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" ABSTRACT

The energy dependence of thé average of the charged multiplicity
and its dispersion in n+/K*/p interactions on protons at 147 GeV/c
is found to be the same as in ¢*e' annihilations if an "effective
energy' variable isvused instead of the total energy. The effective
energy /5;;; is defined as the invariant mass of all secondaries left
after the two leading particles have been removed. Fitting the expres-
sion a Seffb to the averaée charge multiplicity <nc >, we find ;he
power b to be in good agreement with the value of 0.25 predicted by

Fermi's statistical model and by Landaﬁ's hydrodynamical maodel.
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It has long been recognized[l] thét the energy dependence of the
multiplicity of.partiqles prpduced ihvhigh energy interactions
carries informa;ioh oh ;he intefactiop mechanism., Large amounts of
data have been-collecpedvand.séveral models proposed to describe
the experimentél resuits; ’ all are summarized in reviews such as‘

those by J. Whitmere and A. Wroblewskl[ ].

it is however possible to extend sqch studies With the advent of

new e'e” _re$u1t5[§l and the 6gservation by Basile et

al.[4] that the behaviéuf Qf the e'e and pp systems is essentially
the same using'for‘_pfp _tﬁe energy left after subtraction of the
leading particles (whi;h Qe_further designate "effective energy")

while the total energy isluseé for e+e-. (This method had already

been suggested by F. Cogper et al.[sl,)

In this.léttervﬁp present'réépltsjfrom pﬁ expéfiment with the
FERMILAB 30" H&brid Bubblg-Chambgr Spectromefer exposed to a composite
(46% p, 47%’ﬁ+, 7%Kf) beam at = 147 ‘GeV/c. The apparatus and data
reduction technique§ have already heen described elsewhere[G]. We study
the charged.muitiplicity distribptions with the three kinds of pro- |
jectiles in terms of ap ""effective energy variable" /’5;;;; where S_

is defined as the square of the four-momentum left after subtracting

ff

the positive secondaries for which the Feynman X-variable has the

largest magnitudé in each bf the forward and the backward hemispheres: ]

2
" Seer = (Pine * Prarget ~ Pee = Pog)



w i M
here P1nc Ptarget

are four vectors momentum-energy of initial
particles and Pff, be are the same for forward/backward positivély
charged outgoing particles with largest x. We include in oer somple

‘qnly such events, which satisfy both of the following condlt;ons

xpp > -3 and xbf < ..3, We.checked that the present results do not depend
- on that cyt which only affects the available range of effective enexgy,

To study the multlpllcity, Basile et al, [4] counted the charged
" particles in one hem1spher¢ only and associated the observed number with
-. one half of the available-;hadronic energy". This folding tecﬁnique
may introduée detection biases when Egr ekamplé one of the leading
partﬁcles'(or nore) is neﬁtfal; 'Oﬁf criterion automatically discards‘

such events, making our samplefree from such possible deteczion biases.

In figure la we display the dependence of thé average number of.'.
f:uhar zed particles which are left after subtraction (therearter calied

. the gharged mqlt1p11c1ty, nch) versus the-observed value of ./":;;.
S,r¢ Was calculated event by evept, and the évenn; gtpuped igto a
reasonable number of bins such as to keep signifiééﬁt statistics in -

~ -each effeciivé eﬁerﬁy interéal.(in;ervalé,and corresponding nuubexr of
events are part of Table 1). :ﬁé first note that the region of the
effective eneréy coyered by the present experiment lies juSt.beiow that
available in ref. [4]\ (pp at _/E'x 62.GeV), withvvery good compatibility
of the data where they~mee£. It ié further obviousrfrom Fig. la tha#

a linear dependence on I“Seff cannot describe the daita in the whole

region of S off aﬁailable in our experiﬁent and in that of ref. [4].

. . ' . . 2 B
w§ tried to fit the express1on. a+b }nseff + c(;nseff) _to opr‘

hadronic - and found the value of b to be compatible with zers for

*
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all the projectiles in our experiment. Therefore we then tried to fit

the expression a + c(lnseff)z"to our data and found the following best

bfits:
- : : 2
<nch>pp = (2,12 + .046) + (.179 % .004)(1nSeff) |
<nch?h+p" (2.17 £ ,055) + (.175 #* .004)(1nSeff)
: 2
'<nch>k+p" (2.28 £ .15) + (.160 + .017)(;n$e£f)

with xz/Ndf = 1.05, 3.2, and 1.05, respectively.
Fof our pp data combined with those of Basile et al.[4] we'found

-

> = (2.10 % .04) + (182 £ .004) (InS_)° (/g = 1.9).

