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1. Introduction. 

bast time a lot of experimental data on multiparticle produc
tion at high energy are available from ISR (CERN), Permilab (Ba-
tavia) and Serpukhov i'»'2/. Most bulk of data referee to 3 

- /1/ 
production and there are some data on p, p and К production ' 
' . However, a complete description of high energy collisions 
must include also information on neutral particle production, 
particularly on neutral strange particle production (SPP). Moreover, 
recent measurements suggest an appreciable contribution of the 
cross section for SPP to the total cross faction. Even at ?5 Gev/c 
in?"ji collisions, the total strange particle cross section is? 
about 1/6 of the total cross s e c t i o n . The study of SPP permits 
to find the dependence of particle production properties on masres 
and strangeness a.uantum numbers. Although there exist some data 
compilations where information on SPP at high energies is summari
zed (e.g.' '»'•*' »' 4 ' ) , there are very few systematical nuartit^tiv» 
analyses. Some regularities on Я°, Kg and Л production in semi-
inclusive reactions have been already pointed out in ref.'"" . 

In this paper we shall be concerned with model-independent 
presentation of data on'SPP. The generating functional formalism 
/b/,/7/ i g p a r t i 0 U i a r i Z e a f o r processes with SPP (S Pct. ?). The 
existing data on total cross sections for SPP are reviewed in 
Section 3. Section 4 deals with comparative analysis of average 
strange particle (SP) and поп ЗР multiplicities data. Conditional 
charge distributions '"'•'"' for reactions with SPP are briefly 
illustrated. Using the charge sum rules '"'>''for SPP and 
some model-independent assumptions "' , asymptotic properties 
for these distributions are suggested (Sect.5). The main conclu
sions of our analysis are summarized in Sect.6. 
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2. Generating functional formalism for SPP. 

Let us denote by d0§?J?:,L /dp, ...dp* the differential cross 
J. 'n X П 

section of the exclusive reaction with hadron production 
a+b-»c1+,,, .+c n, (1) 

where p*n,...,p„ are the 3-momentum of particles c,,...,c„ respec-
/l'V /iV 1* ' n r 

tively (for details see,eug/ ' ). The exclusive cross 
section for reaction (l)1 is obtained as . „_ 

dtf̂  ' (s)1 

i n. dp-i... d p n 

where s denotes the squared center of mass (CM) energy, and 
there are n. particles of type i. Ihe total cross section for 
the ab collision is defined 

'&<->-£=^£:Ve)- ( 3 ) 

Let us introduce a projection operator c/ on the (Hilbert) 
space of produced SP 

^ l C n > < 1 . . . c n l ° l » " " c n > = ( l - i a W s b | , £ | S | ) l c
1 . - " . ^ 4 ) 

c:l 
Here Ic,,...,c > describes the physical state of the particles 
c, ,...,.с , в с denotes the strangeness of particle c, and о is 
ihe usual Kroneckei- symbol. The analogous of the total cross section 
(3)' is the total cross seeticm for SPP . 

^ITR^)=^V= : C I I ^:?V S ) A---„- ( 5 ) : 

Por reactions with SPP it is possible to particularize the 
generating functional formalist» '•'•', Let us introduce the.exclu* 
sive functional °'>''' sissociated with SPP 

0*1 fi 1b^$] -%*1 9asl)rl^i---^-^~ * 
n x II, V-Ai pl'*' Fn 

i j 

c l - c n 1 = 1 ^ i - l * 1 П к 

where ? 1 ^ и + 1 ) ' , . . . , f̂ 'Pfe, * are п± functions corresponding 
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to particles of tyoe i (i=l,...,\';ne«3;^is the number of types of 
particles produced in the ab collision). Denoting by <j) the whole 
set of functions ф,,...,фл , we have the relations: 

<^н=4тЬн%=1. ^ 

d p . 
ab.STH n. 

d aab fSTH f 

dp-j.. .dp-n 1=1 k= n i_ x+ l ' ^ C ^ ) ' Ь 1 К ' <P _ 1 

dffab,ex 
ш ,f V " c m -/" 

" ~ > (I lnj!>"1/dp„J.,...dp„ ,-. л Я «/ „ . (9) i -— J „ Л t J rn+l r m dp,...dpm с, ...с n-n l=n+l J r l . in 1 ra 
% • ! 0и a b S T R , 

In the last relation dffc,J,,c /d?4»-«-dPn represents the differen
tial cross section of the inclusive reaction 

a+b —• c-jt... + c n+ anything (1 о) 
conditioned by SPP. 

