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Multiplicity and Scaling of e+e- + hadrons 

B. Cork and T.F. Hoang 

Not~ add~d in p~oon: 

After the completion of the present work we note that the SPEAR data of (ncI1 
corrected for heavy 1eptons16 are ~9% higher, in better agreement with our fit, 

and that the JADE collaboration17 has used the ,Fermi model to fit their data of 
(n h) from /s = 22 to 31.6 GeV and other low energy data with 20 5

1/ 4 as ,in our c ' 
analysis. 

Prof. G. Chew and Dr. I. Hinchliffe have called our attention to the 

relation predicted by QCD18 

where 

f (Eat! A) = exp [2 
with b = (11 ~ 2 Nf /3)/4n, Nc = 3 and Nf = 4 are numbers of colour and flavour, 

respectively,A == 0.5 GeV and Eo == 1 GeV. We note that the abrupt rise of this 
prediction is ruled out by the experimental data; to be specific, the fit requires 

the coefficient b to be increased by a factor ~1.7 4. 

References continued: 
16. SeeJ. Siegrist, SLAC pub. 225 (1979). 

17. JADE collaboration, DESY-79/64. 
l8.W. Funnanski, R. Petronzio, and S. Pokorski, Nucl. Phys. B155, 253 (1979); 

A. Bassetto, M. Ciafa1oni, and G. Marchesini, Phys. LetL85B, 207 (1979), 

and K. Koniski, Rutherford Preprint RL-79-035 T24l (1979). 



Multiplicity and Scaling of e+e-+hadrons 

Bruce Cork* 

Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

and 
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ABSTRACT 

Meson production data from e+e- annihilations are investigated 

using the Bose-Einstein distribution modified for scaling. It 1S 

found that the average charged multiplicity increases as Er/2. 
. cm 

+ -A discussion is presented on the scaling behavior of e e 

annihilations compared with pp collisions. 

* Work supported by the U. S. Department of Energy under Contract 

No. W-740S-ENG-48. 
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In the investigation of multiple meson production using Landau's 

hydrodynamical model,1 it has been found that the general properties 

of the transverse and longitudinal momentum, Pr and PL, as well as 

the kinematics of the fireball and the energy dependence of the 

average meson mUltiplicity <n> can be adequately interpreted by means 

of the following Bose-Einstein distribution modified to account for 

scaling: 

do 

d
3

p 

where 

. c:;(A) 

1 
ex: edX)/r _ 1 

0) 

= 

m being the mass of the produced meson under consideration. The two 

parameters are the temperature r and the scaling parameter A; the 

latter describes also the anisotropy of the meson angular distribution 

2 in the c.m. system. Note that for simplicity, we set both the 

Boltzmann constant k and the velocity of light c equal to one. It is 

interesting to investigate certain ~roperties of the meson production 

by e+e- annihilation: 

+ -e + e -+ hadrons (3) 
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in terms of (1) using the currently available data, in particular 

results of recent experiments at PETRA with c.m. energy up to 27.4 GeV. 

Consider first the temperature. We note that according to (1), 

the average PT does not depend on A but only on T, and that taking 

the leading term, i.e. dropping 1 in the denominator of the 

distribution (1), we find: 

(4) 

K being the modified Bessel function of the 2d kind of order n. n 

We have estimated T for (3) using values of PT measured by the 

PLUTO Collaboration 3 and the TASSO Collaboration, 4 assuming that· 

the hadrons produced in the e+e- annihilation (3) are pions. The 

results thus obtained are shown in Fig. 1. Noting that T increases 

+ -monotonically with the c.m. energy E of the colliding e e cm 

beam, we try to fit the energy dependence of T with the following 

power law. 

(5) 

and find 

a = 0.30 ± 0.06 

• 
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consistent with a = 1/4 predicted by Landau's model treating the pIons 

as a photon gas. It should be mentioned that this behavior, namely 

+ Ste fan's law, has been ob served in pion produc tion by pp, and 7T p 

11 ·· 5 co ISlons. 

Turn now to the average mUltiplicity (n). Note that most data deal 

with only charged pions and that a recent experiment at AnONE6 finds 

the behavior of neutral particles similar to that for charged ones for 

E = 1.4 to 2.9 GeV. Consequently, we compare the charged 
cm 

multiplicity (nch ) of the PLUTO and TASSO data with E!~2 

according to Landau's model. 
c· 

+ -That this relationship holds also for e e annihilation (3) 

has been discussed by Cannuto and Lodenquai. 7 Indeed, if c ... s 

denotes the sound velocity (in units of c = 1) and V the. volume 1n 

which the energy is distributed, then the average multiplicity is 

8 expec ted to be 

Therefore, with the assumptions that V = c·onst. and C s = 1, we find 

(n) ~ El/2 as in. the case of pion production by pp collisions. 
cm 

We assume the following empirical law for the average charged 

mUltiplicity: 

a • E 1/2 + b 
cm 

(7) 
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a and b being two parameters to be determined by the experimental 

data. Note that in the case of meson production by pp COllisions, 

this 1~w9 gives ac tually a best-fit for a = 1. 66 ± 0.04, pp . 

b = -1.38 ± 0.16; this is because thetermb accounts for the pp 

threshold effect (for a further discussion, see footnote 15). 

