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The parity-violating forward-backward asymmetry of the 501-keV y radiation emitted by
~Hf polarized at low temperatures is measured to be -(1.66 +0.18) /p at a polarization of

72%. From this asymmetry the magnitude of the irregular S2/M2 mixing ratio is deduced to
be 0.038+0.004, in good agreement with results of circular polarization measurements. The

regular E3/M2 multipole mixing ratio of the 501-keV y ray is deduced to be 5.3 + 0.3, in

agreement with results of directional-correlation measurements. The hyperfine splitting en-

ergy of ~Hf introduced as an impurity in ZrFe2 is deduced to be -(7.9+0.5) mK.

I. INTRODUCTION

The current-current theory of the weak interac-
tion" indicates that nuclear levels may not be

states of pure parity, and that there exist small
admixtures of wave functions of parity opposite to
that of the strong interaction. The relative ampli-
tude of this admixture is estimated' to be the or-
der of 10 ' the parity-conserving strong interac-
tion, and thus the parity-violating component is
expected to produce very small experimental ef-

fects. Comprehensive reviews of experiments
demonstrating parity-violating effects are given

by Hamilton4 and Henley. '
Considerations of nuclear-structure effects may

lead to enhancement of the size of the parity-violat-
ing experimental effect. The close presence of
nuclear states of opposite parity and identical spin

may enhance the parity admixture in the states;
the retardation of the regular parity-conserving
transitions by nuclear-structure effects can often

result in a larger laboratory effect. Thus in a
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FIG. 1. Decay scheme of ~Hf.

number of nuclei, the parity-violating effect is ob-
served with an amplitude considerably larger than
10 7.

We report here the observation of the forward-
backward asymmetry in the angular distribution
of the 501-keV y radiation from polarized '" Hf

samples. A preliminary report of this work has
previously been published. '

The angular-distribution method for detecting y-
ray parity violation has certain advantages over
measurements of circular polarization. of radia-
tion emitted by unpolarized sources, the method
commonly used to observe parity violation in this
mass region. 4 The observation of the circular
polarization of y radiation is a relatively ineffi-
cient process, and to compensate for the small
measured effects, circular polarization measure-
ments require extremely strong radioactive sourc-
es (-1 Ci). Such high counting rates produce a
complete degradation of detector energy resolu-
tion, and as a result the integrated y-ray spectrum
is observed, rather than individual y rays. Since
several other transitions besides the one of inter-
est are present in the '" Hf decay, the parity-
violating effect is diluted. The present work, how-
ever, employs counting rates sufficiently low for
direct observation of the (relatively weak) 501-keV
y ray. Furthermore, circular polarization mea-
surements are sensitive only to M2-E2 interfer-
ence of the 501-keV radiation, while the angular-
distribution measurements show E3-E2 interfer-
ence as well; thus the effect measured in the pres-
ent wo'rk is enhanced over that of circular polariza-
tion measurements by a factor of order (1+ 5),
where 5 is the E3/M2 mixing ratio of the 501-keV

y ray. The net result of the ability to observe di-
rectly the 501-keV radiation with its relatively
large E3/M2 5 is that the laboratory effect of the
irregular E2 parity-violating component is the or-
der of 10 ~ in the angular-distribution measure-
ments as compared with 10 ' reported in circular
polarization measurements. ' '

II. Hf LEVEL SCHEME

The level scheme of '"Hf populated by the decay
f 5 5 h xsomHf js i].lustrated in Fig. 1. The posi-

tive-parity states are members of the K =0 ground-
state rotational band, while the metastable 8 state
is the lowest member of the K=8 band. The lower
multipolarities of transitions from the 8 state to
the ground-state band should thus be considerably
retarded since ~=8.

The parity-violating component of the nucleon-
nucleon interaction permits a small admixture of
the 8' level into the 8 level, and transitions from
the 8 level may be expected to exhibit parity im-
purities. Measurements' of the L, conversion coef-
ficients of the 57-keV transition indicated anom-'

alous values which could be explained by the pres-
ence of a 10% irregular Ml admixture into the reg-
ular E1 transition; however, an alternative inter-
pretation in terms of nuclear penetration effects' "
is likewise compatible with the observed conver-
sion coefficients. Measurement' of the vanishing
circular polarization of the 57-keV y ray disclosed
no parity impurities and thus supported the inter-
pretation in terms of penetration effects.

