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Properties of meson production by e'e” annihilations for
E.p = 3.0 to 31.2 GeV have been analyzed using the Bose-Einstein
distribution modified for the Feynman-Yang scaling. Validity tests

have been made with the PT and PL distributions measured with res-

pect to the jet axis. The average charged multiplicity is found to

1/2

follow an empirical power law EC -

The temperatures deduced
{ . - -
from PT? increase slowly with E. .
The scaling behavior is investigated in terms of the parameter
A= 2 <PI>/ﬂ<PL? used to modify the Bose-Einstein distribution. An
anomaly resembling a phase transition of the specific heat of the

hadronic matter is found at a temperature near 127 MeV corresponding

to the threshold for T (9.5) production.
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1. Introduction

Ever since the discovery of the J/¢ particle in 1974, many experiments
have been carried out with colliding e'e beams, aiming at detection of new
particles. As a byproduct of these elaborate experiments, there has been

accumulated a wealth of data on the meson production by e'e” annihilations
+ -
e e ~ hadrons. (1)

The c.m. energies which have been explored to date extend beyond 31 GeV, thanks

to the advent of the PETRA accelerator.

The characteristic features of the average multiplicity of charged mesons
produced in (1) are as followsal It increases faster than &n s as has been
observed at lower energies,z a behavior expected from various modelss3 in
particular the parton model.4 Yet, it remains far below the prediction by QCD
(cf. infra). Since the behavior of the average multiplicity serves mostly as
model testing, it is expedient to know if the experimental result can be
accounted for by any other model, for instance Landau's hydrodynamical model,s
In this regard, we note that the statistical model which predicts a linear

dependence on the c.m. energy is ruled out by the dataoé

Another remarkable property of reaction (1) is the jet Structureg7 a
feature which is sui generis of the ee annihilation, and can be recognized
without ambiguity by simple inspection in some events at PETRA energies.

Thus, the transverse and the longitudinal momenta of a secondary meson from (1)
are measured with respect to the jet axis, a situation different from the case
of meson production by hadron-hadron collisions. A question arises: Is the
Bose-Einstein type distribution modified for the Feynman-Yang scaling8 still

adequate to describe the PT and PL distributions thus measured?



The purpose of this paper is to present results of investigation on meson
production by e+eg annihilation (1), and to discuss the temperature behavior
deduced from the average Pras well as an interesting property found in the
scaling behavior in terms of the scaling parameter introduced to modify the
Bose-Einstein distribution, namely an N-shaped anomaly near the T(9.5) thresh-

old, resembling a phase transition.

2. Energy dependence of the average multiplicity

We begin with the average multiplicity (n )>of the e'e” annihilation (1).

Note that most experimental data deal with only charged pions and that a recent

experiment at ADONE9 finds the behavior of neutral secondaries similar to that

for charged ones for E = 1.4 to 2.9 GeV. Consider, therefore, the data of

c.m.
9-10 .< shown

the charged multiplicity from ADONE, SPEAR, DASP, PLUTO and TASSO
in Fig. 1. Clearly, the data show an upward curvature; this trend rules out

the 2ns dependence of the multiplicity, as mentioned before,

Next, let us compare the data with the prediction by QCD according to

41
which we expect

(nCh} = f(Ecgm,/A)/f(Eo/A) (2)
where

. ) Ne o2 9

f(E, /0 = expleV—=in(E. /17)] (3)

with b = (11 - ZNf/S)/4W; NC = 3 and Nf = 4 are numbers of color and flavor,
respectively; A = 0.5 GeV'andAEO =1 GeV are fixed constantsnlz This prediction
is characterized by the abrupt rise of <nch> with - which deviates

very far from the experimental data. More specifically, the fit (not shown)

requires the parameter vb to be increased by a factor ~ 1.74, corresponding



to an effective strong coupling constant o, = 1/bin (EC - /1) about 3 times
larger than the value predicted by QCD for short distances.