Further,all the formalism of the generating- functional can 
be constructed for processes with SPP. Let us introduce the inclu
sive generating functional for SPP 

***№*&№> (11) 

and the invariant cross sections 
d(Jab,STR 

Kl^hr--rfJ^^B))r^...^^t (12) 
I n ap-i •• • • dp-

where p- is the energy of particle i (i=l,...,n). Combining eqs. 
(6)-(9)»(ll) ,(12)» *he usual expression is obtained for th»» 
inclusive generating functional' ' with SPP 

*«*Ю»§^=>/й^:».^ v 
°1 °n X 

П I ^ < M p k ) K (33) 
i=l k=n, ,+Г г * 
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i'he correlation functions ' for inclusive reactions with SPP are 
introduced by 

T a b 
XSTR 1Ф1=о-„4^=: / n ^ » ; - %>h i — i 

n - i , • , . . . 1-1 p ± i n i n i = l k = n + 1 

° l " " ' ° n , i •"-
%{vk)] . (14) 

With the n o t a t i o n s 

< „ab>3TH r f £ i N a b , S T R ( ? ) j ( 1 5 ) 

c i J p ° c i x 

ab S T R _ ( A ^ „ a b . S T R ,- . - . ч , , , , 
C l * " C n J i = l p° C l ' " * C n Х П 

taking in qq. (14)ф 1=г. and with eq. (11), we get for the gene
rating functional the expression 

. n\ n? n-j 
ь ч ф в 1 z+l)=0 4™„exp( / <n > z - + ^ = = i - — « — * 

STR STfi i t j c ± i п ^ и ^ . . . + n ^ n i f n 2 ? „ . . . 
nj> 2 

, -ab .STR 
c 1 . . . c n 

It is easily to show that eq. (15) represents indeed the 
associated average multiplicity of the particle c. if SP are pro
duced, 

, ab.STK I V „abtSTR -f 1 r . „ab.STR ,,_-> < nc > =^b-4 nc < ,c'.. C...c r l' /c 1...c T, =^b-^ nc < rnc ' ( 1 7 ) 
5STR X n 1 n tfSTfi с ab STR 

where tfnc is the cross section for the production of n parti
cles of type с associated with SP. If the particle с is a SP, there 
exists the relation 

where 
ab 

< n c > =(< T)-lff,f(.^^ab^,!^— „ab , { l 9 ) 

J p k=l,2,... ab Here ff^ is the cross section for the production of к particles 
of type с in the ab collision. 
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Usually are studied semi-inclusive reactions with n. charged 
particles and a strange particle c, 

a+b -»П' й+е + anything neutral. (2o) 
We have 

nc» Bch C h C "ch c h c h 

2 " c l Xe>/ f f VO* ( 2 1 ) 

ch 
The analogous of relation (18) i s 

< n c h > c = £ HchC° /<TC , ftt> 
n eh o h 

and f inal ly we arrive at 

'Voh >-*°oh > cV f f'Tot= < , l ,oh > c <V- (?з> 
In eqs. (?o)-(?3) the index ab has been omitted for simpli -

city. We remember that in practice it is usual to define the 
average multiplicity by normalization to "JJJEV 

Prom eq.(23) it is seen that < n__>'' ie the average multipli
city for SP conditioned by the presence of a SP с So far, little 
systematic experimental information ie available on average 
multiplicity associated with SP defined by eq. (17) (see, e.p/ 4 ' ) . 
It seems that the total average charged multiplicity conditioned 
by SPP is smaller than the corresponding total average charged 
multiplicity at the given energy " . More frequently < T' c n

n
e> °r 

related quantities (see,e.g. ) are analysed for the semi-inclu
sive reaction (2o). In Sect. 4 we shall study only the experimen
tal data of multiplicities of SP determined with eq. (19). 

We have defined various quantities for SPP within the frame
work of the generating functional formalism for SPP. We point, out 
that all the formalise of generating functional is applicable to 
processes with SPP. In particular, the following momentum-energy 
and charge sum rules ae-r ' 

(Гг -5Г n'^ab.STR ( S IS K">" fd^n+l Г 
г n Ti+1'' P H 1 

, «ab.STR ,- - - , , . 
cr-V«i P l M" , ?» , p°* 1 1 , ( 2 4 ) 
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i n fe ci V-'V X ,P"' c^iJp^pcn*l 
"l'-'Vn+l * n я -1 

Here r>? is the /»• component of the energy-momentum 4-vector 
p., the index in denotes the initial state, and Q is any charge 
1 C^ 

(electrics!, baryonie, strangeness) of particle c.. 