<nch PP

The energy dependent term is in remarkable agreement with the re-

[3] H

.o
sult observed in e e interactions at PLUTO

<n > + - = (2.96 + 0.03) + (0.18 = 0,01)(1nS)2 (xz/Ndf = 1.5) .

ch>e e
as well as for all available e'e data[S] for which we found

ol .2 2
D, >ete” = (2.76 + .08) + (.178 + ,003) (InS)~ = (X /Ndf = 2.9).

+ - {3].

in Fig. ib, -we display data from e e interactions

The lower solid curve in figures la and 1b is the best fit to
the hadronic data points, while the upper solid curve corresponds to all

-
e e data.

-




_ The difference between_ ete” and hadronic data may eventuélly be

attributed to the inclusion of ng decays in e'e

samples, which

require a ‘correction estimated to about 0.7 charged units{7j-

+ .

“We have also fitted the expression aSb to all available e 2

data and found:

<n .”> +

ch e e

(0.23 £+ 0.01)

- = (2.20 * 0.06)S (xz/ndf = 3),

Fitting the same expression to our data we find:

= (1.76 % Q7jseff

(0.26 + 0.003)

<nch>Pp
N (.26 + .003)
Doy, = (176 £ 0N80T
y . (.25 % .02)
D, = (177 165 ¢ |

<nch>pp

We note that the power of Seff which we obtain is consistent

with the value of = 0.25 predicted by the statistical model of Fermi

1.69, 2.3 and 1.1 respectively, while for combined

(.26 + .005)

(1.74 + .04) S

) Sest X /Ngg = 1.8).

would

PP

11

and by the hydrod&namical model of Landau[sl. The same is true for the

power obtained for e e data.




The lower and upper dashed curves in figure _la and 1b show.
' . L b . : oot -
the best fit of the expression aseff to our hadronic data and to ¢ ¢
‘data respecstively, Tﬁey reflect the very good agreement of the values

found for the power of S.

In Fig. 2, we display the dispersion D defined as usual bv:

0% = <n%> - <n>?

3% 4 functis £ S ... W itte si +
ag 4 iuq tion of bett . We have fitted the expression a+b lnSeff

t5 sur dacz and found the following best fits:

D = (.21 % .037) + (.535 % .015)InS ..

PP
Dy*p = (.36 * .050) + (.479 £ .016)InS ..
Di*p = (.34 £ .21) + (.478 % .qas)mseff

with XZ/N .= 1.2, 3.2 and 0.95 respectively.
- df :

The solid and dashed straight lines in Fig. 2 display the fit for
our pp and n*p data, respectively. We also show in Fig. 2 the

3

‘e ¢ PLUTO dats and note the good agfeement with our results.

- We finally remark that we ohserve quite similar results for
> for pp, w+p and K*p interactions, where data were obtained
with the same apparatus, during the same exposure, with identically the

same technique. For D we pbserve an indication of a difference between

ﬁp and W+p.




To summarize, using the "effective—energy" obtained after subtracting

the two leadlng partlcles we observe that:

. pp," m p and K P 1nteract10ns produce the same average charged
mult1p1;c1ty distributions <n h> There is possible indication of

a difference for D between pp and ﬂfp."

2. hadronic data at h;gh energles (pp from ISR[4] and this experiment)
vary smoothly with effectlve energy and w1th the same dependence as |
e e data[S], One can however‘not ignore a global shift ofAthe curves
obtained for hadronic agd ele interactioﬁs. -

3.”' the aVerage charged multiPliciiy_ <n 4> for hadronic interactions
2 et _ o -
ne§ds a (lnseff) term in the energy Tange Seff between 1 ‘and
- 2000 Gev?.
4,  the dispefsion D fdr'hadronic'interactions is well described'by
the expression a + blnSeff 1n.the'§nergy range Seff be#wgen’ 1

znd 150 GeV>.

L
It is tempting to interpret those findings in terms of quark inter-
. _ + - A .
actions. Indeed e e¢ Tesults have been described in terms of quark-
antiquark production. The similarity of hadronic results with e'e” an-

nihilation might suggest the contribution of the same mechanism.

However; as discussed by J.F. Gunion[7], this "seemingly simple
result requires a rather sOphisicated’explangtion". It is not as simple as
it may seem to find which if any diagram is responsible for those ob-

servations.




This work was supportéd in part by’the Israeli Academy of Sciences
(Commission for Basic Research), the U.S. Department of Energy, the
National Science Foundation, the U.S.-Israel Binational Science Founda-
tion and the Dutch F.0,M. We gratefully acknowledge FERMILAB for
making the experiment possible and the efforts of the 30-inch bubble-

chamber crew and the scapning and measuring personnel at the participat-

ing institutions.



