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ABSTRACT

body

We present an analysis
- + - -

reaction TI p ~ pTI TI TI

of 20 000 events corresponding to the four

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. In addition

the analysing power of the prism plot method is studied in more detail

\

for two "well known II channels :

LM/rnk

o 0
P A

2
and 11 p •
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1. INTRODUCTION

The prism plot analysis is an iterative procedure proposed by

J. A. Pless and collaborators [1 J, with the aim of separating the

intermediate channels contributing to a given n-particle final state,

using a complete set of (3n-5) varj.ables needed to describe the process,

excluding spin variables. 'l'he method is based on the idea t.hat 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. [IJ, e.g., we shall use three

kj.netic energies, three longitudinal phase space variables and as a

seventh variable the modulus of t.he transverse momentum of the Tf Tf -system.

This choice is known to be useful at high energies when separating

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

The method neglects interference effects bet.ween 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 [1].

In the following we underline the limitati.on of this method in its

present form and discuss two speci fic tests made on the spin-parity of
+ - -

the 'IT 'IT IT -system for the p A
2

- channel and on the production mechanism
00.

of the ~ P - channel, respect~vely.

2. ANALYSIS AND GENERAL RESULTS

The data input to this analysis consists of 19442 events corresponding

to the reaction

+ - -
'IT P ~ pn 'IT ~ at 3.93 GeV/c

obtained from the measurement of four-prong events observed in an exposure



- 3 -

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

of the CERN 2m hydrogen bubble chamber. The events were measured on the

CERN spiral reader (LSD). Thj.s sample of events is relatively free of

kinematical biases (we have checked that events not successfully measured

do not correspond to a special configuration) 1 and the separation

of this 4c fit final state from others is better than 98%. The mass

+ -
resolution is about ± 6 MeV for the ~ TI effective mass in the

p region. 'rhe precision is sufficient 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.

+ - 0
Figure la shows the 11 or mass with a large p - signal and a small shoulder

o +
at the position of the f. In fig. Ib one sees the p'Jr mass with the copious

production of 6++ and in fig. lc the three isobar objects 6°(1234},
*0 *0

N (1520) and N (1680) above a rather large background Figure Id
+ - -

displays the IT IT 7T mass spectrum. A
2

is clearly seen and the excess

of events
+ 

The p1T 1T

around 1.1 GeV could be attributed to some Al production.

*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 fol.lowing channels which will be

assumed to be incoherent :

0 - 0 + -
(1 ) 1T P -7 P Al , Al -7 P 1f , P -7 1T 1T

0 - 0 + -
(2) 1T P -7 P A

2
, A

2
-7 P 1T , P -7 If 1T

*0 0 *0 0 + -
(3) 1T P -7 N (15 20}p, N (15 20) -7 pll , P -7 If 1T

*0 0 *0 0 + -
(4) If P -7 N (1688}p , N (1688) -+ pTI , P -7 Ti 1T

o 0
1'.0 (1236)

0 + -
(5 ) 1T P -7 I'. (1236)p , -+ plf , P -+ Ii 1T

6++ (l236)1T 6++ (1236)
+

(6) 1T P -7 1T , -> piT

++ - 1'.++ +
(7 ) 1T P -7 (DD}1f , (DD) -7 D. TI , -7 pTI

+ -(8) 1T P -7 (DD) 1T , (DD) -7 plf 1T

- 0 fO + -
(9 ) 1T P -7 pIT f ( -71T 1T

+ - -
(10) 1T P -7 plf 1T 1T (phase space)
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Masses and widthE of the resonances a:r:e given in t.ab-Ie "i. (DD) mean$
+ -

diffraction dissociation of the target; the p71 71' mass spectrum assumed for

this process is also indicated in table 1.

Table 2 gives an explicit. definit.ion 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
1 1 1

step four box sizes corresponding to 40 30' 20 and

range of each of the seven variables, respectively.

each
1
10

iteration

of the

The number of events and corresponding percentages assigned by the

prism plot analysis to each of the ten channels, after 13 iterat:L:.ns are

given in the first part of table 3. These percentages were found to be

stable after the tenth iteration. One notices t.he small fraction attributed

to phase space.