3. Total SPP cross section. 

Formula (4) shows that for measuring the total cross section 
for SPP, all prelusive cranne"! r-with produced SP must be determined. 
It is usual to evaluate the total SPP cross section in terms of 
inclusive cross sections. We remember the expression of the inclu
sive reaction (lo) 

fff с < s >=Zfff ' e X

0 <s>'' <26> 
1 n m=n 1 n 

Denoting by Y the byperons and by К the K-mesons, eq. (5) 
takes the known form 

where in each term of the sum the strangeness of the system is equal 
to the strangeness of the ab statfe. In principle, to find the total 
SPP cross section it is enough to measure the cross sections of the 
inclusive nrocesses from r.h.s. of eq. (27). In practice, at high 
energy it is difficult to detect all the SP simultaneously (e.g. t 

K? and A together with К , К?). A number of hypotheses have to be 
introduced in order to evaluate the total number of SP from the 
observed ones. For example, supposing that t*V0=(tp and ^к*к~~^°К° 
' ', we get 

If 6"j[0/g"0 and G^o are measured, the 0"_g is determined. The. 
cross sactian O w o can be written 

because at high energy, £° is indistinguishable from/1.The rela
tions (27)-(29) have been written just to have a more precise 
feeling how total SPP cross sections are practically evaluated from 
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/IK/ 
measurements. Details and references couid be fonnfl,p.p.,ir . 

Now we display in Pig. 1 the available information on 5PP 
in ff~p, 7f*p and pp collisions from thresholds till 4o, 18.5, res
pectively 69 Gev/c. The data are from ref.' . Data published be
fore 1962 have not be«?n taken in our analysis. Evaluating Ô rr and 
<^ T R from °"к<у£о and 0"„0 at 69 Gev/c (eos. (28),(29)), it was su-
ppossed that 0̂ .1=0.4СуО' . The lines are only to guide the eye. 
It mp.y be zien that the total SPP cross sections increase with ener
gy. The KK cross section is essentially responsible for the total 
SPP growing with energy, while the Y°K cross sections data present 
slower dependence on energy, excepting the thresnold regions. It 
may be noted that С near threshold, but at higher energies 
G^g > ^y0!;" I t should, however, be remarked that in pp collisions ff"YoK 

increases appreciably with energy, if all momentum range is consi
dered. Prom threshold till ~lo Gev/c tfjTR^ ̂зтн* ^STR» b u t farther 
^STH a n d ^STR a r e 0 0 пл > а г аЬ1е. It is important to test the equality 
°STR=<^TR a * wisher energies^ see Sect. 5), but there are no avai
lable data on SPP cross sections from Tip interactions. tYe remember that ffpp >(С*~Р> <Г Я* Р ^ 1 7 / and т н ' ^ Т Н ^ TH P P whpre T H a b is tnat "TOT 'TOT TOT * STR STR i nSTR' w n e r e i HSTR l s 

the threshold for SPP in the ab collision. In the same ranges of 
momenta О - О Х Г ^ Х Г ^ . 

In Fig. 2 we have plotted the same data from ref/ norma
lized to the corresponding O T N E T versus the available CM energy. 
<C„ ET, when has not been quoted in the original papers, has been 
obtained by taking' the difference between the interpolating curves 
of the data of ffij0m and Q̂ ,T from ref. . At low energies in 3/% 
interactions, because of the variation of <7^НЕт a n d ^гот' * h e e r r o r s 

in Pi^. 2 are probably underestimated. It is observed that 
1. As the orimary er.er̂ y increases, the ratio SBmo/0TKOT incre-

ases. 
2. The shape oi* the curves ̂ irg/^тнЕь i s similar in У~р and pp 

interactions, and we have (.^"-gSi^WEL^ зГр >^6K!c/'0iNEL^pp* X t i s p o s s i t l e 
that at higher energies to be not the case (Sect. 4). 
3. The increase of Y° contribution is more evident in pp 

collisions than in Я~-р collisions, 
4. (« r

S TR/ 0iNEbV-p > ( < r3TR / < riNEL )pp' a n d t h e s h a p e o f t h e «'•*'«-
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STRANGE PARTICLE PRODUCTION 

PLAB <6eV/e> 

Pig.l. SPP cross sections («b) versus laboratory 
momentum (Gev/c). Total SPP cross sections. 3?̂ p-o, 
Jf~p-»( pp-» ; KK cross sections. 9f*r>-a, Ofn-k, pp-
+ ; Y°K cross sections. #*p-a, Я~т>-ш, pp-x. The lines 
are to guide the eye only. Data from ref.' '. 
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butions iF approximately the same, the difference coming from 
distinct bshavlour of the Y contributions. 