The conversion coefficients' "and circular po-
larization" of the 501-keV transition have also
been measured. The conversion coefficients indi-
cate a predominantly E3 multipolarity, but they
are not very sensitive to irregular E'2 components.
Michel' has estimated that a significant E2 contri-
bution would not be expected if the regular M2 com-
ponent were large; based on that estimate, the
small magnitude of the M2 admixture of the 501-
keV transition indicates that an observable parity-
violating E2 component may be present. Circular
polarization measurements' ' have confirmed the
presence of an irregular E2 component in the 501-
keV transition. As discussed above, the present
experiment is more sensitive to this admixture by
a factor of order (1+5);, the E3/M2 mixing ratio
5 of the 501-keV transition has been determined" '~

by directional-correlation techniques to be +5.5
+0.1 using the sign convention of Krane and Stef-
fen" for 5.

No evidence of parity violation is expected for
the other. transitions emitted in the decay of '" Hf,
but the angular distributions of such transitions,
a11 of which are expected to be pure E2, are use-
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ful for determining the polarization of the initial
state.

III. EXPERIMENTAL DETAILS

A. Sample Preparation

In order to polarize the "' Hf nuclei, it is nec-
essary to apply a large magnetic field at low tem-
peratures. Sufficiently large hyperf inc magnetic
fields may be achieved at impurity sites in a ferro-
magnetic host lattice. Unfortunately, the alloy
HfFe, is not cubic, and is therefore difficult to
polarize in a polycrystalline sample. Instead, the
alloy used was (Hf, Zr, „)Fe„prepared by arc-
melting natural hafnium, zirconium, and iron.
Actually, two alloys were prepared with x=0.1 and
with x =0.2. The alloys were annealed at 950'C for
16 h, and then sanded to the desired shape for the
experiment. X-ray analysis revealed the alloys to
be of single-phase cubic structure, and they were
also observed to be ferromagnetic at room tem-
perature.

Samples 1 and 2 were obtained from separate
pieces of the 10% alloy (x=0.1); sample 2 was cut
from the 20% alloy. Sample 1 was in the form of a
6-mm-diam, 0.5-mm-thick disk; sample 2 was a
pair of 0.5-mm x 1-mm && 6-mm "needles" oriented
along the field direction for ease of polarization;
sample 3 was a single 0.25-mmx1-mme 6-mm
needle oriented along the field. All samples were
activated in the Los Alamos Omega West Reactor,
receiving total integrated fluxes of (1-2)X 10"neu-
trons/cm'. Sample 2 was annealed following the
irradiation for —,

' h at 750 C; samples 1 and 2 were
placed directly in the experimental apparatus fol-
lowing the irradiation.

B. Apparatus

The low temperatures necessary to achieve an
observable anisotropy in the angular distributions
were achieved using a 'He-'He dilution refrigera-
tor, capable of continuous operation at 14 mK in

the absence of a heat load. The sample was sol-

COIL PAIR I

SOURCE DISK

dered to a thin copper disk using Wood's metal
solder, ' the copper disk, of approximately the
same diameter as the sample, was thermally con-
nected through a bundle of copper wires to the mix-
ing chamber of the refrigerator. In experiments
using sample 1, a source of ' Mn in Fe foil was
soldered to the sample; the angular distribution
of the 835-keV ' Mn y ray was used to deduce the
temperature.

The polarization of the alloy was achieved by a
magnetic field produced by two pairs of perpen-
dicularly oriented superconducting Helmholtz coils,
illustrated schematically in Fig. 2. The current
through the coils (approximately 8 A) could be man-
ually varied so that the applied field could be made
to point in any direction. The field was periodical-
ly rotated smoothly among the 0, 90, and 180'
counting angl'es; the period for the manual field
rotation was approximately 1 min.

The y rays were detected using two stationary
40-cc Ge(Li) detectors placed on opposite sides of
the source, as illustrated in Fig. 2. Each detector
output was connected to a shaping amplifier and
then to a multichannel analyzer.

The forward-backward asymmetry was observed
by counting for fixed periods of time (10 or 20 min)
with the magnetic field pointing toward one or the
other of the detectors. An occasional counting pe-
riod with the field at 90' relative to the detectors
allowed observation of the normal equatorial-polar
anisotropy of the angular distribution, for purpos-
es of determining the degree of polarization. Since
the direction of the field could be reversed, it was
not necessary to compare the counting rates in the
two detectors to measure the asymmetry; rather,
the counting rates for a given detector were com-
pared for the cases in which the field pointed to-
ward or away from the detector. Such a method
eliminates the need to correct for detector efficien-
cies, misalignment of detectors, and so forth.

