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~order to analyse them.

‘ 1. Introduction :

Up to now several hundred few- body productlon pro-.
cesses (multlpllclty n=3 ‘and 4°) with pr1mary momenta

~-up.to: .~ 30 GeV/c have  been studied "more or less
--incompletely.” From - these - experiments, “which :may be

considered-as exploratory, much valuable information has
been obtained.
Durmg the last years few experlments w1th much

. better statistics- ‘have. been - done: and experiments with
" usual statistics were combined to’world ‘data’ summary
- ‘tapes respectively. Therefore a more complete use of the
= data-could-be made.

‘For ‘my report on exclus1ve multl partlcle productlon
I . selected 'a few experimental and: methodlcal ‘works
which lead. to a new quallty in the study of productlon

' processes

~In the followmg two chapters some new results are
described on- few-body reactions and on - new methods in
The “last chapter gives some results on many- body
reactions (n > 5). The exclusive study of. these colhsxons

-is-until now ‘at the beginning of exploration:”

- All the results: which we get from the study of-exclu-

‘ 'swe hadron production reactions with primary: ‘momenta

up to ~70 GeV/c are also very important for understan-

\'dmg the same reactxons at NAL or ISR energles I think,

that the gross features of these reactlons are mamly the

" same” for low prlmary momenta as well as for hlgh

prlmary momenta
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- 2. New Results on Partial Wave Analysis _

After many years of studies of the A; , A3 ,Q and
'L  enhancements a real progress was achieved with the
“help of the partlal Wave Analysis, PWA, developed by
the Illinois group/ . This method allows investigation
of the spin-parity structure of the produced three-meson
systems and of the character1st1c of their production
mechanism.

PThe states produced were described in terms of
] qu> where B

is the spin-parity of the three meson system,
. is the third component of J ,

is the naturality of the exchanged system and

is the orbital angular momentum between the one

meson and the two meson system. ;

o~ Z'—'

2.1. Analysis of the ( 37) system

_ The (37)” system produced in the reaction oz T

~has been analysed by Ascoli et al.”!/ from'5 to 25 GeV/c
and by the CERN-Serpukhov Collaboration /% at 25
and 40 GeV/c. The conclusion drawn from these analyses
is that the A;. and A3 mass enhancements are not.
resonances,+ byt are produced by diffraction dissociation.
.The (Bn)  system produced in .the reaction#*p

> (772 ")p at13 GeV/c has been analysed by Thompson
et al. and at 8, 16 and 23 GeV/c by the Aache /n Ber-
lin - Bonn- CERN - Heidelberg Collaboration - The

results of these analyses are shown in fig. land'ﬁg.~2

respectively. The general result is that these figuresare

strikingly similar to.the flgures for the (37)" system.
In both experiments the 37)* system is dominantly
in unnatural spin-parity .states iy ,1Y , 27 and 3*

exchange :

. The den51ty B matrlx element P00 in the-
Gottfrled Jackson system_for Jp—l is in both experi-
ments poo ~ 1.0. This indicates t -channel helicity con- .
servation. In the ABBCH- experlment it was found addi-

tionally, that Rep,,=-0.10% 0.0l. This non-zero value of
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and
-is produced in about 100% of the cases by natural parity - ‘
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.Rep")‘ , which is more sensitive to small admixtures of
helicity +1, indicates however, that helicity conserva-
tion is only approx1mate

In fig. 3 the phase differences lI‘(J )= (phaseZ S) - '

(phase J' ) are plotted for all other included JF?¢ as
a function of mass .The results show a varlatlon con-
sistent with a resonant Ag .

A similar phase variation was reported by the ABBCH-
Collaboration. In the A3 mass region the phase diffe-
rence ¥ = [ phase 27S(fz)]- [ phase 0°S(e7)] shows a va-

riation of about 100° through the full width of 2°S mass

enhancement (see fig. 4). Both results are not inconsis-
tent with the data of ref./1/ atll - 25 GeV/c, however the
phase seems constant at 40 GeV/c /2/.

In order to interpret the data of these four experi-
ments one possibility is that the A5  region could be
more complex, with both a resonant and a non-resonant
component. present. The constancy of the Z°S phase at
40 GeV/c may indicate that the resonant component
disappears with increasing energy.

