8 %6 92 g
pT&' — fo 4 — - — — - —
ph.sp 30 - - - - - -
Only ¢ pro- .
ducing chan- 844 295 + 33 {198 * 33} 25 £ 22| 235 = 35} 60 * 4 40 £ 4
nels.
TABLE 4
p
J  analysis of 3T-system. Region 1.30 Gev/c2 < M_ < 1.34 GeV/c
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2
GeV

0.0—D.Ol_“

0.01-0.025

0.025-0.045
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0.07-0.11

0.11-0.18

0.18-0.34

0.34-1.0

events

Number of

128

161

195

oo

.060

&
SE— _10.
Re p

L. 753%.,068

009,044

L8002+ .057

LI57£.054

257

A Tt T e i T R e

L 730%.0C49

353

728,042

390

ot

.688%.040C

414

507+,

038

~.002%.035

-.075%.

035

-, 067£.030

L030F.045

~.004%1.,043

.048%.038

.086+.037

.001%.034

L0897%2.026

. SO (VU PR e SRS SO GPS SUR

) -.073%.047 023%.041 -.003%t.036 —.042%.034 .024%,034 1~ .,040%. 029
33 .144%.053 170+.046 174%.041 115£.043 S174£.0374 .160+.031

Ee 031 L062%.0458 ,0B1+.043 .020+.03% .0432.037 L018%X.0351 .093£.030

L074%,025

~. 066,

£.028

023

~.045%

L0224

R

L0306

.0gz2z

.205%

.030

.028

.028

AT 025

1.026

t.026

PR

P

_—

TABLE 5

o o,
Density matrix elements for A and p in the

AO

o]
o

Prism Plot selected channel.
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20 e, 02 o
A.L TOO = ¥2 TOO
22 1 20
A,2 R = T ¢
P Re e T3 Re Ty,
i ——
|
i 22 1 02
A.3 | Re T02 = 3 Re TOZ
22 L 1 02
AL T = -
4 (0/0] 2;3 ;2 TOO
22 1 20
A = =
5 Im T20 5 Im T2O
A.B6 I T22 = L I T02
‘ %z T o

TARLE 6

RBiatas and Zalewski quark model class A

relationship in transversity frames.
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FIGURE CAPTIONGS

—_ 4 e
Fig. 1 Mass spectra for the total sample: #w p -+ p¥ 7 1w ,
+ - 1
a) T 7" effective mass
+ .
b} pr affective mass
c) pﬁ— effective mass
+ - .
a) = % effective mass
+ - .
&) P effective mass
Fig. 2 Mass spectra for some of the channels separated by the

prism-plot analysis after 13 iterations:

.| - —
a) mowon effective mass for the p Al channel.
b) 7 7w effective mass for the p A? channel.
[F R -
T MW i L ve A -
<) S effective mass for the p 5 :hannel, A2 pﬂc
+ T
P ab
- , leJe)
a) pﬂbeffectlve mass for the A p  channel.
I o - o} + -
L o+ pT S}
P b ° ac
+ - , ©.°
e) ﬂaﬂc effective mass for the A ¢  channel,

o} - o + -
AT =+ pT
'Y b p =+ Waﬂc

+ ++ -
i) pﬂa effective mass for the A 1 1 channel,

++
g) T % effective mass for the & 7 7 channel.

+ +
n} p7 7 effective mass for the DD(pﬁaﬂb) ﬂc channel.

ab

Fig. 3 Production angle for several channels separated by the

prism-plot analysis after 13 iterations.
*
al cos @ (p,p) for the p Al channel,

*
o) cos O (p,p) for the p A2 channel.



Fig, 4

Fig. 5

Fig. ©
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*
c) cos @ (p, AO) for the Aopo channel.,
* ++ Ft - - ’
d) cos O {p, A ) for the & 7 ®m channel.
* * w O
e} cos @ {(p, N (1520}) for the N (1520)p channel,

*® * w
£)  cos @ (p, N {1680)) for the N (1680)p°" channel.

Effective magsses after separation by the prism-plot analysis:

+
&) pT effective mass for the p Al channel.

b) pﬂu effective mass for the p Al channel.

+ .
c) pT effective mass for the p AQ channel.

+ c o
d) pT  effective mass for the A p channel.

. i o)
Density matrix elements P Re plo' Pyay for p, 033,

RepBl' p3_l for A, computed in the t-channel helicity frame
(Gottfried-Jackson~frame), for the channel ﬂip > Apo. Three
sets of values are given. The dots represent the values
ocbtained for Aopo separated by the prism-plot analysis.

The triangles represent the values obtalned for the same
reaction separated by mass cuts (see text). The circles
reproduce the values cobtained by Abrams et al [6] for

the reaction W+p -+ A++po at 3.7 GeV/c.

Chack of the Biales-Zalewskil relations for the transversity
amplitudes which describe the Aopo channel. The dots
represent the wvalues obtained, using the separation given
by the prism-plot analysis, the triangles represent the

values obtained using mass cut separation {see text).
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