C. Data Analysis

The angular distribution of y radiation from
oriented nuclear states is described by an equa-
tion of the form"

W(8) =P Q„B~U,A, P~(cos8),

COUNTER

A

COUNTER

B

COIL PAIR 2

FIG. 2. Schematic of arrangement of counters, polar-
izing field coils, and source.

where Q, correct for the angular resolution of the
detectors, B~ give the orientation of the initial
state, U, correct for depolarization due to unob-
served intermediate decays, and A, describe the
properties of the observed y ray. The P, are the
ordinary Legendre polynomials. Equation (1) is
normalized such that Q B DU,0=A.,=P~ = 1.
Although in most angular-distribution measure-
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—P [1+( 1)A~+A~'+L+L'+ k]F (LLII I )

L, L, '

x &I, !!Lv!!I,)&j, !!L'v'!!I,&*, (2)

where the sum is carried out over the multipolar-
ities L, I.' and characters v, v' (electric or mag-
netic) which contribute to the radiation field. The
F coefficients F~(LL'I&I, ) are defined in Ref. 16.
The parameters A, and A„are 0 for electric ra-
diation and 1 for magnetic. For k = even, Eq. (2)
reduces to the familiar form (neglecting parity-
violating terms)

A~ Fq(LLIqj()+25Fq(LL Iqj))+5 Fq(L L Iqj()
0

where 6 is the y-ray mixing ratio for I'=L, +1,

(4)

The irregular parity-violating components enter
into the terms for even k only to second order.
For odd k, we have (for the case in which only the
lowest-order irregular multipole is present)

AI, =
1 2 [F~(LLIyj)) + 5FI,(LL'Igj))],
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FIG. 3. y-ray spectrum from thermal-neutron-acti-
vated (Hf, Zr& ) Fe2 alloy.

ments only even values of k are considered, the
existence of parity impurities in the y-radiation
field gives rise to terms having odd values of k.
The maximum value of k is determined by the
spins of the nuclear states and by the y-ray multi-
polarities. In the present case, for the quadrupole
444-keV transition, k~,„=4, and for the mixed
quadrupole-octapole 501-keV transition, k,„=6.
Values of Q, for Ge(Li) detectors have been com-
puted from the geometry of the present experi-
ment. "

The unnormalized angular-distribution coeffi-
cients A~ are defined as"' "

where the irregular mixing ratio e is defined as

(I, I
«'

I I&& (6)
&I, !Lv! I,&

'

[Terms of order e' have been neglected in Eqs.
(8) and (5).] The quantity in square brackets in

Eq. (5} is the factor by which the asymmetries
measured in the present work are enhanced over
those measured by circular polarization.

Observation of the counting rates W(0') and W(90')
of the pure E2 444-keV transition allowed extrac-
tion of the B, and B, for the initial oriented state
(assuming a pure dipole 5V-keV transition), from
these values of the orientation parameters, the hy-
perfine splitting parameter n./T could be deduced.
Here n is the hyperfine energy splitting pH/Iks (in
units of temperature) for a state of spin I and mag-
netic moment p, in a magnetic field H; k~ is the
Boltzmann constant. The value of n, /T may then
be used to extract the coefficients B, and B,. The
sign of By and B, is determined by the sign of 6;
or 6 Bi and Bs are negative.

The 0-180' asymmetry of the 501-keV transition
is given by

W(0') -W(180'} 2Q,B,A, + 2Q,BQ,
W 1 + Q2B+~ + Q4B4A4

where W' is the average of the 0 and 180' counting
rates. (Since there are no radiations intermediate
between the oriented level and the 501-keV transi-
tion, U~ =1.} Determination of the B~ from the
angular distribution of the 444-keV transitions
thus allows a unique determination of the irregu-
lar mixing ratio e from the observed asymmetry
8. In addition, observation of the 501-keV count-
ing rate at 90 permits an independent determina-
tion of the E8/M2 mixing ratio 5.