In both experiments the weak variations of the 1S phase
in the A; region suggest that -A; cannot be considered
as a single resonance.

Ascoli et al./%/ use the phase of the A amplitude
.from a Reggeized Deck model calculation and the A2
phase from a Regge fit to do/dt for A,, to predlct
the A2 Al
phase difference observed in 7~ p- ztas~z~p (see
fig. 5). For all momentum transfer bins and all incident
momenta (5 - 40 GeV/c) the agreement is within 30°
(solid line). This depends crucially on the contribution
of the Reggeized  pion propagator to the A, phase and
requires equal signs for the f°
- residues ,in the A, amplitude. ,

The 2D state in the A, region shows a phase
variation consistent with resonance behaviour.

In both experiments the dlfferentlal Cross sectlon of

all the states shows a peak at small t° except for 2+D
which has a pronounced dip in the forward direction (see
fig. 6) . ,
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2.2. Analysis of the (Knﬁ)s&stem'

‘'The (K #tz~) system produced in the non charge -
exchange reaction Kp » (K 7z )p at 10 and 16 GeV/c .
has been -analysed by the Aachen - Berlin - CERN -
London = Vienna -Collaboration. /6/ ‘at 14.3 GeV/c by the

Rutherford ' -Ecole Polytechnlque .= "Saclay - Collabora-
tion /7 and at 40 GeV/c by .the CERN - Serpukhov

Collaboration /8/,

‘The main l] Mp> states are shown in - fig. 7. It has

been found that:. :

i) M=0 is domlnant wh1ch means that t —channel

7 helicity conservatlon approximately holds.

"(ii) The (K=7)~ system is dominantly produced in

' unnatural JP  states 0~, 17, 27, 3%, with
contributions from six decay modes K*(@90)7 ,

K*(1420) 7z ,Kp, Kf° , Kz and Ke¢ (see fig.8).

(iii) The(Kwz) system 1s ‘produced dominantly by

.~ natural parity exchange (fig. 8). 7
(iv) The weak variation of the 1'S phas_efin the
Q- -region ‘suggests that the Q enhancement
cannot be con51dered as a smgle resonance
- (fig. 9). :

(v) More than one decay: mode and ] statey. are
requlred to ‘describe the Q sand 'L enhance-
ments (see fig. 10), which must therefore’ be
considered as complex structures -due to the

‘ summation of several partial waves.
- (vi). Overall, the production mechanism of the (Kmr)
system -is similar to that of the (3m)=%. system.

A Partial Wave Analysis of the (K»n)° system pro-

duced ‘in the charge exchange reaction Kp - (K°ztz " )n
has been made in the mass range 1,04 <M(Kn7)°<1. 56 GeV -
combining data at 8, 10 and 16 GeV/c /9/. The K® decay .

was v151ble and measurable The ana1y51s was made in

the mass’ mterval 1.04 - 1.56 GeV, which is the reglon.,
of greatest interest for comparison ‘with the Q reglon
of the correspondlng Knm) system. :

13
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It was found that:

(i) In about 2/3 of the events, the (Kaw)° system

is produced. in unnatural spin-parity states 0~
(24% and 1%  (43%). . ’ e

(ii) -The unnatural spin-parity states are produced

- mostly (~80%) of the events) by natural parity
‘exchange. : : S
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(iii) About’ 1}/3 is produced in the natural spin-parity
state ] =2*.This number is compatible with
the number calculated usmg ‘the 2% part of the
cross section from the reaction K'p-» (K=*)n
and the Kn/Knn branch1ng ratio. Hence, the
2% state is consistent with being all K *(1420).

These facts, that unnatural JP states are produced

in this non-diffractive channel, that J' =1%

is mostly of natural parity, are similar to what was
found for the charged (K»z)~ system in the diffractive
reaction K™ p»(Kwr#)~™ p. This implies, that the presence

of unnatural spin-parity states produced by natural

parity exchanges cannot be considered as an exclusive
characteristic of diffractive processes. ..

-2.3. Analysis of the (K») system

A partial wave analysis has been performed for the
(K™7") system produced in the reaction K » K~ #*n at

~10 and 16 GeV/c by the Aachen - Berhn - CERN - London -

Vienna Collaboration/19/,

Though
understood there are still open questions, e.g:., whether
an isospin 1/2 S -wave .resonance is present. Evidence
for a broad' S -wave ‘(K'7) enhancement centered at

~ 1300 MeV, which could be interpreted as a resonance,
/M/ The
results from phase shift analyses performed on the

has recently been .reported’ by Cords et al.