13 We note that its appli-

We now turn to Landau's hydrodynamical model.

. + - o . . .
cation to the case of e e annihilation has already been discussed by various
authors,s The essential point is this: if the volume in which the energy is

o . . + - e
distributed is constant as in the case of e e annihilation, then the average

multiplicity is expected to be

2
y 1// (E.“TLC )
{n Ecgms S 4)

where Cg is the sound velocity (in units of ¢ = 1). We see that if cg = 1,

/2

as for scaling violation, Ref, 5(b), then (w " E% .

as Landau's original
prediction for nucleon-nucleon collisions. However, we emphasize that the phy-

sics contents of the two cases are quite different; see footnote 14.

Therefore, we are led to try the following empirical law for the

charged multiplicity of reaction (1)

Y.
(nth? = g Ecam4+ b (5)

a and b being two parameters to be determined by fitting the experimental data.

By least-squares fit we find
a= 2,04 0,04, b=0.151%0.43,

The fit is shown by the solid line in Fig. 1. A comparison with the experimental
points indicates that apart from Ec,ms < 2.5 GeV, the fit is in general satis-
factoryﬂlg We note that the estimate of b is consistent with zero, as should
be under the assumption of a photon gas, and that our fit agrees with that of

the JADE Collaboration916 using the Fermi  model to fit their data.



3. The PT and PT distributions

In the investigation of meson production using Landau's hydrodynamical
model, it haé been found that in the case of hadron-hadron collisions as well as
P annihilationgl7 the general properties of the transverse and longitudinal
momentum, PT and Pry can be described, gross modo, by the following Bose-
Finstein distribution modified to account for scaling

g%p Vg (xl T (6)

where

e(\) = (P%MZPLZ*THZ 1/ 29 (7)

m being the mass of the produced meson under consideration. The two parameters
are the temperature T and the scaling parameter A. Note that, for simplicity,
we have set both the Boltzmann constant k and the velocity of light c equal

to unity, and that we shall return later to discuss the scaling properties of
the parameter A, in Sec. 5. Here, we have to test the validity of this distri-
bution (6) for ¢'e” annihilations (1), using PT and PL measured with respect to

the axis of two jets. We refer to Appendix I for another test of (6).

Consider first the PT distribution. We recall that it is the same as that

obtained from the original Bose-Einstein distribution, see Ref. 8(d),

do .
S K (m/T) (8)
dp% Mpfoy Wy

where iy describes the transverse mass
= Vp, Lm? 9)

and K, is the modified Bessel function of the 24 Kind. Noting that

2



KZ(X) o (W/Zx)l/zeﬁxg‘we may approximate (8) as

~mT/T

B e e (10)
apr !

Thus the plot of the log of dG/dPTZ divided by /ﬁg'vso M, should be linear.

We shall make use of the SPEAR data at E. p, = 7.0-7.8 GeV.18 The result is
shown in Fig. 2; the straight line represents the least-squares fit. A compar-
ison of the experimental points with the fit indicates that the test is very
satisfactory. From the slope of the fit, we deduce the temperature T = 135
+3 to be compared with 122 MeV estimated from (Pj> of the PLUTO

data at EC m = 7.7 GeV, as shown in Fig. 5, the Xz/point being 1.38.

AsfMWmePLdEtmmmmnsmamﬁeﬂmtfm*WL>>mP\wzmywﬁje

do _ P/Py)
ap. & (}1)
L
the value of <PL> being related to <PT> as follows:
(PT> /< PL> = (n/ (12)

For the derivation of these relations, we refer to Ref. 8(a).

In Fig. 3 we have reproduced the SPEAR data. Note that for clarity not
all the data points are shown here. We have performed a fit for the Feynman
variable X = 2PL/Ecoma 20.1. The slope of the fit yields (x)= 0,184 * 0.014.
The fit as shown by the dashed line indicates that here again the test is

. . 2 .
rather satisfactory, with ¥ /point = 1.23.

