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MEASUREMENT OF THE RATIO OF AXIAL-VECTOR TO VECTOR CURRENT
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From approximately 550 Z electronic decays produced by stopping X in liquid hydro-
gen we have selected a sample of 49 events in which the neutron from the Z' leptonic de-
cay is detected by a subsequent n-p scatter. A maximum-likelihood analysis, including
the effect of about 20Vo background, indicates that the magnitude of the ratio of the cou-
pling constants is ~G~ /G~~ = 0.23 + 0.16, in excellent agreement with the prediction of the
Cabibbo theory.

In an effort to measure the ratio of the axial-
vector to vector current in the weak Z -n
transition we have searched for proton recoils
associated with scatters of the neutron from Z
—ne v decays. "Approximately 550 such de-
cays have been found in 4& 10' pictures of stop-
ping K in the Brookhaven National Laboratory
30-in. hydrogen bubble chamber. ' In any doubt-
ful case the Z decay track was gap counted to
insure that only electronic decays were included
in the sample of events to be examined for re-

coils.
Each of the Z -ne v events found has been re-

measured together with all visible recoil protons
within 25 cm of the Z decay vertex; an average
of 5 such recoils was associated with each decay.
The measurements were processed by the Mary-
land TVGP-SQUAW fitting program with four con-
straints overall for the reaction sequence

E p-Z m' (K at rest),
Z ne
np-np.
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The K p reaction was fitted using three con-
straints; the Z decay and np reaction, using
one. There were many fits with very short re-
coils (lengths ~0.5 cm) which, because of their
large measurement errors, are relatively easy
for the kinematics program to incorporate in a
fit. These short-recoil fits are heavily contami-
nated with background. To reduce this background
we have applied the following stringent require-
ments to each event: (1) The laboratory dip angle
of the Z and e must be ~70'. (2) The end of
the neutron (beginning of proton) must be more
than 4.0 cm from all chamber boundaries. (3) The
proton must stop in the chamber. (4) The length
of the proton, neutron, and sigma tracks must
lie within the following intervals: 0.70 cm & l~
&4.00 cm, 0.25 cm & l ~20.00 cm, 0.10 cm & l&
~ 0.95 cm. (5) The value of y' for the three-con-
straint (3C) fit at the R p-Z n' vertex must be
less than 11.3 (1% level) for an at-rest produc-
tion process. (6) The difference between the y'

for the 4C overall fit and for the 3C production
fit was required to be less than 4.0. This is a
1C test for the recoil fit at the 5% level of signif-
icance. (7) The electron laboratory momentum
must satisfy 10.0 MeV/c & P, ~170.0 MeV/c to
insure positive identification. 49 events have
survived the above cuts and these events have
been plotted as solid circles on a scatter plot of
protons versus neutron length [Fig. 1(a)].

To investigate the background due to random
proton-recoil tracks happening to fit with Z
electronic decays, we simulated background
events in the following ways: In the first method
we used a sample of some 50 Z -A e & decays4
in which we ignored the visible A and instead
measured all proton recoils in the picture with
the Z as though it were a Z -ne v decay. The
recoils from those 15 events which passed all
criteria except the proton length test have been
plotted as crosses in Fig. 1(a); only one of the
fits occurred with a recoil of length ~0.7 cm
(this cut was put in to increase the discrimination
between genuine and background events). This
method of estimating the background has two
drawbacks: The electron momentum spectra of
the two Z decay modes are significantly differ-
ent and the statistics are very limited. A second
study of the background was made by generating
fake events from the real measurements by ran-
domly associating recoils from one frame with a
Z decay in another. 300 Z electronic decays
have been used in four such background runs and
have resulted in 24 fake events satisfying all our
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FIG. l. (a) Plot of proton versus neutron lengths.
The points (closed circles) represent the 49 real
events, the open circles are the 24 Monte Carlo fake
events, and the crosses are the recoils giving fits with
Z A e p events. (b) Number of fits as a function
of "neutron" length for the real data and the Monte
Carlo background (normalized to 2270 of the real data}.
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cuts. Ne, therefore, estimate that there should
be 24&& 550/(4&&300) = 11 background events in the
49 found. The 24 fake events have been plotted
as open circles in Fig. 1(a).

