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ABSTRACT 

Th~ energy dependence of the average of the charged multiplicity 

+ +and its dispersion in 1T /K /p interactions on rrotons aL 147 GeV/e 

is found ~o be the same as in annihilations if an "effective 

energy" variable 1.s u.sed instead of the total energy. The effective 

energy {Seff is defined as the invariant mass of ~ll secondaries left 

after the two leading particles have been removed. Fitting the exp:res­

sion a Seff'
b 

to the aver~ge charge multiplicity <nch> ' we find the 

power b to be in good agreement with the value of 0.25 predicted by 

Fermi's statistical model and by Landau's hydrodynamical model. 
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It has ~ong been recognizeq[l] that the energy dependence of the 

multiplicity 9£ varti~les p~pd~ced in high energy interactions 

carries inform~~ion on ~he interactiop mechanism. Large amounts of 

d~ta have be~n collected a~dseve~a1 moqe1s proposed to describe 

the experimental re~ults; all ar~ summarized in reviews such as 

those by J. Whitmo~~ ~n~ A.Wroblewski[2]. 

It is hoWeVer possible to extend such stu~ies with the advent of 

new e+e- . res~ltsq] and tJ,:e observatIon by Basile et 

al.[4] that the beh~viour 9£ the e~e~· and pp systems is es~entially 

the same using forp~p tne energy left after subtraction of the 

leading particles (which we further designate "effective energy") 

+ ­while the total energy is used for e e (This method had already 

been suggested by F; Coqper et ~l.[5].) 

1n this letter w~ present ·~esp1ts from ~n exper~ment with the 

FERMILAB 30" Hybri4 Bubble Cham1;ler Spectrometer exposed to a composite 
+ . +

(46% p, 41% ~, 7%K) beam at 147 GeV/c. The apparatus and data 

reduction techpiq~e~ have already Qeen ~e~cribed elsewhere[61. We study 

the charged multjp1ici~y distrib~tions with the three kinds of pro­

jectiles in te~spf ap. fleffeot-ive ep.ergy variable" I Sefe where Seff 

is defined as the $quare of the four-momentum left after subtracting 

the positive seeQndarie~ for which the Feynman x-variable has the 

large.st magnitude i11 each of the forward and the backward hemispheres: 
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, 
where P are four vectors IIl01lientum-enerav of ini.tialP1".nc' target b~
 

~articles'and are th~ same for forward/backward positively�Pf f , Pbf 

charged outgoing particles w! th Iargest, . Jl.. .We inc-,hdc :'J1 '-,I..L1' ":~:iif'le 

"nIy such events, whi~h satisfy both of the following condition,;: 

. > 3 and ' < 3 \'(e, ch.ecked th.a.t t.h.e "nreseAt 1:esu~ts do 1\ot depend
-<if' xbf -... ~ , 
on tha.t cut whj.ch. on~r a.~~~~ts the s,vailable r~ge o£ e££e~tive ene:r:gy,' 

To study the ~~ltipli~ity, Basile et al,[4] co~ted the charged . 

. particles' in one ~emisphere only and associated' the observed number with 

one half of the available "hadronic energy". This folding technique 

may introduce detection biases when for example one of the l~ading 

I'MTticles (or ~ore) i~ neutral. 'Oui cr,iterion auto"~tically discards 

such events, making our sample· free from such possible detection bia.se:s. 

In figure la we displ~y the dependence of the average number 9f . 

,- charJed' particles which are lef~ after :;ubtraction (-thereafter cat ied. . .. 

the charged multiplicity, nch) versus the observed vklue of {Seff" 
I 

S.:lfi was calculated event by event , and ehe events grouped into a� 

leasonable number of bins such as to keep signific.ant sl:&tistica in.� 

'each effective energy interval (intervals and corresponding nuaber- of� 

e~ents a~e part of Table. 1). We first note that the ~egion of the� 

effective energy' covered by the. present experiment lies JUSt beiow that'� 
.

available in ref. [4] (pp at ./s" 62 
' 

GeV), with very good compatibilit.y 

of the data where they'meet. It is further obvious from Fig. 1a that 

~ linear dependence on InSef f cannot describe the data in the whole 

regl on of Seff. available in our experiment and in that of ref. [4]. 

We 'Cri.ed to fit the expression a + b lnSef f + C(lnS~ff)2. to our� 

hadl'oni..: ;,nd founcl the value of b to be compatib h: w1 th zero for� 
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all the projectiles in our experiment. Therefore we then tried to fit 

2·the expression a + c(lnSef f)to our data and found the following best 

fits: 

<n h> = (2.12 ± .046) + (.119 ± .004) (InSeff) 
2 

c pp� 

2� 
<nch>.,tp = (2.17 ± ,055) + (.175 ± .004) (lnSef f)� 

2� 
<nch>K+p = (2.28 ± .15) + (.160 ± .017) (InSef f)� 

2�with X /Ndf = 1.05, 3.2, and 1.05, respectively. 

