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The seven possible polarization correlations between incident photon and ejected electron in K-shell
photoeffect have been obtained with numerical methods for the range of elements from Z=13 to Z=92 and
the range of energies from 200 keV to 2 MeV. The photoeffect can serve as a polarizer of electrons, a trans-
mitter of polarization from photons to electrons, or an analyzer of polarized radiation. In heavy elements at
suitable angles of emission all these correlations can be large. Previous work on the correlations is discussed.

I. INTRODUCTION

HE atomic photoelectric effect can serve as an
analyzer of polarized radiation, a transmitter of
polarization from photons to electrons, or a polarizer
of electrons. The preferential ejection of photoelectrons
in the plane defined by the momentum k and polariza-
tion vector e of linearly polarized photons has long been
known.! In recent years the high degree of correlation
between circularly polarized photons and longitudinally
polarized electrons has been discussed.2=® The photo-
effect can also serve as a polarizer, producing trans-
versely polarized electrons from unpolarized radiation.’
In practice not too much use has been made of the
photoeffect for these purposes, due both to experimental
problems and to the lack of precise knowledge of the
expected correlations.”

We have recently completed a numerical calculation
of K-shell photoelectric cross sections, covering the
range of elements from Z=13 to Z=92 and the range
of energies from 200 keV to 2 MeV, neglecting electron
screening, Our numerical methods and the resulting
differential and total cross sections have been reported
elsewhere®; the purpose of this paper is to present and
discuss the results which we have obtained for all the
possible polarization correlations between incident pho-
ton and ejected electron. For a qualitative understand-
ing of the nature of the correlations we give a set of
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figures showing the energy dependence of the correla-
tions in a high-Z element; these are found in the sepa-
rate sections in which we discuss each correlation. We
have appended to this paper a representative set of
tables for the element Z=84; a complete set of tables
is also available.®

To define these correlations we need to introduce the
usual polarization parameters. We describe photon
polarization with the quantities

Er=e1es*e0e1™,

53: 1 (6162*—‘ 6261*) .

fi=erfer—es*es,

1)

Here e, is the component of the photon polarization vec-
tor e which lies in the plane of the incoming photon k
and outgoing electron p, and e, is the component perpen-
dicular to the plane (along kXp), so that (e1,es,k) form a
righthanded set. Photons linearly polarized parallel or
perpendicular to the production plane are characterized
by a nonvanishing £, circularly polarized photons by
nonvanishing £;. Similarly, we describe the polarization
state of the ejected electron in terms of the direction ¢
of its spin in its rest system; {; is taken along the electron
direction p, {1 in the scattering plane, and ¢, perpen-
dicular to the scattering plane (along kXp), so that
(f1,¢2¢s) again form a right-handed set. Longitudinally
polarized electrons are characterized by nonvanishing
¢3. It should be noted that the coordinate systems used
for the description of photon and electron polarizations
are different.

In terms of these parameters the differential cross
section for K-shell photoeffect, summed over both K-
shell electrons, is of the form

do do
*=(—> 0T 86050, @
aQ A9 unpol. 4,7=0

9 These tables are available in limited supply from R. H. Pratt
as Stanford University Institute of Theoretical Physics Report
ITP-99 (unpublished). This report has also been deposited as
Document No. 7829 with the ADI Auxiliary Publications
Project, Photoduplication Service, Library of Congress, Wash-
ington, D. C. A copy may be secured by citing the Document
number and by remitting $7.50 for photoprints, or $2.75 for 35 mm
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POLARIZATION CORRELATIONS

where £o={o=Coo=1,and (do/dQ) unpo1. is the differential
cross section from unpolarized photons, summed over
final electron spins. The quantities Cj; satisfying
|Cij1 L1, are the polarization correlations with which
this paper is concerned.