(K#) system are either ambiguous or give contradic-
tory values for the. mass and width of the claimed
S -wave resonance /12/ - '
Fig. 11 shows the results of the analyS1s
(i) . Production of the K*(980) in he11c1ty zero

state by unnatural parity exchange and in hell-'

. city *1 by natural parity exchange.
(ii) = Production of the - K*(1420) agaln 1n ‘both hehcxty
- states

20
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(70 +4pb at 10 GeV/c and 19 2 ub at16 GeV/c)
.This energy dependence is . COIlSlStent with an-
s2@¢-2  pehaviour where a=t, as expected
for pure 7 -exchange.

3. Mult1d1men51onal Analy81s of Few -Body Hadron
Colhsmns :

In’ the field of few-body collisions some new’lre_snltsj' -

have been gained in the last one or two years. This is .
due to new results- by application of the Prism:Plot .
Analysis, PPA, introduced by Pless et al. 713/ put. also.

by introducing mod1f1cat10ns of the PPA.

The most important modification of the multidimen- .
sional analysis is the Analytlcal Multi- Channel Analy81s EE

proposed by Van Hove / /14

3.1. New results of the PPA _

The Prism Plot Analysis is an iterative. procedure
which separates reaction channels which contrlbute to
the same n -body final state by . a551gn1ng each event
to a chosen channel hypothesis.. This is done by.comparing
‘the position of each event in ‘the 3n—5 : dimensional -.

hyperspace with the position of Monte Carlo events gene—~ -

rated for the different channel hypotheses.

To generate events the PPA neglect p0551ble 1nter-‘
ference effects. The method: uses therefore 3n 5 one:
dimensional dlstrlbutl_ons Dl (x) (i=1...3n-5") for each
hypothesis j. The D (x;) are the effectlve mass dis-
tributions and the productlon and decay angular dlstrlbu- '
tlons : -

-~ The real events are tagged accordlng to- the numberf QLN

of Monte Carlo events of each channel ‘hypothesis in its~

neighbourhood. A simple way to specify the ne1ghbourhood s

1s to define'a 3n-5 dimensional hypercube. -

The PPA will give the best results for small boxsizes
in order to reduce the overlap between different channels,
and for large numbers of generated Monte Carlo events.

‘Bastien et al./!5/ have applied the PPA to a sample
of about 3100 events of the reaction pp » Pprtes— - -at
5.1 GeV/c. The aim was to search for the channels

PP (pata=), )P

Pp>PataT) P -

As is well known the quasi two-body channel PP -
has been ‘found to dominate the reaction. In order to look
for the less prominent three particle dlssoclatlons the.
(pr")— and (pr~) -system respectively have been com-.
bined into a single pseudo-particle and treated the sample
as a three particle final state with PPA. -
- Figures 12 and 13 show the two and three body mass
distributions for the selected "events. In conclusion, a
sizeable diffractive component is present which accounts

++K——

for -~ 309 of the final state at this energy. The data for .

the dissociation of the proton, or antiproton, have inva-
riant mass spectra, dynamical properties,-and cross
sections similar to what is found ‘with- pion. and proton

- beams.

~ Ferrando et al. /16/ " have applied the PPA toa sample
of 19442 #p -at7 n7p events at 3.9 GeV/c. They"

introduce the followmg channels

(1) #7p->pA7 ., AT-»p°r" , p°—»k17+17‘_

@) =" p - pA,, A, -p°m ,p °-»v77+'17A_
() 7= p »N*°(1520)p°, N*°(1520) ».pr—, p°>nta =
(4) 77p » N*° (1688) p°, N*°(1688) -p7 =, p®» 7'~

(5) = ~A°(1236)p°, A°(1236) »pn =, p°onta”