As an overall conclusion, the total cross section for ;>PP has 
not yet renr-h»i* г= limiting behnviour, presenting яп increase with 
enetrf"'. The difference."; in the behaviour of the SPP t-ross sections 
in various collisions seem to be a threshold effect. Several as
pects of the independence of multinarticle Tiroduction processes of 
the initial state at high energy are recently studied (e.g.' 't/<=/> 

). It is important to point out that the У production is also 
increasing with energy, because earlier analysi 

/18/ 
on more redu

ced energy ranges suggested already a limiting behaviour. 
i . Average SP multiolicities. 
The average multiplicities at high energies are intensively 

studied exnerimentally and theoretically. Except the kinematical 
bound (<n>̂ >fe/m ), there are no rigorous results ( see,e.g. ). 
However, there are a lot of model dependent predictions for. the 
asynmtotic behaviour of the average multiplicity. Some models 
suggest a power dependence on s (e.g. Fermi, Satz, bandau' ), 
other models even saturate the kinematical bound, (e.g. Heisenberg, 
Pomeranohuk, Narayan, Suhonen et-al, ), other predict a logarith
mic dependence on s (multiperipheral model, Mueller-Begge model' ') 
or constant values • . Commonly, only the average charged multipli
cities are measured. A logarithmic dependence on s is acceptable 
at Fermilab energies' ' •' , but on the whole range from accelerator 
till cosmic rays energies the power 1/4 of & 'or greater (e.g. 

' ) describes better the average charged multiplicities. Also 
some empirical formula fit quite well the data (e.g. M . 

We now proceed to examine the data on SP multiplicities. Most of 
available data on SPP are from pp interactions. For comparison, in 
Fig. 3 we have displayed the data of Antinucci et al. ' on 3!1, K* 
p and p production. Although some systematical errors are present 
in these data (for evaluation of <n> from uniparticle spectra (eq. 
(18)), it is supposed ""ЩЕ^О*» central plateau in y, factorization 
of the distribution in у and p ), these are considered to be not 
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AVERAGE MULTIPLICITIES 

10' 

104 

«Г 

ИР- Л К* 

iiU 
S (6eV ]) 

Ю' 

Pig.3. Average multiplicities of particles produced 
in pp- collisions versus s. The Jf-, К* , р and f data are 
from ref/ 2 6/ The E*data are from ref / ^ с / , / П / ^ Р о г £± 
the curves are only to guide the eye. For the other char
ged particles the curves represent our best fits' ' to 
the data^ 2 6/ with formula (30) with 3 parameters (see 
Table I). ТЬеЛ/£° and K°/K° curves represent our best 
fits to the data of Figs.4 and 5 (see Table II). 
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essential (e.g. ). The data have been fitted with the empirical 
formula 

<rn>=A1+A?(lns)A5+A3sA4 (3o) 
with ? narnmeters (A,=o, A,-=l.o), 3 parameters (A.=-o.5. A,-=l.o) 
4 narameters (A,-=l.o) and all 5 parameters free (see Table 1). The 
best fits for every particle with 3 parameters are plotted in Pig. 
3. The conclusions of our analysis of data' •'are: 1) AJ=1.O. 2) 
The power A.=-0.5 does not give the b<jst fit to all multiplicity 

/ос/ ^ /?8/ 
data' , like suggested the Mueller-Regge analysis (e.g.' ). 
Indeed, for % a logarithmic dependence on s is enough to describe 
the average multiplicity data and A.=-o.8l fits better than A.=-o.5 
the ТГ data. Only K 1 and "p support A.=-o.5. 3) The coefficient A„ 
of the logarithmic term Is inverse proportional with the masses of 
the particles/?6/'^9/'/3o/. 