The counting rates W(e) were extracted by sum-
ming the counts in the multichannel-analyzer spec-
tra. A typical spectrum is illustrated in Fig. 3.
A linear background was assumed for the 444-keV
transition, and the peak counting rates were ob-
tained by summing the counts above that back-
ground. In the case of the 501-keV transition, it
was more difficult to assign the background cor-
rection because of the presence of the 482- and
511-keV peaks in the vicinity of the 501-keV peak.
Contributions to the background were mainly due
to Compton-scattered events from higher-energy
transitions, primarily from '9Fe and "Zr activity,
and to pulse pileup in the amplifier. The latter
problem was alleviated somewhat by the placing
of 1.5-mm lead shields in front of the detector,
thus absorbing the high-intensity low-energy tran-
sitions not involved in the measurement.

Uncertainties associated with background correc-
tions for the 501-keV line were minimized through
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the use of a difference method in the data analysis.
The asymmetry for a given point was computed by
comparing the raw counting rates (uncorrected for
background} for each point with a time logarithmic
average of the two points before and after having
the field in the opposite direction. The (unnormal-
ized) asymmetry a, associated with point i is thus
obtained from the counting rates W, „W„and
W)„as

a', = w,. — i w, , + * —
(t, -r, ,))

ht lnWg l —lnW) l
tt+l —t&-l

(8)

where the individual asymmetries have been decay-
compensated relative to an arbitrarily assigned
f =0 (X = decay constant).

The statistical error associated with such a dif-
ference method gives an uncertainty (also decay-
compensated)

g aI sktg(3 W/2)ala

The asymmetry for a complete measurement is
obtained by computing the weighted average of the
individual values of 8', :

N

Q a', /(~a,')'
gl i=1

g 1/(we', )'
5=1

by assuming a linear background in the vicinity of
the 501-keV peak. The principal advantage of us-
ing the difference method to compute the asym-
metry is that background effects cancel when the
difference between successive data points is taken.
Thus the background for the 501-keV peak need
only be computed once for each measurement (to
calculate W), eliminating the possibility of intro-
ducing systematic errors by computing the back-
ground for each data point.

For the measurements involving source 3, a
high-resolution detector and large multichannel
analyzer were employed, and the improved sepa-
ration of the 482-, 501-, and 511-keV y rays made
possible a point-by-point background correction to
the 501-keV line. Figure 4 illustrates the count-
ing rates corrected for background and for radio-
active decay, plotted as a function of time during
two half-lives of the source. Data points for which
the field points away from the detector lie consis-

58 500—

38000—

N ) -1/2
aa'=&~ g 1/(ae', )'

I)

The factor v&~ in Eq. (11) is introduced in order
to compensate for the fact that the errors are cor-
related, since each point is used twice as a near-
est-neighbor point. If the data points were ana-
lyzed pairwise, rather than in groups of three,
the factor in Eq. (9) would be v2 rather than ~~s.

A measure of the dispersion of the individual
values of 8', is given by the normalized y' value:

37500 M
I-
X'
D
O
O

57 000—

1F ii V

(12}
' 56 500—

The summations of Eqs. (10)-(12)were carried
out separately for the 0' and for the 180' points,
i.e. , separate values of 8,', 48&, and X' were com-
puted for odd and even values of the summation in-
dex i. These two sets of results were then com-
pared to arrive at a final value for the result of
the measurement.

The normalized asymmetry 8 was obtained by
dividing the unnormalized asymmetry 8' by the
average counting rate W of Eq. (7) for the data
point assigned to be t =0. Computation of W re-
quired that the 501-keV counting rate be correct-
ed for background effects, which was accomplished

100
I

zoo sooI 4oo
I/2

t (min)

I I

soo soo
I

7oo
I/2

FIG. 4. Counting rate of 501-keV line as a function of
time during two. half-lives of measurement using ~Hf
sample 3. The vertical axis indicates the number of
counts accumulated in a 20-min counting period. Open
points are those for which the field points away from the
detector; filled-in points are those for which the field
points toward the detector. The points have been cor-
rected for background and for the 5.5-h decay half-life.
Error bars include background uncertainty along with
statistical counting uncertainty.



