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Spin-parity selection rules are examined for the neutrino trimuon events seen in the CERN-Dortmund-
Heidelberg-Saclay. experiment. The muon-energy cuts seriously reduce the acceptance in the c.m. frame and
make it impossible to isolate terms from partiy-violating decays. The results agree with the models where the
secondary dimuon pairs are produced in a 1 state via electromagnetic or hadronic radiation.

The production of multimuon events in neutrino
and muon beams is being actively pursued with the
aim of identifying new signals from the production
and decay of particles containing heavy quarks.
In neutrino physics it is now known that the trimu-
on events are primarily due to the electromag-
netic and hadronic production of secondary dimuon
pairs of low invariant mass. "' Clearly, in the
case of muon beams, there is a tremendous trim-
uon background from conventional electromagnet-
ic sources, for instance Bethe-Heitler and Comp-
ton pairs. "' Hence, we are'looking for small ef-
fects in situations where the background is large
and it is therefore not easy to establish the exis-
tence of a genuine signal. Most theorists working
in this field need to run complicated Monte Carlo
programs which include acceptance cuts, etc. , be-
fore comparing their results with the available da-
ta. Many distributions are insensitive to changes
in the initial parameters and/or the models them-
selves, so the primary aim of the analysis is to
pinpoint some crucial feature which will disting-
uish one model from another.

Recently Tung' has proposed that spin-parity
analysis may be helpful in distinguishing heavy-
quark and/or heavy-lepton decays from background
effects. The idea is to look for asymmetric ef-
fects in angular distributions just as one does in
the case of normal weak decays. If all the second-
ary particles are produced via electromagnetic in-
teractions, then the angular distribution of the

muons in the dimuon rest frame will be a+ b cos'8.
A departure from this distribution would indicate
that some new physics was taking place. Up to
now the data have been so limited that nobody has
tried to make such an analysis. The purpose of
this note is to examine these tests more carefully
to see if there is any hope of learning something
from them either now or in the near future. We
use the recent neutrino trimuon data from the
Cern-Dortmund-Heidelberg-Saclay (CDHS) group
for this purpose. ' To make the paper reasonably
self-contained, we give a brief discussion of the
physics involved before presenting our results.

We assume that trimuon events are seen, either
in neutrino interactions, or in muon interactions.
A leading muon is defined according to some cri-
terion and a secondary pair is identified and their
momenta measured. This allows a complete re-
construction of each event in both the laboratory
frame and any other frame defined by I.orentz
transforming the muon momenta. Our particular
analysis will be made in the center-of-mass frame
of the secondary pair. In this frame we can de-
fine the muon momenta as

g lpI . IpI . . Ipl
p = —; sine eosp, sine sist, —:—eon&)2' 2

W lpI lpl lpl
p = —— sin8 cos &) —sin8 sin& — cos8,2' 2
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where TV is the invariant mass of the pair and I pI
=(W' 4ir') '. The angles 8 and P are measured
with respect to some convenient coordinate frame
defined by the momenta of the remaining particles.
We choose the z axis as the direction of the Lor-
entz transformation necessary to boost the pair
back into the laboratory frame and define the (x, z)
plane to contain the incident neutrino (muon). This
leaves the leading muon, i.e. , the muon produced
in the original interaction, completely arbitrary.
In principle, therefore, one can check the angular
correlations between all the muons in this frame
just as one does in the laboratory frame. The form
of the angular distribution expected from conven-
tional processes, namely those invo1. ving a spin-1
photon, is well known. Owing to parity non-
conservation in the original neutrino interaction,
one can divide the angular distribution into a par-
ity-conserving part (VV+AA) and a parity-violat-
ing part (VA+A V). The former piece satisfies

—= Wr(1+ cos'8) + W~(1 —cos'8)

+ W~sin28 cosQ+ W~~ sin'8cos2$.

ergy is greater than 4.5 GeV. We demonstrate
the severity of these cuts by showing, in Fig. 1,
the cosg plot for the trimuon events from the
CDHS group. ' The plot contains sixty events be-
cause we have left out those events where the P,
of any muon with respect to the neutrino axis is
below 0.2 GeV/c (which means that its azimuthal
angle is only known with a large error). The data
have been taken from the table in Ref. 1 and no ef-
fort has been made to incorporate smearing due to
the errors on the measurements of the muon mo-
menta. The limited angular acceptance of the ex-
periment, is very obvious. Only those muon pairs
which are oriented at 90' with respect to the direc-
tion of the Lorentz transformation manage to sur-
vive the cuts. The asymmetrical configuration
with one muon directed along the positive z axis is
completely suppressed, In other words, the Lor-
entz transformation does not boost the bac1ovard
moving muon to a sufficiently high momentum to
satisfy p &4.5 GeV/c.

To compare' these results with theory, we show
the distributions expected form the hadronic mo-
del (solid curve) and from the electromagnetic

It has no term linear in cos8 and is even in
P-180'+P. This corresponds exactly to the situ-
ation in muon production. The latter piece satis-
fies

20-
I I I i I I

4(T
= TV~ sin 28 sin Q+ W~~ sin'8 cos 2Q (2)

and is absent for muon beams, hence a complete
description of the neutrino interaction requires
knowledge of six structure functions. The terms
in (1) and (2) can be separated, in principle, by

using v and v interactions. If other sources of
trimuons exist, such as those expected from the
associated production of charmed or heavier
quarks, and heavy-lepton decays, then the forms
given above will no longer hold due to an explicit
parity violation in the decays. Thus it is interest-
ing to check whether the present data are consis-
tent with Eqs. (1) and (2).