23
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©) 7p » ATT(1236)n-n~, ATF(1236) > pat 3f EEEE :
. L= - =
(?) ==p - (DD)r (DD)—»A++17—, ATt pn+ ' , & . ' N . -
’ : / . ~olmelolololgl- o -
h 5 & B ‘
@®) #7p~+(DD)z~ , (DD) » pate™ = le ¢l3 BN -
' 58 & , N
9) 77p » prT£°, £O. gta- . e
(10) 7 p » prta Ta T (phase space). ) g 35 E
) 4‘ '2‘ gi ' RS
fFor the first step, Monte Carlo events are generated g L] B -
according to phase space modified by Breit-Wigner - g3l olglefefl~|~ ot e
- functions and diffraction like mass distributions. For Py gf 8 ) s
the subsequent iterations, the authors also introduce E - CR I xi,? 2
the production angular distributions and the Gottfried- v .3 23l-l 18 R]®]% ] "L 1%k ~
Jackson and Treiman-Yang decay angles of each reso- — .§- 3135 5= HeSS )
nance as obtamed from the previous step. Some physical T Tt ?3 °al g ° g
g 382 o™ . R K R
distributions after the" separation are given as examples ,g 20w =1 = =
in fig.-14. Figures 14a and 14b show the 37 mass distri- (= 'é ot §g ol 1 1
butions for the channels pA; and pAj;.Massesand shapes H 3 §: LB % nlole P gl | =
agree with expected values. The p signal.induced by the . £8 = -
decay of A, inthe pA, channel can be seen in fig. l4c. § .o . K |
- The contamination of the different channels was. o= N oo g &1 = 2.
checked by different methods: o =1
- Through mass spectra which should not show reso- Py s ) s
nance production from other channels after the selec- N o Bl -
tion operated by PPA (see table 1). - : Thalidr(8]s|R ~RE1 s
- In the A -region through spin parlty analysis of the v o8l 1. o1, '\
(z*7 ~n~)-system. It was shown, that more than 40% - Eg? § 212 AR $ g 8 B
of the events labelled pAq ‘or pA2 must be classifi- | EPC o —1 '
ed as background coming from other channels. - 3z |3 telslzlale stasls :
- Through a study of the PPA -with simulated events. It - ki il Bos i —
shows that the large overlap observed between the ' N NI e e ‘ 1_?
channels have a physical origin. ‘ o '“ 1.' Ll e L 5=
The authors came to the conclusion that at this relatively Rt R I O Pt RISER S O R PR
low energy and at such a complex final state large overlap, Tl e Pel 8 8’| 4 |2ES

reglons between channels are present
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o X : , In order to get better results there are the followmg
a e e — , ‘possibilities:

o, oron | R ‘1 o) 1 , - to goto lower multlpllclty,

o : o g Pa, wecnon 4 - to go to higher energy, .

N - to develop new methods to deal with the complex1t1es

3 1ok - 10— - . due to the overlaps and mteff.e/rence effects.
g t - P.J.Dornan and B. Pollock proposed a new variant
z : of the PPA method. In order to reduce the necessary
e T 1 : computing time of the Monte Carlo generation Dornan and
! Pollock assume that the distribution of ‘events’ D (x| ) for:
R i T A e R s aa Y -each hypothesis j can be written fora 3 par icle final

uivtra Gewd N o (v v v Gova® o state:
™1 LA ] ] ;. ) S . ., :
B ——————— . D (x,,%5,%5,%) = DY (x| )DY (x5 )03 (x 5)D (xy)-

[ el nd N - .

ol o From these one- d1mens1onal d1str1butlons the probablll-
gm_ | -ty that-a real ‘event 1s one of the type j is. defmed
3 il
Ew— - . . P, = flf2f3f4F N }

" wl- . Where f ’ - is the fraction of events in Dl in the same

3l - "~ bin  as the real event. Fi . is the overallf,vfraction of

N TN TR S “events in channel j . . ‘ . R ' "
®® lllg']‘ﬂ(?af)ua\u’u " . ’uunr.a;'awt, ’ e R EROTE - R - o
T ‘.,' T | | o Dy Dy, D) D, (x,)

= 4 ) .

