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The transverse polarization of the K-conversion electrons following the 8 decay of Hg?? has been in-
vestigated. A lens spectrometer was used to focus the conversion electrons on a Mott-scattering foil and the
right-left asymmetry of the scattered conversion electrons in coincidence with the preceding 8 particles was
measured. A detailed discussion of the instrumental corrections is presented. The degree of transverse polari-
zation of the Hg%3 conversion electrons in the plane defined by the momenta pg=mv of the 38 particles and p.
of the conversion electrons is described by Py;1(6) = K (v/c) sind, where 6 is the angle between pg and p,. The
experiments yielded the value of the polarization constant K =+-0.6240.08. The positive sign of K implies
that the spin of the conversion electrons is pointing in the same direction as the g-particle momentum pg.
A comparison with the theory of Becker and Rose shows that the experimental value of X is compatible with
the spin asslgnments I;=% and I;=3% to the ground state of Hg23. The spin /;=3% is excluded. The
most probable spin assignment is I;=$, which gives good agreement with the observed polarization if
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the ratio 4’ of the scalar and the vector-type beta matrix elements is y’= —1.2540.15.

1. INTRODUCTION

S a consequence of the nonconservation of- parity
in weak interactions which are responsible for 8
decay, the ensemble of nuclear states formed as a result
of a B-decay process is polarized with respect to the
direction of the observation of the 8 particle. Gamma
radiation emitted from such a polarized ensemble of
nuclei is circularly polarized and the measurement of
the B direction—y circular polarization correlation has
become a very useful tool in the study of the degree of
violation of parity conservation as well as in the study
of the B-decay interaction in general. The measurement
of the degree of circular polarization of gamma radia-
tion, however, involves the detection of the circular-
polarization-dependent asymmetry in the scattering of
v rays from polarized electrons (available, e.g., in mag-
netized iron), a process which gives rise to relatively
small measurable effects (at best a few percent), even if
the degree of circular polarization of the v radiation is
large. The effects are particularly small for v energies
below 0.300 MeV. In view of this difficulty, other
methods of determining the state of polarization of the
nuclear ensemble following 8 decay have been proposed.
Following a suggestion by Frauenfelder ef al.,! Rose and
Becker? computed the degree of polarization of K-con-
version electrons emitted from nuclear states that are
formed in B decay. Independently, Geshkenbein,® and
Berestetskii and Rudik? studied the polarization of con-
version electrons following 8 transitions.
These authors have shown that conversion electrons
following 8 decay have an appreciable transverse po-
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larization in the plane defined by the beta-particle
momentum vector pg and the conversion electron mo-
mentum vector p,, if the conversion electron is observed
perpendicular to the direction of beta emission. Meas-
urements of this transverse polarization of conversion
electrons were first reported by Liubimov et al.’ and
by Alberghini and Steffen.® Both research groups deter-
mined the polarization of the K-conversion electrons
following the 8 decay of Hg?®,

The results reported by the two groups were in agree-
ment with respect to the magnitude of the polarization;
however, the direction of the polarization vector re-
ported by the two groups was different. Hence, it
seemed desirable to repeat the measurement of the
transverse polarization of the K-conversion electrons
following the 8 decay of Hg?® with improved technique.
During the course of this investigation, similar measure-
ments on the Hg?® conversion electrons were reported
by Jingst and Schmicker.” An extensive study of the
transverse polarization of conversion electrons following
B decay including the Hg?® case has been made by
Blake et al.® The former paper supports the result
of Liubimov e al.5; the latter reports results on
Hg® in agreement with the results of Alberghini and
Steffen. ’

The results presented here and reported in a previous
communication® confirm the polarization direction found
by Alberghini and Steffen,® although the magnitude of
the polarization was found to be somewhat larger than
previously reported.
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2. THEORY

The observation of the momentum direction pg of 8
particles emitted from a randomly oriented ensemble of
nuclei leads to an ensemble of nuclear states whose
orientation is axially symmetric about the measured
direction. The state of orientation is described by a
(2I4+1)X (2I41) density matrix pmm, where I is the
quantum number of total angular momentum of the
daughter nucleus. If the observation direction pg of
the B particles is chosen as quantization axis, the
density matrix pmm,s is diagonal and the diagonal ele-
ments p., may be interpreted as the populations of a
pure state of magnetic quantum number »:

P(m>:pmm=22j:(21+1)1/2<_ 1)m+[

I
<
m
where A,'(8) is a parameter describing the 8 transition.
In terms of the particle parameters b(L,L") of the beta

transition, as defined and tabulated, e.g., by Alder
et al.,)* the parameter A,’(8) is given by

k
)<2k+1>1/2Ak'<5>, 1)
—m 0

2)

The F coefficients F(LLI;I) which are important in
all angular correlation problems are defined by

Fu(LL'TI)
= (— )P (21 41) (2L+1) 2L/ +1) 2k+1) ]2
L L' kN(I I &
T A

1 -1 o/lL L I,
The quantum number 7; describes the total angular
momentum of the initial nuclear state. The multipole
orders L give the total angular momentum carried
away by the lepton radiation field.

