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New Measurement of the Z Magnetic Momentef
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Vfe report a near and more precise measurement of the magnetic moment of the Z

hyperon. Our result of t- 1.48+ 0.37)p, & is in agreement arith the sign given by simple
SU(3) theory, but differs somewhat from the value of —0.9p„predicted by the theory arith
no mass bre8%&E.

In an earlier publication' we reported the first
measurement of the magnetic dipole moment of
the Z hyperon. Our earlier determination placed
limits on the magnitude of the Z moment but was
insensitive to its sign. %e have now accumulated
considerably more data and have made a more
comprehensive analysis of all of our data. %e
present here the first indication of the sign of
the Z magnetic moment as well as a much more
precise value than that previously reported.

As in our earlier experiment, K mesons pro-
duced by the slow extracted proton beam of the
Brookhaven National Laboratory alternating-gra-
dient sychrotron were brought to rest in targets
of Pb, separated ~8Pb, and Pt. The Z hyperons
were produced in these targets by nuclear E cap-
ture. The resulting K, Z, and I x rays were
observed using two 50-cm' true coaxial Ge(Li)
detectors which exhibited instrumental resolu-
tions of 1.10 and 0.9S keV full width at half-nmx-
imum at 292 keV, the energy of the R (s = 9 —n
=8) atomic transition in Pb.

Since the Z has spin &, its atomic states are
split by the resulting fine structure and a mea-
surement of this splitting yields a value for the
magnetic moment. Theoretical predictions for
the Z magnetic moment have been made from

SU(3) symmetry considerations. ' ' From these,
relations are predicted between the magnetic mo-
ments of members of the baryon octet. Specifi-
cally, with no mass breaking, the magnetic mo-
ments are

where p„=el/2m~c, one nuclear magneton.
The Z magnetic moment can be written as a

sum of two components, '

where p, z is one sigma magneton, elf/2mzc, g,
is the Dirac factor ( —t in this case), and g, is
the anomalous term. The fine-structure splitting
of an atomic level with principal quantum num-
ber n and orbital quantum number E is given by

(aZ)' m
nl(go ,Zl) 2s8 E(f+ ]) &

where Z is the nuclear charge, m the reduced
mass of the Z -nucleus system, and o is the
fine-structure constant. For the Z (n =12) state
one can calculate the relative intensities of the
three E1 transitions to the n =11 state. Circular
transibons are defined as those betw'een orbits
with l =n —1 and the first noncircular transitions
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as those between orbits with E=n —2. If we label
the spin-up to spin-up (hj= d, l= m=1} transition
a, spin-down to spin-up (aj =0, &= ~ = 1) tran-
sition 5, spin-down to spin-down (Aj= al= ~=1)
transition e, the following intensity ratios for n
= 12 to n =11 transitions are obtained assuming a
statistical population of the fine-structure states':

circular, g:b:c= 252:1:230;

noncircular a:b:c = 209:1:189.

In our analysis, the contribution from 5 was
ignored. The energy difference between the two
prominent transitions u and c is then equal to the
difference in splitting of the two levels as given
by Eq. (2). Since the intensity ratio and fine-
structure splitting are different for circular and
noncircular transitions the contribution of the
latter must be included in the analysis.

The contribution from the first noncircular
transition was estimated from the data in the fol-
lowing manner. Figure 1 shows schematically
the circular transition (labeled 7), the most in-
tense noncircular one (labeled a), and a compet-
ing ~= 2 transition labeled P . Since the ener-
gies of the transitions 0. and y are not well re-
solved experimentally, one needs to determine
o/7. From the data we can in principle deter-
mine the intensity ratio P /(n+ y) since the tran-
sition P is well resolved in energy. Because the
Z(11-10)was observed in Pb, the Z(12-10)
should not be so broadened by the strong-interac-
tion effect as to be unobservable. %e found an
upper limit on P /(o. + y} of 0.07. The intensity
ratio n/P calculated for electric dipole radiation
is 2.3 for the transition depicted in Fig. 1. %e

FIG. 1. Schematic diagram of circular and noncircu-
lar transitions considered in the analysis of the Z I-ray
data. Levels are labeled by (n, E) values. The fine-
structure splittiags are not shown.

obtain for the transitions in Pb
o P a—~ 0.16.n+y o+y P

The data were analyzed with a least-squares
fitting program in the following manner. The in-
strumental response of the system at the energy
corresponding to the Z(12 -11}transition was ob-
tained from the adjacent K (9 -8) transition and
from radioactive sources. The widths of the Z
components were held fixed for a given fit and
the centers and separations of the noncircular
transitions were related to those of the circular
transitions by the Dirac equation. The separa-
tion between the components was varied and the
corresponding y' determined as a function of this
separation and thus of the Z magnetic moment.
As a check, similar y' analyses were performed
on single lines from radioactive sources and on
computer-simulated Gaussians. In these tests,
the y' function was centered about zero, but a
finite interval existed over which g' changed by
one unit. This was a reflection of statistical un-
certainties in the width of the single Gaussian.

