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Limits on Right-Handed Charged Weak Currents from a Polarization-Asymmetry
Correlation Experiment with '07In
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A new technique, based on relative measurements of the longitudinal polarization (P) of positrons
emitted in two opposite directions with respect to the nuclear polarization (R =P /P+), is used to pro-
vide constraints on extensions of the standard model (Rp). The first result, i.e., R/Ra=0. 926~0.041,
was obtained with ' In. Interpreted in the framework of left-right symmetric models and assuming no
mixing, it provides a 90% C.L. lower limit of 225 GeV/c for the mass of a possible right-handed
charged W gauge boson, reducing the mass range allowed by other semileptonic experiments.

PACS numbers: 23.40.Bw, 12.15.Cc, 14.80.Er, 27.60.+j

Precision measurements of the nuclear beta decay heli-

city structure provide sensitive tests of the standard elec-
troweak model (SM) and its extensions. A recent mea-
surement of the electron asymmetry in the decay of po-
larized neutrons [1] has fostered speculation on the pres-
ence of right-handed currents in the semileptonic weak
interaction [2,3] and new reports [4] of a possible unitari-

ty violation in the quark-mixing matrix may also provide
evidence of less than maximal parity violation. For sim-

plicity, these deviations from the SM are interpreted in

the context of the manifest left-right symmetric (MLRS)
model [5], which introduces an additional, mainly right-
handed charged gauge boson Wz to restore the parity
symmetry of the weak interaction at sufficiently high en-

ergies. The parameters of this model are a mixing angle

(, and 8, which is defined as 8 =M ~/M2 where Mt and

M2 are the masses of the observed, mainly left-handed,
charged gauge boson Wi and its heavy 8'2 counterpart.
An analysis of the experimental data for several superal-
lowed transitions [2] concluded that g must be small, in

agreement with the results from the unitarity condition
for the quark-mixing matrix, but that 6 was 2.5 standard
deviations from zero, implying that Mz is in the range
210-320 GeV/c at 90% C.L. This result is in disagree-
ment with MLRS analyses in the purely leptonic and ha-
dronic sectors [6] and, if real, requires invoking more
complex extensions of the SM [7] which are not mani-

festly symmetric. New semileptonic decay experiments,
preferably more sensitive to 6 than the neutron and ' Ne
measurements used in Refs. [2] and [3], were needed to
test for the presence of right-handed currents in this sec-
tor.

Here we report an experiment of this type: a ratio
measurement of the longitudinal polarization of positrons
emitted along (P+) and opposite (P ) to the direction
of the nuclear polarization (the polarization-asymmetry
correlation, P /P+). Proposed recently by Quin and
Girard [8], this novel method has the potential of high
precision, and of increased sensitivity to right-handed
currents compared to absolute polarization measure-
ments. As the method is based on relative polarization
measurements, a number of possible systematic effects
and uncertainties are eliminated or significantly reduced.
Moreover, the experiment provides constraints comple-
mentary to those obtained from measurements of the
relative beta polarization PF/PGT in pure Fermi and
Gamow-Teller transitions [9,10]. The manifest left-right
synimetric model predicts the P /P+ ratio for Gamow-
Teller transitions as [8]

R=P /P+ =Rp 1 —P (b+g)
P —(P JA)

=Rp[1 —k(6+/) ],
where

(P —P. JA ) (1 +P. JA )

(P +P JA)(1 —P JA)

p =v/c, J is the nuclear polarization, and A is the (transi-
tion dependent) beta asymmetry parameter. The leading
term, Ro, is typically on the order of unity, and can be
determined from measurements of p and of the asym-
metry P. JA in the decay intensity with respect to the nu-
clear polarization direction. The full power of the
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FIG. 1. Layout of the experimental setup.

enhancement factor (k) is realized when p and p JA are
both large, i.e., close to unity. Deviations of the mea-
sured polarization ratio R from Ro indicate a deviation
from the standard model; for instance, the existence of a
predominantly right-handed charged gauge boson 8'2
with a mass of 250 GeV/c would imply a deviation of
R/Ro from unity of about 9% for the experiment present-
ed here. Corrections to Ro from contributions beyond the
allowed approximation will be discussed below.