1ol 4 Fig. 14. Mass spectra for some
e i of the channels separated by the
2 PPA after 13 iterations:

3 9 1-a) »*7~7~ effective mass for
g o J the pA;| channel. b) #*tn~=n ~
. effective mass forf‘ .the pAgy chan- ' A . 4
: nel. 7t effective mass - L ko d _
N e L B " for the)pA 9 - channel Ay - pa3;. xl—‘meffv x2 = cos§ .- -3 ¢ vt o x4' ¢
TLad STtV X" p - at 7T| d) p”l effectlve ‘ E IR : :
mass for the A° channel : ‘To take background mto account in addltlon P (BKG)
ACspai ,p°~» atag, € atuy . was calculated : : c
effective mass for the A°p° I i g j i
channel A°-pwy s p°o A Ay . o B (BKG)= 8,8,8,8,G "

O - | - | . | .29



where the g are calculated from background distribu-

tions. One event [is tagged as belonging to hypothesis

j if P; >P; (BKG) or to background if P, (BKG)> P;
and if there is no other channel j
If one event is tagged by more than one hypothesis 1€ is

weighted according to the probabilities. The tagged events -

are used to replot the distributions for use in the next
iteration. Background is taken into account after the
first iteration with all distributions flat.

3.2. Analytical multi-channel analysis

An important modijfication of the PPA was ,recom-'

mended by Van Hove /14/ He proposed the use of analy-
tically defined amplitudes whenever overlap between
channels occurs. In this way it is possible to treat
interference between channels.

The reaction K*p -K°*p has been analysed using

analytical amplitudes in the multidimensional spaCe.._'
Very preliminary results at 5 GeV/c /18/  and at -

12 GeV/c */19/ were presented at the Topical Conference
on Multidimensional Analysis of Hadron Collisions at
CERN. In this reaction the following channels are con-
sidered ~

“
Kp ~K**(890)p |
» K *(420)p '# Channel I
~ (K 77)b'ackgr.t;s— ’“;a.vek) P »

5 Keatta23e) Channel II

| Other weak channels are neglected.

* Data from World K+ Collaboratlon

such that P. >10P.. .

Co- compute R

-The first step ‘of the method is to start with some *
guess ‘amplitudes’ A  for:the two channels con51dered
A simple choice could be : :

- d(0,¢)

A(t,mz, 0,6) = = R(t) - B(m)

1 A S " 4
_ Production B W. Decay
correlatlon

For the two amplitudes A, and‘A" the following defini-

tions are used:

l=|A 1? L fy=1Ay 1%, f5 =2Re AF A,
A1P<1A + Ay P o= fafyafy

'From these f -values the samples are selected in the
following way. For each event

,_fi G 1,2~), L
= —— (1=.1,4)
L f (max) :
-selectacutoff e~l—5% -
- if Ry >e and Rz <e, i.e. dommatmg channel I;

if Rog>¢ and Ry <e, 1. e , dominating channel II

if R{ >¢ andR, >¢, i.e., overlap I-1I. ,
The interference sample is a part of overlap sample
I - II. For these selected samples each event 1sf weighted

~f : f2 3

w =—-——-—-———;W; —--——-———-;VV3~
'l f|+f2+bf3 2" f|+f2'+f3 S f|+f2+f3

w =1
|+.W2 +W3‘_1

If A=A, +A is correct the weighted distribution of

events in sample I is described by amplitude Ay, and in

sample II by amplltude A1 and sample I-II corresponds
to d1str1butlon of mterference term in phase space

** At 5 GeV/c the densnty matrlx elements are taken .
from a modified version of the IIIIDOIS Partlal Wave
Analysis programm -
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P

Hence the weighted distribution can be used to improve' o
the choice of amplitudes. The second step of the method .

is the same as the first, but using new AjAy;....

. At 5 GeV/c a sample of 1719 events was analysed.
After the first step of the method with a cut-off = 29
the preliminary results look promising. Figure 15 shows
as one example a comparison of three different separa-
tion methods on the K*(1420) sample. You see that the
analytical method gives a better separation.

At 12 GeV/c the same sample was analysed with the
analytical method which before was analysed with the
PPA method /2%, Figure 16 shows the mass distribution
of K°:* for sample I, overlap and interference. You see
that overlap and therefore interference at 12 GeV/c are
small..

Figure 17 shows the mass distribution of pat for

sample II, overlap and 1nterference The overlap events |

lie in the AF+(1236) region.
Most of the decay angular dlstrlbutlons look as

expected (see for example fig. 18). However by changing -
the cut-off value from 29 to ¢ = 5% the distributions -

look more symmetric and peaked (fig. 19).
The properties of the remaining-events with R and
R <¢ can be seen in flg 20. There are 1nd1cat10ns of
structure in K°#* mass at  ~1760 MeV and in P”
mass at -1890 MeV. ,
The present results are encouragmg enough to" go
. on with the new method of analysis.