The error in the magnitic moment was partly
determined by the range of values over which g'
changed by one unit. The final error reflects
this uncertainty as well as those associated with
the instrumental width and the contribution of non-
circular transitions. Using our estimate of the
intensity ratio n/(a+ y), we varied the relative
yield of the first noncircular transition between
0.05 and 0.15 for Pb and 0.10 and 0.20 for Pt.
Each set of data was analyzed and the individual
curves of g' versus Z magnetic moment were
added together to yield the result shown in Fig. 2.
The region of p, shown between the two vertical
lines in this figure represents uncertainties due
to the instrumental width but not those due to the
uncertainties in the contributions from noncircu-
lar transitions. Because of the uncertainties in
the contributions of noncircular transitions we
increased the error by 20%,, based on the analy-
ses of the Z x-ray data in which different frac-
tions of noncircular contributions were used.

From Fig. 2 we note an indication of a prefer-
ence for a negative sign for the Z magnetic mo-
ment, the X' difference between the two minima
being 0.95 for one g' curve and 0.82 for the other.
The value obtained for p, (Z ) is

p(Z ) = (- 1.89 + 0.47}p z

or, equivalently,

p(Z ) = (- 1.48 + 0.'37) p ~.
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mass correction term in the magnetic moment
would not be surprising. However, as mentioned
by Cool ef al.,

' there is at present no fully ac-
ceptable method for calculating such a correc-
tion. Certainly at the present level of experimen-
tal precision no definitive disagreement with the
value predicted by Eq. (l) is implied by our re-
sult.
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Laboratory alternating gradient synchrotron for
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sistance in the data analysis.
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FIG, 2. g response from fitting the Z (12~ 11) tran-
sitions. The curves represent a compilation of data
from natural Pb (5.4 x 108 g stops), 2OSPb (8.3 x 107
E' stops), and Pt (3.6x 10s E- stops). The solid
curve vras calculated for instrumental resolution that
eras 1 standard deviation greater than the most proba-
ble; the dotted curve for 1 standard deviation less.
Included in our quoted error (see text) but not shorn
above is the uncertainty introduced by contributions
from noncircular transitions.

Our value for p, (Z ) differs by 1.6 standard devia-
tions from the SU(S) value given in Eq. (l). We
note, however, that our result is in agreement
with the recent measurement of g(:" ) by Cool
et al. ,

' who obtained

p(= )=(-2.2+0.8)p„.
Since the mass of the Z is 2'f% greater than that
of the proton, the presence of an appreciable

*Accepted vrithout revievr under policy ~~ounced in
Editorial of 20 July 1964 IPhys. Hev. Lett. 13, 79
{1964)].

g%'ork supported in part by the National Science Foun-
dation and the U. S. Atomic Energy Commission.

f.The results presented here constitute part of a thesis
to be submitted to the College of %'illiam and Mary in
partial fulfillment of the requirements for the Ph. D.
degree.

'J. D. Fox, %. C. Lam, P. D. Barnes, H. A. Eisen-
stein, J. Miller, H. B. Sutton, D. A. Jenkins, M. Eck-
hause, J. H. Kane, B. L. Hoberts, H. E. Vfelsh, and
A. H. Kunselman, Phys. Hev. Lett. 31, 1084 (1973).

28. Coleman and S. L. Qlashow„Phys, Hev. Lett. 6,
423 {1961).

3M. Nauenberg, Phys. Hev. 135, 81047 (1964).
H. R. Rubtnstcin, F. Scheck, and R. H. Socolow,

Phys. Hev. 154, 1608 (1967).
SFor a discussion of fine-structure splitting and mag-

netic moments see H. A. Bethe and E. Salpeter, @cen-
tum Mechanics of One- and Tuo-EEectron Atoms (Aca-
demic, Near York, 1957).

6H. L. Cool, G. Giacomelli, E. %. Jenkins, T. F.
Kycia, B. A. Leontic, K. K. Li, and J. Teiger, Phys.
Hev. Lett. 29, 1630 (1972).