If the 8 transition is followed by a gamma transition,
the 8—+v angular correlation is given by :

kmax

W@,7)=2 (—=7)*4x' (8)Aw(y)Pi(cost)

k=0

(4)

where 6 is the angle between the 3-particle momentum
and the y-ray momentum. The helicity 7 of the vy
radiation is 7=-41 or 7= —1 for right- or left-circular
polarization. For a mixed gamma transition of multi-
pole transition amplitudes (I||L,||I;) and {||L,/||I}),
the v angular-correlation parameter 4;’(vy) is

A (V)= F(Ly LI ;D) +26(v)F (Lo Ly'1,1)
+& () Fi(Ly'LyII), ()

10 K, Alder, B. Stech, and A. Winther, Phys. Rev. 107, 728
(1957).

OF K-CONVERSION ELECTRONS 347
where
5(7)=(I“LVIHI/‘>/<I”L7”II>~ (6)

The angular-momentum quantum number of the final
nuclear state of the B—+ cascade is denoted by I,.

We define the normalized angular-correlation pa-
rameters A(y) and 4,(B8),

Ae()=A4¥ (/A (V) =4 )/ 1+, (7
Ax(B)=[4"(8)/44' () J(—1)*. ®)

The 8—+ angular correlation involving allowed and
first-forbidden 8 transitions can then be written in the
form,10-1t

W (6,7)=1+741(8)A1(v) P1(cost) +4(8)A(v) P2(cosh)
+7435(8)A5(y) Ps(cosh) . (9)

For allowed 3 transitions, only 4;(8) is nonvanishing
if higher order effects (e.g., weak magnetism effects,2
cross terms of allowed and second-forbidden 8 matrix
elements') are neglected. The 8 correlation parameter
A1(B) is*

2 F1(101,1)y+F1(111,1)y?
Ay(@)m e S EVTIITEV P g
3 1492 w

y:CA/o/CV/1

is the ratio of the Gamow-Teller to the Fermi com-
ponent amplitude.

For first-forbidden @B transitions, the parameters
Ax(B) are nonvanishing, in general, for 2<3. The
A3(B8) term, however, is negligible if the contributions
of the tensor component, characterized by the nuclear
matrix element /*B;; can be neglected in comparison to
the contributions of the vector type (f't, fieXr, [ia)
and the scalar type (/'4v5, S0+ 1) components.

If the £ approximation is applicable to a first-for-
bidden B transition, i.e., if §=aZ/2R>W,, and if the
contribution of the J°B;; component is small, the corre-
lation factor 4;(8) is also given by Eq. (10), where the
matrix element parameter y is replaced by

Cv/ia—E<Cvfr—CA/er>

y'= - (12

—CA/’i‘Y5—ECA/U'r

The degree of circular polarization P.(d) of gamma
radiation observed at an angle § with respect to the

(10)

where

(11)
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Fic. 1. Polarization vec-
tors describing the state of
polarization of conversion
electrons emitted after B
decay.

momentum direction of a preceding 8 particle is, ac-
cording to Eq. (9),

A1(8)A1(v) P1(cosd)+A5(8)As(v) P3(cost)
1+42(8) A2 (7) Pa(cosd) '

For an allowed transition this expression reduces to

Pe(0)=A4:(8)41(y) cost. (14)

For a nonunique B transition described by the £

approximation,
p (0) _ Al(,@)A1<’Y) cosf
T 1 4,(8) 42 Palcost)

where A5(8)A:(y) is the anisotropy factor of the 83—
directional correlation.

If the v transition following the 8 decay is internally
converted, the polarization state of the conversion elec-
trons with respect to the momentum direction pg of the
B8 particles and with respect to the momentum direction
p. of the conversion electrons may be investigated.