4, Analysis of'l Many-Body Hadron Collisions

While one -can say for good reasons that the study of
the few-body reactions has reached a qualitatively new
level, our knowledge of the.-exclusive many-body. reac-

tions (n ».5) are still fragmentary. In the following a few
new experimental results with known methods and a new

method for the study of- many—body reactlons shall be
described. :
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Fig. 18. Gottfried-Jackson’ deéay angular distribution
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4 1. Resonance produchon and reactlon .
mechamsms in 5 and 6- body fmal states '

72 /

A quant1tat1ve 1nvest1gat10n of resonance produc- .

_“"tion and reaction mechanisms for special subsamples
‘was done at 16 GeV/c- in the followmg reactlons :

at p »3# +27 ,'p o

"P-»Zn +3n +p.

using simplified LPS techniques. The populations of the -
different LPS sectors are  given in: table 2a and 2b.
Bottcher et al. get the following results: :

(i) The cross sections (corrected for phase space)
of the individual LPS conflguratlons of the final -
state particles show the characterlstlc behavxour
known . for three-  and four-body final . states.
Sectors which-are dominated by diffractive pro-
cesses have cross sections. consistent with- being
energy 1ndependent (see: column 8 of table 2).

(ii) 'Results are obtained consistent with the exrstence .
of diffractive dissociation (DD) of' the incident
~pion into five pions and of the target proton into.

’ proton and four plons (see table 2 and fig. 21).
The pion DD is 1.5 - 2 times. stronger than the
proton:DD. The upper limits of the cross sec-
tions. for these processes in n+ and 7~ " induced
react10ns respectlvely are similar, s42(38)pb
for the plon DD 22(25) ub for the proton DD

: in 7+ p(7-p). ,

(iii) It 1s shown that double dlffractlve dlssoclatlon is |
not a’dominating reactlon mechamsm (see table 2

‘ and fig. 22). ‘ .

(iv) As .you - can see from f1g 23" the productlon of‘
a backward going A (1950) was -observed which
decays malnly mto pat n 77 and much more

; weakly 1nto Pn n Sao T »

39‘;.,
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EFFECTIVE MASS , GeV

Fig. 21. Effective mass distribution for the (nhrg

)
(p°7gEamy.)r and (57)p  systems in sector [ ‘The
resul?s of’ the Breit-Wigner fit are given by full lines.
Dashed and ‘dotted lines represent CPS-background. In
(c) the CPS curves are normalized to the experimental
distributions, e S
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'NUMBER OF COMBINATIONS /0.04GeV

Tp—p5r AT 16 GeV/c
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EFFECTIVE MASS , GeV . & |

Fig. 22. Effective mass distribution for the’ (fg._nF ) and
(A'g* 23 )  system in sector 5. In a) the full line gives
the result for a A  Breit-Wigner -fit. In b) the CPS
background is normalized to the experlmental dlstrlbu—
-tion. : : : : B
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Fig. 23. Effective mass distribution for the (pnﬁ )
and (AY27p) systems in P8+ M9. The results of the '
Breit-Wigner fit are given by full lines. Dashed lines-
represent CPS background: Lo ‘ ’

The quasi two body process ='p - A++(1950) p°
occurs ‘with a ‘cross section of (3.1+0.9)ub.
"(v) ‘There is some indication for' the quasi three
" body process atpp°p°At*(1236) in sector P2,
(vi) Strong production of A**(1236)  in the backward
E hemisphere: and p°(765), f°(1260)  in the forward
hemisphere are observed. p° is also emitted
frequently in the backward direction (see fig. 24).
A° (1236) , N*(1470) ,N*(1700) , A, and pos-
sibly A} andAj 5 are produced.
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Fig. 24. Effective mass distribution for the (rh73)
and " (ppg ) systems. The results of the Breit-Wigner
fit are given by full lines. In -b) the CPS background

- (dashed line) is ~normalized to the experimental distri-
~.bution. . B : . ’ ‘
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(vu) About 30% of the 1nteract10ns go v1a double_.'
| 22/

has found the s1multaneous productlon of !\(1520) and.

resonance productlon ,
" The Amsterdam - CERN - Numegen Collaboratlon

»° .in the reactions
"Kpo (K p)ataTn®)
Kpo (227 F)(atn—mo)

K'p (At ) (a +n_>.7'7'° ) .