IV. RESULTS

In Table I, results of the present investigation
are presented for the asymmetries 6 of the 501-
keV transition. From the equatorial-polar anisot-
ropy of the 501-keV transition, we deduce for its
E3/M2 mixing ratio

6(501) = +5.3 + 0.3, (13)

in excellent agreement with the directional-corre-
lation results. ""Based on the above 5, we com-
pute from Eq. (5) A, =0.153m and As =-0.063m; us-
ing the B, and B3 values deduced on the basis of
the 444-keV angular distribution, the values of

~
e

~
can be computed from the appropriate value

of 8 using Eq. (7). These values are tabulated in
Table L The uncertainties of the values of

~
e

~

deduced from measurements of sample 1 have
been increased by an arbitrary factor of W2to al-
low for the possibility that the smaller field coil
currents (6 A) did not fully polarize the disk-
shaped source.

tently above those for which the field points toward
the detector, illustrating the magnitude of the par-
ity-violating effect. The apparent increase of count-
ing rate with time shown in Fig. 4 is probably due
to a small uncertainty in the background correc-
tion and in the half-life used to correct for the de-
cay of the source (5.5 h). Although this method
yields an unambiguous asymmetry, the quoted
asymmetry values were calculated as described
previously, comparing each point with the fieM
reversed points immediately preceding and follow-
ing.

6 =-7.9+0.5 mK. (15)

A confirmation of the valldlty of the time-].oga-
rithmic averaging process was obtained by per-
forming such a process in cases in which no asym-
metry was expected. For the 501-keV line, we
have used this process to compare each point with

There is good agreement among the six individ-
ual measurements of the asymmetries, and the
individual X' values indicate that the dispersion of

. the data points was consistent with the experimen-
tal uncertainty.

There is an ambiguity in the choice of the sign
of the deduced values of e, due to the uncertainty
in the sign of B, and B, deduced from the angular
distribution of the 444-keV transition. However,
the excellent agreement between the present re-
sults and those from circular polarization mea-
surements'8 clearly indicates the choice of the
negative sign, and we conclude

& = -0.038+ 0.004.

The negative value of the asymmetry together
with the choice of the negative sign for z yield pos-
itive values for B, and B„and thus we conclude
that 6 is negative. The magnitude of 6 w'as de-
duced from measurements using sample 1. The
B~ deduced from the 444-keV angular distribution
yielded a value for

~
S

~
/T which varied from 0.36

+0.01 to 0.38+0.01 as the sample cooled. During
that same measurement the temperature (deduced
from the angular distribution of the 835-keV '~Mn

y ray) varied from 22+0.5 to 20+ 0.5 mK, and thus
we conclude

TABLE I. Parity-violating asymmetry and, irregolar E2/M2 mixing of the 501-keV y ray of ~80Hf.

Sample
No. Detector

Asymmetry Po) a

8+48
E2/M2 mixing ratio

A —0.88 +0.46
X2 =0.7
-1.80 +0.58
X2 1 9

-1.47 +0.43
X =13
-2.31+0,62
X'=2 7

-1.90 +0.34
X'=0.7
-1.48 +0.42
X'=1 o

0.020 +0.015

0.041 +0.019

0.033 +0.010

0.052+0.015

0.044 +0.008

0.034 +0.009

Average I~I = O.OSS+O.OO4 h'=O. 7)
Jenschke and Hock (Bef 7) e = -0.041 +0.007

Lipson, Boehm, and Vanderleeden (Ref. 8): ~ =-0.033+0.009

~ Measured relative to the applied external field.
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the second-nearest preceding and succeeding
points, those having the same field direction. Typ-
ical results for the asymmetries were an order of
magnitude lower than those of Table I. A calcula-
tion for the 444-keV line based on the comparison
of points having opposite field directions yielded
the result e = (3 a 6) x 10 ', with a y' of 1.7, and a
similar calculation on the background above the
501-keV line resulted in 8 = -(1.4+ 2.8) x 10 '.
These results indicate that bremsstrahlung and

other effects (such as source motion) which could
give rise to spurious asymmetries are negligible.

As an additional test, the asymmetry of the 482-
keV transition in ' 'Ta was computed using the
time-logarithmic averaging process. The asym-
metry was computed to be

ment of the irregular E2 operator is well approxi-
mated as

«41IIE2li »4» = g «'IIE2 II
s') = g(641IIE2 II 108».

(21)

Using the relationship" between the reduced transi-
tion probabilities within a rotational band and the
value" of B(E2; 2'- 0'), we estimate

l(641IIE2II1085) l=(5+0.5)x10™Mecm (22)

in terms of Bohr-Mottelson" matrix elements.
From the lifetime of the 1142-keV isomeric state
and from the branching ratios for transitions from
that state we calculate r(M2) = 8.5 x 106 sec for the
lifetime associated with the M2 component of the
501-keg radiation, from which we compute

a=(1.8+2.4)x10 4. (16)
I (641IIM2II1142) I=2.2x10 "p,„cm (23)

This transition is also expected to exhibit a parity-
violating effect. 4 Based on circular polarization
measurements" the expected forward-backward
asymmetry would be 8=+2~10 ', which is within
the experimental uncertainty of the present results.

