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On Multiplicity Systematlcs of #° » K% and A
Produced in High Energy Collisions

It is shown that the experimental data on =»° ,.K2
and A multiplicities in »7p and pp collisions can be
‘parametrized by a unique function within the framework
of the KNO semi-inclusive scaling prediction on larger
energy ranges than those quoted earlier. However, the
ratios of moments <n%a ><n>7% <n >~ seem. to
increase with energy ,
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Multiplicity distributions are relatively easy measu-
rable and new high-energy data are now available. Paral-
lelly, -a considerable effort is spent for their theoretical
and phenomenologlcal understanding. Some time agoKoba,
Nielsen and Olesen /1/ (KNO) ‘have derived from the
Feynma.n scaling for n -partlcle inclusive reactions that
the topological cross  section o_ of the semi-inclusive
hadronic reaction a+b 5 n chargedparticlesnormalized
to the total inelastic cross section o,;,.1 behaves for
s o like <n>-1 ¥(n/<n>).Here <a> js the mean charged
multiplicity and the dependence of the function ¥ on the

squared center of mass energy s is-an implicit one in

= n/<n>.This prediction was tested against new experi-
mental data from Serpukhov and NAL /2-4 / Since the:
assumptions on which the KNO scaling was deduced are
not .satisfied in this energy range, the early onset of the
KNO limiting prediction is interpreted as an empirical
regularity of the data on topological cross sections/3~4/,

However, in a complete description of’high energy
collisions, mformatmn on neutral particle production must
be included, too. Recently /5/ it was pointed out that
the arguments of ref. /17 for the production -of neutral
particle c. (particularly =°) in the semi-inclusive reac-
tion IR o : : '

a + b -~ n charged particles+c+ other neutrals (I) -
imply the following scaling law

.« . C
lim <n>o0 /<n >o.
n [ ine
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= ®(z), @



) scahng law (2).for =° , K¢

C° = <n%n

where o is the cross section for reaction (1), <nc>is

‘the mean multiplicity of neutral particle ¢, and the func-

tion ¢ is different from ¥ . Similarly to the equivalence
of the KNO scaling with the asymptotic constancy of
C =<n9>/<n>% (q=2,3...) v , the scaling law (2)

for reaction (1) is equivalent with the asymptotic con- -

stancy of the following ratios of moments

-q -1
q c><n> <nc> , g4 = 1,2,.... (3)
On the data of =° productlon in 69, 205 and 303 GeV/c
PP colhslons and 15 GeV/c PP c0111s1ons Dao and
Whitmore have presented an ev1dence for the law
(2) (0 <2< 29), and for the constancy of Ce (q = o).
In the same energy range, Cohen qhas observed
a similar behaviour for the K¢ and A particles
produced in pp collisions. It was ‘emphasized 7!/ that
generally, the function ¥ is not a universal one,i.e.,
it depends on the colliding. and produced part1c1es 7-9 /
_In this note we discuss the range . of validity of the
and A production in
7~ p and pp colhslons, the poss1b1hty of existence of
a unique function & for these partlcles and the con-
stancy of C°q _ with respect to. s. We emphasize that
the data 719/° indicate both. the validity of eq. (2) for
energles lower than those quoted earlier for =°

ke and A7/ produced in - 7p collisions, and the

compatibility with a unique function @ for
z° , KS and A production in z~ p and pp collisions.
However the ratios of moments C° for »° seem to
increase with s.

-In order to test the scaling law (2); the function

® was chosen as the exponential of a polynomial /4-1/,

4
®(z) = Aexp( =

Byz') ‘ @)
i=1

1

with alternating signs for the coefficients B; and B 4:< 0.

An acceptable fit can be performed with an odd number
of parameters Bi,but we prefer a decreasing ¢ - for

4

- verify the KNO scaling.

‘large-z */1/, For systematization, the contribution of .

2* is listed in Table 1. The
(see Table 1, line e) suggest.the

° produced in 7
kk

each experiment to . x
results of the fit for =»°
validity of the scaling law (2) for =
and pp interactions in the -range 25-205 GeV/c
and 69-303 GeV/c respectively (0 <z < 3.3). Anacceptable'
fit is obtained for Kg productlon in 40 GeV/c »~p and
69-303 GeV/c pp colhs1ons (see Table 1, line f), and for
A~ production in 18.5 GeV/c = *p , 20- 40 GeV/c -77p
and 69-205. GeV/c -pp collisions (see Table 1, line g).

The - expenmental data /10/ indicate that the behaviour
of K2 /=° production cross section ratios seem to be’
1ndependent of the assoclated multlphclty Indeed, we got
an acceptable common fit for - z° in 25-205 GeV/c
#~ p and 69-303 GeV/c pp collisions and for K¢ in
69-303 GeV/c pp collisions (Table 1, line h). However

the A contribution is relatively large m the common
fit »°-A (Tablel line 1) ,

* Compiling the data, the pohcy has been adopted to
use internally consistent data, e.g., if there are some

~differences -between the quoted’ values of <n> , <nc>or

9 inel and the. corresponding values derived by us
from the values of ¢, ‘and 0%, we used the last ones.
In estimating the errors of the function ® and C§ needed
for the fit /1i/the errors of o, and o hdve been
taken into account. For comparison, our procedure of
errors estimation gives quite the s me errors for VY(2)
and Cq -quoted by Slattery /4/ - from Monte-Carlo
generation, smaller, ‘errors for = C§  comparatively
with /12/and slightly smaller err TS for (Ii(z), than the
errors read from the plots of ref. :