4. The temperature behavior

As is well known from high energy reactions, the average transverse momentum



of produced mesons is limited. The measurements of <PT> by the PLUTO and the
TASS0 collaborationslg indicate a trend of a slow increase from EC a3 to
31.2 GeV. To investigate this important property, it is more convenient to

express <PT> in terms of the temperature T, since the P distribution, Eq. (8),

depends solely on the parameter T of the modified Bose-Einstein distribution.

According to (10), we find

(P =m T ,Ks/zkm/T) (13)
Py m K, /Ty
We have plotted in Fig. 4 the relationship between <PI> and T for m = 140 MeV,

If we convert the values of <PI> of the PLUTO and the TASSO collaborations
into T (MeV), the results are shown in Fig. 5. We see that in the energy region
up to 30 MeV, the temperature is certainly not constant, but rather increases

with the c.m. energy.
In an attempt to investigate the energy dependence of T, we assume

T « B

TCLm, (14)

We first make an overall fit to all the data as shown in Fig. 5 and find
a = 0,30 £ 0.06.

Next, for definiteness, we perform another fit with cut-offs to be

discussed in Appendix II, and obtain

a=0.30 % 0,03 tor 5 SQEC - < 20 GeV.

From these fits, we conclude that o # 0. This rules out the constancy

of temperature, i.e. constant <Pi>n However, it is clear that this behavior



.,'7“
(14) camot hold for ever-increasing Ecem,9 bacause according to (13) this would
lead to <PI>%/T; which is in contradiction with the property of limited <PT> as
mentioned earlier. It would be interesting to know when the turn-over of the

behavior shown in Fig, 5 will take place, see Appendix IT, Eq. (25).

5. The scaling behavior

We now turn to another characteristic feature of the meson production by
+ - oy o . . . . . .
e e annihilation, namely Py scaling violation, a property in contrast with pp
and other hadron-hadron collisions. We propose to investigate this important

problem using the parameter A of the modified Bose-Einstein distribution (6).

As is easily seen from (6), we expect <PL> to be inversely proportional to
A; see Refs., 8(a) and 19. Thus, in the high energy limit, the Feynman-Yang

scaling requires
\s/2 - const, (15)

this property has been found for pp collisions with Plab > 20 GeV/c; see Ref,

8(b).

We have calculated the values of X from the averages of PT and PL of the
PLUTO and the TASSO collaborations,lo use being made of Eq. (12). The values
of A/s/2 thus obtained are plotted in Fig. 6, the dashed line being arbitrarily

drawn to guide the eye.

We note that Av/S/2 increases monotonically with the c.m. energies /s =
3 to 27.4 GeV without reaching a constant value as is required by Feynman-Yang
scaling. In this regard, it is interesting to note that in the context of the
hydrodynamical model, the scaling violation of ¢'e” annihilation (1) is anti-

cipated in the case of the limiting sound velocity ¢, =1, as has been pointed



out by Satz et al., Ref. 5(b). Another scaling will be discussed in Appendix I.

6. T(9.5) Threshold effect on the scaling

In an attempt to get more insight into the physical meaning of the scaling
violation described in the previous section, we consider the plot of 1/)
against T, instead of against /s as in Fig., 6. This amounts to a change of
variables, which is motivated by the fact that 1/) is related to the c.m. energy

as is seen from (15).

The results are shown in Fig. 7. Note that only a few error bars are
shown, because of clarity, whereas typical errors on T are about 5 MeV. The

dashed curve is an arbitrary eyeball fit.

As an illustration, we have presented in the same figure, but with a

different vertical scale, the case of p+p + 7 +... for P = 12 to 1600

lab
GeV/CQZO A comparison of these two plots indicates a striking difference in
behavior between ¢ e annihilation on the one hand, and pp collisions on the

other hand.