It would appear from Eq. (2) that, not counting
Co=1, there are fifteen polarization correlations. But
in fact invariance considerations permit only seven
nonzero correlations. This follows most directly from
the fact that the matrix element

= —e(Zvr/k)”Z/d?'n[/ﬁnTa-ee“‘"ghn (3)

is invariant under the substitutions
‘l/ - 0'2‘1/ b} (61,62) - (_31; 62) . (4)

For we may absorb these substitutions into the polari-
zation parameters by

(Enén,ts) = (81, — &, — &),
(?17§‘27§3)—> (_§17 .(2; *§3)) (5)

and similarly for the bound-state polarization param-
eters which are summed out. If Eq. (2) is to be invariant
under the substitutions (5), then we conclude that, not
counting Coo=1, the only nonzero correlations are

Co2, C10, C13y Ca1, Ca3y Ca1, Cs3. (6)

These seven correlations are indeed all nonzero, and
they will be discussed in the subsequent sections. Co2
produces transversely polarized electrons from un-
polarized photons, Cyo is the well-known correlation
which analyzes linearly polarized photons, and Ca;
converts circularly polarized photons to longitudinally
polarized electrons.

We have written down in Eqgs. (2.25)-(2.27) of Ref. 8
expressions for the C;; in terms of reduced partial-wave
matrix elements R, and continuum wave-function phase
shifts 8,; it is from these equations that the results
presented in this paper were calculated. Some informa-
tion which can be deduced from these equations con-
cerning the behavior of the correlations at small angles
should be mentioned. First of all, since the angular dis-
tribution (do/d)unpo1. does not vanish for forward (and
backward) angles (unlike the Sauter distribution,!:?
valid only to lowest order in a=Za), one sees that all
correlations except Css vanish in the forward and back-
ward directions, and C33(0°)=-1, C33(180°)=—1.
Further, for small angles the correlations Cog, Cia, Ca1,
and Cs; go as 8, while Cyo and Ca3 go as 6. And finally,
for small angles one has the identity Ci1a=—Cy. How-
ever, one can see from the figures and tables that small
angles, at these energies, means much less than 5°, and

microfilm. Advance payment is required. Make checks or money
orders payable to: Chief, Photoduplication Service, Library of
Congress.

10 F. Sauter, Ann. Physik 11, 454 (1931).
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indeed all the correlations undergo very rapid and vio-
lent changes over this region of very small angles, in
contrast with their comparatively slow variations
through the main angular regions. Indeed, in the figures,
we have not attempted to draw in the variation of the
correlations between 0 and 5°.

Before proceeding to the specific correlations we may
also discuss their behavior at low and at high energies
and as a function of Z. In the nonrelativistic theory,
«-e in Eq. (3) is replaced by p-e, and all dependence on
electron spin disappears. This leads to a differential
cross section proportional to (14 £1), so that Cyo=1 for
all angles and all other correlations vanish. Of course
even at threshold there are relativistic corrections of
relative order a2 [which for example cause C10(0°)=0],
and away from threshold there are relativistic correc-
tions of relative O(1), as given by Sauter,*® which in
fact for the larger angles cause the preferred direction
of emission to be perpendicular to rather than in the
plane of k and e. In the relativistic theory correlations
with the electron spin can occur. In addition to Cio
the correlations Cs; and Css are also O(1), while the
remaining correlations are O(¢) and so mainly important
only in heavy elements. At very high energies one can
show® 1! that for angles of significant electron emission
the only nonvanishing correlations are Cie, Co1, and
Css, and further Css=-+1 and Ci3=—Coa1.

II. THE CORRELATION Cy,

The correlation Co; permits the production of trans-
versely polarized electrons from unpolarized photons;
the resulting electron spin is perpendicular to the pro-
duction plane. The correlation vanishes both in the
nonrelativistic and extreme relativistic limits and is
O(a). Figure 1 shows Cq, for Z=92 at some representa-
tive energies. Like the more familiar correlation Cio, Co2
exhibits a “crossover” feature: For energies above some
minimum energy the spin direction kXp is favored at
smaller angles and —kXp at larger angles. Previous
work on this correlation is due to Kolbenstvedt and
Olsen'? and Nagel,® who obtained the analytic expres-
sion for the correlation to lowest nonvanishing order in
a, and show curves which are qualitatively similar to
ours. [These curves fail near the forward direction
where the angular distribution itself is O(a?) rather
than O(1); the same comment will apply to all the
analytical calculations subsequently mentioned.] Nu-
merical results at threshold have been reported by
Nagel and Olsson.!* In the report on their numerical
calculation of K-shell cross sections Hultberg, Nagel,
and Olsson'* show one representative curve for Cos

