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Neutral-current effects in the decay Q-+ p, +p,
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We calculate the angular distribution and polarization of muon pairs from the decay of a Q particle
produced in e+e collisions. We show, among other things, that weak neutral-current effects do not
produce a forward-backward asymmetry but do give the muons a net helicity which is a sensitive test
of both neutral current theories and models of the Q particles. The possibility of measuring the
resulting net helicity in the near future is briefly discussed.

The discovery of two very narrow resonances
$(3105}and P(3695) at SI.AC' and Brookhaven' sig-
nals the beginning of a new regime in particle
physics. As we increase our understanding of the
nature of these new structures we can certainly
hope that they will prove to be important, perhaps
even crucial, clues to some of the outstanding
problems in particle physics. At the very least,
however, they would seem to be the harbingers of
a whole new stratum of information on the struc-
ture of matter. We wish to point out, in the latter
vein, that, independently to a large degree of what
precisely they are, the existence of the P's allows
the possibility of seeing neutral-current effects
using the present generation of e e colliding-
beam machines.

If, as now seems likely, the g's are not directly
coupled to leptons, then their decay into muon
pairs may proceed either through the intermedia-
tion of a photon [Fig. 1(a)] or via the weak neutral
current [Fig. 1(b), shown in the local limit]. These
two diagrams lead to the two invariant amplitudes
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We feel that such a model is the most natural suc-
cessor to the old phenomenologica1. description of
the weak interaction, and hence we use it as a
frame of reference. If further we parameterize
the weak neutral vector current in the quark model
according to

V„", = ec y" c + Pt&y" u —ydy" d —5s y" s, {6)

then in the SU(2) version of the IVB model we have

g v = 1, g" = 1, and o = P =y = 5 = 1. Note that V„",. has
a structure very similar to that of the electromag-
netic current,

Vefn 3 cy" c + —,'tv y" u —3d y" d —3 S y S ~

The values of g ~, g ", n, P, y, and 5 are given
in Table I for a variety' of weak-interaction
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where V„", is the vector part of the hadronic weak
neutral current coupled to muons and where we

have parameterized the relevant sector of the neu-
tral-current interaction in the form

V AH c =+2~g4yp(g' g' y5}&vnc ~ (3) Q(k X) P(kX)

with G the Fermi constant. We choose this para-
meterization, including the explicit factor of +-„
because it corresponds to the weak SU(2} exten-
sion of the intermediate vector boson (IVB} model
in which the semiweak interaction is

(o} (b)

FIG. 1. {a) The electromagnetic amplitude for
g-)LI+p; (b) the weak-neutral-current amplitude for
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models.
We are now in a position to proceed with our

calculation. We define
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32+
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(8) and the net helicity is
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and anticipate that the dimensionless constants
f& and g& are of the same general size. These
definitions then lead us to the two amplitudes

gem (10)

inc t ~eg ge
A

2&2

which wil. l appear throughout what follows. Next,
let the storage-ring magnetic field direction and
the momentum of the e beam define the x and z
axes of a coordinate system, and call 8 the angle
that the momentum of the decay p, makes with z
and p the angle its projection into the x-y plane

~ A

makes mth x. The direction x enters into our con-
siderations because the e' beam in a tin a s orage ring
is expected to quickly attain a polarization of P,
=v —,', v 3=+0.924 with respect to this direction. '

In the ultrarelativistic approximation which ap-
plies here, it is easy to show that the P particles
will be produced in one of two coherent polariza-
tion states, which we label e, , with probabilities
—,'1+ ):

forward g 2~2&& f (18)
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Notice that, in contrast with the off-resonance
e'e - p, 'p process, there is no forward-back-
ward asymmetry in the unpolarized rate. This is
perhaps just as well in that such an effect need
not be due to weak interactions, so that the inter-
pretation of such a measurement has its concomi-
tant difficulties. ' The predicted helicity h(8, P)
and unpolarized event rate dr(8, (P)/dQ are shown
in Figs. 2 and 3, respectively.