We define the “polarization’ vector of the conversion
electron beam as the ensemble average of the rela-
tivistic polarization (vector) operator

P= <P0p>= <0' 'ﬁc>ﬁc+ﬁ<" -t |>tn+.8<0' tJ.>t.L ) (16)

where the unit vectors p,, ti, and t,; form an orthogonal
basis (Fig. 1). The unit vector t;; is ¢» the plane of pg
and p. and t, is normal to the plane of ps and p.. If
6 is the angle between pg and p.,

tiu=7pcX (psX pe)/sind

P,(6)=

(15)

an
and
ti= (PsX p.)/sind. (18)

The first term of Eq. (16) {(op.) describes the longi-
tudinal polarization P; (positive in the direction of p.),
the second term S{o-t;) describes the #ransverse po-
larization Py, in the plane of pgand p, (positive polariza~
tion in the direction of the vector t;;), and the last
term B{o-t,) describes the iransverse polarization P; out
of the plane of ps and p. (positive polarization in the
direction of t,). Thus, the polarization vector P(8) of
the conversion electron beam may be expressed in the

form
P0)=Pi(0)p.+P.(0)t+P.(O)t,. (19)

For the discussion of experimental methods of meas-

R. A. LLEWELLYN AND R. M.

STEFFEN

uring the polarization of an electron beam, it is conveni-
ent to write Eq. (19) as

PO)=P:10)pc+Pr(®)n, (20)

where the vector n is a unit vector in the direction of
maximum transverse polarization:

n= cosat;;+sinat,, (21)
and where the angle « is determined by
tana=Pl(0)/P“(0), OSa <. (22)

We refer to the direction n as the transverse polariza-
tion axis. The scalar quantity Pr(6),

Pr(0)==[P20)+P2(0)]"? (23)

is referred to as simply the transverse polarization of
the beam. Since we restrict the angle a to 0 <a <, the
sense of direction into which the polarization vector
points is determined by the sign of Pr(f).

A remark may be added concerning the treatment of
the polarization of an electron beam as an ordinary
vector. Suppose we have an electron in the state with
spin ‘“‘up” with respect to some direction z; its state is

described by
1
X1/21/2(Z)= ( > .
0

With respect to some other reference direction n at an

angle o and ¢ with respect to z, its state is given by
cos(3

x1/2 (n) :< (201) ) ’

¢t sin (3a)

and the expectation value of its spin component along

n is evidently given by cos?(3a)—sin?(3a) = cose, which

justifies our vector treatment.

The transverse polarization Pr(f) may also be ex-
pressed in the following way. If the number of electrons
in the beam with spin component “‘parallel” to n is
Ni(0) and the number with ‘“antiparallel” spin is
N_(0), the degree of transverse polarization is

Pr(0)=[N.(0)—N-0)/[N+O)+N-(0)]. (24)

The polarization of conversion electrons following 8
decay has been computed, e.g., by Rose and Becker.?
The polarization components P;(6), Pi(8), and P,(6)
of conversion electrons following a nonunique first-
forbidden transition that is described by the ¢ approxi-
mation are given by

A1(B)C1,1(e™) cosh

14-432(8)Cs,0(e™) P2 (cost)
A1(B)C1,11(e7) sind
Pu®)=— ’ 26)
14-45(8)C3,0(e7) P2(cosh)
Pul)= A3(B)Ca,1(e7) Py (cosh) o

14 43(8)Ca.0(e™) Pa(cosh)
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The polarization parameters Cii(e”), Ci,n(e™), and
Ci,1(¢7) and the directional parameter Cso(e~) of the
conversion electrons depend on Z and on the energy
of the electromagnetic transition, as well as on the
multipole and parity character of the transition. For a
multipole transition that is a mixture of two components
of multipole order L. and L,” with parities = and 7/, the
conversion electron parameters are given by

Ck,q(e’"—) = Fk(LchIfI)bk‘q(Lcﬂr)
+25(e)Fi(LoL o' T1)b1 g (LeyLe! ry”)
+82(e)F (LS L/ TI)by, (L 7"y, (28)
where the index ¢ stands for /, ||, L, or 0. The parameter
8(¢™) is the amplitude ratio of the two conversion elec-

tron multipole components (L) and L/ x"). For K-
conversion electrons,

(llexLe'w'|Is)  fax(Le,m")
5(61{) = =

1/2
= = 8(v), (29)
llexLex|lIs)  \ ax(Le,m) ) !

where ax (L) is the coefficient of internal K conver-
sion for the (L¢r) multipole transition and 8(y) is the
v-mixing ratio (6).

