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A new technique for the study of the beta x'ays emitted by polarized nuclei. is presented.
This technique uses two silicon detectors arranged in coincidence so as to discriminate
against gamma rays and back scattering fxom the detectors. This technique has been
used to study the asymmetry of the beta rays in the decay of ~Ag.

One of the most powerful techniques for study-
ing the beta-decay interaction and for measuring
beta-decay matx ix elements is the observation
of the asymmetry of the beta rays emitted by
polarized nuclei. '~ Because of the difficulty of
the measurements this technique has not been
extensively developed. ' %'e report here the first
measurements with a new technique which is
generally applicable and which will make possi-
ble precision measurements of the beta-ray
asymmetries fx'om polarized nuclei. In particu-
lar we report a study of the beta-ray asymmetry
from polarized " Ag.

Figure 1 shows a diagram of the apparatus.
The '" Ag nuclei were oriented a,s impurities in
an iron foil which was cooled to roughly 15 mdeg
K by thermal contact with a demagnetized chromi-
um potassium alum salt pill. Hi.gh specific activ-
ity '

Ag from which Rll ' Cd had been chemical-
ly separated was ion implanted into 75- p,m foils
using the Chalk River isotope separator. The
most probable penetration depth of 40-keV Ag
ions was 10 lIg/cm'; this makes beta-ray mul-
tiple scattering in the source negligible. The
iron foil is soldered to the end of a copper tube;
the diameter of the source is smaller than the
inner diameter of the copper tube.

A comb1natlon of two commercial 8111con de-
tectors wa, s used to detect the electrons. As
shown in Fig. 1 these detectors were mounted
on a thermal insulator in the 1 to O'K vacuum
space of the cryostat. A heater consisting of a
470-0, &-% resistor was used to maintain the
detectors at a temperature near 77'K so that
their resolution was optimum. The first, or
"thin, " detector was a 200-p. m thick totally de-
ple'ted silico11 tl'allsIllissioII detec'toI' (Simtec
1002) which had an active area of 1 cm'. The
second, or "thick", detector was a lithium-drift-
ed silicon detector with a depletion depth of 0.5
cm and a sensitive area of 1 cm' (Simtec K-14).
The two detectox'8 wex'e operRted 1n co1nc1dence

with the single-channel window on the thin detec-
tor set so as to accept only those energies corre-
sponding to single passage of an electron through
the detector. This arrangement gave a large dis-
crlmlnatlon Rgalnst gamma x'Rys Rnd bRck scRt-
tering from the thick detector. The domains in
the iron foil were aligned by applying an external
magneti, c field of 1600 0 by means of a small
superconducting coil. The electrons were ob-
served at 45' to the axis of polax'ization. The
temperature of the foil was determined by simul-
taneously observing the gamma rays from '"

Ag
with a 30-cm' Ge(Li) detector. Figure 2 shows
the decay scheme of '" Ag. For the determina-
tion of the sample temperature the known elec-
tric quadrupole gamma rays were used and the
Rnlsotropy wRS measured by obsex'V1ng the gam
ma rays emitted at zero degrees to the axis of
orientation. Demagnetizations were made in
which the direction of emission of the obsex'ved
electrons was alternately 45' and 135 to the
direction of polarization. The electron Rni. sotro-
py was then analyzed in terms of the expression'3'

2

s(8) = Q bqVI, FI,BI,PI, (cos8);

= Q (I/c)A„B,P„(cos8).
= 1

Figure 3(a) shows the beta-ray spectrum ob-
seI'.Ved wltll tile sIlicon de'tectol'. Figure 3(b)
shows the coefficient A, determined from the
orientation data. Wherever appropriate the data
have been corxected for the conversion electrons
so as to obtain a pure beta-ray anisotropy. The
gamma-ray response was measured by putting
an absorber sufficiently thick to stop all elec-
trons in front of the detector and then measuring
its response. The gamma-ray response is shown
in Fig. 3(a). The data in Fig. 3(b) have been
corrected for contamination due to gamma rays.

There are two important beta-ray groups in
the decay of x~omAg. the low energy 6 6 5
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FIG 3. (a} The beta-ray spectrum as obse~ed ~th the two silicon detectors in coincidence. The hea~ line is
the total response, the dotted line is the gamma-ray response, and the dashed ].ine is the spectrum obtained by
subtracting out the gamma rays. The gamma-ray response was observed by putting an obstacle sufficiently tMck
to stop all the electrons in front of the detector. (b} The observed beta-ray anisotropy &q as a function of the ener-
gy of the beta rays. The solid dots indicate the raw data. The crosses show the data after they have been correcte
for the presence of the conversion electrons.

if there are no higher-forbidden corrections.
The analysis of the transition is, however, com-
plicated by the long life of the parent 1+ ground
state of "Ag. If the multipolarities of the 116-
keV 6'-2 and of the 1.3-keV 2 -1' transi-
tions are known, ' then the initial orientation
parameters for the 1' state can be calculated.

Because of relaxation processes these orientation
parameters will then evolve in time towards the
thermal equilibrium values determined by the
sample temperature, the field at the silver nu-
cleus, and the magnetic moment of the 1', "Ag
ground state. The precise orientation param-
eters at the time of the decay will thus depend
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on the relaxation time. We have used this model
to understand the data for the 2.89-MeV beta
transition. If we assume, as is suggested by the
convex'sion-electron data, that the 116-keV trans-
ition is a pure M4 transition, e then we are forced
to conclude that the 1.3-keV transition is an E1-
M2 mixture. The data give a relationship be-
tween the mixing ratio and the relaxation time.

The gamma-ray data from this experiment
taken when both Co and Ag were present 1n

the same foil can be used to determine a new

value for the field at a silver nucleus in an iron
lattice. We obtain

P(Ag in Fe) = -250 + 6 kG.

The sign is determined by the sign of the elec-
tron anisotropy. This value for the field i.s in
agreement wi. th an earlier value detexmined by
Westenbarger and Shirley. e They found

In summary, a new technique for observing the
beta rays from oriented nuclei has been developed.
Th18 technique uses commercially RVR1lRble

silicon detectox's operated in a cryogenic environ-
ment which are warmed to optimize their per-
formance. A thin and thick detector are operated
in coi.ncidence so as to discriminate against back
scattexing and gamma rays. The detectors have
proved to be quite reliable and have been suc-
cessfully operated in this mode for more than a
year.
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