


UNCLASSIFIED

ORNL 1321;

This document consists of 9
pages. Mo. ff of307 copies,
Series A

Contract No, W-7h0f>, eng 26

PHYSICS DIVISION

THE INTERNAL CONVEFiSIOK CORRELATION

FOR MIXED CONVERSION TRANSITIONS

M« E» Rose
Lo C. Biedenharn

Date issued; JUL ^0 195Jf

OAK RIDGE NATIONAL LABORATORY

operated by
CARBIDE .AIMD CARBON CHEMICALS COMPANY

A Division of Union Carbide and Carbon Corporation
post Office Box P

Oak Ridge, Tennessee

UNCLASSIFIED __. _^

3 44Sb 03S3DS3 3



1.

2-3.
4.

5.
6.

7.

8-9.
10.

11-14.
15.
16.

17.
18.

19.
20.

21.

22.

23.
24.

25.
26.

27.
28.

29.

-2- ORNL 1324
Physics

INTERNAL DISTRIBUTION

G. T. Felbeck (C&CCC)
Chemistry Library
Physics Library
Biology Library
Health Physics Library
Metallurgy Library
Training School Libi
Reactor Experimental
Engineering Library*^
Central Files

C. E. Center

C. E. Larson

W. B. Humes (K-25)
L. B. Emlet (Y-12)
A. Mo Weinberg
E. Ho Taylor
E. D. Shipley
A. H. Snell

F, C. VonderLage
R. Co Briant

J. A, Swartout

S. C. Lind

F. L. Steahly
A. Hollaender

M. T. Kelley

30. G. H. Clewett
31. K. Z. Morgan
32. J. S. Felton

33o A. S. Householder
34. C. So Harrill
35. C. E. Winters
36. D. So Billington
37. D. W. Cardwell
38. E. M. King
39. E. 0. Wollan
40. Ao Jo Miller
41. L. Do Roberts
42. R. N. Lyon
43. W. C. Koehler
44. W. K. Ergen
45. E. P. Blizard
46. M. E. Rose
47. D. D. Cowen
48. P. Mo Reyling
49. L. Co Biedenharn
50. J. A. Lane

51. M. J. Skinner

52. Central Files (O.Po)

EXTERNAL DISTRIBUTION

53-307. Given distribution as shown in TID-4500 under Physics category.

DISTRIBUTION PAGE TO BE REMOVED IF REPORT IS GIVEN PUBLIC DISTRIBUTION



-3-

THE INTERNAL CONVERSION CORRELATION

FOR MIXED CONVERSION TRANSITIONS

M. Eo Rose and L. C. Biedenharn

In a recently published paper the angular correlation problem in a

double cascade in which one or both transitions involves the emission of a

conversion electron was treated. In the aforementioned work the restriction

to pure multipoles for the conversion transition was made0 The purpose of

this report is to make the extension to the case in which the conversion

transition is a mixture and we present results for the practical case of a

t. Y -¥1.
mixture of 2r pole magnetic plus 2 pole electric radiation.

The procedure is exactly like that presented in reference 1, The

electron current is now calculated with a perturbing interaction given in

terms of the vector potential

"A s<* Am +fi te (1)
Here a and Ae are the vector potentials for a magnetic 2 pole and an electric

T -hi2U pole respectively,, This,, of course^ defines the scalar potential as a

mixture x<rith the same weight factors„ We can normalize to

fit t^ si (2) '
2 2and cL /'/3 is the intensity ratio of magnetic to electric multipolese

It is a straightforward matter to obtain the electron current by the

methods of reference 1„ We find for the correlation function giving the

coincidence rate in a mixed conversion pure gamma correlation*

I. M. Eo Rose,, L„ C. Biedenharn and Go B. Arfken* Phys. Rev0 Q$, $ (1952).

* Here and below we present only the results,. Details of the derivation may
be found in a forthcoming article to be submitted to the Reviews of Modern
Physics„
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o f 0 0 / C C
w(#) - cc -£Lw(-tf)*^ -£ we(^)^-2^/b< r-24 w,(iP) (3)