V. DISCUSSION

I1142)= Is )+gl8'), (Is)

where I8 ) and Is') are pure parity-state vectors,
and 8 is given by

(s'I3c„is-)
Es- -Es+

(19)

From considerations of the probability of bE =8
band mixing (based on estimates of lifetimes of
K-forbidden y transitions), Lawson and Segel20

estimate

3x10-"&8 &Sx10 ", (20)

using the estimate by Michel' for the parity-mix-
ing amplitude.

Considering only 8+%=0 level, the matrix ele-

The nuclear Hamiltonian can be written in terms
of a parity-conserving part X, and a small parity-
violating part Xpv.

0++Pv.

Assuming the parity impurities relevant to the
present work to be due in large part to an admix-
ture of the 8'K=0 level into the 1142-keV 8 level
(K =8), the state vector of the 1142-keV level can
be described by first-order-perturbation theory as

again in terms of Bohr-Mottelson matrix elements.
From Eq. (6), using the above estimates, we

compute

(6' IE2 ll 8')
Iel=g(6+I 2118 )

(2+0.2)x10'g. (24)

From the experimental value of
I
e I, we obtain

g = (1.9+0.3)x10-", (25)

which is in agreement with the crude estimate of
Eq. (20). Clearly, a better calculation of g, based
on considerations of various intrinsic levels and
various weak-interaction Hamiltonians, is in order.
It is hoped that the recent experimental results
will stimulate such calculations.

The present results constitute the largest ob-
served laboratory effect of parity mixing in nu-
clear states, with correspondingly one of the
smallest relative uncertainties (-10'). It is fur-
ther noteworthy that the present results were ob-
tained in a relatively short period of measuring
time. (Measurements were made on each sample
for approximately two half-lives, a total of ap-
proximately 30 h for the three samples. Including
sample preparation time and the time necessary
to cool the apparatus to its operating temperature,
each measurement lasted about 24 h. ) Thus the
measurement of angular distributions of y radia-
tion from oriented nuclei can reveal sizable lab-
oratory effects due to parity impurities, and the
study of such impurities provides a significant
means of obtaining information regarding the funda-
mental nature of nuclear forces.

)Work performed under the auspices of the U. S.Atom-
ic Energy Commission.
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A new technique is presented for determining mass and charge distribution in fission. This
method is based on obtaining the independent yields of the even-even fission products from the
measured intensities «2+ 0+ ground-state band transitions deexciting the prompt-Qssion
products. Transition intensities for members of ground-state bands in 36 even-even fission-
product nuclei have been used to determine the centroids (Z&) and widths (Oz) of the charge
distributio for eight chains of fission products with constant mass Rnd also to determine the
centroids (Zz), widths (0&), and yields (Fz} of the mass distribution for 12 chains of fission
products with constant charge. The method has been applied to analyze the charge and mass
distributions of 2~2Cf spontaneous fission. The results when compared with the standard radio-
chemical and X x-ray technique give satisfactory agreement. The discrepancies which exist
are predominantly associated with regions influenced strongly by nuclear shells. Examples
are given relating the observed ground-state band transition intensities with other observed
fission variables such as kinetic energy release and neutron-evaporation systematics.

I. INTRODUCTION

We present in this papex a new method which
has been used to determine the independent yields
of many of the fission products-. The method is
based upon the measurement of the intensities of
the prompt transitions from the lowest 2' level to
the 0' gx'ound states in even-even fission frag-
ments. These transitions have been identified in
36 of the highest independent-yield fission prod-
ucts in the spontaneous fission decay of '53Cf.' '

For many years studies have been made to de-
termine the charge distribution of products formed

in fission. Much of the information has been ac-
quired through radiochemical isolation of specific
short-lived fission isotopes from which indepen-
dent and cumulative fission yields of several iso-
topes have been obtained (for a review of these re-
suits, see Wahi et al.4). The limiting feature in
the radiochemical analysis is that the majority of
the high-yield prompt-fission pxoducts have vexy
short P-decay half-lives. This makes the isola-
tion of these isotopes quite difficult, and in gener-
al very little is known about their properties or
yields. Therefore, much of the data which have
been used to interpret the charge distribution have