Figures 2, 3 and 4 show some distributions obtained from the separated

spectrum of the

++ - -
of the 6 11 TI -channel

show up witch 'the expected masses and widths (figs.

the pTI mass spectrum

associated po for the

channels. A
l

and A
2

+ -
2a and b). The TI 'IT mass distribution for the p A

2
channel (fig. 2c)

o
shows the p signal induced by the A

2
decay. Figures 2d and 2e display

o + -
of 6 (1236) and the TI TI mass

o 0 ++ .
6 P channel. The 6 -s~gnal

Can be seen in fig. 2£, and the 7f 7f mass spectrum of the same events in

+ -
fig. 2g. Figure 2h shows the (pTI TI ) mass spectrum attributed to the

*(DD)TI -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 selection operated by the prism plot

++
analysis. One clearly observes several IIwrong" signals like the!::. in

o 0
the 6 p channel (fig. 4d). Using these distributions, and several

similar ones, we can estimate the residual contaminations and their

origin, for eachllseparatedllchannel. These estimations are given in table 3.
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A more detailed analysis of this 'toverlapll between t.he di.fferent channels,

making use in particular of events generated by Monte-Carlo techniques,

can be found in re f. [4].

Table 3 shows that the p
*0 ++

contamination of Nand 6.

Al - channel still contains a large

This is not t,he case for the p A
2

- channel

which appears to be better separated than most of
o 0

The 6 p - channel contains a large contamination

the other channels.
++

of 6 (~10%). Moreover

it is probably unreasonable

related channels like p Al

to expect a complete separation of closely
*0. 0 0 0

and p A
2

' or N (1520) P and N* (1688) P , respectively.

3.

We shall discuss now in more details the properties of the p A
2

o 0
and the 6. p channels.

+ - -
SPIN- PARITY OF THE (n 1r 11 ) - SYSTEM IN THE A

2
REGION.

We first combine the events which have been labelled p Al or p A
2

by the prism plot analysis, and then, following the met.hod of Abramovich

et al [5], we perform a spin-parity analysis for the 3n system which

satisfy the condition': 1. 30 ~ M(3n) ~ 1. 34 GeV. We apply the same

spin-parity analysis to the other eight channels in order to estimate

losses of the A
2

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 A
2

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.
- +

Identifying the A
2

signal with the 2 contribution, we can see that 73%

of the A
2

contained in the total sample are correctly attributed to p A
2

by the prism plot analysis. The remaining 27% of A
2

are spread over the
o

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

we anti select the non-po- producing channels we get a result in good
. +

agreement w~th the full 2 contribution (see table 4). On the other hand,

of the 552 events labelled p Al or p A
2

by the prism plot analysis and

belonging to the 3TI mass region considered here, 43% have the decay properties
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+ +
expected for 2 , and 14% those for a 1. si.gnal. Thus there are more

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

other channels.

o 0
PROPERTIES OF THE 6 P CH~~;NEL

Moo
The <Y > for the nand p resonances are used to compute the density

L

matrix elements which characterize the production of this process as a

function of t I. The results are g1 ven in table 5.

All illegal moments were found compatible with zero. 'ro estimate

the efficiency of the prism-plot separation 1 we have computed the same

density matrix elements for the sample of events obtained by mass cuts
+ -

on the 7f 1T an~ pTr spectra

+ -
0.680 < MIn n ) < 0.860 GeV

1.160 < M(pn ) < 1.280 GeV

This compari.son is made in figure 5, where we also

+
obtained by Barnham et aI., [6 J on the rea.ct.ion: TI p +

show the

++ 0
6 p at

results

3.7 GeV/c.

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

+ ++ 0 0 0
Both TI P + n p and TI p + ~ p productions can be expressed in terms

of 1=1 and 1=2 t-channel exchanges, the interference term having opposite

signs t~e comparison is valid if the 1=2 amplitude and the interference

is small, as it is expected.

We have also computed the so-called tlcl ass All relationships for the
o 0

transversity amplitudes [7J, using again the 6 p sample defined

by the prism-plot and by mass-cuts, with the additional condition
2

that t' < 0.10 GeV. These relations are given in table 6 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

A2 and A4.
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5. CONCLUSIONS

We have shown that at 4 GeV/c, the separation of the. four-body final
+ - -

state pIT rr 'IT into its constituant intermediate channels is still crude

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

fluctuates between 10% and 30% for the different channels. For the p A
2

channel the spin parity analysis indicates serious losses and contaminations

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 ~opo channel yields similar results as those obtained by a

simple mass cut.