The particle parameters by,o(¢”) for K-conversion
electrons are tabulated in the paper of Rose and
Becker.?

For even k, by,1(Leym) and by, (Le,m) vanish; by, (Ler)
and bxo(L.,mw) vanish for odd k. This behavior is to be
expected from general symmetry considerations. The
polarization observables P« (o- Hg) and

Py« <{‘7 [ﬁﬁx (ﬁcxﬁﬂ)]»

are typical pseudoscalar observables, which give evi-
dence of the violation of parity in the preceding 8
transition [A45(8) terms with odd k], whereas P,
< {[a(psXp.)])is a scalar observable which is invariant
under the parity reflection operation. The polarization
component P, is thus present independent of the parity
invariance properties of the beta interaction.

For allowed and first-forbidden ¢ transitions, the 8
parameter 4;(8) is proportional to p/W=uv/c, where v
is the velocity of the 8 particle. It is then convenient to
write Eq. (26) in the form

Pu(@)=K (v/c) [sing/W.(6)],

where K is independent of the angle § and of the energy
of the B particle. W.(8) is the 8— ¢ directional correla-
tion. We refer to K as the polarization constant of the
conversion electrons,

=—A(B)Cy,1(e7)(c/7).

(30)

(31

3. EXPERIMENTAL ARRANGEMENT

The transverse polarization of an electron beam can
be determined by using the fact that the differential
cross section of the elastic scattering of electrons in the
Coulomb field of nuclei (Mott scattering) depends on

the transverse polarization of the electrons, since the
scattering force is spin-dependent.* An electron of
velocity v with its spin “up” approaching a positively
charged nucleus straight ahead is preferentially scat-
tered to the right, because at a distance » from the
nucleus it experiences a force F« v{o-[vXE(r)]} by
virtue of its magnetic moment y which interacts with
the strongly varying magnetic field B [B (at electron)
= E(r) X v]. The differential scattering cross section can
be written as

(5><ﬁ'):ldtfo

sin aQ

do
_(P’plaPTn>=[1+a(¢)PTﬂ'
aQ

ddo
=(1+a@)Pr cosp)—W),
aQ

where  and $’ are unit vectors in the direction of the
electron momentum before and after scattering. The
angle ¢ is the scattering angle, cosy=p- 5, and a(¥) is
the asymmetry factor, which depends on ¢ and on the
energy of the electron.!> The azimuth angle ¢ is the
angle between the transverse polarization axis n and
the normal s=pX §’ to the scattering plane.

Experimentally, the scattering asymmetry at a cer-
tain angle ¢,

I,(0)—I4s (@)
I+ 14 (¥)

is observed. I4(¢) is the intensity of the electron beam
after scattering at an angle ¥ whose original transverse
polarization axis n was at an angle ¢ with respect to
the normal s= X $’ of the scattering plane. We refer
to the direction s as the scattering axis.

For a maximum observable effect the scattering ar-
rangement is usually designed in such a way that ¢=0;

then,
So@)=a()Pr. (33)

In any experimental arrangement, however, a con-
siderable spread of ¢ and ¥ exists due to the finite solid
angles of the detectors and the finite size of the electron
beam. Proper corrections must be applied to extract
Py from the experimental data. Since the direction of
the transverse polarization axis is determined by the
direction ©, of the momentum pg of the preceding 8
particle, that is observed with a finite size detector,
also a spread of the m direction must be taken into
account in our measurements. The measured scattering
asymmetry is, therefore, a weighted average

35 ()= =a()Pr cosp (32)

5= / () P2 (0200 @)Y )i /
—f12'1'1,2(1 12dQ 10349

do'()
/ FQQ)—W)d0dQ,, (34)
aQ

4 H. A. Tolhoek, Rev. Mod. Phys. 28, 277 (1956).
16 N, Sherman, Phys. Rev. 103, 1601 (1956); N. Sherman and
D. F. Nelson, ibid. 114, 1541 (1959).
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where Q3 describes the direction §’ of the scattered elec-
tron. The function f(Q:Q,) is a weighing factor which
must be determined by the geometry of the experi-
mental arrangement.

The experimental apparatus was designed to measure
the transverse polarization P;;(f) in the plane of the
beta and conversion electron momenta pg and p. A
schematic diagram of the apparatus is shown in Fig. 2.
The momentum direction of the 3 particles is defined
by the beta-detector B which consists of a §-in. plastic
scintillator disk mounted by means of a 1-in. light pipe
to an RCA 6342 A photomultiplier.