~The four-momentum transfer distributions _show’ that

there is a roughly equal amount of A (1520) produced at the
kaon vertex (nonstrange baryon exchange) as at the

proton vertex (strange meson exchange) (see fig. 25).

4.2. Rapidity dispersion analysis

Another method of data- analysis to -identify 1if not:
isolate different reaction mechanisms, which contribute
to the same many-body final state was proposed by

Berger et al. /23/ at high energles

Fxrst ‘results of these rap1d1ty d1spersmn analysxs
obtained from the Pisa - Stony  Brook Collaboratlon
at the ISR /2%/exhibit interesting structures in the sWy
71 plot. 5. and 71  are the rapidity d1spers1on

and the average rapidity respectively after rejecting a

the two charged partlcles with 7, and 7y, Tes-
pectively. The peaks with small (large) 17(” and small

5M  were 1dent1f1ed with target (beam) dlffractlon;_

dissociation.

A ’similar analys1s _was made for 7tps (517) p ’dat
~As expected, the. structures obseryed are-

16  GeV/c/21/
not as s1gn1f1cant as at ISR energies (fig.- 26a) However,
‘'you observe qualitatively the same propertles This- is

o ae

ai/d (LG5

& (GcV’) i
4 . 3 2 SRS P

K'p-.A(zsaq)u ‘

b
B
| .
T+

Fig. ‘25. Production angular d1str1but10n for the reactlon )

l( - A (1520) (cos 6
p @ pA (1520) Py

demonstrated in flg 26b by the location of the diffractive
events in the plot. In addition fig. 26c shows that events
going to a large part via the reactions + p LA (1950) p°

and »+p -.A++(1236)p°p° cover the productlon from the

. central region.

A rapidity. dlspersxon analy81s is bemg made on events
of the exclus1ve reactlons ’ :
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" at 8, 16 and 23 GeV/c /25/ | pion and bai‘yon dissociation

in the four particle channel are fairly clearly isolated
by the dispersion technique at these energies. For high
multiplicity reactions, it suffers (as do all inclusive
techniques) by comparison with fully differential analy-
ses. Nevertheless, the preliminary results of this ana-
lysis show that the technique should be a useful aid
to pattern recognition and- separatlon of dynamical mec-
hanisms at NAL and ISR energies. This method should
work even for data where one .can measure, e.g., only
angles of tracks, a situation where other ‘methods of
separation will probably fail. R :

4.3. Statistical analysis of clustering

~ An approach of clustering effects in many partlcle
final state was done by Ludlam and:Slansky /26/. They
define clustering in terms of the ex1stence oftwo or more
population centers in the full phase space.,A noncluste-
ring result. is obtained if these pomts occupy a smgle
simply connected region of phase space. .

This statistical analysis of clustering involves studymg
the fluctuations of:the distribution of rap1d1t1es of each
event about the average . distribution. ,

- Consider a_date sample of N events, where n rapl—-
dities (or other kinematic varlables) are measured in
each event. The - distribution density of n.N rap1d1t1es
is denoted by p(y),and the cumulatlve dlstrlbutlon function
is defined by : » S
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.F(y)=_f: dy'p(y")

Each event is re-
- presented by a step
function S,(y) of n
steps of height 1/n
at each of the rapi-
dities.

The fluctuation measure to 1nvest1gate the clustering

of secondaries is

M(y)=p(y)-<[S_(y)=F(y)1% >

or . v_’<‘m’n>’=y-£ M(.y)dy

The experimental values of M(y) and/or ‘<ml21 > ‘are
to be compared with reference models. These models = -

must belong to single mechanism processes (e g, CPS)
which give no clustering by definition."