We note that this difference is significant, in spite of scant data we
have at our disposal. This is because of the following reasons. First, the

point marked by 9.40 GeV represents the measurements "off the T-resonance', the

i

"on resonance' pointz1 namely at Ec 9.46 GeV, corresponding to a point

M.

(not shown) at 1/\ = 2.26 = 0.09 and T = 134 + 4 MeV, situated much lower than

i

the 9,40 GeV point on the plot. Next, we have compared the portion of the

curve in the region T = 100 to 120 MeV with that from the SLAC-LBL dataéz at

EC i 4.0 to 7.4 GeV and found the same trend of rise.

Now, this difference in scaling behavior between meson production by



+ - e . ..
e e armihilation on the one hand, and pp collision on the other, becomes even

more striking if we compare the derivatives
C = A(L/A)/AT (16)

deduced from the two plots under consideration. The results thus obtained are

shown in Fig. 8, the errors being shown by the shaded bands,

A comparison of the two plots indicates a sort of anomaly in the behavior
of e e annihilation, Here, in contrast with its pp case, which shows a mono-
tonical increase, we observe a drop in the region marked by AB, with a maximum
at Tmax = 127 MeV followed by a minimum at Tmin = 145 MeV, which is comparable
to the characteristic temperature, equal to the pion mass, as in Eq. (13), the
uncertainties on these estimates being "£5 MeV. Now, after the minimum, the
trend of rise becomes quite similar to that of the pp case, indeed, both showing

a sort of asymptotic behavior for the increasing temperature.

It is interesting to note that the estimated temperature at maximum,
Tmax 127 MeV, turns out to be close to the threshold of T(9.5) production by
e'e armihilation, which is 134 * 4 MeV according to the "on-resonance'’ measure-
ment by the PLUTO Collaboration321 as mentioned earlier. Note that the other
thresholds for T/(10.0), T/{10.3) and 7///(10.6) are approximately AT = 2 MeV

apart from each other,

Thus, we are led to tentatively interpret the sudden drop observed in the
C-T plot of Fig. 8 for the e'e” annihilation as related to the bb produc-
tion. Now, the spin-parity of T(9.5) is 1, its decay into two photon-like

gluons is strictly forbidden, whereas the three-gluon decay

T>g+tgtyg (17)



-10-

is allowed. This has been observed experimentally as three jets by the PLUTO
Collaborationezz with the following characteristics. First, the most probable
configuration of the three-gluon jets corresponds to the case where two of
them are emitted in the opposite direction of the third one, within a small
angle;Z4 consequently, the event looks like an asymmetric two-jet, "back to
back' with broadened PT“ Another proééfty of the three-jet from the T(9.5)
decay is that the average of charge-multiplicity <nch> = 8,0 £ 0.3 is found to
be greater than 6.3 * 0.4 of genuine two-jet events, namely e e - q + q at

the same energy 9.5 GeV, yielding a smaller <PL> which is Ec,m,/<nch>° We
therefore anticipate the values of 1/X arising from the three-jet production to
be in general less than those of two-jets. This effect accounts for the change

in the behavior of 1/X near T(9.5) threshold as observed in Fig. 7(a).

7.  Remarks
From the above discussion, we should expect a similar effect near J/y
production to occur at T =95 MeV, since it is also a photon-like 1 particle
and its 3y decay has been observed experimentallyozs However, as the multipli-
city in this case is much smaller, <nch> = 2.5 and the jets are less collimated,

the question arises whether the effect can actually be detected.

As regards the pp case, we note that the T(9.5) threshold occurs at Plab =
65.8 GeV, corresponding to T =140 MeV. But here, unlike the e'e case, the
production cross section is known to be rather small compared to the background,
so that the signal to noise level may not be favorable for observing the

. . + -
effect as in the e e case.