The conversion electrons are focused by means of a
double lens spectrometer onto a 0.62 mg/cm? gold
scattering foil which is mounted perpendicularly to the
axis of the spectrometer. The scattered electrons are
detected by a scintillation counter C whose axis is at
an angle ¥,=120° with respect to the spectrometer
axis. The conversion electron detector C consists of an
$-in. plastic scintillator mounted on a 3-in. light pipe
which is viewed by an RCA 6342 A photomultiplier.

The conversion electron trajectories in the spec-

SPECTROMETER

/_-COILS—\

3 DETECTOR
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e~ DETECTOR

F16. 2. Geometry of detector ar-
rangement for 8—e™ polarization cor-
relation measurements.

trometer were defined by an aluminum baffle near the
source as shown in Fig. 3. A second aluminum baffle
was placed at the ring focus of the lens to reduce the
probability of scattered electrons entering the detector
area. The scattered electron background was mini-
mized by ten Plexiglas antiscattering baffles inserted
between the two aluminum baffles. A lead core around
which the baffle system was constructed prevented
direct gamma radiation from reaching the foil. With the
baffle configuration as described, the spectrometer reso-
lution was 3.29%; the transmission was 2.6%,.

The determination of the transverse polarization
from Mott scattering requires the measurement of the
intensity of the scattered electron beam to the left and
to the right of the correlation plane (determined by axis
of spectrometer and beta counter). In order to avoid
any asymmetries at the scattering end of the spec-
trometer, the position of the C detector was not changed,
rather the direction of the polarization vector of the
conversion electrons was reversed by rotating the g8
detector (with the source) by 7 about the spectrometer
axis. This method made it possible to determine any

Au SCATTERING FOIL

F1c. 3. Cross section of lens spec-
trometer and scattering foil arrange-

TO VACUUM
— 0 BUMPS ment.

ZZ ALUMINUM
3 PLEXIGLAS
B LEAD
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solid-angle asymmetries due to the change of the posi-
tion of the 8 detector at the source end of the spec-
trometer by measuring the (large) rate of 8—e~ co-
incidences with the scattering foil replaced by an e~
detector. Such a measurement does not provide a test
for any asymmetry built into the instrument, e.g., the
introduction of a preferred scattering direction due to
the position of baffles, chamber walls, etc. Tests for
those asymmetries are discussed later.

Behind the scattering foil, which was mounted on
stretched nylon threads, a large vacuum chamber
served as a catcher for the electrons that were not
scattered by the gold foil. In this way, the detection of
electrons scattered from other places than the gold foil
was minimized. This was experimentally verified by
performing measurements with the foil removed. The
very small background observed with the foil re-
moved was taken into account in the polarization
measurements.

The coincidence electronics consisted of a fast-slow
coincidence circuit with differential pulse-height analy-
sis in both channels. The resolving time of the “fast”
coincidence circuit was 35 nsec.

The use of a magnetic spectrometer in selecting the
polarized conversion electrons requires careful con-
sideration of the motion of the spin of the electrons in
the magnetic field. The electrons move along a helical
trajectory with the relativistic orbital “cyclotron” fre-
quency w.=eB/mc, where m is the relativistic mass of
the electron and B is the (uniform) magnetic field
[Fig. 4(a)]. The precession frequency of the spin of the
electron about the direction of B is

ws=w.14a);
ws:wc[1+a/ (1—:32)1/215

where a is the anomalous part of the electron g factor:
a=(g—2)/2~a/2r =103, Considering the accuracy of
our experiments (a few percent), the influence of a can
be completely neglected, and we assume in the following
ws;=w,. Since the spin precession w, and the orbital
frequency w. are the same, the spin precesses by 2 if
the spectrometer trajectory reaches the spectrometer
axis at the target point 7' (position of Mott-scattering
foil) [Fig. 4(b)]. These considerations are correct for a
homogeneous magnetic field parallel to the spectrometer
axis. The magnetic field in the spectrometer used for
the present measurements is not quite homogeneous.
An exact calculation of the spin precession in the actual
magnetic field of the spectrometer showed that the
above mentioned conclusions are correct within a few
percent. The transverse polarization of the electron
beam with respect to the scattering axis [#' axis in
Fig. 4(c)] as it reaches the target via different spec-
trometer trajectories is smeared out due to four effects:
(1) The finite size of the 3 detector and of the source
causes a spread in the direction of pg; (2) Scattering in
the source and in its environment reduces the polariza-

for B parallel to p., (35a)

for B normal to p., (35b)
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Fic. 4. The “cyclotron” and “‘spin” motion of electrons in the
B-ray spectrometer. (a) Looking along the axis of the spectrometer;
(b) side view of the same trajectories; (c) perspective view with
cyclotron motion omitted.