At this energy and for such a complex flnal state, it is clear that

any improvement in the channel separation must be based on a better

understanding of the clustering in the multidimensional space, in

particular for the regions, 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 spectrum used for
+ -

the (pTI 'IT ) diffraction dissociation.

2. Definit.ion of the variables and of their range (in MeV/c) for our events.

+
p momentum (CMS)

q 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 311 sys·tem in region

1.30 < M(3n) < 1.34 GeV.

5.
o 0 0 0

Density matrix elements for ~ and p of the channel ~ P separated

by the prism-plot analysis.

6. Relations of Biales and Zalewski for the transversity amplitudes
a a

of the ~ P channel.
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I RESONANCE M r
---

p 765 135

---------------f-------------.-.--
6° I 1236 120

-i----------------
*N
1520

1520 120

*N. 1688 120
.1.688

Al HOO 200

-- --

----M 1310 100

1250 140

DD[8] I
IL~

1.3 2.5
+ -

m(pTI 1T )

GeV/c
2

-

TABLE 1

Mass and width used for resonances

and mass shape for DD.
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-
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!
·f----·--
I 2349
I
I

.j.._---

I 1981

+--_.
I

~20_~8

I 610

I
I

1224

.

1222

701

610

-523

-612(T _ - T ,oj
TI] TI2

1
= -;::-"'22 (2T + .. (T .. + ToO))

LiL TI 1fl 7TZ

Z
ES

VAEIABLE ·-·---··----T:;~~-.-r-:;rx.;
1"'"'l)---;::=-==-=-==-·~·-------·----Pl'l:llli.. .._L~LUE

t
P =~P _ + P _) 2 \ oT-1169

rr-'!f- ~Tl 'IT" +. I I
L '- I

1----. --.-------00.---.---+---.---.-+---
: l

X
VH

\'(3q-(q++q +q)) ,'-1195 ,i 1154
P TI TI- n-2' i [

1-------------_._---------+--_...__.._.+------_.......
1 l I

Y
VH

":7;;' (2 q + - (q _ + q -)) • -982 I' 999
2>,2 TI TIl TI2

t-------.-.--- -..--......... .. ·..·..·--.. t-·--·· --··..t··-·-----
ZVH ='{[3- (q - - q -) i -1019 , 1029

... 3 TIl TIZ I t

t--------·-------·------···---···..-··-·-f--..·---·--·--t..-·-------
I I

XES \'(3T-(T++T_+T_))! -378! 232

__ P lr -----~.--~~---t- ...--_L_--,

TABLE 2

Explicit form and

used in the TI p ~

variation field
+ .. -

p1T TI 'ff sample.

of the seven Prism Plot variables

(Quantities in MeV/c).
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, ----... --···~=~:1 -~O~~~~INAT~~::MING FROM ~~~:~=~~~:'~~'. '~:~~:N~s:-----"'-'-~eJ~::~ fa"

RATES of Total losses
A A * a * 0 00 + - +- - -0

'A (%) events PIP 2 N1520 P N1688 P DD(~TI.±.).'•....:.D~.~=..T~!,TI'r P~'-='-~~~~:"r .--t
.__: A_: ., :~~) :,:.::-- O.._~~___ ;;. I : I: !,:_L,:~--J

* ill ! I I
__N_:~520 Pt.8·~'11654 0 0 0 I o.} _ 0 1 161_J

. N P '1 10 . 7 i2077 ~LOO 25 0 0 i 0 f 0 i 165 I1688 , ; I ,

, 6:: ~-_ ~=G.:~ _1~31-;-~j:~ -;0- --.---..-- or or' °l_.;;~-- --~
. to 'IT ~ ~.L_9,,:~ .l17~3 250 ? ?I 42 ! 30 '.9~2 J

++ - .' I : J'
DD (to 'IT) 'IT ~._/~.~9 ~ ? I__~_, .'_ ,

+ _ -' I , I
DD(pTI If }=~-!lO.5 !2050 = .... -~r~~--'-'"--"."".'''t----r~-----~- f I ~A~~~;;~;--~P ! ~-- --_.~---- ..-1