11 B, Nagel, Arkiv Fysik 24, 151 (1963).

12 H. Kolbenstvedt and H. Olsen, Proceedings of the Physics
Seminar in Trondheim, 1960 (unpublished).

13 B. Nagel and P. Olsson, Arkiv Fysik 18, 29 (1960).
( 1 S.) Hultberg, B. Nagel, and P. Olsson, Arkiv Fysik 20, 555
1961).
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Fic. 1. Correlation Cy, for the production of transversely polar-
ized electrons from unpolarized photons, as a function of angle for
Z =92 at several energies.

(P in their notation), and in unpublished work!® they
have given curves for Z=_82 and Z=92 over a range of
energies up to 662 keV, which are in good agreement with
the corresponding results of our tables. As has been
noted,2 the electron polarization which Cy, implies
is analogous to that produced in relativistic Coulomb
scattering with unpolarized electrons, and can be
analyzed in the same way; this correlation has the
advantage? of not vanishing as rapidly at high energies.

III. THE CORRELATION Cjo

The correlation Ciq, as already noted, reflects the
fact that the photoeffect can serve as an analyzer for
photons linearly polarized parallel or perpendicular to
the production plane. In the nonrelativistic theory!
Cro=-+1, which says no electrons are emitted perpen-
dicular to the polarization direction of the photons. Of
course, even at threshold there are relativistic correc-
tions of O(a?), which, for example, cause C10(0°)=0.
The calculation of Cio to lowest order in @ in the rela-
tivistic theory was made by Sauter,M'® and like Co. it
exhibits a crossover feature: Above a minimum energy,
emission in the plane of k and e (as predicted by the
nonrelativistic theory) is favored for smaller angles of
emission, whereas emission perpendicular to the plane
is favored at larger angles. As discussed by Olsen,? in
lowest order in a the minimum electron energy for the
crossover feature is e=3 (in units z=c=m.=1), ie.,,
~340 keV for the photon, and at higher energies the

15 S, Hultberg, B. Nagel, and P. Olsson (unpublished). (Dr.
Nagel now informs me that they have made calculations for all
seven polarization correlations.)
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crossover angle 6, is determined from
E(k+1)(1—pB cosbe)=2, 7

where £ is the photon energy in the same units. Olsen
also noted that in the same approximation, at the cross-
over angle 6, such that C1(6.)=0, electrons from
circularly polarized photons are completely polarized
along the photon direction. We shall return to this feature
in our discussion of Cs; and C33. We should also note
that the analytical corrections to Cio of order @ were
obtained by Gavrila!® and Nagel.

Results of our numerical calculation of Cy, are given
in the tables appended to this paper and in Fig. 2. We
also give in Table I some information on the crossover
angle 6, as a function of k£ and Z. At low energies, the
correlation is quite close to its nonrelativistic value
except at large angles (and extremely close to the for-
ward direction). As the energy increases the correlation
appears to decrease monotonically for the angles of sig-
nificant electron emission, and it will vanish in the high-
energy limit. However, Cyo can still be quite sizeable at
2 MeV. Table I shows that in heavy elements the cross-
over angle 6, begins to vary significantly from the lowest
order prediction Eq. (7); the crossover occurs signifi-
cantly later.

Among the seven photoeffect polarization correla-
tions, only C1o appears to have so far been the subject
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F16. 2. Correlation Cjo for the analysis of linearly polarized pho-
tons, as a function of angle for Z=92 at several energies.

16 M, Gavrila, Phys. Rev. 113, 514 (1959).
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of experimental investigations. In the energy range of
interest there are experiments by Hereford and co-
workers'” and by Brini ef al.!® In both cases the objective
was to test the predicted crossover feature of Sauter’s
relativistic theory; the first group appeared to see such
a feature while the second group did not. Now that a
more precise theory is available, and especially in view
of the shift of the predicted 6. as shown in Table I,
further experiments on this question would seem
desirable.