Turning to plots of C = A(1/X)/AT against the temperature T in Fig. 8,

e e . : + -
we note the striking difference in the shape between the e e case and the



1]~

pp case., The question arises: What is the physical meaning of the quantity C
defined in Eq. (16)? In this regard, we recall that in the case of scaling, we
should expect 1/A Ec.maﬁ as has been observed for w production by pp as well

as w+p and K+p collision3926 It then follows that the derivative of 1/) with
respect to the temperature T, EBq. (16), may be regarded as the "'specific heat"

of hadronic matter created by either e’e” annihilation (1) orpp 7 + ...
collision. Thus, to a certain extent, the difference in the two plots of

Fig. 8 bears some resemblance to that of specific heats of superconducting and
ordinary alloys,27 In other words, the sudden drop of the value C in the case

of e'e” resembles a sort of "phase transition' of the hadronic matter constituted
only by quarks and antiquarks of certain flavors. On the contrary, in the pp
case there is always an excess of valence quarks in addition to the produced
quark-antiquark pairs. It would be interesting to investigate the T(9.5)
threshold effect in pp colliding beam experiments, which may have more resemblance
to the e'e” case from the scaling point of View,z8 notwithstanding this dif-
ference, that the intermediate state of this case is not a virtual photon as in

+ - o .
the case of e e annihilation.

Finally, it should be mentioned that from theoretical point of view, the
possibility of a phase transition in hadronic matter produced in high energy
reactions has been discussed by various authors on general groundsgg and also
within the framework of(lﬁl§31t is deemed a challenge to any bona fide model
of reaction (1) to account for, in particular, the anomaly of the behavior of
the scaling parameter A determined by experimental values of <PI} and,<PL>9 an
anomaly bearing striking resemblance with a phase transition as has been

discussed in the present work.
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Appendix 1
We discuss an external consistency test of the modified Bose-Einstein
distribution, Eq. (6), using the average of the total energy, (B}, of the
secondary mesons from the e+ew annihilation (1). It should be mentioned that,
in the literature, the ratio of (E)/(Ecem“/Z) is referred to as the ''radial
scaling", and that its actual meaning differs somewhat from the Feynman-Yang

scalingezg
We note that in the relativistic approximation, Fq. (7) becomes
e(\) =& E(1~A)PL .- (18)

Thus, we find from (6) by Beglecting the pion mass:

—

_2(1+0+03)
(B) = SEYCEIV (19)

Note that for XA = 1, i.e. in the rest frame, (E*) = 3T% is the average energy

in the relativistic case with m = 0.

With this expression, we have computed (E) for Ec,me = 3 to 30 GeV using
interpolated values of the temperature T and the scaling parameters X from
experiments of the PLUTO and the TASSO collaborationsglo as shown in Figs. 5
and 6. The results thus obtained are shown in Fig. 9. Note that if there is
radial scaling, the ratio <Ech>/(Ecsm,/Z) is independent of the c.m. energy,

as has been observed in pp collisionsazo

As for the test, we have used the values of <Ech>/Ecume and the average
charged multiplicity of the SLAC-LBL experiments,31 The results are represented
by the open circles in the same figure. A comparison with the curve indicates
that the test is satisfactory, especially because the parameters T and X used

for the curve are taken from other experiments at PETRA as mentioned above.
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Appendix 1T
In an attempt to avoid any ambiguity which may occur to the determination
of the jet axis, we have limited ourselves to <PI> data in the region
34

5<E < 20 GeV,

oo The lower limit is so chosen that (nch> exceeds 4 (see

Fig. 1). Consequently, each axis of the two back-to-back jets arising from
¢'e” annihilation into a quark-antiquark pair is determined by at least two

observed particles,

As for the upper limit Ecema <20 GeV, it is chosen to avoid eventual
3-jet events due to gluon emission by a quark or antiquark ee > q qg
emission observed at high energy by PETRA experimentssgs amounting to ~15% for
Ec,ms > 20 GeV., In this case, the estimate of the average transverse momentum

becomes more involved than the 2-jet case without gluon emission.

