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Recent CERN Intersecting Storage Rings data on inclusive p-p collisions have been analyzed using a
Bose-type distribution with two parameters: temperature T and scaling factor X. The results of the
analysis agree with the previous conclusion that the Feynman-Yang scaling takes place for incident

P„» 20 GeV/e and that X behaves as X 2/y, y being the c.m, Lorentz factor. The temperature is

found to be T 0.120 GeV.

In a previous paper, ' the scaling property of

p+ p- n'+ anything

for incident proton momentum P»„&30 GeV/c has
been investigated by means of a Bose-type distri-
bution:

do I
dP'dP e' ~' —IT L

(2)

where PT and PL are the c.m. transverse and lon-
gitudinal momenta, and

~(Q = (P '+ X2P,2+m')'~2 (3)

m being the mass of the secondary meson; we have
set e = 1. The two parameters of the distribution
are T the temperature and A, the scaling factor.
We recall that from the scaling laws" we should
expect

gp,„-const, (4}

P being the maximum of the c.m. momentum of
the secondary meson. 4

Previous analyses of data for P„„=12to 28
GeV/c indicate that the products AP remain
practically constant for P»„&20 GeV/c. In this
note we investigate further this property using
higher-energy data from recent CERN Intersecting
Storage Rings (ISR}experiments.

We begin with the data of Albrow et aL' at two
energies, v s =44.6 and 53.0 GeV, which are
equivalent to P„„=1060 and 1500 GeV/c, respec-
tively. The parameters T (in GeV) and A, (dimen-
sionless) are estimated by least-stluares fits with

(2) to their measurements of various momentum
spectra for both secondary w's and K's. The re-
sults thus obtained are summarized in Table I.

We note that the A.'s thus estimated are much
less than I, and that all these data here considered
cannot be fitted with the Bose distribution which
corresponds to A. = I. This gives further justifica-
tion for introducing this sealing parameter A..'

As an illustration of our fits, we present in Fig.
1 the Pr distributions of m for ~s =53.0 GeV.

where y is the Lorentz factor of the c.m. system
with respect to the lab system, and M is the mass
of the colliding protons. The values of ~ thus
obtained are shown in Fig. 2 together with those of
P„„below' 30 GeV/c of the previous investigation. '
A comparison of the values of AP,„ indicates that
for P„b &20 GeV/c it is consistent to regard them
as constant. This confirms our previous conclu-
sion, ' namely, the scaling for the inclusive reac-
tion (1) holds for P„b &20 GeV/c.

If we take the averages of AP for Pl b&20
GeV/c, we find 1.80+ 0.12 and 1.84+0.04 GeV/c
for n' and m, respectively. Since these two val-
ues are not significantly different, henceforth no
distinction will be made for the charge state of n.
Note that the average value of Ap, „ is very close
to 2M. Therefore, we may write the Feynman-
Yang scaling law for reaction (1) as

Ay 2.
If we use the Feynman variable x=P~/yM, then

the expression e(A) takes the form

TABLE I. Estimates of parameters T and A,. ISR
data by Albrow et al . (Ref. 5).

c.m. energy
(GeV) Secondary X &GeV)

44.6

53.0

0.128 + 0.015
0.139+ 0.020

0.114+ 0.010
0.111+ 0.014
0.116+ 0.011
0.109+0.014

0.072 + 0.005
0.074 + 0.008

0.069 + 0.008
0.065 + 0.005
0.058 + 0.006
O.O63 ~ O. OO4

The fit is performed by treating simultaneously
the three sets of points with the game parameters
T and A, and one normalization constant.

Consider first w secondaries. We neglect their
mass and assume P equal to the incident proton
momentum, writing

(5)
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FIG. 2. Plot of APm, „vs incident lab momentum.
Pm, „is the maximum c.m. momentum of secondary 7t.

Feynman-Yang scaling requires A.PI«const.
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FIG. 1. P z distribution fit with modified Bose dis-
tribution. ISR data from Albrow et al. (Ref. 5). The
parameters T and A, , estimated by the least-squares
fit, are listed in Table I.

e = (I'z'+ 4~'M +m')'~' (7)

Then the cross section expressed by the modified
Bose distribution (2) will be independent of the in-
cident momentum, provided that T is a constant.
Let T, denote this temperature, which we shall
estimate by means of the following data. First,
the P~ distributions at x = 0 for m' of the Saclay-
Strasbour g and British- Scandinavian collabor a-
tions. ' These experiments cover the following
range: 500, 1100, and 1500 GeV/c. As their mea-
sured invariant cross sections plotted against P~
fall on the same curve, we shall fit the three en-
ergies together. We find T~ =0.117+0.006 GeV.
Next, we consider the data from Bertin et al. '
These measurements cover in addition 270 GeV/c,
and are at x=0.16. We find T=0.122+0.008 GeV.
Taking the average of these two values we get

which is consistent with the values listed in Table
I. It should be mentioned that this temperature is
much lower than the limit temperature postulated
by Hagedorn' in his thermodynamical model of
str ong interactions. "

Consider next the E mesons. Referring to Table
I, we notice that, within fitting errors, both pa-
rameters T and A. are comparable to those of m of
the same incident energy. This property has al-
ready been discussed in the previous paper. '

Finally, it should be mentioned that the intro-
duction of the scaling parameter A. in (3) to modify
the Bose distribution (cf. Ref. 4) has been motivat-
ed by our attempt toaccount for the scaling law.
It is anticipated that our parameter ought to be
related to other parameters used in another sim-
ilar approach, for instance the Lorentz factor yz
of the fireball model. " An attempt to derive for-
mally the relation between ~ and y& has recently
been made by Yu." In his approach, Yu considers
only the geometric effect due to the Lorentz con-
traction, while he has left aside the temperature
T. As is well known, the temperature, which is
a thermodynamical quantity, is not an invariant
from the point of view of special relativity, but
transforms as T= To/yz.

" Consequently the ne-
glect of its proper treatment raises questions as
regards the approach presented by Yu.

*Work done under the auspices of the U. S. Atomic
Energy Commission.
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It is observed that in a theory where CP violation is introduced through phase angles between vector
and axial-vector currents the relation ri+ ——riw is exact if $ = —t', without the assumption of soft

pious. ) and t' are the phase angles for the strangeness-preserving and strangeness-changing currents,

respectively.

It had been noted' some time ago that in a theory
in which CP violation is attributed to phase angles'
between the weak-vector and axial-vector currents,
the

~
a I

~

= —,
' rule and hence the relation ri, = r)»

follows in the doubLe-soft Pion limit for the It»-
-2tt decay amplitudes, provided p= -g, where g
and $ are the phase angles for the strangeness-
conserving and the strangeness-changing weak cur-
rents, respectively. It was also noted' that the
choice p =+) is necessary to preserve the familiar
current-algebra applications to other (CP-con-
serving) nonleptonic decays. For K-2tt decay,
since the soft-pion limit involves a rather large
extrapolation from the physical point (of order mrs)
in the relevant Mandelstam variables, ' one may
question the validity of the above result for real
pions. The purpose of this note is to remark that

if y = -$, the relation ri, = ri» itolds toiiitout the

soft pion approxima-tion for the It- 2tr amplitudes,
even though the

~
Is.i

~

= —', rule may not.
To see this, write the nonleptonic weak Hamil-

tonian in the current-current form

H =~ (J„J„+J„J„),G

where

cosg(ir1+ts +et' I+!2)+sinp(ir4+i5 +ett+4+ts)

(2)

The
~
aS

~

= l part of Hv for P = -g is given by

H' = cosgsing[S'+S' +I''i+Pi ~)
G
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