tion of the conversion electrons; (3) Due to the spherical
aberration of the lens spectrometer, the electrons which
hit the target 7" follow, in general, trajectories which
cross the spectrometer axis slightly in front or behind
the target. The precession angle of the spin of electrons
on those trajectories is larger or smaller than 360°. The
total spread of the spin precession angles in our ar-
rangement is from 342 to 370°; (4) Due to the finite,
annular entrance aperture of the spectrometer, the
polarization (with respect to the scattering axis «’) of a
conversion electron with initial momentum p.p in the
z—y plane [e.g., trajectory 1 in Fig. 4(c)] is different
from the polarization of an electron which has its initial
momentum in the x—z plane [e.g., trajectory 2 in
Fig. 4(c)], although the g particles preceding the emis-
sion of the two conversion electrons were observed in
the same direction pgo. We assume in the following that
only the transverse polarization P;;(8) is different from
zero, i.e., that n is in the direction p.oX (PgoX Peo). We
also assume that A;(8) can be neglected. It will be
shown later that these two conditions are satisfied for
the case under investigation. The transverse polariza-
tion of the conversion electrons is thus Pr(8)= P ()
=K (v/c)[sind/W (0)]. An electron following trajectory
1 of Fig. 4(c) has a transverse polarization P#(90°)
=K (v/c)[1/W(90°)] and n is parallel to pge, which we
chose parallel to the « axis. Such an electron, after a
360° spin precession, reaches the scattering foil possess-
ing a transverse polarization P, with respect to the
scattering axis of

Py=Pp(90%)=K (v/c) [1/W(90°)].
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(We assumed a trajectory that crossed the spectrometer
axis at 7.) On the other hand, an electron following the
trajectory 2 of Fig. 4(c) has a transverse polarization
Pr(90°+a)=K (v/c)[cosa/W (90°+a)] and its trans-
verse polarization axis n is at an angle o with respect
to pgo and the x axis. This electron reaches the scatter-
ing foil with its polarization vector n at an angle o
with respect to the scattering axis. The transverse
polarization of such an electron is P,= K[ cosa cose’/
W (90°+a)] with respect to the scattering axis. Since
this effect depends on the azimuth angle 8 of the
pco—z plane we call it the azimuth effect.

Taking into account all these four effects, the average
polarization P (e,8)= K (v/c) f(,8) of a conversion elec-
tron with respect to the scattering axis was computed
for various angles 8 and a (emin=12.3° amax=20.5°).

Since the 8 detector accepts 8 particles within a cer-
tain energy range, the polarization P(e,8) must be
averaged over v/c. In this way we obtain P,(e,8)
= K{v/)av f(,8)-

In the scattering process two effects must be con-
sidered: (1) The reduction of the effective asymmetry
parameter a(y) from the theoretical value a(y¥) due to
plural and multiple scattering in the gold foil of finite
thickness must be taken into account. This effect was
computed on the basis of the procedure discussed by
Wegener'®; (2) The spread of the scattering angle ¢
causes a reduction of the observed counting asymmetry.
The angle ¥ depends on the polar angles o’ and 8’ which
describe the direction in which the conversion electron
beam strikes the scattering foil. Since we have already
computed the polarization P,(e,8) with respect to the
scattering axis «’, we replace o/ and 8’ [which are
defined in the same way as o and 8 but with respect to
the «’ and 3" axes, see Fig. 4(c)] by e+ and 8, re-
spectively. This approximation introduces only a small
error (of order 2%). The scattering angle ¢ depends, of
course, also on the direction (p,7) of the scattered beam,
which is detected by the finite-size conversion electron
detector C. The polar angles (p,7) are defined with
respect to the axis of detector C.

We obtain thus for the observed counting rate
asymmetry

ZV[)—NW )
)
N0+N1r ¢/ av

dO’ 0
X [ / Sf(aB)a( (aBpr))— sina dadB sinp dpdr /
aQ

5=

dO’o
/ f (oz,[i)d—Q sina dadf sinp dpdT:I , (36)

or
5': K<7)/C>avR(Ec) ’ (37)
where N, and N_ are the coincidence counting rates

18 H, Wegener, Z. Physik 151, 252 (1958).
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observed with the 8 counter in position 0 and position
, respectively (see Fig. 2). The polarization figure of
merit R(E.) of the whole experimental arrangement
depends, of course, on the energy E. of the conversion
electrons.