We now investigate how <PT> is affected by gluon emission. For this
purpose, consider the symmetric momentum tensor of the second order formed with
the momenta-pl of hadrons from reaction (1):

. iy2 i i
I o= 208 ()" - p p ) (20)
af of
. a B
i
a,B =1, 2, and 3 and the summation is extended over all particles, charged as
well as neutral. In this regard, we note that if there is thermal equilibrium
among emitted particles as has been observed in hadron-hadron collisions,36
then it is sufficient to consider only charged particles in the summation of

(20).

As is well known, in the case of the inertia tensor, TuB can be reduced

to its diagonal form with real eigen values such that A QSAZ >=A39 following

the usual csnvention937 Let El’ 37 and gg be the corresponding eigen vectors,



namely the principal axes of the momentum ellipsoid (20) being chosen to be

N along which is Pj

°
Ly

Thus, for the two components of PT we must have

Z —>
i

. ﬁi =0, L KZ . %é =0 (21)

However, it is altogether not clear that these necessary conditions are
actually satisfied by minimizing ZiPTZs a condition sometimes used inter alia

to diagonalize the momentum ellipsoid (20).

> +1 3 >3 .
The components ny; o Py and n, ¢ p, are referred to as "out' and "in"

38

the event plane defined by n. and Nys respectively. With this notation, we

2
have

2 2 2
(P = (P 0+ (P (22)

From the distributions of these '"in'' and "out' components for Ec _ 27.4-31.6

GeV of the TASSO experimentgge We find

2 2

2 ~ o 2 ~
C(Pp) gy = 0.057 GeVe,  ((Pr); ) = 0.226 GevV”.

Note that the "out" component is much smaller than the 'in"' component,

indicating that the ellipsoid is rather flattened, in contrast with the case
+ - — . . " C 4 s .

of e e - gqq without gluon emission for which the ellipsoid is of revolution

around the n. axis.

3

To investigate further the properties of P, in this case of e'e” » qqg

T

we have plotted in Fig. 10 log of dO/dPTZ divided by /ﬁ%'against mp Z\/PTZ + e,

We note that for my, S 0.9 GeV, i.e. PT < 0.89 GeV/c, the behavior is linear as

shown by the least-squares fit, whereas there is a systematic deviation for
PT > 0.9 GeV/c, as expected from mesons produced by gluon fragmentation. From

the slope of the fitted straight line we obtain a temperature T = 141 £ 4 MeV



-16-

corresponding to <PI> = 348 + 12 MeV/c, compared to 430 * 20 MeV/c for 2-jet
events at 27.4 GeV measured by the PLUTO Cellaboration921 This indicates that

most gluons are rather soft as expected from bremsstrahlung.

Finally, we mention the relationship between (PT2> and T according to the
Bose-Einstein distribution as follows:.
9 Kz(m/T)
<PT ) = 2mT ?Ejﬁﬂﬁﬁ . (23)
A plot of (PT2> vs. T is shown in Fig. 11. Note that in the high energy limit,
x = m/T is small and that we may approximate 40
Ko () = 4T (@) (2/3)™ (24)
I being the factorial function, so that
< Pp>e 8T (25)
Thus, in view of the empirical power law (14) between T and Ec .

we may write <P? >~NEZ (26)

From the TASSO data of < Py® > from 13 to 31.6 Gev,*! Fig. 12,
we find a = 0.41 £0.06, indicating that the increase of < Py >

with Be . is much slower than the QCD prediction 42

@%> - B /(B A 27)

c.m.
A being the mass scale, see Hq. (3). Furthermore, according to (27), the

curvature is upward instead of downward as shown by the data in Fig. 12.
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Appendix 11T

In the present analysis of the transverse momentum P.., we have used the

T9
Bose-Einstein distriubtion, EBg. (10), instead of the Gaussian distribution
] -P2/20?
,%%2 ne T (28)
T

Note that both distributions involve only one parameter. Consequently, by means
of a judicious combination of <Prp> and <P%>9 we may eliminate the parameter and

obtain a relation to test the validity of these distributions.