For our pp data combined with those of Basile et al.[4] we found 

2
<n h> = (2.10 ± .04) + (.182 ± .004) (X /Ndf = 1.9).c pp 

The energy dependent term is in remarkable agreement with the re­

sult observed in e+e-' interactions at PLUTO[3]: 

2 . 
<n > + - : (2.96 ± 0.03) + (0.18 ± 0.01)(lnS)2 (X /Ndf = 1.5) . ch e e 

... ­
as well as for all available e e data[3] for which we found 

(X2/Ndf = 2.9). 

+ -. • [3] .In Fig. l-b, ·w~ display data from e e lnteract10ns 

The Iower solid curve in figures la and Ib is rhe best fit to 

the hadronic data points, while the upper solid curve corresponds to all 
+ ­e e· data. 

/� 
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+ ­The difference between e e and hadronic data may eventually be 

O + ­attributed to the inclusion of K decays in e e sample&, which would s I
require a ·correction estimated to about 0.7 charged units[7j. I

1= 

I 
+ ... !b iWe have also fitted the expression as to all available e ~ 

data and found: 

<n h> + P ~ (2.20 ± 0.06)S(0.23 ± 0.01) 
(X

2
!Ndf = 3).c e e 

Fitting the same expresslon to our data we find: 

0.003)<n > = (1.76 ± D7YSeff{0.26 t
ch pp� 

.003)�<n h> ~ :: (1. 76 ±.07)Seff(· 26 ± 
. c 'IT P 

± 16)5 (.25 ± .02)<n h> + = (1. 77 
~ effC K P 

with 1.1 respectively, while for combined pp 

data 

± 5 (.2~ ± .005)
<nch>pp = (1.74 .04) eff . 

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[l) 

and by the hydrodynamical model of Landau[8]. The same is true for the 

... ­power obtained for e.e data. 
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The lower and upper dashed,curves in figure ~la ·and Ib show. 

b + ­e ethe best fit of the exp-cessIcn a~ ff to our hadronfc data and to e i 

'dat;;t reo;pectively. They reflect the very good agreemenT. of the values 

found £01' the pow.er of S~ 

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

2 2 2o == <n > - <n> 

d:5 :~ function of Seff' WE! have fitted the expressf.on a+b lnsef f 

tj ·'::'t.:T dz... ':1 and found the following best; fits: 

D = (.21 ± .037) + (.535 ± .015)lnS ff
W· e . 

D~+p ~(.3Q t .OSO) + {~479 ± .016)lnSef f 

Dl("'p -- (.34 ± .21) + (.478 ± .06S)lnSef f 

;\ith X
2 ,
/Ndf .,. 1.2, 3.2. and 0.95 respeetively. 

The solid and dashed straight lines in Fig. 2 display the fit for 
... 

our pp and ~'p data, respeetively•. We also show in Fig. 2 the 
... ­ee PLUTO data and note the good a~reement with our reSUlts. 

We finally ~emark that we o~serve quite similar results for 

.j.. + 
"Tt > for pp, ~. p and K'p interactions, where data were obtained ch .� 

w) th . the same apparatus, during the same exposur-e , with identically the� 

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

+ pp and rr p. 



. (·' 
- 9 

To surnmarbe. using the "effective-energy" obtained after subtracting 

the two leading particles we observe that: 

1.'� pp, 'If.
+
P and JC

+ 
p interactions produce the same average charged 

mUltipl~city distributiOlls <nch>' There is possible indication of 

a difference for
.,

D bet~e~n pp .and 1['
+
p. 

2.� hadronic data at high energies (pp from Isa[4] and this experiment) 

vary smoothly with effective energy and with the same depend~nce as 

e+e-' data[3]. One can how~vernot ignore a global shift of the curves 

+ ­obtained for� hadronic an~ e e int~ractions. 

" 
3.� the average charged multi~licity <nch> for hadronic interactions 

needs a (InSeff)
2 

term' in the energy range' Seff between I and 

2000 GeV2 
. 

4.� the dispersion D forhadronic'interactions is well described by 

the� expression a +plnSef f in the energy range Seff between 1 

2
end� 150 GeV. 

It 'is� tempting to interpret those find~ngs in terms of quark inter­

+ ­actions. Indeed' e e results have been described in tenns of quark­
+ .:.

antiquarkproduction. The similarity of hadronic results with e e an­

nihilation might suggest the contribution of the same mechanism. 