4. POLARIZATION OF THE Hg?» K-CONVERSION
ELECTRONS

4.1. Decay of Hg?®

The decay of Hg?® is shown in Fig. 5. The 3 transition
is first forbidden with a logft value of 6.4. Within sta-
tistical error, the shape of the Hg?® 8 spectrum is of
the allowed form, a fact which suggests that the £
approximation is valid for the description of this g8
transition. The v transition is a mixed M1+ E2 multi-
pole transition with an amplitude mixing ratio of §(y)
=(3||E2||3)/(3||M1]|3)=+1.5. The amplitude mixing
ratio for K-conversion electrons is 6(ey~)=+0.64. The
B—~ directional correlation exhibits a very small
anisotropy'’:

W s(8) = 1— (0.0022-0.0009) P (cosf) .

This is a further indication of the validity of the £
approximation for the Hg® 8 decay. I'rom the ex-
perimental directional correlation factor A2(8)42(y)
= —0.0022-:0.0009, the 8 parameter 45(8) can be com-
puted: A4:(8)=40.0022-0.001. With this value the
transverse polarization of the conversion electrons
perpendicular to the f—e;~ plane can be computed
from Eq. (27) using the expressions of Becker and Rose
for the polarization particle parameters by (LwrL'z"). The
computed value of the transverse polarization of the
conversion electrons perpendicular to the pg—p. plane
P,(0) is smaller than 0.001. This justifies, at least for
Hg?3, the neglect of this type of polarization in our
earlier discussion of the polarization figure of merit
of the spectrometer.

In the same way, it can be shown that the 8—ex™
directional correlation, which has an anisotropy of less
than 0.003, can be neglected for Hg?®. Thus, within
our error limits, we can write for the transverse po-
larization Py;(f) parallel to the ps—p. plane of the
Hg*3 conversion electrons:

Py (0)=K (v/c) sing. (38)

The angular momentum I; of the Hg?® ground state is

Hg T

Ty,=47d

E,=0.220 MeV
0*0:220 Me F1c. 5. Decay of
203

Hgs,

0.279 Mev
T, = 3x10"%ec

MI+E2

€

0
17R. M. —Steffen (unpublished).
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not known. On the basis of the 3-decay data, the values
I,=%, 1I,=% and I,=% are possible. These three values
give for 4:(B), according to Eq. (10),

v )
Ii=3 A41(B)=—+3F:(113 3)-=—0.745-; (39a)
¢ ¢
2V3y'—0.447y2 ¢
L=} M@=+ (39D)
3 14y ¢
v v
Li=§  A:(®)=+3F1(11§§)-=+0.447-; (390)
c ¢

where we have assumed the validity of the ¢ approxi-
mation. The matrix-element parameter 3’ is given in
Eq. (12).

The polarization factor Cy,u(e”) of the Hg? con-
version electrons is given by Eq. (28). We use the
particle parameters by, (L¢,m) of Becker and Rose and
obtain Cy,,(¢7)=0.73. The polarization constant K of
Eq. (38) for the three spin possibilities is, therefore,
[cf. Eq. (31)]

Ii=% K(})=40.54, (40a)
—0.84y'+0.22y"
I=3 K@=——""—", (40Db)
14y
I,=%, K()=-0.33. (40c)

The experimental determination of the polarization
constant K makes it possible to choose between these
three possibilities.

4.2. Preparation of the Hg?% Source

The preparation of the Hg?? sources used in the
measurements required special precautions to avoid
contamination of the instrument. The radioactive Hg?®
was supplied by the Oak Ridge National Laboratory
in the form of Hg?3(NOQj3).. The nitrate was reduced to
metallic Hg which was deposited on a %-mil Mylar foil
as a thin uniform film. The thickness of the source was
of the order of 10 ug/cm?. The Mylar foil was supported
by a very thin aluminum ring of 1-in. diameter.

Because of the relatively high vapor pressure of Hg
at room temperature, it was necessary that the Hg be
positively isolated from the spectrometer vacuum sys-
tem. This was achieved by covering the source with a
second $-mil Mylar foil and bonding the Mylar to the
source holder ring under vacuum. A detailed descrip-
tion of this technique will be published elsewhere.