The results of the fit for K°/K° multiplicities from pp colli
sions in the range 3-4o5 Gev/c are presented in Table II .The data 
are from refs/ 1 6°/»' 31/./32/^ T h e v a l u e s o f t h e x7 are large pro
ving that the data are generally inconsistent. Excepting the point 
at 4o5 Gev/c, the data from Sermikhov and Permilab are systemati
cally uoper the curve which describes all the data. . 

In Pig. 4 it may be seen that the curve with the corrective 
power term s~ *•' is nearer the high energy data from Serpukhov 
and Permilab. The point at 4o5 Gev/c, which is essential for trie 
behaviour of the average multiplicity at high energy, is only nre-
liminary.J ' In Fig. 3 it is observed that <n ><<n~o/y*>>-<<ny+> 
till s~loo Gev and at higher energies it seems to be more K°/K° 
than К . This is also reflected in the values of the coefficient 
A. (A4»-o.5 for K* and A.»-o 3 for K°/K°). However, because- data 
for К /К production come from bubble chamber experiments and those 
on К /К" from counter experiments, systematical differences are 
not excluded. 

It is important to observe that the nnr'-mptri7.r>t.ion (3o) with 
Ae=l.o, A.=-o.5, is a bad one near threshold, if the threshold is 
greater than s =(1/2A,/A2) , where a minimum occurs. This is the 
case for the p data in Pig. 3 and A/L° in Pig. 5. 
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Table I. Values of the parameters of the best fitp to #-,K~, 
~ /26/ 
p average multiplicity data with formu a (3o), If there are no 
errors indicated in the Table, this means that the corres™onding 

? /27/ 
parameter was fixed at a given value. A X minimal ization' 
procedure has been used with the errors of the average multinlicities evaluated from ref /26/ The best fits with 3 parameters are 
nlotted in Fig.3. The asterisc denotes the values of the narameters 
quoted in ref/ 2 6''. 

И Аг A 2 A 3 A 4 A 5 X" 
2 - 1 . 2 2 i . l o 0.78 l . o l 0 . - . 5 1 . 1.91 

-^ 3 - 1 . 7 t . 3 o.84 ± .o7 l . o ± . 5 - . 5 1 . 4.4? 
4 _ 3 - o . 9 7 4 t . 5 5 o o.74 ± .o91 - . 546±1 .1? - . 5 1 . 1.67 

• f . 

is 
4 - 0 . 3 8 +1.81 o.68 ± . 1 7 - l . o ± 2 . - . ? o t . 3 o 1 . 1.61 • f . 

is 5 - 0 . 2 9 ± .36 o.71 ± . o l - 1 . 1 t .05 - . 1 6 1 . 2 0 . 9 1 . 0 ' l .fcl 
2 -1 .18 + ,o5 o .61± .o2 0 . - . 5 1 . 28.4 

_̂  j - 2 . 6 i . 2 o . 8 7 t , o 5 2 .7 ± . 4 - . 5 1 . 8 . 

t 3-2 .847+.350 o . 9 l 8 t . o 6 4 3.133+.64o - . 5 1. 4.47 

fci 4-2 .35 ± .69 o .86± .09 3 . 9 5 ± . 2 o - . 8 1 1 . 5 5 1 . 3.49 
5-2 .25 ± 1 . 1 o . 8 5 ± . o 3 3.99 ± Л З - . 8 7 1 . 0 9 0.98+ .0? 3.07 
3-0 .50 ± . 0 3 о .13± . o l o . 65± .05 - . 5 1 . 5?.f. 

^ 3"i-o.5o4±.o4 o . l 3 1 t . o 2 o .661±.o5 - . 5 1 . 8.57 
* 4-0 .4981.05 о.131±.оЗ o . 6 7 o ± . l o - . 5 ? ! . 0 6 1 . B.4o 
•* - e . 4 9 8 t . o 5 0.131+.0З 0.670* . l o - . 52Г .06 1 . + o4 6.4o 

-0 .52 * .o4 o . l l t . o l 0 .80 - .06 - . 5 1 . 168. 
>» -o .453±.121 o . l o5± .o21 o.613±.28o - . 5 1 . 5.43 
1 ?-o.453±.122 o . l o 5 ± . o 2 3 o .615t .?8o - . 5 ± .05 1 . 5.43 
4 - o . 4 5 3 t . 1 3 o o . lo5± .o?4 o .616t .З00 - . 5 1 1 . 0 6 l . o t o5 5.43 

- 0 . 3 7 ± .o4 o .o59t .oo6 0.75 + . 1 ? - . 5 1 . 1575o. 

