
1054 Letters to the Editor 

Prog. Theor. Phys. Vol. 48 (1972), No.3 

Discrete Structure in Velocity Space 

Junsuke IWAI, Kenju MORI* 
and Hiroshi NAKAMURA** 

Science and Engineering Research Laborator; 
Waseda University, Tokyo 

*Department of Physics 
Saitama University; Urawa 

**College of SCience and. Engineering 
Aoyama Gakuin University, Tokyo 

March 28, 1972 

The introduction of discreteness into the 
space-time continuum is perhaps one of the 
most interesting ideas in recent high energy 
particle physics. In fact, some authors1' 

have discussed this possibility, though the 
relation between their ideas and the ex­
perimental data has not been well treated; 
In a previous paper,2' we 'have attempted 
progress in this direction and proposed a 
theory in which we establish a relation 
between the observed enhancements in the 
distribution of the longitudinal Lorentz 
angles for the meson clusters emitted from 
cosmic ray jet interactions8'· and the simplest 
three-dimensional integral Lorentz trans­
formation." It is remarkable in this theory 
that there exists a specific (minimum) 
velocity v = ( ..J8 I 3) c corresponding to 
the Lorentz angle O=cosh-1 3=1.7628 
(=0,.) or the Lorentz factor r=3. It is 
the purpose of the present paper to call 
attention to the possible existence of an­
other specific velocity ( v3/2)c. 

The velocity space is very important for 
the kinematical analysis of the multi-particle 
final states resulting from high energy 
particle collisions, since it is the very space 
where hodograph methods are available.5> 
Previously2' we used the longitudinal 
Lorentz angle 0=tanh-1 (v0/c), and found 
that the distribution of particles in this 
one-dimensional space is uniform with mesh 
size 0~1.7, as pointed out by Hasegawa,8> 

suggesting the presence.of discrete .:velocity 
levels. This mesh size was almost equal 
to the: minimum Lorentz angle o,., i.e., the 
Lorentz angle induced by the simplest 
three-dimensional. integral Lorentz trans­
formation. However, from the theoretical 
viewpoint, there is no reason to exclude 
the four-dimensional case where the mini­
mum velocity should be smaller than the 
three-dimensional case, i.e., v= (v3/2)c, 
O=cosh-1 2=1.31696 (=0.,.), r=2. · This 
indicates that there exists another kind of 
particle distribution with .mesh size 0.,;,. 

As Om is the minimum possible Lorentz 
angle, it is inferred that the reactions with 
mesh ·size Om occur most frequently. But 
the observation of the signals which come 
from discrete ·velocity levels are concen­
trated strongly at mesh size smaller than 
Om 'for many reasons, for example, a) the 
stronger secondary effects which mediate 
between observed mesons and primary 
objects, b) the stronger .9verlapping of 
clusters in velocity space. Though Hase­
gawa8> measured the mesh size directly for 
the reactions with mesh size 0/,, the same 
method may not be applicable to the events 
with mesh size Om. 

Now if we knew where to take the point 
of origin in 0-space, we would have· a 
double advantage. The first would be of 
a fundamental nature: we should have some 
information on the further physical mean­
ing of the O~levels. The second would be 
one of a practical nature~ events with dif­
ferent values of the normalization piram­
eter-it might be tP,e incident ~nergy; or 
it might be the survivor energy-would be 
superposed and the levels could be analysed 
with high signal-to-noise ratio. 

At present, however, we do not know 
which parameter we should choose for 
normalization. Further, sometimes-espe­
cially in the case of cosmic ray events­
the information on some parameters are 
lacking. Therefore we will have to proceed 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptp/article/48/3/1054/1870842 by guest on 20 August 2022



Letters to the Editor 1055 

in two steps. When the relevant informa­
tion is available, we shall make several 
tentative guesses about the origin point 
and shall· analyse the levels from the one­
particle 0,-distribution. When they are 
not available; we shall make the analysis 
using the two•particle longitudinal cor­
relation function, i.e., the one in terms of 
10,-011 for each event, where Ot and 01 

represent the Lorentz angles of mesons i and 
j, respectively.6> By this method we shall 
have to be content with lower signal-to-noise 
ratio, but, on the other hand, we shall 
have a more model-independent result. 
Summing a sufficiently large number of 
10,-o,r data, separated into groups accord­
ing to incident energy and multiplicity, 
an empirical characteristic distribution will 
be obtained for each group. We expect 
that each distribution will have peaks at 
I0,-011=n0m and nOh (n=1,2, ... ). 

The analysis of the data available at 
present has been made by one of the 
authors (J. I.), and the result will be 
published elsewhere. The authors are very 
eager to have, for analysis, sufficiently good 
statistics of jet data containing information 

as comprehensive as possible. 
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