4.3. Measurements and Result

The measurement of the transverse polarization of
the Hg?® conversion electrons was done by recording
the coincidence counting rate of the 8 particles registered
in the 3 detector B (Fig. 2) and the scattered conver-
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sion electrons registered in detector C. The difference
in the coincidence counting rates Co and C, with the
beta detector in positions 0 and 7= was determined and
the asymmetry & [see Eq. (36)] was computed from
the corrected coincidence counting rates Ny and N,.
The position of the 8 detector was changed in intervals
of 15 min,

The B detector accepted B particles in the energy
interval from 0.080 MeV to 0.210 MeV, corresponding
to an average value of 2/¢ of (v/¢)ay=0.5940.02.

The result of the six-months measuring period can
be summarized as

8= (No—N.)/(No+N,)=-0.07940.007. (41)

From the computed polarization figure of merit
R(E;) for the Hg»® K-conversion electrons R(0.193
MeV)=0.2154-0.008, the polarization factor K was
computed from (37) with the result

K(ex,Hg?)=+40.6240.08. (42)

The positive sign of K (er,Hg?®) indicates that the po-
larization vector of the Hg?® conversion electrons points
in the same direction as the momentum of the preceding
B particle.

The transverse polarization of the Hg?® conversion
electrons parallel to the ps— p. plane is thus given by

P(6)=+ (0.62+0.08) (v/c) sinf. (43)

This experimental value of K (ex,Hg?®) confirms the
positive sign of the polarization as reported by Al-
berghini and Steffen,® Blake et al.,® and recently by
Bhattacherjee et al.® The magnitude of the polarization
is considerably larger than reported by Alberghini and
Steffen,® who did not use a spectrometer for the selec-
tion of the conversion electrons and whose measured
value of K might, therefore, be affected by scattering
effects. Our value of K is also considerably larger than
the value K=+40.3040.08 reported by Blake et al.?
but it isin excellent agreement with the value K=4-0.66
=+0.10 of Bhattacherjee et al.18

It should be noted that all the measurements men-
tioned above were evaluated on the basis of the theo-
retical values of the asymmetry parameter a(y) as
computed by Sherman.'® These calculations were made
for point nuclei and without taking into account the
screening due to the presence of atomic electrons. The
finite size of the nucleus is probably not important for
the electron energies involved in these experiments.!®
It is known, however, that screening corrections are
important for electron energies below 0.2 MeV.20-2

18 S, K. Bhattacherjee, E. Gibeman, H. J. Lipkin, A. Nir, and
M. Schmorak, Phys. Letters 2, 347 (1962).
19 B. K. Kerimov and V. M. Arutyunan, Zh. Eksperim. i Teor.
1(71263)8:,’ 1798 (1960) [translation: Soviet Phys.—JETP 11, 1294
19 N
20 W. G. Pettus, Phys. Rev. 109, 1458 (1958).
22D, F. Nelson and R. W. Pidd, Phys. Rev. 114, 728 (1959).
22 H. Bienlein, G. Felsner, K. Ganther, H. V. Issendorff, and
H. Wegener, Z. Physik 154, 376 (1959).
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F16. 6. Polarization constant K ($) as a function of the
matrix element parameter y'.

Some calculations of a(y) using screened Coulomb
wave functions have been made, but their accuracy is
limited.23-24

4.4. Discussion

The experimental value of K (ex,Hg??) excludes the
spin assignment ;=% to the Hg2® ground state [see
Eqgs. (40)]. The spin assignment I;=% is compatible

with our result, although it is somewhat less likely than
28 J, Bartlett and T. Welton, Phys. Rev. 59, 281 (1941).

24 C. B. O. Mohr and L. J. Tassie, Proc. Phys. Soc. (London)
67, 711 (1954).
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the 7,=$ spin assignment in view of the absence of a
transition to the TI1*® ground state of spin I,=4%.

The spin assignment 7;=3 to the Hg?® ground state
implies the possibility that both scalar- and vector-type
beta matrix elements contribute to the beta decay.
Figure 6 shows the polarization constant K(3) as a
function of the matrix element ratio y” of Eq. (12). The
experimental value of K yields the value of y/,

y'=—1.2540.15,

if the 7;=% spin assignment is accepted.

With this value of 9/, the expected 8—v circular
polarization correlation can be computed from Egs.
(10) and (15). Since 42(8)~0, one obtains

Po(0)mgs=4 (v/c) cost,
with
A=+40.334-0.04.

The B— circular polarization anisotropy A4 of Hg"
has been measured by Boehm and Wapstra.25 Their
experimental value 4 exp=—0.06+0.22 does not agree
too well with the results of the conversion-electron po-
larization measurements.
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