•c ra c "• " • C

Here W (t?) is the correlation function given in reference 1 for a cascade in

which the conversion transition is a pure 2 pole magnetic transition (MT)s
L

We(l^) is the corresponding correlation function when the conversion transition
t +i

is a pure 2^ pole electric transition (Ej, i)} W'(tf) is the interference

.term for the Y^-^*" transition of the cascade. Thus, if the cascade is

designated by Ji(Ey4l-f MT) J(Er, or ^r,)^ (r«ad from left to right or

from right to left) then

W.
m

LLi> L»L'J>= (2L*1) J b^(m) C-l.! 0-^ wUJLLS^)
JJ

W(jjL'L'|>>J2) P^ (cos 2^) (3a)

,L+1 L+ l^ „L«L'^

J

WUiL'L'?^j2) P^ (cos IP) (3b)

and the interference term W* is the one characteristic of the 0-0 cascade,

W»/(2L-M)(2L-^3)Jc^;|fl C^*^ W(jjLL +l?^J1)

V/(jjL'L»;^j2) Py (cos 2^) (3c)

As usual V is even arid the by (m) and hj, (e) are given for the K-shell in

reference 1 and also in ORNL report No. 1097« In (3) C™ is the internal

conversion coefficient for the pure M, radiation, Ce is the corresponding

coefficient for the pure Ej . -, radiation and

We =(2L+3)£ b^(e) C^1 L+1^ C '̂̂ WUjL-H L+lf S^)
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-.2 ^2
C = oC Cm t /O Ce

is the conversion coefficient which would be actually observed in the mixed

transition0 Numerical values of the conversion coefficients for the K-shell

p
are published elsewhere.

The remaining factor b' is the physical parameter which converts the

mixed term for^/t'-^/' cascades to c.e. - Y (or ^- c.e.) cascades,, It is to

noted that b' is independent of ^ so that the interference term has the same

angular dependence in the txjo cases. The mixture parameter b' is given by

b. -V —• -p = (U)
(2L-f-l)(2H-3) |rt . H-llC. . (L42)(L-M)j

Te
2

where Re means real part and Te and Tm are defined in reference 1, Eq's. (l|6a)

and (U8a)| in the same notation

10e ' [(L+1)(Rl+H2) " (2L+3) R3 -RiJ
e s L •—; | tf mLf 1

(L-MJCR^Rg) - (2LV-3) R3 - RjJ .

i<9m i (R3V Rj!)
/ R3+Rk\

The following tables give b for L s 1, 2, 3, Ii. and for the same range

of Z and energy (k) values used in previous work on the K-sheH con-version

1 2processes. ' As an aid to extrapolation we give the following limiting values

2. M. E. Rose, G. H. Goertzel, B. Spinrad, J, Harr and P. Strong, Phys0 Rev,
83, 79 (1951).
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(a) for Z = 0
-1/2

bi = 1+ k
L+ 2

(b) fork-* co

bis-i

Of course, for the correlation in which the pure ~Y" is replaced by

any other radiation we have only to insert the appropriate b^ as additional

factors of the Legendre polynomials Yj in (3a), (3b) and (3c)„ These are

given in reference 1 for </. -particles and for pure conversion transitions

while for /^-decay transitions the appropriate factors can be obtained (for

not too large Z) from the thesis of M. Fuchs.