IV. THE CORRELATION Ci;.

The correlation Cj. alters the production of trans-
versely polarized electrons from that given by Coe
in the case that the initial photons are linearly polarized
parallel or perpendicular to the production plane. To
determine Cj» will require also determining Coz and Cio,
or at least designing a set of experiments which subtract
out their effect; Cy2 is the only one of the seven correla-
tions which cannot in this sense be determined inde-
pendently. Like Cos, the correlation Cj» vanishes in
the nonrelativistic limit and is O(e); unlike Cy it re-
mains finite in the extreme relativistic limit. Connec-
tions between Cy; and Cy; have already been mentioned :
C12=—Cy for very small angles and also for all angles
of significant electron emission (which are also small
angles, but not as small) in the extreme relativistic
limit.6"* There does not appear to be any discussion of
the general analytic form of C,, although an expression
to lowest nonvanishing order in ¢ could be extracted
from Nagel’s work.® An expression for the lowest order
result valid in the extreme relativistic limit was ob-
tained by Banerjee.? The complete analytical expression
for the relativistic limit has now been given by Nagel '
and he has evaluated it numerically for three choices of
Z. Results of our calculation of Cy; are detailed in the
Appendix and in Fig. 3. Since the correlation is O(a)
it is most important in heavy elements,but it can become
quite sizeable for intermediate Z at back angles (and
Nagel’s work! indicates that in the extreme relativistic
case it is greater for intermediate than for large Z).
C1. is always positive in the regions considered here, but

TaBLE I. Crossover angle 6, for which Cyo(8;) =0 as a function
of charge Z and photon energy k(MeV).

k. Z 13 26 50 84
0.354 ~134° ~132° ~133° ~157°
0.662 ~T74° ~68° 70° 80°
1.131 42° 41° 44° 56°
1.5 ~35° ~35° 36° 47°
2.0 ~25° ~24° 31° 40°

17 F, L. Herford, Phys. Rev. 81, 482 (1951); 81, 627 (1951);
F. L. Hereford and J. P. Keuper, 7bid. 90, 1043 (1953); W. H.
McMaster and F. L. Hereford, sbid. 95, 723 (1954).

18 D. Brini, L. Pelliy O. Rimondi, and P. Veronesi, Nuovo
Cimento 6, 98 (1957).
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F16. 3. Correlation Ci; for the production of transversely polar-
ized electrons from linearly polarized photons, as a function of
angle for Z=92 at several energies.

Nagel’s work! indicates that for very heavy Z and high
energies there will be a crossover. Finally, for heavy Z
and intermediate energies Cy, is large, especially at the
more backward angles, and so produces major effects
in the production of transversely polarized electrons
from linearly polarized photons.

V. THE CORRELATION Cj

The correlation Cg, like Cyg, produces transversely
polarized electrons from linearly polarized -photons.
However this correlation, also O(a), is between electrons
polarized i the production plane and photons polarized
at 45° to the production plane. As we have said before,
C1a=—Cj; for very small angles and also in the extreme
relativistic limit. The remarks on previous work also
apply to both processes: from Nagel’s work® one can
extract an analytic expression for the lowest nonvanish-
ing order in ¢ and from his more recent work! one of
course has the extreme relativistic limit (Cai=—Chs,
note there is a difference in sign and in his choice of
coordinate system). Results for Cy; are in the Appendix
and in Fig. 4. Remarks on magnitudes apply to both
correlations and need not be repeated here. However,
the correlation Ca; exhibits, even at the lowest energies,
a crossover feature; the crossover angle increases with
energy, unlike Cyz or C1o. Since Cy is large at intermedi-
ate energies for back angles the photoeffect provides a
fairly efficient mechanism for the transfer of these
polarizations.
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Fi16. 4. Correlation Cy; for the production of transversely polar-
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VI. THE CORRELATION Cg;

The correlation C3, which is O(e), produces longi-
tudinally polarized electrons from linearly polarized
photons. The photon polarization should again be at
45° to the production plane. There does not appear to
have ever been any analytical discussion of this correla-
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Fic. 5. Correlation C,; for the production of longitudinally
polarized electrons from linearly polarized photons, as a function
of angle for Z=92 at several energies.

