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In the analysis of elementary particle interactions at high energies, correlations 
between kinematical parameters and cross~sections are always considered, but the study 
of the correlations between kinematical parameters and quantum numbers is almost always 
absent. ·. •..... ··.··' 
· ' • Some time ago (1971· ·Helsinki Conference) Van Hove suggested to investigate, in 

multiple i production; . the correlations between the electric. charge of secondary particles 
and some kinematical variables like c.m. longitudinal momentum ( P{), longitudinal! 
rapidity (y) or others It/ . The ·distribution•proposed was that>of'the total electric 
charge of the outgoing particles in the corresponding kinematicaJ interval. At the Oxford :. 
Conference (1972) D.R:O.Morrison presented some· charge distributions for. the 8 GeV jc 
and 16 GeV jc 77+ p and 16 GeV jc 771' interactions using the single particle distributions 

da · · 
-;:i-_ in inclu~ive reactions (a+ b.-:-:-' c + anythi~g) h/ . The charge distribution was 
give~ ~y: · · · · .. 

d~··~ 
'.• 17 

dx 
dQ 1 da; 

-[- + 
dx a. dx 

'" l . ,· ~ 
., ' 

d . a-
77• 

dx .. 
' 

1 
= I. . .. Qc··~ 

. ·. d X c 

where, x =;(PL /PL',.',ax(;, .. ~~d' Q'c. ;; is the charge of particle c.. . .. 
The distribution was normalized to thejnitial charge value Q ;, .. 

. . ; •; . . . •' +1 d Q . 
. ,. . .f dx dx ~ Q.;, ' 

-1. . . . . . . . 
One of the purposes of this analysis has been totry. toseparate the "incident particle 

effect". Some' effect of the leading properties was seen as expected near x = 1 and x .=:=. -1. ·. 
but, ~t the same time, the behaviour near x = 0. was unexpected. (fig.l.). 

We tried. to. extend this kind ol analysis in the following. way: . . , . . '": 
.1. By introducing a11 -;tverage value .of char,ge per particle (.<Q>~). The average. 

is got by dividing the value of the ~lgebraical sum of charges of the produced particles 
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in the . kinematical intervai by the number of particles produced in the same interval 
irrespective of the fact that they are neutral or charged. The average charge per particle 
distribution is then defined by: l: . d a c d Q 

.<Q r" J> n 

c Qed;;- "dk' 
da 

l: ---£. 
=· -;rn-·' 

c. dk dk 
where k is the kinematical variable and f: is the total multiplicity distribution. 
Summations extend over all kinds of secondaries (neutral or charged). 

If there is no correlation between the produced charge and the kinematical variable 
k , the corresponding average charge distribution should be constant: 

Q in 
.<Q (k)>' 

. n 
= 

<n> 

where .<n>· is the total average multiplicity. 
Correlations can be artificially introducE!<! by using _incqmplete _samples. This fact 

sh~uld. be carefully examined when experimental distributions do not include all particles 
(all. charged partners). 

2. By_ extending the definition of the average charge to other quantum numbers. In 
this way we can take intoaccount correlations betweendifferent charges (electric Q , 
baryonic B , strange S, ... ) and some appropriate kinematical variable ( P , x, y ••. ) 

' L 
or ._correlations between different quantum numbers. · . , · . 

It is interesting to point out the fact that the average quantum number (AQN) conne_cts 
quantum numbers and multiplicities.· ~-

The· quantities ·defined above permit the description of the final state in terms of 
densities of different quantum numbers, some aspects of the interaction being studied by 

. measuring the· correlations between AQN and appropriate· kinematical parameters. This 
is a new field of correlations to be studied. · 

In order to give a more precise idea about the way of using such quantities we tried 
to sketch an analysis of the leading effect looking at different AQN distributions. 

Unfortunately,· the published data:· do not give complete information about single. 
particle spectra and therefore we can indicate only some rough results. 

We .chose the kinematical variable x a~ being more ·convenient for the study of leading 
properties.Using single particle distributions in inclusive reactions we plotted<~(x}>n(fig.Z), 
<Q(x}>n (fig.3), .<S(x) >~ (fig.4) for different TTP , p p and K p reactions, I 2. 4· 5 I 

The ·values were calculated on 'the basis of the published plots with 'the following 
hypotheses: · "' · · 

.. - As there is little information about the IT 
0 production, their spectrum has been 

taken like that of the non-leading charged pion·h/. A change ofthis spectrum does not 
· modify. the niain features onhe AQN distributions.' As an example, we compare in fig:5 the 
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.<B(x);:;,.and .<Q(x)~·distribution in IT+•P.at 6 GeVfc and 22 GeV/· 
a ITO spectrum. equal to fhe IT-One, With the same distribution. COn 
thesis that 17° spectrum iS the average" ofboth iT +and 1T ;,...(llstribUtiO 

·. The . spectrum of neutrons (antineutrons) was taken as 0.6 t: 
protons (antiprotons). This approximation is based upon the indication 
rison in his report. at the· Oxford Conference hi: "In pp reacti 
there are about 1.2 protons and 0.8 neutrons .. /!. A change of this cc 
and l does not ilffect strongly the AQN distributions;· 

A more important effect would have a change· of the shape of 1 
but, we found no information about the shape and therefore we cannot : 

~ Some of the d Uc distributions were computed from . E cJ. Tx . . . . . ·a; 
the authors. In doing these computations we used for all secondar 
transverse momentum <p r> = 0.35 GeV fc hl . .. · 

- Strange particle production. was neglected. w'iien 'no' information 
was available . ."we ·expect no sensible change of the.re_s:ults by inch 
spectra as their cross-sections are small, and the distributions are 
bu,tions of particles alreadytakeninto accou~t. . . . 