3. Fuchs, The Effect of Nuclear Charge and Interference on Beta-Gamma
Angular Correlation, Ph. D. dissertation, University of Michigan (1951)
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TABLES OF b'

k z

o3 10 -01928 -.1899 -0I898 -ol909

20 -.1989 -.2083 -.2166 -.221*3

30 -.1979 -.2287 -.22*91 -.2669

ho -0I89I* -.2536 -.2905 -o3225

52* -.12*83 -.2916 -.3692 -.2*311

62* -.08891 -.3130 =01*353 -.5235

72 -.006616 -.3200 -.2*825 -.5857

78 o08917 -.2972 -.2*953 -.6059

.5 10 -.309U -.3032 -.3016 -.3020

20 -.3203 -.3288 -.3365 -.32*1*7

30 -o32l*l* -o3567 =.3772 -.3958

l*o -.3198 -.3877 -,U25l -.1*576

51 -.2922* --U383 -.5106 -.5658

62* -.22*90 -.2*759 -.5785 -.61*60

72 -.1908 -.5003 -.621*2 -.691*7

78 -.1266 -.5126 -.62*86 -.7091*

83 -.052*1*8 -.5077 -.6527 -.7118

88 o03913 -.1*913 -062*1*7 -.6951

92 .1322 -.U610 -.6231 -.6728

96 022*19 -.2*11*2* -o5895 -.62*10
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TABLES OF b«^

k Z

1.0 10 -.52*17 -.5321* -.5291 -.5287

20 -.5557 -.562*3 -.5715 -.5792

30 -.5623 -.592*8 -.6150 -.6321*

ho -.5593 -.6267 -,6610 -.6869

51* -.5321* -.6665 -.7209 -.7563

61* -.2*902 -.6867 -.7552 -.7903

72 -.1*370 -.6976 -.7697 -.7986

78 -.3822 -.6966 -.7691* -.7907

83 -.322*6 -.6882 -.7620 -.7792

.88 -.251*7 -.6717 -.71*61 -.7596

92 -.1892 -.61*90 -.721*1 -.72*02*

96 -.111*8 -o6272 -.7056 -.7181

1.8 10 -.7533 -.72*73 -.72*51 -.72*2*9

20 -.7608 -.7709 -.7785 -.7850

30 -.7609 -.7906 -.8075 -.8200

1*0 -.7502* -.8063 -.8312* -.81*72

52* -.7101* -.8159 -.8506 -08675

61* -.6571* -.8100 -.8505 -.8651

72 -.5958 -.7979 -.81*00 -.8501

78 -.5363 -.7819 -.821*8 -.8317

83 -.1*768 -.7631* -.8075 -.8129

86 -.2*078 -.72*11 -.7868 -.7901

92 -.31*53 -.7170 -.761*0 •^.7703

96 -.2763 -.6955 -.71*55 -.71*89
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':TABLES OF b'

k z

3.0 10 -.8826 -.8805 -.8805 -.8813

20 -.8829 -.8909 -.8977 -.9033

30 -.8770 -.8981 -.9101 -.9181

1*0 -.8611* -.8991 -.911*8 -.9236

52* -.811*9 -.8878 -.9093 -.9170

62* -.7562* -.8671* -.8926 -.8990

72 -.6895 -.82*2*3 -.8717 -.8761

78 -.6255 -.8230 -.8525 -.851*1*

83 -.5523 -.8009 -.8325 -.8339

88 -.2*897 -.7758 -.8101 -.8108

92 -.2*22*8 -.7535= -.7903 -.7912

96 -.351*0 -.7296 -.7696 -.7705

5.0 10 -.9507 -.9931 -.9509 -.9521

20 -.92*81 -.9531 -.9572 -.9601*

30 -.91*10 -.9511 -.9579 -.9632

1*0 -.9263 -.91*63 -.952*9 -.9590

52* -.8835 -.9266 -.9382 -.92*10

62* -.8271 -.9012* -.9162 -.9181*

72 -.7591 -.8759 -.891*0 -.891*1

78 -.6915 -.8508 -.8721 -.8722

83 -.6229 -.8266 -.85H* -.8523

88 -.3*30 -.5001* -.8292 -.8296

92 -.1*712 -.7763 -.8085 -.8110

.96 -.3931 -.7527 -.7888 -.7909


	image0001
	image0002