. The analysis was applied to 13 GeV/c Kp data/27
to the reaction’ pp»ppat7w Y7z~ at 19 GeV/c/28/ |

and to NAL data obtained from 205 GeV/c and 303 GeV/c .-

proton-proton collisions/29/ with the following results:
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(i) The known dltferences in the clustermg behavmur"
. of- the reactlons Kp+KantaTp “and K™ p-
+ K°7-°p are readily distinguished. -
(ii) Strong’ clustermg 1s present in  the reaction
' K~ p- K rtn p ’ .
(iii) Clustermg is present in the reaction . PP~
» ppxtz*;~»~which is mainly caused by events
with. one of the secondary protons clearly sepa-
rated ‘in . rap1d1ty from the other fmal ‘state
 particles. .
. (iv)- The results of the analys1s at 205 GeV/c and
303 GeV/c proton-proton.collisions suggest that
- ‘even- events of hlgh mult1p11c1ty show clustermg
effects.
(v) The average cluster size appears to be 1nde-
) pendent of the multiplicity of the final state.
(vi) The nature and the extent of this structure need
further investigation. :

.

4.4. Multidimensional ‘study of clustering :

Under the assumption that two or more . population:
centers exist in the full phase space a mult1d1mens1onal ’
study of = clustering:  was done in the reactionzp- .
-pa*tr*ta= at 8 GeV/c by Bottcher et al. 730/ in
order to test their method.

To find these clusters the authors used a. method.
suggested by Koontz and Fukunaga /31/ This method does |
not need a priori knowledge about the clusters and uses
for  the .classification - of one: event the kinematical
information from the whole sample.

~The  aim ' of  any . cluster analysis is the" ass1gnment

'of space points to classes according to some criteria,

e.g., the closeness of the points. The above mentloned

" cluster algorithm is derived from the criterion which ’

minimizes the information loss due to the replacement -
of vector X, (vector X, being the kinematical variables:

defining the r-th event) by a set of labels w, (cluster

5l
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_number) A special solutlon of this problem 1s obtalned

by. the application of the following procedure:
i) Choose. randomly an m1t1al class1f1cat10n of
events.
(i) For each vector X, count the numbers of vec-
tors within a su1table chosen d1stance R of
X, that are assigned to-each class.

(iii) Reclass1fy each X, to the class w1th the largest‘ )
- number of members within the distance R of X .

'(iv) If any vector is ‘placed in a new class repeat
from step (ii). Otherwise stop.

By this procedure -the boundary séparating two classes .

moves away from the higher concentration towards valleys

in the density distribution of the phase space. Figure 27"

illustrates the actlon of this procedure ona two dimen-
smnal data set. '

The method was applled to 4400 four -prong events The
following table gives - the population of the -clusters.

cluster 1 2 3 4 5 6 7 8 9 10

events 1355 879 651 188 246 232 255 330 76 168

These clusters,“found by a purely statistical method,

have correspondence . to dynamical mechanisms.: This
is illustrated by the follow1ng d1str1but10ns For cluster -

1in fig. 28 a clear A*" .. and e respect1vely is
seen. Neither: the (p7X7~) nor the (=} z*7~) mass
distribution- show any: resonance structure. Therefore in-
cluster .1- most” of the events proceed via the channel‘
”+p o po A++ .

~For cluster 5 in f1g 29 a clear s1gnal in the A1 ‘mass-

region is seen. This (37) system decays mainly via i

(pp ). The t(p/ p) distribution supports the mterpretatlon
of this cluster being A - production. :

The analysis shows that there are. still clusters to -

which more than one channel contribute. This overlapping"
could be due to the relatively low energy. Therefore it
seems worthwhile to apply this method’at higher energies.
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1. ITERATION

3. ITERATION

RANDOM INITIAL ASSIGNMENT

TERATION

2

-Seeking Technique to find: clusters illu-

Fig. 217. Working scheme of the Valley

and e

is indicated by the arrow.

lasses o,x

R
.c¢) Reassignment of the points
ts into two classes. One class

.'d) Final assignment of the poin

.has become empty during the iterations.

three ¢
on .c

points after the - Ist iterati

strated at a two-dimensional data- set. The choice of
a) Random ’initial assignment of the points into

b) Reassignment of the

‘after the 2nd iteration
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The application of new methods which allow a diffe-
rential analysis of exclusive reactions has. already lead
to a Dbetter understanding of the reaction mechanism.
We may expect that the further study with these methods,
will help to understand the less differential results
obtained at NAL and ISR energies.
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