** The contr1but10ns to x of the experlments at 25
and 40 GeV/c 7 ~p interactions are relatively large,
but we include them in the accepted fits because they
give a large contrlbutlon to X2 in only 2 points: n =14,
respectlvely .n’'= 2. The. other high mult.1p11c1t1es at
25 GeV/c give acceptable ; at 40 GeV/c there are not
taken into account the systematlcal errors in separating. .
the elastic 2-prongs from the inelastic ones. It is inte-
restlng that the charged mu1t1p11c1ty distribution from
25/7/ " and even 50/8/ GeV/c 7~ p interaction do not
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Table 1l
see the text.:

e by

i=1,

and d) represent the neutral produced particle in the collision beam -proton,

the beam, the momentum of the beam in the lab.system (GeV/c), and the |
number of data points in each experiment, respectively. There are presented
the only accepted ** fits from all attempted combinations. For values of the

where ®cxpand @y, are given by eq. (2), respectively (4). oo,
on @, calculated from the errors of the experimental data

' Summary of thecontributions of eachexperiment to the -x
parameters A, B, ,
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. Finally, an acceptable common fit is possible for -
7° , K2 and A produced in the range 25-303, 40-
303, 40- 205 GeV/c, respectlvely (see Table 1, line j and
Fig. 1). The parameters of this fit

78

A=.0541% 7005, BI:' 10.07 % 20 Bz=—10 41+

By=454+.57, B,=-. 82+.02

~are different from those of the K° —A fit (Table 1, line K)

: ' R .51 ‘ .80
A=.109 £.019, B, =730+ | B, =-6.00 %

; ST s 2T 90"
B3=1.67t'48 B —-19+"7,

587 A .12

(o]

and quite similar with those for the «° fit alone:

A=.050 £.005, B, =10.1922°, B,--10.55 + ¥
oo 64 04
B,=475+%% B __.gg+ 04,
35 %00% 590 P4 .10

The values of the parameters of K ~A f1t are similar-
to the values of the parameters quoted in ref. / 5/for
the =° fit and compatible, in errors, with those quoted
in ref. /6/ for the K° fit. However, the differences
between the above parameters give appreciable differen-
ces between the shapes of the corresponding curves
®(z), especially for large z (z> 2.5, see Fig. 1). As
the #°-K?2 ~ A fit is not the best one for ‘each individual
particle, the present data suggest only anapproximate
unique function @. More accurate data are needed for'
a definite conclusion:

The dependence of C° (q 1 2 3)on <n> was also mves--
tigated (see Fig. 2). For =° a linear increase of C
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Fig. 1. ®(z) versus z for »°, K3 and A produced
in the semi-inclusive reaction {l
Oz~p=a®.~ 40 GeV/c, App=wm
opp=rn°- 303 GeV/c, lﬂ-&=Kg—40 GeV/c, A pp = K3
- (?9 GeV/c, v pp=K2-102 GeV/c, ¢ pp=K2 -205 GeV/c,
epp =K2 - 303 GeV/c, xn—p=A - 40 GeV/c, + pp=A-69GeV /c,
\pp= A-102 GeV/c, 7pp=A - 205 GeV/c. Data from lite-
rature /107, The dashed line is the best fit 711/ to all
the data included in the plot and: the full line is the best

fit to K and A data with ®(z) = given by eq. (4)..

For the values of the parameters, see the text; for the
contribution of each experiment to the x2, see Table 1.

): M7 p = 7T° ~-25 GeV/c,’
~69 GeV/c,Vpp = n° -
- 102 GeV/c, B 7—p =n°~ 205GeV/c,{ pp =r°-205 Ge}(’(c,
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Fig. 2. ¢y ,C%, C5 versus <n>,o0 s-p=A, @pp = A,
5] :‘;"szs, #pp = KS, Zn— =7%, Ap Co=7%. Data _from
literatureé /10/.The constant lines and;trl)le error corridors
represent the fit to a constant for »° production in the "
range 69-303 GeV/c lab. momentum. The oblique lines
represent the fit to the linear increase of C°-s: w1th
<n>for #° produced in z-p 25-205 GeV/c and pp
69-303 GeV/c collisions. See the text. :



C°' , C3 on the whole interval seems to be preferable

to a constant value (confidence levels: 199, 61%, 67% for

linear dependence comparative with 2%, 11%, 15% for con-
stant value respectively). However, for the range 69-
303 GeV/c, the fit can not discriminate betweenlinear
increase of C? C° (C.L.: 81%, 64%) and constant value
(C.L.: 649, 5&% respectlvely), the coefficient of <n> in
the linear dependence being practically consistent with
zero, in one standard error (.017 * .015 respectively
.042 * 039). Also C3 (g=1,2,3) for K¢ and A seem
to increase with energy. It is observed that the values
of C; (q=1,2,3)
~ ding ones for 7°. The increase of C ~s was recently
recognized too (see, for example, ref. /13/) )

In conclusion, we emphasize that the data for =°,
K% and A production in the above energy intervals
indicate an approximate early onset of scaling, but
simultaneously suggest an increase of C2 -s with

energy. It must be noted that the validity of eq. 22) and the
constancy of (3)areonlyasymptotically equivalent /1 /,

but it is possible that the non-scaling contributions to
® and C7 have a different behaviour at finite s .
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