PRATT, LEVEE, PEXTON, AND ARON

tion, although the result to lowest order in @ can again
be extracted from Nagel’s work.? Results for Cs; are
given in the Appendix and in Fig. 5. In the range con-
sidered here the correlation is always negative. And
although Ca; is O(a) and vanishes in the nonrelativistic
and extreme relativistic limits, for intermediate and
large Z at intermediate energies it becomes quite sizeable
at large angles and so provides a fairly efficient mecha-
nism for the transfer of these polarizations.

VII. THE CORRELATION Cj;

The correlation Cs; produces electrons transversely
polarized in the production plane from circularly polar-
ized photons. The correlation vanishes in both the non-
relativistic and extreme relativistic limits, but it is
O(1) and very large for intermediate energies and
angles. Figure 6 shows C3; for Z=92 at some representa-
tive energies; further results are given in the Appendix.
At very forward angles the correlation is positive, but
it soon crosses over and remains negative through most
of the angular range, with a broad minimum at inter-
mediate angles. (The curves suggest that there could
actually be an energy, near 600 keV, and angle, near
80°, for which C3=—1.) Analytical expressions for
C31 to lowest order in ¢ were obtained by Olsen? and
Banerjee®; Nagel® also obtained terms of relative order
a. Numerical results obtained by Hultberg, Nagel, and
Olsson!*% (in their notation Cs;=—P3;) are in good
accord with the corresponding values of our tables.
Numerical results at threshold were given by Nagel
and Olsson.!?
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Fi16. 6. Correlation Cy; for the production of transversely polar-
ized electrons from circularly polarized photons, as a function of
angle for Z=92 at several energies.
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TasLE II. D(6,) as defined by Eq. (8) for Z=84 as a function
of photon energy % (in MeV).

k 0.662
D(8.) 0.963

1.131 1.5 2.0
0.972 0.965 0.961

It was noted by Olsen?* that, to lowest order in @,
at the crossover angle 6, for which C10(6.) =0, electrons
from circularly polarized photons are completely polar-
ized along the photon direction, i.e.,

D (6.)=C33(0,) cosf,—C31(6,) sinf,=1. 8)

For this to be true requires that, in the language of
Egs. (2.25)-(2.27) of Ref. 8,

|K_|2=|J4|2=0 when Re[J_*J,+K_ *K,]=0; (9)

it does not seem that this can in general be true. We
show, however, in Table II the calculation of D(8,)
for Z=84 from our results; the deviations from Olsen’s
prediction are very small, and almost within the errors
of the calculation.

VIII. THE CORRELATION Cj;

The correlation Cjs is a transmitter of helicity, pro-
ducing longitudinally polarized electrons from circu-
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F1c. 7. Correlation Cs; for the production of longitudinally
polarized electrons from circularly polarized photons, as a func-
tion of angle for Z=92 at several energies.
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larly polarized photons. The only one of the seven
correlations which does not vanish in forward and back-
ward directions [C33(0°) = —C33(180°) =17, it vanishes
in the nonrelativistic limit, but becomes 1 for all angles
of significant electron emission in the extreme relati-
vistic limit.® We show results for Cs; in the tables ap-
pended to the paper and in Fig. 7. Even at intermediate
energies the correlation is large; it appears to approach
one at high energies somewhat more rapidly in the lighter
elements. Since Cj; ranges from 41 to —1 it exhibits a
crossover, which, however, at high energies moves to
very backward angles. Analytical expressions for Cjs
to lowest order in @ were obtained by Olsen,? by Baner-
jee,® and by Fano, McVoy, and Albers*; Nagel® also
obtained terms of relative order ¢. The extreme rela-
tivistic limit of C3;3 was discussed by Pratt.® Like Co
and Cj;, numerical results obtained for C33 by Hultberg,
Nagel, and Olsson'4!5 are in good accord with the cor-
responding values of our tables. Nagel and Olsson!?
have given numerical results at threshold. The connec-
tion between the crossover angle for Cio and production
of completely polarized electrons from circularly polar-
ized photons has been discussed in the previous section.
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APPENDIX: TABLES III-VII

TasLE III. Polarization correlations for Z =284 at 354
keV as a function of angle.