The experiment presented here was carried out on the
positron decay of ' In which is dominated by an allowed

pure Gamow-Teller transition with log~oft
=5.7, end-point energy ED=2.25 MeV, half-life 32.4 m,
and a maximal asymmetry parameter 2 =1. The data
were obtained with the system shown schematically in

Fig. 1. The activity was produced with a 120 MeV, 4 pA
' N + beam from the CYCLONE cyclotron in Louvain-
la-Neuve, bombarding a Mo target placed in an ion
source on the LISOL isotope separator [11]. The 50 keV,
mass separated ' In beam (10 atoms/s) was implanted
continuously in an iron foil, placed inside a dilution refri-
gerator. The nuclei were polarized with the technique of
on-line low-temperature nuclear orientation [12], at a
temperature of 10 mK and in a magnetic field of 3.2 kG.
Positrons were focused into the polarimeter by a spec-
trometer, consisting of the superconducting magnet in the
refrigerator and a room temperature 0.6 kG iron-free
solenoid, which selected positrons with a mean kinetic en-

ergy of 1.14 MeV (momentum resolution dp/p=27%)
within a 1.4 sr cone oriented 35 with respect to J. The
nuclear polarization is inverted by reversing the current
in all spectrometer magnets. This was done about every 2
h. In the polarimeter the positrons crossed a Be degrader
and a plastic START scintillator, before stopping in an
evacuated MgO powder pellet located in a uniform mag-
netic field of 9.6 kG. Here, about 40% of the positrons

formed positronium (Ps), the decay photons of which
were detected with two BaF2 STOP scintillators. Time-
resolved Ps-decay spectra were obtained with a time-to-
digital converter of 156 ps channel width. Timing cali-
bration yielded a resolution of 1.4 ns FWHM. A detailed
description of the polarimeter and the detection setup can
be found in Ref. [10].

The technique for measuring the positron polarization
by observing the time-resolved decay spectrum of Ps
hyperfine states formed in a magnetic field, has been dis-
cussed previously [13-15]. The decay spectrum can be
written as

Np'(t) =[F(t)+T(r)+(1+ EP)f(r)]~', (3)
where N and Ã' are the count rates for the polarimeter
magnetic field parallel and antiparallel to the positron
momentum, respectively, and the —and + signs corre-
spond to the superscripts p and a, respectively. The po-
larimeter field was inverted every 4 min. Further, F(t) is
the contribution of direct annihilation and components
with short lifetime (r ~ 2.5 ns), T(t) is the contribution
of the unperturbed triplet state (r =127 ns), which is in-
sensitive to the positron polarization P and used for nor-
malization, and f(t) is the contribution of the perturbed
triplet state (r =7.5 ns) which depends on P and on the
eAective analyzing power t..=0.15. Figure 2 shows the
experimental Ps decay spectrum from one of the seven
runs, together with the response function, which is ob-
tained by replacing the MgO powder by a stack of Be
foils in which all positrons annihilate directly. For time
r & 3 ns the contribution of the "fast" component F(t) is
small and, normalizing to the triplet contribution
T=QT(t;) integrated between t; =80 ns and 200 ns, we
obtain the ratio of the positron polarizations for two op-
posite directions of the nuclear polarization ( —/+ ) from

[N'(r )/T' —N~(r )/T'] eP g (t )
[N'(r )/T' N&(r )/T~] ' —a"'g(r )

This ratio should be a constant, as illustrated for run No.
6 in Fig. 2(b) which shows R(t ) for different time bins in

the polarization sensitive region of the decay spectrum.
We checked the constancy of R(t) also for the combina-
tion of all the runs: the g fit to a constant results in

g /v=0. 90. We have used the weighted mean of the
R(t) values between 3 and 18 ns, as shown in the figure,
to obtain the experimental value for R and R/Rn.

