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Observation of a new regs&arity in hadronic spectra

Rajendran Raja
Fermi National Accelerator Laboratory, Batavia, Illinois 60510

(Received 5 December 1977; revised manuscript received 10 March 1978)

We present evidence using 100-GeV/c pp interactions and pp interactions at 102, 205, 303, and 405
GeV/c for the hypothesis that the ratio of an inclusive cross section ab —+ c + X to ab ~c + X„where X,
is a subset of X, is a function of M', the effective mass squared of X (and X,) only and not of s and t. A
summary of the rationale leading up to the hypothesis is also given. The hypothesis is seen to be obeyed in
all areas of phase space in the reactions considered.

I. INTRODUCTION

In Ref . 1, it was shown that the subtraction formu-
las C, ,=B, ,—A, , (where B, , denote the inclusive
cross sections PP -r', A, , the inclusive cross
sections PP-r', and Cy 2 the inclusive cross sec-
tions pp - v in annihilations) violate charge sym-
metry. Symmetry considerations suggested the
alternate formulas

C, + C, = (B,+B,) —(A, +A,)

for the part even under inversion and

C, -C, a, -a,
C, + C2 B,+8,

for the odd part. The even part is clearly an ap-
proximation, since it involves differences between
PP and PP. The formula for the odd part, however,
involves PP cross sections only, and the accuracy
to which it is obeyed at 12 Ge&/c (Ref. 1) leads
one to believe that it may be an exact relation.
The existence of the odd-part formula is guaran-
teed if one hypothesizes the three-body scattering
abc-X [Fig. 1(a)] to take place in two steps, first
the formation of a fireball of mass I' and then its
subsequent decay [Fig. 1(b)] . This implies that
the cross section for abc -X can be written as a
product of two terms

o(abc-X) =F(M', s, t)D»(Q),

where E(M', s, t) describes the formation of the
fireball and D»(Q) describes the decay of the fire-
ball into X. D» is a function of Q, the set of quan-
tum numbers describing the fireball. Similarly,

o(abc-X', ) =F(M', s, t)D» (Q),

turn numbers which remain fixed for a given chan-
nel, and its dynamic quantum numbers, which are
M' and p, its density matrix. o» (Q) is the

S
branching ratio of the fireball into subset X,. It
can be shown from general arguments' that the
branching ratio of an unstable quantum-mechanical
system cannot depend on its density mat;rix. Thus
though p may depend on s and t, ax can only de-
pend on M'. Therefore,

o(abc -X,) (,)o(abc -X)
Following Mueller, ~ one can continue t to the physi-
cal region for the scattering ab -c+X to get

f(ab -c+X,)
f(ab - c+X)

where f denotes the inclusive cross section.
Applying this result to PP annihilations, one gets

L

(0)

. a. 1
c

Formotion ecoy
where X, is a subset' of X. The formation term is
clearly the same, since it is the same fireball that
is formed. Therefore,

o'(ab c -X,) D», (Q)
o(abc -X) D»(Q)

The fireball is characterized by its additive quan-

(b)

FIG. l. (a) The diagram for three-body scattering.
s and t denote the subenergies of- the particle combina-
tions shown. The subenergy of the third combination,
e, is determined once the other variables are given.
(b) Diagram illustrating formation and decay of the
fireball.
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II. COMPARISON WITH EXPERIMENT

If the above hypothesis is correct, it should be
applicable to any X,, so long as X, is a decay pro-
duct of the fireball in question. ' %e now present
evidence for the hypothesis in the channel PP- v +X at 100 GeV/c. ' We test the hypothesis for
two separate subsets; the first subset (henceforth
denoted subset I) comprises all events with a
primary multiplicity of 2, 4, or 6 prongs and the
second subset (subset II) consists of 12, 14, and

16 prongs. Figure 2(a) shows the M' distribution
and Fig. 2(b) the t distribution for overall data,
subset'I and subset II. The I' and t distributions
for the two Subsets differ in shape and magnitude.

Figure 3 is a plot of the ratio of do/dM ' for sub-
sets I and II to do'/dM ' overall, as functions of M '.
We denote these functions nz(M') and n, ~(M'). The
full curves are fits to the data of a third-order
polynomial iri M'. If the hypothesis as outlined in
Sec. I is correct, the overall data should mimic
subset I (II) in all parts of phase space when

weighted' by n, ( M) [n»(M')]. For each final
state v (overall data) with missing mass squared
M', we attach a weight a, (M') as given by the
polynomial fit. The same procedure is repeated
to mimic subset II using n„(M').

Figure 4 is a plot of the t distribution for subset
I in various M' ranges that together cover the
whole of phase space. Superimposed is the over-
all data weighted by o.,(M'). The agreement be-
tween the two distributions is seen to be excellent
in each M ' range.

Figure 5 is the corresponding plot for subset
II. Once again, the overall data reproduce the
subset data when appropriately weighted, even
though the shape of the distribution varies con-
siderably with M'.