/]
(deg) Coz  Cio Cie Ca Cys Cs Css
0 0.000 0.000 0.000 0.000 0.000 0.000 1.000
5 026 077 04 —0.4 —0.0 0.3 0.5
10 0.16 088 024 —0.2 —0.0 0.0 0.4
15 0.12 090 0.18 -—-0.16 —0.0 —0.0 0.4
20 010 090 0.15 -—-0.12 —-0.0 —0.15 0.4
25 0140 090 0.13 —-0.09 —0.04 —0.22 0.38
30 0.09 088 .0.12 —0.07 —005 —0.29 0.36
35 0.10 087 0.12 -—-005 —0.06 —0.36 0.34
40 0.10 0.85 0.12 —-0.03 —0.07 —0.42 0.31
45 0.10 083 013 —-001 —-0.08 —048 0.28
50 0.10 0.81 0.13 001 —0.10 —0.53 0.25
55 0.11 0.78 0.14 0.03 —0.12 —0.58 0.21
60 0.11 0.75 0.16 006 —0.14 —0.63 0.18
65 0.11 0.72 0.18 0.09 —0.16 —0.67 0.13
70 0.12 0.68 0.20 0.13 —-0.18 —0.71 0.08
75 0.12 0.65 0.22 0.18 —0.21 —0.74 0.03
80 0.12 0.61 0.26 022 —0.24 —-076 —0.02
85 0.12 0.56 0.30 028 —027 —0.78 —0.08
90 0.12 0.51 0.35 034 —030 —-0.78 —0.15
95 0.12 046 040 041 —0.33 —-0.78 —0.22
100 0.12 041 0.46 048 —-0.35 —-0.76 —0.30
105 0.12 036 0.53 056 —0.38 —0.73 —0.38
110 0.11 031 0.60 064 —040 —0.69 —046
115 0.11  0.26 0.68 072 —-041 —-063 —0.54
120 0.10 0.21 0.75 079 —-041 —-0.56 —0.62
125 0.10 0.16 0.81 0.86 —041 —049 —0.70
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TABLE IV. Polarization correlations for Z =284 at 662 keV TaBLE VI. Polarization correlations for Z=384 at 1500 keV
as a function of angle. as a function of angle.

0 Coz Cio Ciz Ca Cas Ca Css

/)
0 0000 0000 0000 0000 0000 0000 1ooo (4 Co Co Ca Cu Can Cu  Cu
5 0218 057 040 —038 —004 0204 074 0 0000 0000 0.000 0000 0000 0000 1.000
10 0177 078 030 —027 —004 0058 0.62 5 015 045 043 —043 —001 022 085
15 0161 081 0264 —0231 —003 —0102 056 10 014 061 035 —034 —003 —005 079
20 0151 080 0252 —0221 —005 —0222 054 15 014 058 032 —0290 —006 —029 076
25 0144 077 0241 —0198 —007 —034 053 20 018 049 032 —026 —009 —046 073
30 0159 073 0236 —0157 —0.09 —046 050 25 021 040 035 —028 —012 —056 0.72
35 0190 069 0250 —0.14 —010 —056 046 30 022 030 040 —033 —016 —061 0.2
40 0195 063 0276 —016 —013 —064 044 35 021 020 042 —032 —023 —065 072