Ro was calculated using the beta asymmetry p. JA
determined from the intensities of the triplet component
in the Ps-decay spectra, which is independent of the posi-
tron polarization, measured for opposite nuclear polariza-
tions. To take into account variations of the source inten-
sity, the triplet intensities were normalized to the intensi-
ty of the 205 keV y ray in the decay of ' In, taking into
account the =5% anisotropy in the emission of this y ray.
The momentum calibration and the resolution of the
spectrometer were obtained from a spectrometer calibra-
tion using monoenergetic conversion electrons from Bi,
which gave for ' In the average value (p) =0.9508
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in all time bins; the ratio in the denominator is the nor-
malization characteristic of each run [see also Eqs. (I)
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FIG. 2. (a) The experimental Ps hyperfine spectrum, show-
ing (i) the unresolved direct annihilation and components of
short lifetime (peak), (ii) the perturbed triplet (signal) and
triplet (normalization) components, and (iii) the response func-
tion (Be). The difference between the two superposed spectra
obtained with the Mgo powder (corresponding to the two po-
larimeter field directions) is directly proportional to the residual
polarization of the positrons forming Ps. The duration of run
six was 35 h. (b) The measured polarization ratio R(t)
=P /P+ in the time interval from 0 to 30 ns. The weighted
average value of 1o. errors for the polarization sensitive region
between 3 and 18 ns (which is dominated by the perturbed trip-
let and the triplet components, as shown by the constant value
of R) is indicated by the dotted lines. (c) The values of 8 for
all seven runs (assuming /=0). The arrows indicate the values
of 8 corresponding to different masses M2 (in GeV/c ) of a
possible right-handed 8'gauge boson.

and (2)]. For illustration sake we show also, in Table I,
the values obtained for the time integral gP —of these
quantities (in the region between 3 and 18 ns), as well as

g /v for their fit to a constant. Finally, the run-to-run
stability of the final result is illustrated in Fig. 2(c).

The most important potential source of systematic er-
rors is the scattering of positrons in the source foil and its
backing, which can change all three measured quantities
entering R/Ro, viz. , (P), P, and P JA. From measure-
ments carried out with a Ga source with and without
backing, the fraction of positrons scattered in the source
was determined to be 5.5%. Considering the most pes-
simistic but unrealistic assumption that all scattered posi-
trons had originally an energy equal to the ' In en-
point energy of 2.25 MeV gives (P) =0.9508+nN3n with

negligible effect, compared to the statistical uncertainty,
on R/Ro. Measurements of the positron rate as a func-
tion of the tilt angle of the source with respect to the
spectrometer axis, performed with an unpolarized Ga
source, showed the dominance of small angle scattering.
As a result, the correlation between the asymmetry and
the polarization is preserved, implying that a correction
for depolarization need not be made. This expectation is
in agreement with the result obtained from a control ex-
periment, using the Ga source to measure the ratio of
the polarizations of the scattered and unscattered posi-
trons. e resu t,Th lt P""/P""""=0.92-+0.13, is consistent
with negligible depolarization due to scattering. A possi-
ble systematic error may also arise by small time shifts of
the response functions corresponding to the two nuclear
polarization and polarimeter magnetic field directions.
Th se systematic shifts, obtained from the sum of spectra

lp and a, were always smaller than 25 ps and were du y
taken into account by shifting the corresponding time
spectra. Other possible systematic errors were considered
and will be discussed in more detail in Ref. [16]. They
are (i) the nonvanishing contribution of F(t) to our re-
sult, (ii) the effects of the difference in the positron tra-
jectories for the various combinations of the magnetic
fields, and (iii) differences in the count rates for the two
directions of the nuclear polarization, i.e., a ou dut 10 and
30 counts per sec, respectively. An important check on
possible systematic effects is provided by measurements
performed with an unpolarized ' In source, which should
give R =1, and we effectively obtained R =1.071(58).