Figure 6 (7) is the plot of M' distributions for
subset I (II) in various f ranges. The M' dis-
tributions vary greatly in shape as a function of
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t as well as between subsets. The overall data
nevertheless are capable of reproducing these
variations in detail when appropriately weighted.
Striking, in partj. cular, is the enhancement seen
in Fig. 6 (for subset I) in the f range 0.0& -f & 1.6
(GeV/c)' and in the M ' region 100-130 (GeV)'.
The overall data weighted by a, (M') reproduce
the enhancement adequately. The enhancement
is suppressed for subset II in the same region
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FIG. 3. Batio of M distributions of subsets I and II
to overall data. Curves are fits to a cubic polynomial.
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FIG. 2. (a) M distributions for overall data, subset
I and subset II. (b) t distributions for overall data, sub-
set I and subset II.
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FIG. 5. Comparison of the

redistribution

for subset II with
overaH data weighted by ezz (M ) for various M ranges.

(Fig. 7) of phase space. Weighting the overall
data by n»(M') leads to a suppression by just the
required amount.

The author has tested the hypothesis under con-
sideration for the subset consisting of events with
a primary multiplicity of 8 or 10. The agreement
is equally good, but limitations of space prevent
their presentation.

%e have thus shown that the ratio of the in-
clusive cross sections pp - m +X, to PP - m +X
does not depend to any detectable amount on t.

s'independence

Owing to the unavailability of data in suitable
form we cannot test the s independence of the
ratio for the channel PP-m +X. Instead we shall
examine the channel pP - slow p+ X at three djf-
ferent values of beam momentum, 102, 205, and
and' 405 GeV/c. Figure 8 is a plot of the ratio

overall
fl d~2 dM 2

(where n=2, 4, and 6 prongs) vs M'. The data
are seen to be consistent with the hypothesis under
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FIG. 6. Comparison of the M2 distribution for subset
I with overall data weighted by nz (M2) for various t
ranges.
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FIG. 7. Comparison of the M2 distribution for subset
II with overall data weighted by o,'D (M jI for various t
ranges. /

consideration here. There is no discernible de-
pendence of R„on s. One can also show that the
mean recoiling multiplicity (nx) for a given chan-
nel ab-c+X is independent of s and t, for

M

where f, =semi-inclusive cr.oss section for X to
have multiplicity n, , f=overall inclusive cross
section.

Figure 9 is a plot of (nz) for the reaction pp- slow p+ X at 4 different beam momentary (102,
205, 303, and 405 GeV/c). The data again are
consistent with the hypothesis under considera-
tion. As M' changes by a factor of 4 (say from
100 to 400 Gev'), (nx) changes by -2.5 units.
Yet as s changes by a factor of 4, there is no
discernible change in (nz). The data thus once
again support the hypothesis in question. As shown
above, (nr) should be independent of f as well.
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FIG. 8. The ratio of the semi-inclusive cross section
to the overall cross section vs M2 for 2, 4, and 6 prongs
at beam momenta 102, 205, and 405 GeV/c.

FIG. 9. The mean recoiling multiplicity as a function
of M2 at beam momenta 102, 205, 303, and 405 GeV/c.

Figure 10 is a plot of (n~) vs M' for various t
ranges for the reaction pp -p+X at 205 GeV/c.
The data are consistent with (nx) being t indepen-
dent, as required by the hypothesis.

One must add a note of caution here. While
testing the t independence of (nx) for reactions
that vary rapidly with t (such as central production
of pious), it is possible to generate artificial t
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FIG. 10. The mean recoiling multiplicity as a function of M for various t ranges at 205 GeV/c.
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dependences by choosing large ranges of M ' over
which the data are averaged.

Connection with Mueller-Regge theorys

Since proposing the hypothesis in question, it
has come to the author's attention that certain
triple-Regge formulas also obey the hypothesis.
For example, it can be shown that the inclusive
cross section for the process m- p —m'+ anything
has the following form, in the triple-Regge limit:

d gE, =G„,(t)(i -x)'-"p«&,

where x is Feynman x of the m', n, (t) is the p
Regge trajectory, G„,(t) is the pwm coupling con-
stant. For the channel m p-m +neutrals, using
the multiperipheral model in addition, one can
show that

above are approximate and have limited validity
(they only hold in the triple-Regge limit), they
nevertheless exhibit a far more general property,
namely, "the ratio of an inclusive cross section
ab - c+X, to ab -c+X is a function of only M2."

The author realizes that the hypothesis under
consideration is provable from unitarity if the
system that decays is a bound state or a resonance.
It is the purpose of this paper to show that the fac-
tor ization property holds irrespective of the life-
time of the system under consideration, especially
for such short-lived systems as the fireballs con-
sidered. It is also worth noting that fireballs of
mass M can be though of as poles in, the amplitude
with infinitesimal residue; there are an infinite
number of them along the M' axis and the integral
over these "little poles" generates the threshold
cut.
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