45 0.174 056 0292 —0.16 —0.18 —0.71 0.42 40 0.22 0.11 038 —-024 —028 —0.67 0.71
50 0.184 049 0298 —0.1 —022 —0.78 0.38 45 0.23 0.03 04 —-0.2 —0.29 —0.64 0.73
55 0.225 042 0316 —-0.1 —0.24 —0.82 0.36 50 0.19 —0.05 04 —033 —0.62 0.74
60  0.21 0.336 0.352 —0.1 —0.30 —0.87 0.34 55 0.1 —0.1 0.4 —041 —-0.62 0.73
65 0.14 0233 0.386 —0.1 —0.36 —0.92 0.30 60 0.1 —0.1 0.4 —04 —-0.59 0.73
70 0.3 0.160 0.410 —0.1 —041 —094 0.26 65 —0.2 0.3 —0.4 —0.53 0.76
75 0.16 0.109 0.42 0.1 —045 —0.93 0.24 70 —0.2 0.3 —0.4 —049 0.76
80  0.12 0.001 0.46 0.1 —-0.51 —094 0.22

85 —0.01 —0.140 0.52 0.1 —0.56 —0.95 ;.15

90 —0.06 —0.196 0.54 0.2 —0.60 —0.92 0.08

95 —0.05 —0.18 0.55 0.3 —0.65 —0.86 0.07

100 —0.12 —0.28 0.59 0.3 —0.69 —0.82 0.04

105 —027 —-04 0.66 0.4 -0.7 —076 -—0.08 TasLE VII. Polarization correlations for Z =284 at 2000 keV
110 —0.34 —04 0.69 0.5 —0.7 —0.69 —0.19 as a function of angle‘

115 —04 —04  0.68 0.5 —-0.7 —-0.63 —0.2

120 —04 —-04 0.68 0.5 —0.7 —0.54 —0.25

125 —-0.5 —-04 0.7 0.6 —0.6 —043 —04

. 0
(deg) (deg) Cos Cio Ciz Cn Cas Ca Css

0 0.000 0.000 0.000 0.000 0.000 0.000 1.000
5 0.14 042 046 —046 —0.01 0.17  0.88
10 0.12 053 037 —-036 —004 —0.11 0383

TABLE V. Polarization corre_lations for Z=284 at 1131 keV 15 0.13 045 0.32 —029 —0.08 —0.36 0.82

as a function of angle. 20 0.18 032 029 —-023 —011 —0.51 0.0

25 0.22 023 035 —03 —0.13 —054 0.80

0 3(5) 0.20 8.(1;5; 046 —04 —8.13 —o.gg 0'28
0.2 X 0.4 —0.27 —0. 0.

e Cu  Co  Cu Cu  Cau  Ca_ Can 40 03 ~000 03 -027 —035 081

0 0.000 0.00 0.000 0000 0000 0000 1.000 45 02 —007 03 —027 —047 084

5 018 048 042 —041 —0.019 0.263 0.82 50 01 01 —-03  —047 0383
10  0.15 0.67 034 —0.33 —0035 0.007 0.79 55 01 01 —-04 —05 08
15 0.15 0.68 030 —0.27 —0.051 —0.210 0.70 60 01 01 —-04 —04 08
20 0.17 0.63 030 —025 —0.072 —0.379 0.67 05 —0.2 —-04 —05 08
25 0.19 0.56 032 —026 —0.098 —0.507 0.65 70 —0.2 —0.4 0.8

30 021 048 0.35 —027 —0.136 —0.602 0.63
35 023 038 037 —027 —0.18 —0.675 0.62
40  0.23 028 038 —024 —023 —-073 0.61

45  0.22 0.19 038 —022 —0.27 -—0.75 0.61
50 022 0.10 040 -022 —0.32 —-076 0.61
55 0.20 001 04 —0.22 -039 -—-076 0.61
60 016 —0.06 04 —0.18 —043 —0.75 0.60
65 011 —-013 04 —013 —045 —0.74 061
70 007 -019 04 01 —049 —0.70 0.61
75 001 -—-024 04 0.1 —0.55 —0.66 0.61
80 —0.06 —-0.28 04 —0.1 —0.58 —0.64 0.59
85 —0.13 —-032 04 00 —0.58 —0.62 0.57
90 —0.19 —036 04 —0.59 —0.57 0.56