W'e see that in the forward hemisphere one will
find an enhancement of the helicity due to the
strong transverse polarization of the beams to a
value

A' e(15, 1}+(A"'e(k,2)
em 2+ nc 2 1/2 (12}

(e&k, X~ are linear polarization vectors. '
The amplitudes for this process are of course just
the complex conjugates of the amplitudes (1) and
(2)

If P is produced at a rate R and has a total decay
rate I', then the differential event rates dr(). , X,}/
dQ for muon pair events leading to a LL(, at angles
(8, (P) with helicity X and an oppositely directed
p.
' with helicity X, are

Aefn
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dr(~, +) R p=p 64~ [(A' )' + 2A' A"'] F(8, (p), (14) 'o
where

~nc
F(8, (t() =1+cos'8-p' sin'8cos2(p+ cos8A'

Hence the unpolarized rate is FIG. 2. The predicted helicity of the p in f —p'p
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FIG. 3. The angular distribution in tl
—p+p .

It remains to discuss g "g&/f~, which depends not
only on the weak interaction but also, of course,
on the nature of the P particles. For example, if
the ~I)

's should be relatively pure charm-anticharm
vector mesons, then one would expect g/f =-,'o
(see Table I). More generally, one can find by
expanding V„", and V„" in the 16-piet of SU(4} vec-
tor currents' that if SU(4) were exact, the value
of g/f would be determined by the SU(4) classifica-
tion of g according to (g/f), =P+y, (g/f), =P —y
+26, (g/f)„=-,'(-3a+P-y —6), and (g/f),
=3(n+P —y —6); SU(4) breaking should not change
the size of this effect. In fact, as wehave already re-
marked, no matter what the nature of the tI)'s, the
similarity in the structure of V„", and V," virtual-
ly guarantees that g/f-O(1).

The expected magnitude of the resulting net he-

licity is therefore very similar to that which is
present in e'e - p, 'Lti. at any nearby energy. '

However, one of the advantages of using the decay
of the ~jul particles to see neutral-current effects
is that the la~ge Production cross sections for P's
make the measurement of such a helicitg feasible
long before it becomes Possible at any nearby en
ergy, Since with a 1.9-MeV resolution' the peak
cross section to produce muon pairs from g(3105)
is -200 nb, one would see more than ten such
events per second with a luminosity of 10" cm '
sec ' [Iuminosities of this magnitude should be
available soon at DCI (Orsay} and DORIS (DESY)"j.
This event rate is more than ample to allow detec-
tion of an effect at the 10 '

l.evel, Alternatively,
if it were possible to define the energies of the
electron and positron beams more accurately, one
could produce the ~Ii on resonance with a cross sec-
tion of -5 jLi,b, which would give an event rate suffi-
cient to make the expected effect observable at pres-
ently available luminosities. Qf course, if another
such resonance were to be discovered at a signifi-
cantly higher mass, the enlarged effect could be
seen immediately.

Such a measurement would serve many purposes
simultaneously: (1) The existence of an effect at
any level would indicate the presence of an as yet
unseen charged-lepton-hadron weak neutral cur-
rent, (2) within the context of a given model for
the g particles, the value and sign of the helicity
would put severe restrictions on models of the
neutral currents, and conversely (3) within the
context of a given model for the neutral currents
the value and sign of the helicity would put severe
restrictions on models of the g particles (for ex-
ample, in the charm-anticharm model it measures
the charge of the charmed quark).

Considering the exciting issues which could be
resolved, we feel that such a measurement should
be given serious consideration.

The author gratefully acknowledges numerous
discussions with J. D. Prentice in the course of
this work.

TABLE I. The values of the parameters g", g+, 0, P, y, and & in various models.

Model

(A) SU(2)-rVB 1
{B) SU(2) x U{1)-SB 1 —4 sin28

{C) SU(2) x SU{4)-ISB
{D) U(1) 1

1
1

~2
1

1
1-~ sin~&

&2

1
1-~& sin20

v'2

1
1-& sin~o

0

1
1-& sin 6'

0

See Ref. 4 for a description of the models.
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