Another estimate of the amount of background
can be obtained by studying the number of appar-
ent events as a function of the distance of the re-
coil (neutron length) from the Z decay vertex
for both the true and the fake events. The fakes
are principally from recoil protons caused by the
approximately uniform neutron flux from the al-
ternating-gradient synchrotron passing through
the bubble chamber. This uniform density should
produce a quadratic rise in the differential num-
ber of recoils, and consequently, in the number
of fakes produced as the length of the "neutron"
increases. The true recoil events, on the other
hand, should be essentially independent of l, .
The graphs of Fig. 1(b) verify this; the number
of simulated fake events is, indeed, seen to rise
rapidly with the distance from the Z decay ver-
tex, whereas the number of real events actually
decreases. This fall in the number of real events
with increasing l, is attributed to the fact that
(a) the chamber is of finite size and (b) the recoil

199
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FIG. 2. Dalitz plot of T~* vs T~* in Z rest frame.
The points represented by closed and open circles are
the 49 real and 24 background events, respectively.
The curves, longer dashed line (shorter dashed line)
represent contours of constant vector |,'axial-vector)
current density.
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FIG. 3. The form of the likelihood function. Curve 8
is the result for the 49 real events including 22% back-
ground. Curve 8 is the result for the 24 pure fake
events (the normalization is arbitrary).

scanning efficiency drops with increasing l~.
There were two cases in which two recoils fit
with the same Z, in rough agreement with the
estimated background rate. Figure 2 is a Dalitz
plot of the neutron and electron kinetic energies
(in the Z rest frame) for both the 49 actual and
24 simulated events.

The ratio of the axial-vector to vector current
in the Z —ne v decay was estimated by a max-
imum-likelihood analysis. ' Since the detection
efficiency varies with electron momentum, the
likelihood function used is the conditional proba-
bility density for the neutron energy given the
electron energy and the observed directions of
the Z and e . The finite chamber volume and
the neutron- and proton-length cuts required that
we include in this density the effects of the ener-
gy-dependent n-P differential and total cross sec-
tions. ' To allow for the approximately 20% back-
ground present in our real data the likelihood
function also included the probability density due
to background events. It is assumed that the fake
events will uniformly populate the allowed physi-
cal region of the Dalitz plot and that the relative
proportion of background events rises quadrati-
cally with the distance from the Z decay. The
form of the likelihood curve (including the back-
ground correction) is shown as curve R in Fig. 3.
From this we estimate that the magnitude of the
ratio of axial-vector to vector currents in our
present sample of 49 Z -ne v events is

IG, /G„I =0.23 +0.16,
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in excellent agreement with the Cabibbo-theory
prediction of -0.24. ' (If the background correc-
tion had been ignored, the result would be IG, /
G, I =0.26 +0.17.)

For comparison purposes the 24 fake events
have also been run through the likelihood pro-
gram (without the background term). A number
of these events lie right at the curved boundary
of the Dalitz plot where the vector-current term
is zero; this results in a likelihood curve (curve
B, Fig. 3) that is predominantly axial vector.

Two other results for G, /G, for Z -ne v de-
cays have been reported recently. Gershwin et
al.' measured the e decay asymmetry from po-
larized Z 's and found G, /G„= -0.05'00.,", or
+ 1.3",", (in the sign convention of Ref.7), while
Eisele et al. ,

' using a method similar to ours,
have obtained G, /G, = -0.47", ,", or + 0.42", ,",.
By combining the magnitudes of the likelihood
curves of these experiments with our own, we ob-
tain

G, /G, = 0.26+00 02.

In conclusion it should be mentioned that we
have not included the weak-magnetism correc-
tion predicted by the Cabibbo theory since its ef-
fect is small compared with our present errors.

We wish to thank Dr. U. Nauenberg for making
the Princeton Z - ne v events available to us.
We are indebted to our scanners for carrying out
efficiently and well this unusually difficult task,
and to the 30-in. bubble-chamber crews and al-
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pert help in obtaining the pictures.
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We present the most general forms for the trajectory and residue functions for daugh-
ter Regge poles which are consistent with analyticity and unitarity. Our results hold for
arbitrary masses and spins of the external particles, all types of conspiracy, and gener-
al, nonparallel trajectories.

Two major problems are encountered in the construction of Regge-type expansions for two-body

scattering amplitudes for general masses and spine of the external particles: (i) The individual terms
in the expansion for an s-channel process 1+2-3+4 contain spurious singularities at s = 0 unless %zan

=m, and m, =m~. (ii) The helicity amplitudes used to describe the scattering of particles with spin are
not all independent at s = 0 and at the pseudothresholds and thresholds, s = (m, + m, )' and s = (m, + m4)'.
The singularities at s = 0 can be eliminated in the Regge expansion by the introduction of an infinite se-
quence of daughter Regge poles. ' However, the conditions which ensure that the fu11 scattering ampli-
tude is analytic at s =0 impose nontrivial constraints on the behavior of the trajectory and residue
functions near that point. Because of the kinematic restrictions on the helicity amplitudes at s = 0 (con-
spiracy conditions) these constraints can connect the trajectory and residue functions for poles of op-
posite intrinsic parity (conspiracy). The residue functions must also be adjusted to satisfy the kine-
matic constraints at pseudothresholds and thresholds.

The problem of determining the most general forms for Regge trajectory and residue functions which

satisfy the constraints imposed by (i) and (ii) has been considered by many authors. ' With the excep-
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