The beta asymmetry P JA =PJ'S(cosO) was typically
0.574, corresponding to a ' In nuclear polarization of
=81%. The actual decay asymmetry allowed us to deter-
mine the standard model expectation value Ro and the

TABLE I. The values for gP — (defined in the text) for all seven runs, together with the
g /v values for their fits to a constant.

1 2 3 4 5 6

gP 0.144(36) 0.205 (24) 0.188(22) 0.218 (36) 0.174 (1 5) 0.163(14) 0.185(30 0.82
gP+ 0.129(33) 0. 195(20) 0. 172(17) 0.179(16) 0.191(10) 0.181(8) 0.162(18) 0.90
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enhancement factor k for each run. Typical values ob-
tained were Ra=0.825 and k =8.5. The weighted aver-
age result of all seven runs is R/Ro =0.926+ 0.041
(g'/v =0.54).

We have evaluated the contribution to the transition
rate formula of the most important form factors beyond
the allowed approximation [17], i.e., that of the weak
magnetism term (b), the induced tensor term (d), and
the f vector form factor. Assuming for a numerical esti-
mate the conservative values b/Ac =d/Ac= ~20 and

f/Ac =+. 1, where A is the mass number and c the
Gamow- Teller form factor (c =0.11 ), with a nuclear
alignment of =38%, the eA'ect of all these terms amounts
to a less than 1% modification of R/Ro, which is well

within our experimental accuracy.
The weighted averaged result of all seven runs for a

possible contribution from right-handed currents is (8
+g) =0.0087+ 0.0051 (g /v=0. 61). With the mixing
angle (=0, as obtained in Ref. [2], the sensitivity of this
experimental result to the mass M2, as reAected in the er-
ror o(6 ) =+ 0.0051, is equivalent to a 1% absolute
measurement of an asymmetry parameter or electron po-
larization [8,18]. This first result from the novel
polarization-asymmetry correlation has, in fact, a better
sensitivity to M2 than the result deduced from the four-
teen most precise absolute beta-polarization measure-
ments [18], i.e. , (8) = —0.0002+ 0.0065, where the un-

certainty may moreover be optimistic due to potential
systematic errors discovered later [19]. Our result is 1.7
standard deviations away from the value predicted by the
standard model. Assuming /=0, our result implies a
90% C.L. lower limit of 225 GeV/c for the mass of a
possible predominantly right-handed charged Wz gauge
boson [20]. This first result already reduces somewhat
the region of 210 & Mz & 320 GeV/c, allowed at 90%
C.L. by all other semileptonic measurements [2,21]. We
wish to stress, however, that our result is more reliable as
it comes from a relative measurement and does not rely
on a precise knowledge of the debated ft values of the su-

perallowed 0+ 0+ transitions. A second experiment of
the same type, which is expected to yield still better pre-
cision, is at present in preparation [22].

We have limited this discussion to the manifest left-
right symmetric extension of the standard model. Con-
straints on other types of deviations from the standard
model will be discussed elsewhere [16].

We wish to thank Dr. L. Dick and CERN for the loan
of the polarimeter magnet and Professor J. Govaerts for a
critical reading of the manuscript. We also gratefully ac-
knowledge discussions with Professor P. Lipnik as well
as the excellent support of the technical staAs of the
"Universite Catholique de Louvain" (UCL) and of the
"Katholieke Univesiteit Leuven' (KU Leuven). This
project was supported by the Belgian National Fund for
Scientific Research (FNRS/NFWO) and Interuniversi-
tary Institute for Nuclear Sciences (IISN/IIKW), the
U.S. National Science Foundation Grant No. P H Y-

9019983, and the Swiss National Science Foundation.
N.S. is a research associate of the FNRS/NFWO.