Indeed, from the well known Gaussian distribution, namely

<Pp> = v/ 20, <P%> = 20° (29)
it is readily seen that
R

As for the Bose-Einstein distribution, we may derive an approximate closed form

by substituting (24) into Eq. (13) of <PT>° We then obtain

e :
§NMA;M{% = 8/7 = 1.20 (31)
Pr” B.E T

T k2

We have checked this result with numerical calculations of <PT> and <P%> ac-
cording to Egs. (13) and (23), and found that (31) is accurate, within ~ 15%.

We now apply the test with the experimental data of the TASSO collabor-
ationo41 The result is shown in Fig. 13. The average

émiiﬁiifm = 1.24 % 0.05 (32)
<PT> }expu - ’

is shown by the straight line. A comparison with the expected value in (30)
and (31) indicated a better accord with the Bose-Einstein distribution. The
same conclusion has been reached with PT distributions of pions from pp and

mp collisions, and pp annihilation, Ref. 8 (a). This justifies a posteriori

our preference to the Bose-Einstein distribution.



Finally, we mention another advantage of the Bose-Einstein distribution,
namely the temperature T defined by the PT distribution is found to be inde-
pendent of the mass m of the particle in the case of mesons produced by
hadron-hadron collisionsgégindicating thatT is the equilibrium temperature,

a property to be investigated with ¢'¢” annihilations when data will be

available.
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Figure Captions

Average charged multiplicity from e'e” annihilations. Data from Ref. 10.

1/2
The curve is the fit with (n,) = (0.15 % 0.43) + (2.0%+ 0.04) Ec/m .

Plot of log of dU/dPTZ divided by /ﬁ%ﬂvs, HEFEVEE??+ mZ for mesons from

e'e” annihilation at 7.4 GeV, Data from Ref. 18, The straight line repre-
sents the fit with the Bose-Einstein distribution, Eq. (10).

Longitudinal momentum distribution of mesons from e'e” - hadrons. Same data
as Fig. 2. The dashed line is the fit with the distribution (11).
Relationship between the average momentum and the temperature according to
the Bose-Binstein distribution, Eg.(13) for m = 140 MeV.

Log plot the energy dependence of the temperature. Data from the PLUTO and
the TASSO collaborations, Ref. 10. The straight ‘lines are least-squares

fits with a power law; see text.

Scaling behavior of ¢'e” -+ hadrons. ) = 2 (PT>/W<PL> is the scaling parameter.
The scaling requires A/s/2 to be independent of the c.m. energy v/s.

Plots of 1/X vs. T. (a) e'e” amnihilations for Ec,m. = 3 to 31.6 GeV and

(b) pp collisions for Plab = 12 to 1600 GeV. Note the striking difference
between the two plots.

Plots of the derivative of 1/) with respect to T, same data as Fig. 7. Note
the anomaly in the e e case near T(9.5) threshold.

Behavior of the ratio of the average energy of the secondary meson to the
c.m. energy of e'e” annihilation, according to the Bose-Einstein distribution
modified for the scaling, using parameters from PLUTO and TASSO collabora-

tions. Open circles are test points from SLAC-LBL data.

Plot of log of dO/dPTZ divided by v/m. vs. iy :‘JPTZ + mz for TASSO data at
E = 27.4 - 30 GeV, ref. 38. See text in Appendix IT.

c.m
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Plot of <PTZ> against the temperature according to the Bose-Einstein

distribution, Eq. (23) for m = 140 MeV.
Energy dependence of < P’ > . TASSO data, Ref. 42.
The dashed line is a fit with E g:%% .

Plot of VZ?§;§”>\/ <TPT ~ of TASSO data, Ref. 41. The average 1.24 *

0.05 shown by the straight line is to compare with 1.13 and 1.20

according to the Gaussian and the Bose-Einstein distribution, respectively,
see FEgs. (30) and (31).
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