'REFERENCES

1. E. Ferml, Prog Theor. Physics 5,570 (1950)
2, J. Whitmore, Phys. Reports, 27C, 187 (1976) A. Wroblew°kA.
Proc. 10th Int. Symp. on Mult1part1c1e Dynamics GOA (1979)
3. PLUTO Collaboratlon, Phys. Lett. QSB 313 (1980)
TASSO quiaboration, Phys. Lett, gop, 418 (1980).
JADE Coliaboration; bhys; Lett. 88B, 171'(1979),
DASP, Nucl. Phys. B148, 189 (1979).
C. Bacci et al., Phys, Lett, 86B, 234 (1979).
4. M. Basile et al., PhYs.>Lett..953, 311 (1980).
M; Basile et al., Phys. Lett. 92B, 367 (1980).
5. F. Cooper et al., Phys. Rev. 011 192 (1975).
6: D. Brick et al., Nucl. Phys, B 164, 1 (1980).
7. J. F Gunion, SLAC- PUB-2607 September 1980 (T/E).

8. L.D. Landau, Izv. An USSR 17, 51 (1953).

" 'FIGURE "CAPTIONS

Fig. la Effective energy dépendence of the average charged multiplicity
from hadronic interactions. The lower solid curve represents a fit
of the eipression a;b (lﬁseff)2 to the data, while the lower dashed
curve'repre$ents a fit of the expression aseffb. The upper curves .

are taken from Fig. 1b.

'Fig. 1b Energy dependence of the average charged multiplicity from ee”

interactions, The upper solid curve represents a fit of the expressicn
a+b(1nSeff)2 to the data, while the upper dashed curve represents a fit

of the eipression aSeffb. The lower curves are taken from Fig. la.

s
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" 'Fig. 2 Effective energy dependence of the dispersion from this

- . - \ . . :
experiment and from ee PLUTO data. The solid and dashed

lines represent the fits of the expression a+b1nseff to pp

and w+p.
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TABLE 1
Average Charged Multiplicity and Dispersion for pp, 1r+p and ‘K"p;:'
Interactions at 147 GeV/c ‘
FE M
Tew | eveNts ncy> D
pp
0.42-2.30 200 2,23 £ .05 0.64 *+ .03
2.30-3,61 200 3.07 £ .10 1.41 + .07
'3.61-4.57 200 3.54 & .11 1.65 + .08
. 4,57-5.62 200 3.97 + .14 1.95 £ .09
5.62-6,45 200 4.51 + ,15 2.05 + ,10
© 6.45-7.38 i 200 4.63 + .15 2.16 + .10
7.38-8.16 200 5.46 + .17 2.50 & .12
8.16-8.75 200 5.29 £ .16 2.24 .11
8.75-9.45 200 5.35 * .19 2,71 % .14
9.45-10,18 200 5.66 * ,20 2.88 + .14
10.18-10,97" 200 6.32 + ,20 2.83 + .14
| _10.97-11.87 | L 6.66 % .21 | 2.95% .15 |
) Tp | |
0.33-2,44 200 2.30 £ ,06 0.82 + .04
2.44-3.78 200 3.35 + .11 1.62 + .08
3.78-5.06 200 3.71 £ .11 1.59 + .08
5.06-6.11 200 3.95 + .13 1.84 £ .09
6.11-6.88 200 4.62 + .13 1.96 + .10
6.88-7.70 200 4.98 * .16 2.24 + .11
7.70-8.50 200 5.28 + .18 2.63 + .13
" 8.50-9.13 200 5.41 + .19 2.68 = .13
9.13-9.82 200 5.90 * .19 2.69 + .13
. 9.82-10.41 200 5.84 + .19 2.70 £ 13
110.41-11.15 200 6.59 + .20 2.86 + .14
11.15-11,88 200 5.79 + .18 2.54 + 12
| 11.88-12.92 | 200 ... 6:99.¢ .19 | 2.82¢ .14 _ |



http:10.18-10.97

- -

"TABLE

)
(Qont'a)
EFF ENERGY |  NUMBER OF | e o .
L {GeV) (%) ._:,IEVENTsA.:  ch : ;
+ ¥
Kp
0.60-4.20 50 2.80 + .16 | 1.20 % .12
4.20-6.24 50 3.84 & 25 1.78 + .18
'6.24-7.74 50 4,84 ¢+ .30 2.15.¢ .21
7.74-9,35 S0 " s.64: .39 | 2.82f.28
9.35-10.38 .. s0 5,20 % .33 2.33 & .23
10.38-11.42 . 50 . 1 6.20 % ,38 2.75 = ,27

(*) Intervals were selected so as to yield

in each interval,

the same number of events
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