Unfortunately, there are not enough data' on P
events to try to disentangle the six structure func-
tions given above, so we have fir st integr ated ov-
er Q or 8. We expect that the 8 distribution has
the form da/dcos8=A+ Bcos'8. The presence of
an additional parity violation would lead to an ex-
tra term involving cos8. To check for the pres-
ence of such a term we require a good angular ac-
ceptance in the dimuon c.m. frame. Unfortunately,
this is not easy to obtain because the present ex-
periments cannot identify muons unless their en-
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FIG. 1. The cos8 distribution in the secondary di-

muon rest frame for the CDHS trimuon events. Also
shown are the results of the hadronic model (solid
curve) and the electromagnetic model (dashed curve),
each curve normalized to the total number of events.
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model. The electromagnetic calculation of course
produces muons in a 1 state, i.e. , A+Bcos'8 be-
fore cuts, whereas the input for the hadronic mo-
del is taken to be flat in cos8. Hence the electro-
magnetic contribution. is larger near cos8=+1.
Note that even though the data seem to show an ex-
cess of events in the region cos8&0, this effect
is not statistically significant. There is no mo-
mentum smearing on the theoretical models, or
on the measured muon momenta. Such effects
would tend to reduce the height of the central peak
near cos8= 0. It is clear that there is no disa-
greement between the experimental data and the
theoretical prediction. To detect the presence of
a cos8 term, an experiment would need a much
larger acceptance in the c.m. frame. This can be
achieved by either reducing the muon energy cuts,
or by having available much higher beam energies.

It would be unfair not to make some statement
about the spectrum in the variable Q. Of course
this combines both vector a.nd axial-vector matrix
elements and, with so limited data, there is no

hope to disentangle the two. However, to show the
hadronic and electromagnetic components give a
completely satisfactory explanation of the events,
we give the distribution in Fig. 2. From Eqs. (1)
and (2) we see that the Q distribution is expected
to have the form

Ga'—=A+B cosP+ C sing+ Dcosg+ Esin2$. (3)d

In a situation where all the terms are of the same
magnitude, this distribution will be effectively
flat, and that is-what we see, in Fig. 2, for the
sixty CDHS events. The input for the hadronic
model. assumes a flat spectrum and therefore we
are not surprised by the output. For the electro-
magnetic model there is a P dependence but the
dominant term seems to be the one which is con-
stant in P. Note that the models require the eval-
uation by Monte Carlo mehtods of eight-dimension-
al integrals. The statistical accuracy in the eval-
uation is not sufficient to see small effects.

The results given above only confirm our pres-
ent understandi'ng of the physics behind trimuon
events. However, the question arises as to how
much parity violation would be present if we sup-
pose the contrary to be true, i.e. , if all the dim-
uons came from the decay of, say, charmed parti-
cles. To examine this point, let us take the gluon
bremsstrahlung modeL' In that model a pair of
charmed particles are produced from single glu-
ons (ignoring the question of color recombination)
and they decay into the channels c- s+ p, '+ v„and
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FIG. 2. The Q distribtuion in the secondary dimuon
rest frame for the CDHS trimuon events. The solid line
shows the result expected from the hadronic model and
the dashed curve gives the result from the electromag-
netic model, normalized as in Fig. 1.
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c- s+ p, + v, . We assume for simplicity that the
decay interaction is V-A with maximal parity vi-
olation. With this scenario the angular distribu-
tion in the dimuon rest frame can, in principle,
contain all multipoles. However, there is no rea-
son to believe that the coefficients of the terms in
cos8 or eos'8, etc. , are larger than the constant
term. To a first approximation therefore the ang-
ular distribution in cps8 will be flat without cuts.
We have checked this by calculating the spectra in

cos8 using our program for the ec production and
decay, and that is indeed the result. Note that this
statement follows from the numerical evaluation
of an eighteen-dimensional integral, i.e. , seven
for the production of the pair of charmed particles,
f ive for each decay, and one for the neutrino spec-
trum. It is impossible to look for small effects
while such calculations are carried out complete-
ly numerically. Therefore if we incorporate cuts,
we end up with a cos8 curve which looks just like
the hadronic curve in Fig. 1.

Hence the conclusion we reach is rather nega-
tive. So long as the multilepton studies are car-
ried out with requirements that E„~4.5 GeV, there
is little hope that the angular acceptance in the
c.m. frame is large enough to test for the pres-
ence of parity-violating decays. Also as long as
the theoretical work consists of the running of mas-
sive computer programs, it-is impossible to pick
up small effects in angular distributions. Unfor-
tunately, we do not see any alternative theoretical
approach because the evaluation of many of the in-
tegrations analytically is fine, but it completely
destroys the possibility of introducing momentum
smearing, acceptance cuts, definitions of leading
muons, etc. , and these effects must be incorpora-
ted before any meaningful comparison can be made
between theory and experiment.
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