We use e+e- annihilation data compiled by Wolf lO for 

E = 1.4 to 27.4 GeV and find by least-squares fit em 

a = 2.04 ± 0.04, b = O. 15 ± O. 43 

The fit is shown in Fig. 2. A comparison with experimental points 

indicates that apart from E . < 2.5 GeV, the fit is in general em 

satisfactory. Note that the estimate of b is consistent with zero, as 

should be under the assumption of a photon gas, 1., e .. zero pion-mass. 

We now turn to the scaling of + ,... 
annihilation into hadrons e e 

as 1.S described by the parameter A of the Bose-Einstein distri-

bution 0). Noting that PLcx:1/Aaccording to (1) and that the 

. 11 12 r Feynman-Yang scal1.ng , requires (PL ) ex: '1s/2, we may express 1.n 

a general way, the scaling property by: 

A 18/2 -+- const. (8) 

As for the parameter A,we may estimate its value from the 

£ d b 1 · . 3 averages 0 PL an PT measured y the PLUTO co laborat1.on and 

the TASSO collaboration. 4 In this regard, we note that according to 

the modified Bose-Einstein distribution (1): 
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7T 21. . (9) 

The values of AIS/2thus obtained are shown by crosses1nFig. 3, 

the points being plotted as theavaila:b Ie energy' in the c .m. system· 

denoted by /s"': 2M (M = 0 for the e + e ~ annih-Uation), and the-

broken curve being drawn to-guide·the eye. 

It is to be noted that A 1S/2 increases monotonically with the 

c. m. energy Ecm = IS from 3 to 27 .. 4 GeV without reacping a constant 

value as is required by Feynman-Yang scaling. This behavior is 

in contrast with what has been observed in meson production by pp 

1 '· 13 .. . l' f· col 1S10ns shown by p01nts 1n open C1rc es 1n the same 19ure; 

here, we have plotted against the available energy in the c.m. 

systems, namelyv's - 2M, M being the proton mass. We note that in 

this case, A v's/2 ~ncreases from Plab = 12.5 to 21 GeV, correspond­

ing to E = 4.55 GeV for the e+e- annihilation, then remains 
cm 

practically constant up to ISR energies equivalent to Plab = 1500 GeV 

as shown by the straight line. 

This striking difference in the scaling behavior between the two 

processes of meson production, the e + e - annihilation (3) on the 

one hand, and the pp collisions on the other, may be due to the fact 

that here, in the e+e- annihilation, no primary nucleons are 

involved in the reaction, and that mesons are produced in the central 

region of the rapidity distribution. Whereas in the pp collisions, 

besides this central region, there are in addition two fragmentation 
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regions of the c911iding p-rotons, which may be responsible for the 

observed scaling property.l4 It would be interesting to compare the 

results with meS9n production by pp annihilations. 

Finally, we mention that in the context of the fireball model, the 

... * k1nematlcal propeTtles such as the maSs M and the velocity of the 

fireball are entirely determined by the scaling parameter A,see 

Ref. 2(c), and that in the high energy limit, M* ex: EI/2 in 
cm 

agreement with Landau'spredictioo for the meson multiplicity. IS 

One of the authors (TFH) thanks the Tsi-Jung Fund for support. 
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'2 = c 
s 

where E is' the energy per unit volume, p the pressure and c the . s 

sound velocity. From the chemical potential of a photon gas, 

s = E - Ts + P = 0 (see Ref. 1), we obtain for the entropy density 

2 
1/(1 + cs ) 

S oc E 
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Thus, the total entropy: 
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s 0 cm 

. S ex: E1/2 
cm 
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Y F = 1 I O-b;) 1/2. For high energy, M* ~ 2MY!~2 ; 

thus <n> = c(M* - M) becomes -cM + a(2ME)1/2 where 

\j 

I I 
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E = IS - 2M 1.S the available c.m. energy. Note the negative S1.gn for 

the constant term as discussed in the text. For the fit of pp data, 

we refer to T. F. Hoang, et aI., Zeits. C, Particles and Fields, in 

press. 
I 
I 
u 
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FIGURE CAPTIONS 

1. 'Log plot of the energy dependence of the temperature. The 

straight line represents a least-sq~ares fit with a power law. 

2. Average charged multiplicity from e+e- annihilations. Data 

from Ref. 10. The curve represents the.fit with 

(n .) = El/2 + b, for a = 2.03 ± 0.04, b = 0.15 ± 0.43 a· ch cm 

3. Plotf:; of ",1i/2 VB. available energy in the c.m. system ;s- 2M: 

M = 0 for e+e- annihilations (shown by crosses) and M = proton 

mass for pp collisions (shown by open circles). The lines are 

drawn to guide the eye.· Feynman-Yang scaling requires 

'" 15/2 -+const. 

t, 
V 
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