' Also at Katholieke Universiteit Leuven,
[I] B. G. Erozolimskii, I. A. Kuznetsov, I. V. Stepanenko, I.

A. Kuida, and Yu. A. Mostovoi, Phys. Lett. B 263, 33
(1991).

[2] A. S. Carnoy, J. Deutsch, R. Prieels, N. Severijns, and P.
A. Quin, J. Phys. G 18, 823 (1992).

[3] Yu. V. Gaponov, N. B. Shulgina, and P. E. Spivak, Phys.
Lett. B 253, 283 (1991).

[4] I. S. Towner, Nucl. Phys. A540, 478 (1992); F. C. Bark-
er, B. A. Brown, W. Jaus, and G. Rasche, Nucl. Phys.
A501, 501 (1992).

[5] J. C. Pati and A. Salam, Phys. Rev. Lett. 31, 661 (1973);
Phys. Rev. D 10, 275 (1974); R. N. Mohapatra and J. C.
Pati, Phys. Rev. D 11, 566 (1975); 11, 2558 (1975).

[6] The muon experiments reported in A. Jodidio et al. , Phys.
Rev. D 34, 1967 (1986) and 37, 237E (1988), yield the
90% C.L. lower limit M2) 406 GeV/c (for j=0). From
the KL-Kz mass diA'erence, G. Beal et al. , Phys. Rev.
Lett. 4$, 848 (1982), deduced at 90% C.L. M2) 1600
GeV/c .

[7] P. Langacker and S. U. Sankar, Phys. Rev. D 40, 1569
(1989).

[8] P. A. Quin and T. A. Girard, Phys. Lett. B 229, 29
(1989).

[9] W. A. Wichers, T. R. Hageman, J. van Klinken, and H.
W. Wilscbut, Phys. Rev. Lett. 5$, 1821 (1987).

[10] A. S. Carnoy, J. Deutsch, T. A. Girard, and R. Prieels,
Phys. Rev. Lett. 65, 3249 (1990); Phys. Rev. C 43, 2825
(1991).

[11] M. Huyse, K. DeneA'e, J. Gentens, P. Van Dupopen, and
D. Wouters, Nucl. Instrum. Methods Phys. Res. , Sect. B
26, 105 (1987), and references therein.

[12] N. Severijns, J. Wouters, J. Vanhaverbeke, and L. Van-
neste, Phys. Rev. Lett. 63, 1050 (1989), and references
therein.

[13] L. Dick, L. Feuvrais, L. Madanski, and V. L. Telegdi,
Phys. Lett. 3, 326 (1963).

[14] M. Skalsey, T. A. Girard, and A. Rich, Phys. Rev. C 32,
1014 (1985).

[15] R. Prieels, in Proceedings of the Twenty Fourth Rencon-
tre de Moriond, January 1989, edited by O. Fackler and
J. Tran Thanh Van (Editions Frontieres, Gif-sur-Yvette,
1989), p. 287.

[16] F. Gimeno-Nogues, Ph. D. thesis, Universite Catholique
de Louvain, June 1993; (to be published).

[17] B. R. Holstein, Rev. Mod. Phys. 46, 789 (1974); 48, 673
(1976).

[18] J. van Klinken, F. W. J. Koks, and H. Behrens, Phys.
Lett. 79B, 199 (1978).

[19]G. D. Fletcher, T. J. Gdy, and M. S. Lubell, Phys. Rev. A
34, 911 (1986).

[20] If one were to correct for the result obtained from the un-
polarized ' 7In data, the limit would be 205 GeV/c 2.

[21] R. Prieels, in Proceedings of the International Symposium
on Weak and Electromagnetic Interactions in Nuclei,
Dubna, Russia, 1992 (to be published).

[22] M. Allet et al. , in Proceedings of the International Sym-
posium on Weak and Electromagnetic Interactions in Nu-
clei, Dubna, Russia, 1992 (Ref. [21]).

4050