$ -0 .331+.034 0.059+.006 0.746+.0Q4 - . 5 1 . 8 . 4 

10. 
i 

t -o .332±.o36 o.o59±.oo7 o . 7 4 5 ± . l o - . 5 + .05 1 . 8 . 4 10. 
i j - o . 3 3 3 t . o 3 7 o.o59±.oo8 0 .745+Ло - . 5 t .oC l . o +. 0? Й.4 
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Table II. Values of the best fits to K°/K° and A/l° average 
multiplicities with formula (3o). The pp data are from refs, / 1 6 c / , 

/ 3 l / . / 3 2 / _ I n t h e f i t 1 6 „ o i n t s f o r , / h e r e a c t i o n р р - Л / - £ ° , t h e 
jded. P o r i f p i n t e 
. See P i g s 4- ,5 ,6 , 

d a t a of Blobel e t a l , and Bar tke e t . 1 . a r e exc luded . P o r i f p i n t e -
/1/<э/./33/,/34/ rp r t . j ons t h e da t a чге from r e f s . 

A .598*. 
•898+. 

o3o 
o45 

.1461 

.1681 
.o2Q 
.072b 

.839±.o7o 
,о8о+.обо 

-.5 
-.335+.o7 

1. 
I.04+.04 

44 
4o 

Г1 
.lo6± 
.o65± 
.068+ 

,o l8 
,o2o 
,o3o 

.o35±. 
,o28±, 
. 0 3 2 1 . 

004 , 
005 . 
oo72. 

I o 2 i . o 3 o 
48 ± . 3 o 
59+1.12 

- . 5 
•1.95 ± . 4 1 
•2.8 ± . 1 4 

I . 
1 . 
0.94+..02 

32 
3o 
29 

e. 

.088+. 
,o64±. 
. 0 6 6 1 . 

o l7 
o22 
o?5 

.633+ 
,o3o+ 
• o32+ 

.oo4 
, oo4 
.oo5 

.0511.028 

.1451 .1 

.80 + .35 
2 o - l 

T . 5 
. 6 2 ± .42 

•2.4 1 .4 

1 . 
1 . 
0 .991 .03 

117 . 
1 1 5 . 

9 4 . 
. o7o t , 
.0??+, 

oo7 
o75 

.o61 t , 

.o52J, 
oo2 
o l t - . o 7 6 + . 1 2 1 8 

Й 
.036 
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The A/L° production data are even more inconsistent than 
those of К /К . The data of ref.' ' suggest a weaker increase of 
<rtA/L°)Vitb e n e r f r v t h n nthose of Blobel et al^ 1 6 °'. A fit to all 
the data yields very high X . The exclusion of data of Blobel et 
ar. c' improves the fit, but these data have good statistics and 
are nearer the high energies data. In any case, a logarithmic 

/ — 1 ^x 
increase plus a very low corrective terra (~s ) should describe 
the average multiplicityA/Z° data. It may be remarked that the A„ 
coefficient £ O T A / L ° is smaller than the corresponding one for x>, 
confirming the 3 — observation, and also AP^A,, rpflectinf that 
•m.<- TH-. 

p о 
In Pig.3 we compare the fits of the A/L average multiplici

ties with the other particle multiplicities data. The corridor 
represents the possible behaviours of <n. /r-0 > between the fits with 
all data (uoper curve), and without the data at 12, 24, 24.5 Gev/c 
(lower- curve). A /£° having a common threshold with К*, < пл/£°* s^d 
<iV+> increase similarly with energy, but after this threshold blow
up, ̂ n/./J.o>has a more slower increase, remembering the behaviour 
of <̂ n >.This represents a kind of "inertia" of the baryonic number, 
but the oresence of the strangeness determines differences in the 
<n.> and^n >behaviours. 