- For proton-proton interactions only the d3:ta at fixed transvers1 
0.4 GeV fc.were used.· , .. . . ..... . 

- Elastic events were included only in proton -proton interactiOilS ( ( 

Average Baryon Quantum• Number Distribution 

For the inter~ai -'I: <x .<o. the .. <B(x)1-zdistribution (fig.2) sl 
fact that the. secondary baryons have a. tendi:mcy to follow the dir 
baryon. The unexpected fact is the similitude of their shape over a w 
and interactions ( from TT-P at 6 GeVfc .to pp at 1500 GeVfc). Erl 
statistical ones and biases due to the way in which identification h: 
each laboratory,. are high enough to explain the differences. We can 
of scaling of the baryon AQN over this range of energies. 

· For the interval. o. <x<l. the distribution of.<B(x)>changes 
.. . . . . ,· . . . n 

interaction.- All data for 11 p interactions were obtained in bubble .c 
and for this x· interval a lot of difficulties arise in particle identifi 
misidentification is claimed by the authors at 6 and 22 GeV fc /4/ 
these difficulties are at the origin of most of the differences seen fc 
bution for pp interactions we used was folded OJ1 x,;O.; Therefore\\ 
only up to x = 0. 
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.<B(xPn.and .<Q(x)~distribution in 7T+;p,at 6 GeVjc and22 GeY_jc /4/~omputed using 
a 

17 
° spectrum equal to the 11-: one, with· the same distribution. computed with the hypo-. . . . . ·· .. ' ' ..... ·. '+: '' .... . ' .. 

thesis that 77° spectrum is the'averag·e of both iT and "-distributions. 
The spectrum of neutrons (antineutrons) was taken as 0.6 times the.spectrumof 

protons (antiprotons). This approximation is based upon the indication given by n·.R.O.Mor
rison in. his report at the« Oxford Conference h/: "In pp reactions: .. it is found that 
there are about 1.2 protons and 0.8 neutrons .. ;'~. A change of this coefficient between·0.5 
andl does not ilffect strongly the AQN distributions. . . · · .. 

A more important effect would have a change of the shape of the neutron spectr'!m 
but, we found no information about the shape and therefore we cannot answer this question. · 

- Some of ··the d ac distributions were computed from . Ed ac plots given by · Tx . '(['X- . 

the authors. In doing these computations we used for all secondaries the same average 
transverse momentum .<p r> = 0.35 GeV jc h( :,. . . · . 

- Strange particle production was mighicted. wlien no· information about their spectrum 
was available. ·we . expect no sensible change of there.sults by including strange particie 
·sp,ectra as their. cross-sections are small, and the distributions are similar .to the distri
butions of particles already taken into account. 

- Fo: pr?ton-proton interactions .only the ~3:ta at fixed transverse m.o~entum Pr= 
0.4 GeV jc were used. . , . . .. . . . . . __ . 

- Elastic events were included only in proton-proton interactions (counter experiments); 
• • •, r ,'" •• • 

Average Baryon Quantum· Number Distribution · 

For the interval -L .<x<O. the .. <B(x)~distribution (fig.2) shows the well known 
fact that the secondary baryons have a. tendency to follow the direction of the incident 
baryon. The unexpected fact is the similitude of their shape over a wide range of energies 
and interactions ( from 11~P at 6 GeV jc .to pp at 1500 GeV jc). Errors in reading plots, 
statistical ones and biases due to the way in which identification has been carried on in 
each laboratory, are high enough to explain the differences. We can speak here of a kind 
of scaling of the baryon A.QN over this range of energies. · · . . 

For the interval· o . .<x <1. the distribution· of.<B(xJ>changes from; interaction to .·. , ,· . . . . . n . . . , 
interaction.· All data for 17 p interactions were obtained in bubble .chamber experiments . 
and for this x interval a lot of difficulties arise in particle identification. (a 14 t- 30%·of. 
misidentification is claimed by the authors at 6 and 22 GeV jc I 4/ ). Our feeling is that 
these difficulties are at the origin of most of the differences seen for x > 0. The distrf
bution for pp interactions we used was folded OJ1. x,;O,; Therefore we made distributions. 

only up to x = 0. 
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Average Electric Charge Distribution .. -·- '· .· . . . . 

As both initial particles are> charged we expect"· a more or .less symmetrical distri
bution. When bOth initial. particles have the same charge there is a dip near x = 0. When 
the charge of incident particles is opposite the .distribution changes the sign near x~=· 0. 
The .values near x = -1. or x = .+1. depend very much on the neutron and .17° spectra. 
The general shape of all these distributions shows the tendency of the electric charge to 
follow the direction of motion of the initial charge. 

.Average Strangeness Distribution. 
: i'; •. . ·. 

This distribution for Kp interactions shows also the tendencyof strangeness to move 
along the direction of the incident strange particle, but the available data are very poor. 

In conclusion, we ·can say that all the AQN distributions show a kind of "inertia" 
of the incident particle quantum numbers. It seems that in the .<B(x)> II distribution a 
scaling effectoccilrs even ataccelerator energies. . . 

These conclusions are only very preliminary. They were quoted only in order to e~ci
. te the interest of various groups which have the possibility to try a complete analysis 
. ~n their own material. A. study of pp and yp interactions would be also very in
tere~ting: 
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