-- a ' I I I I i ""'.'/~ /A~ I !
pTI f 13.7 i 728 20 20. 46.!_ o. I .0 ",,,. I~,.. o -~~~~. _.:~,,,..). 86 I

-r-----y- ~~?}~( ..~~~~;~;~0:;i~;:~3;~~.}f45{~v~~§t:ffi;:?~~ " i
ph.sp. I 3.1 I 614 ;:/&zt;~?Z~~:0:~ ~~ ~~§r~:;-';;:;~::';;'-;;<';;·/·'~~~'~"F;v~:.;;:::8 '. <,> I-" ===="f""'~'" . ~;...: # ~~5~:""~'0~_~_'::~#~~'~~~:::Z~~ ~..."..,-;.,.~::;:..,::::;...,-...::~ ~, ::?6 I

Lm7er limit ;Om .~~ I' I i I I I ~->~ ~ I
for ~otal ~ 187 139 251 386 150 ! 68 0 i 42 I 48 'I' <5' "'-,

contam~natlon __L-.--L _ ~

TABLE 3

RATES AND CONTAMINATIONS AFTER 13 ITERATIONS

? Not able to estimate

o No apparent contamination
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43 ± 4

DD(pTC+ 'IT ) 'IT- I_~ - [--~-- --;,-;-
o I

P TI-f t 4[ - - -,

ph. sp ~I--__ 3~____ ~ ~ -

Only P pro-
ducing chan- 844 295 ± 33 198 ± 33 25 ± ;
nels.

CHANNEL ~-Lweights 2=--rl~--11+/d' 0-100 %p:~~aCkground I. i ------t-----1- \

ELS "ALL I 1139 1321 ± 43 1233 ± 42 ! 13 ± 13 i386 ± 47! 49 ± 3 51 ± 3 I
DATA 1 1.. I J______ I -J---.L-- j

--r- I --r ! I 'I 'I pAl + pA2 I 552 I 235 ± 22 I 64 ± 21 1 28 ± 17 i 43 ± 46 i 57 ::: 4 I

!N * p I 59 I' 16 ± 6 ~~~i--; ±-~-_r;_;-~-~-l-.;-;-~-~I--53 ±--;-1

I
1520 f ! I I : 1 -l ~j

* , I ii' ; r 'i N P ! 77 ! 21 ± 8 I' 21 ± 8 - I 36 ± 6 : 55 ± 8 I 45 ± 8 j
'1688 : I "+ I~----+_----+__ I -+ I -l.___ ---------{
! 0 , I ' ' ,1 I
i /\12 P 1 112 I 7 ± 12 i 51 ± 14 i 9 ± 9 'II 45 ± 10 i 58 ± 6 i 42 ± 6 !
I 36 I I ! ' . ! I I
, -+-- I I I -- I t;------+----------- ---'
i ..L+ - - i . I I i
I /\' 'IT 'IT I 78 'I' 9 ± 4 i 5 ± 5 'I 6 ± 6 i 27 ± 7 ,25 ± 8 I 75 ± 8 !
I I , ,I I ,

I
I .,.----, -t------.+---- --.--- ----- +-- -- ---- ----t---·--- ---- ---------. --'++ _ _ ~ I ' I r l ' t

! DD(/\ 'IT lTC I 139 i 26 ± 9 i 13 ± 9 III ± 8 i 45 ± 10 1 27 ± 51 73 ± 5 I
-'~-;;:-;l8 ± ~-r--9~-- ± ;'---1
-i-----J--~---_!---------- .J
i-I - I - I

---t------{-------t------l
- , - I - - I
Ii,

~:5--~3~160-±-~_[__4~
TABLE 4

p. .22
J analvsls of 3n-system. Reglon 1.30 GeV/c < M < 1.34 C~V/c

- - 3TI-
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"~::·:~V21..?.:O-~~~_ ....l): 0.1.-0 .().~.5 .0.?-~.5-.0:()4~jo""~~'00;:;~lO'':co:'!Jt..:?-:.1~~~-:.~~T~~ ;~~1':~' "---r
er of . J'------...I

nts I 128 161 195 209 257 353 I 390 414-;;----·t-·-·-- ---- - _-_ "... .0 _ •••,. ,. 1..0 •• _ ••_~ - ----•••-