We have also plotted in Pig.4 our best fit to the 3-2o5 Gev/c 
data of average K°/K° multiplicities from sTy> interactions' lDa/>'J->' 

J • . A logarithmic dependence on s is enough to describe the data. 
At higher energies it seems that < n„o/jc°.^P£<njr*/K°^D' 

We show in Pig.5 (and Tablell) the trials to describe the 
Л/I0 average multiplicities data from У~р interactions in the range 
1.59-2o5 Gev/c. The data are inconsistent. The "logarithmic fit d>es 
not describe data from loo *' and ?o5 Qev/e ' ' . A somewhat better —о 5 fit for high energy data is obtained with a corrective term s , 
but the coefficient Aj i.i consistent with o, and the low energy 
data are not described by the fit . In any case, the increase of 
<n.> with s is to be noted. 
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?ig.4. Average K 0/* 5 multiplicities 
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The curves are results of our best 
rite with 3 and 5 parameters (see Table 
II and the text). 
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Pig.5. Average A/Z° multiplicities from 
pp collisions versus laboratory momentum. 
Ф- data of Oh and Smitl/ 1 6 c/'/ 1 8/.© - the 
other data /' 1 6 c/' /' 3 1/ , /' 3 2''. The upper curve 
is the best fit with all the points, the 
lower curve is the best fit without the 
points at 12, 24 Gev/c (Blobel et al.) and 
24.5 Gev/c (Bartke et al.). See Table II. 



5. Conditional charge distributions for reactions with SPP. 

In refs.''' " f it has been emphasized that charge and energy 
sum rules have non trivial consequences on the charge and conditio
nal charge distributions (CCD). With the generating functional 
formalis 

,/6/,/7/ 
for reactions with SPP sketched in Sect. ?, we 

extend some of conclusions of refs.'''' 'to reactions with SPP. We remember the definition of the CCD (introduced in/ 8/ for /a/ single-particle inclusive reactions and generalized in ) for m-
particle inclusive reactions 

aofV „, ^ d < b
 p 

<о"^-ЧЫ> 1 S ) " 1 ^ ( Q • ...+Q. ) l B, 
c, ,...,c' dk c,....,c„ 1 m dk 

where к is a kineniatical variable. For inclusive reactions with SPP 
we define analogously 

<Q a j ' S T B <s,k»=<sz: "i— m ) 
«3_»• • • r » m dk 

d f fab,STR 
(Q+...+ Q,. )• C l ' " C m , (за) 
. cl m dk 

where the cross section of e,,...,c_ particles generated together 
with SP is defined by eq. (9). bet us introduce the total number 
and charge of the m-particle system, conditioned by SPP, generated 
in the region R of the phase space 

v ab.STR- „л « = ^ f*Pl d % „ab.STR . -. -. > , . . . 
c l t . . . , c m в ?>! P m 1 m 

"1 

Ш 
• о 

, -ab.STR /_ -* -• \ /,,\ с ... с ( s ' n i " - « ' T V • (33) 1* *** BI 
Now we briefly illustrate some CCD with SPP and analyse them. 

/q/ Central regions.Applying the technics from ref.' " to the sura 
rules (24), (25) and sunoosimr that liniP^'^tebo, then 

I» 
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lim|*f 'STR('s,Rj (Vf' S T R( 3,R JF^o, (34) 
"г m о m F о 

/a/ where R denotes a "central region" . Sutmosing that the total 
average multiplicities with SP are asymptotically increasing inde
finitely (Sect. 4), the CCD with SPP approaches a zero limiting 
value in the central region at asymptotic energies. 

In Fig. 7 we have constructed for illustration the electrical 
CCD for the reaction Я~р-*УК + Dions at 25 Gev/c. The single-Barticle 
spectra are read from the projections of the Peyrou Dints from ref. 
' " . The f° spectrum has been taken a half of the sum of the ̂ "'and 
7~ snectra' t/o/-/l° ^ щ̂ ,, гг.г(ггя-\ ch^r=oter of the di^ri^it-rrr. 
is similar with trs»t of the CCD of the reaction Sf'n at If- Gev/c/ ^' /a/ . Tn the central region the distribution changes the sign having 
a minimum (in module). A similar central minimum is nresent in Pig. 
8 (9) for the baryonic (strangeness) CCD of the reaction ̂ "p^YK0 

pions at ?5 Gev/c. 
Fragmentation regions.In Pig. 7 it may be remarked that in 

every fragmentation region the CCD with SPP "follows" the initiBl 
charge' '»'"•', ive exolain this nronerty, at least partially in some 
regions, using- the sum rule (25) and assuming the validity of the 
Pomeranchuk hypothesis of CorniHe-Martin^11' t/4/,/lo/ ( P C M) f o r s p 

^c^Icj^^i-Pu ^'»«л'="^:!!3 <8'жг^1 v .1»-
a-»*» 1 m s-»o» 1* m 

f c., i f x.<:o 
if {J- % (35) 