However. a~ Ciiscussed by J.F. Gl,lni9n(7], this "seemingly simple 

result req,uires a rather sophisicated explanation". It is not as simple as 

it may seem to find which if any diagram is responsible for those ob~ 

servatdons • 

.I 



10� 

This work w~s supported in part by the Israeli Academy of Sciences 

(Commission fpr ~asic Research), the U.S. Department of Energy, the 

National Science Foundation, the U.S.-Israel Binational Science Founda­

tion anp the Dutch F.O,M. We gratefully acknowledge FEW1ILAB for 

making the e~periment possible and the efforts of the 30-inch bubble­

chamber crew an4 the scanning and measuring personnel at the participat­

ing institutions. 



- 11� 

.REFERENCES , 

1.� E. Fermj, Prog. Theor. Physics 5,570 (1950). 

2.� J. Whitmore, Phys. Reports, 27C, 187 (1976); A. l'lroblewski l 

Proc. 10th Int. Symp. on Multiparticle Dynamics, GOA (1919). 

3.� PLUTO Collaboration, Phys. Lett. 95B, 313 (1980). 

TASSO Collaboration, Phys , Lett ,' 898, 418 (1980). 

JADE Collaboration, Phys. Lett. 88B, 171 (1979). 

DASP, Nucl. Phys. B~48, l8~ (1979). 

C. Bacci et al., Phys. Lett. 86B, 234 (1979). 

4.� M. Basile et a1., Phys. Lett. 9SB, 311 (1980). 

M. Basile et al •• Phys~ Let~. 92B, 367 (1980). 

S.� F. Cooper et a1., Phys. Rev. D11, 192 (1975). 

6.� D. Brick et al., Nucl. Phys, B 164, 1 (1980). 

7.� J.F. Gunion, SLAC-PUB-2607, September 1980 (TIE). 

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

FIGURE·CAPTIONS 

Fig.� la Effective energy dependence of the average charged multiplicity 

from hadronic interactions. The lower solid curve represent.s a fit 

of the expression a+b (lnSeff)2 to the data, while the lower dashed 

curve represents a fit of the expression aSef f•
b The upper curves 

are taken from Fig. lb. 

Fig.� lb Energy dependence of the average charged multiplicity from e+e­

interactions. The upper solid curve represents a fit of the expr-ession 

a+b(lnSeff) 2 to the data , while the upper dashed curve represent3 a n.t 
b•of the expression as The lower curves are taken from Fig. laoef f 
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·Fig~ 2 Effective energy dependence of the dispersion from this 

+ - \
experiment and from e e PLUTO data. The solid and dashed 

lines represent the fits of the expression a+blnSef f to pp 

+and 11' p , 

- _ .../ 
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TA'B L E 1 ~ 

Average Charged Multiplicity and Dispersion for PP. ~+p andX+p' 

Interactions at 147 GeV/c 

EFF"ENERGY NUMBER OF 
(GeV) C",) ....EVENTS D 

pp 
0.42-2.30 200 2.23 ± .OS 0.64 ± .03 

2.30-3,61 200 3.07 ± .10 1.41 .!- ,C! 

3.61':'4.57 200 3.54 ± .11 1.6.5 ± .08 

" 4;,S7~5.62 200 3.97 ± .14 1.95 ± .09� 

5.62-6,45 200 4.51 ± .15 2.05 ± .10� 

6.45-7.38 200 4.63 ± .15 2.16 ± .10� 

7,33--: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·.97-11.87 200 6.66 ± .21 2.95 ± .IS� 
+ 

'IT P 

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 

i·· 9".13-9.82 200 5.90 ± .19 2.69± .13 

f 9.82-10.41 200 5.84- ± .19 2.10 ± .13

I 10.41-11.15 200 6.59 ± .20 2.86 ± .14 

11. 15- 11 , 88 200 5.79 ± .18 2.54 ± .12 

200 6.99 ± .19 2.82 ± .141__E~~~:!~~~L_. 
----~------------~-------------------------------~ 

http:10.18-10.97
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T'A B LE t 

(Cont '0) 

--­
I 
I 

. ~Ff ENERG'{ 
(GeV) (*) 

r 

NUMBER Of 
.. .EVeNTS . 

.. 
i 
I <n,">eh 

i 
! n 

+
IC p 

I 
. I 

I 

0.60-4.20 SO 2.80 ± .16 1.20 ± .12 

I 4.20-6.24 

6.24-7.74 

7.74-9.35 

SO 

SO 

50 
,. 

3.84 ± .25 

4.84 ± .30 

5.64 ± .39 

1.78 ± .18 

2.l5·.± .21 

2.82 ± .28 I 
I 

9.35-10.38 . SO 5.20 ± .33 ?33 ± .23 
I 

I 10.38-11.42 
~ 

.. SO 6.20 ± .38 2.75 ± .27 

(*) Intervals were selected so as to yield the same number of 6'1ents 

in each interval. 
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