~_.._..__.1.:-.7~':'± .~6 8 .:2.l2±.:a.~~. . .~~2=·~~.~ L.:~.5?_t.'::5.~ :.?3~~.:.0~.~r...:.~ 8±.:.0_~=[ .. 68~=:.~.40 ..:.:07±.~~ .
10 I r 1 t I 0

Re p I .009±.044 -.024±.039 -.002±.035 1-.075±.035 -.067±.0301-·097±.026i-·066±.023t-·045±.022 !
-_ 0-;-----..---. .....•..............._ . .. . ' -\ --... .t " ..•.•...,. ......•...__._.......J

p1-1 !-.073±.047 .023±.041 -.003±.036 1-.042±.034 .024±.0341-.040±.029! .049±.028! .092±.030 I
....j.. . - __ _ - }._- ···· .. -1-······-·..·······-1··· ". ··1 .j._J

.170±.046 I .174±.041 ! .115±.043 ' ,

[.:'"JOULO",tooHo" jWiliO:" l°""w, I me',"1°"'".0;0I '",'we1''''°,"_.
~:.=~_._..._1~~~.0.±:.~~_!~:~~~ ...~.4.3.L .~~.8±...~~_8_....L:~~~~~~371 . 001.~.:~34L::.~.±:.O.~L~07~±~0.2.~L. 1~~~ 02 6__

TABLE 5

o 0
Density matrix elements for 6 and p in the

6
0

PO Prism Plot selected channel.
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TABLE 6

Biatas and Zalewski quark model class A

relationship in transversity frames.
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FIGURE CAPTIONS

Fig. 1
+ - 

Mass spectra for the total sample: Tf p -j- plT 1T rr .

+ -
a) 0 n effective mass

+
b) pl1 e ffecti ve mass

c) prf effective mass

+
d) " 11 n effective mass

+ -
e) pT 'ii effective mass

Fig. 2 Mass spectra for some of t.he channels separated by the

prism-plot analysis after 13 iterations:

a)

b)

c)

+ - -
TI 1T TI effective mass for the p A channel.

1
+ - -

11 TI TI effective mass for the p A
2

charmel.

+ -
11 11 11 effective mass for the p A

2
channel, A

2
-+ p11

a b c
+ -

p -+ TI 'rr
a b

+ 
-+ 11 11

a c

0+-
P -+1TTI

a c

channel,
-+ 0pTI

b
, P

effecti ve mass for the
+ 

TI TI
a c

o 0
pTIbeffective mass for the 6 p channel.d)

e)

f)
+ ++ - -

pTI effective mass for the 6 11 11 channel.
a

++ - -
g) rr ~ effective mass for the 6 TI TI channel.

h)

Fig. 3 Production angle for several channels separated by the

prism-plot analysis after 13 iterations.

a)

b)

*cos 8 (p,p) for the p A
l

channel.

*cos 0 (p,p) for the p A
2

channel.
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* 1',0) ° °c) cos e (p, for the I', p channel.

* ++ ++ - -
d) cos e (p, /', ) for the /', TI TI channel.

* * * a
e) cos e (p, N (1520» for the N (1520)0 channel.

* * * °f) cos e (p, N (1680) ) for the N (1680) 0 channel.

Effective masses after separation by the prism-plot analysis:

+
a) pIT effective mass for the p Al channel.

b) pIT effective mass for the p Al channel.

+ chani1el.c) pTI effect.ive mass for the p A
2

+ 60
pod) pIT effective mass for the channel.

Fig. 5
a

Density matrix elements 0
00

' Re PIO' 01-'1 for P , P33 '

Rep31, 0
3

-
1

for 6, computed in t:he t-channel helicity
± 0

(Gottfried-Jackson-frame), for the channel TI p -,. 6p •

frame

Three

Fig. 6

sets of values are given. The dots represent the values

° °obtained for 6 0 separated by the prism··plo·c analysis.

The triangles represent the values obtained for the same

reaction separated by mass cuts (see text). The circles

reproduce the values obtained by ~~rams et 0.1 [6] for
+ ++ 0

the reaction TI p + 6 0 at 3.7 GeV/c.

Check of the Biales-Zalewski relations for the transversity

° °amplitudes which describe the 6 0 channel. The dots

represent the values 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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