[ Cj, if х4>о 
where x is the Peynman variable (х=р(|/рС]ц) and p M (p±) is the longi
tudinal (transversa) CM momentum. The use of the PCM hypothesis at 
accelerator energies is not completely supported bv the data for SPP 
(e.g. Stuntebeok ft al'i ). However, it ir exnected that at higher 
energies the PCM hvnothesip to be better verified by SP experimental 
data. Since, if the compensative central charges '' ' for SPP 
are negligible, the left (right) total charge is expected to be Q b 

(respectively Q a ) . At accelerator energies the data do not present 
a spectacular verification of this prediction . Anyhow, this 
hypothesis explains partially the sipn of the CCD in every hemisphere. 

Now in Pig. 8 we compare the baryonic CCD for the reaction Jf~p-» 
YK° oions at 25 Gev/c with previously compiled data from 1С Gev/c J/> 
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only. See the text. 



and ?Д, 15oo G'ev/c pp collisions' . The errors in Pig. 8 are sta
tistical only. The approximate concordance of both kinds of CCD 
shows that in average the baryons production is not dependent on 
their strangeness. 

Finally, Pig. 9 displays the strangeness CCD for the renction 
#~p -»YK° nicns at 25 Gev/c. Although a minimum is observed in ths 
central region, the strangeness in both hemispheres is different 
from o, contrary to expectations earlier suggested. Indeed, at ?5 
Gev/c we are not in the conditions of the PCM hypothesis for SPP. 
However, for higher energies a dirr.irmt i op °f ^ e total strangeness 
in both fragmentation regions is expected. Also we expect for the 
reaction 3?*p-*YK°+ pions at similar energies, in the forward (back
ward) hemisphere, a symmetrical CMTVP with lcsnect to tb« У "xi^ 
(the same curve) for CCD comparative with the corresponding distri
bution of the reaction 3~p-»YK°+Pions. 

With hypothesis (35) and zi;ro compensative centra! chnrpe? 
, a Pomeranchuk type theorem ^ is predicted for asvmntotic 

energies 
limff*£B(s)-limtf*|H(s). (36) 
S« — S-M" 

Prom Sect. 3 we remember that t° ire are no data at hifh enerpy 
to verify the prediction (Зв). New data from Fermilab furnishes good 
experimental evidence for the Pomeranchuk theorem , so it would 
be interesting to verify the Pomeranchuk theorem for УРР. 

6. Conclusions. 

'.Ve now briefly summarize and discuss some of the main conclu-
sionc of our paper. The generating functional formalism has been 
particularized to SPP and related quantities have been defined 
within the framework of this formalism. 

1. The analysis of the available data shows thnt till ~loo 
Gev/c laboratory momentum,the cross section for SP"11 do not present 
a limiting behaviour; the KK cross sections still increase with 
energy, and also the Y cross section. When plotted versus adequate 
variable, the cross sections for PPP normalized to the corresponding 
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inelastie cross sections seem to have a shape independent of the 
colliding narticles. 

?. Lhe data of average multiplicity of particles can be para
metrized with a logarithmic plus <\ negative corrective power of s, 
which is not necessary -o.5, h^« was pointed out in ref/ . 

3. A more abundant production of neutral than charged K-mesons 
seems to occur in pp collisions. For .)Г"р collisions, a logarithmic 
increase is enough to describe the<n^O/£0> data 

4. The average A/Z° multiplicities from pp and JF~p collisions 
increase with energy. More accurate data are needed for establishing 
the exact shape of the increase. Again further data at momenta 
greater than 2oo Gev/r would be of great interest in order to test 
the apparent tilateau in <Пд/г' > and < пко/кЬ> • 

5. Appling the generating functional formalism to processes 
with SPP, we extended the conclusions of the paper CCD 
with S"'P. With model independent hypotheses, predictions on SPP 
at high energies were presented, narticularly a Pomeranehuck-tjrpe 
theorem. 

The author thanks Prof. A.L.M.Mihul for stimulating 
the interest for CCD for SPP. The author is also indebted to Prof. 
A.L.M.Mihul and Dr. C.Gheorghe for critically reading the manus
cript. The contribution of M.Petrova in the preparation of some of 
the figures is greatly appreciated. 
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ЯГ-р-»ТК°+pions at 25 Gev/c versus reduced CM 
longitudinal momentum. Data from ref.^ 'The 
errors are statistical only. See the text. 
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