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OBJECTIVES

@ Develop a technique to measure linear polarization of « rays emitted
from non-oriented nuclear states for the clover detectors of the
iThemba LABS AFRODITE and GAMKA arrays.

@ Use the technique to measure the polarization sensitivity Q(7) of
the clover detectors using *°2Eu radioactive sources.

@ Deduce the angular correlation coefficients for all the v rays
observed in the beta decay of >?Eu source collected with the
GAMKA array.

@ Combine angular correlation and linear polarization to deduce the
mixing ratios for v rays with mixed multipole nature.



GAMMA DECAY

@ Gamma radiation
@ Gamma spectroscopy

@ Linear polarization
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ANGULAR CORRELATIONS

@ This methods creates orientation by observing sequential
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@ Angular correlations
w(e) = anPn(cosh), a,=A,(1)A,(2)
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LINEAR POLARIZATION MEASUREMENTS

Vertical scattering plane D4

Y2

Coincidence plane = Horizontal scattering plane

Figure 5.

@ Degree of linear polarization P(6)
(gﬂb = OO) - W(eaw = 900) (2)
(0,1 =0°) + W(0,¢ = 90°)’
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DETECTION OF GAMMA RAYS

@ Clover detectors

(a) BGO shield & clover detector (b) HPGe crystals

@ Polarization Anisotropy Ap

i aNV — Nh
p aNV + Nh (3)
@ Polarization Sensitivity, Q(7).
A
Q) = 75 (4)

6/17



TECHNIQUE WITH THE AFRODITE AND GAMKA

ARRAY

@ The technique was developed for the iThemba LABS AFRODITE
array for the clover detectors positioned at 45°,90° and 135° and
the GAMKA array mounted on the new Dandelion frame with more
angles.
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Figure 7.
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DETECTOR POSITIONS

Figure 8.
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ANGULAR CORRELATION RESULTS

@ Angular correlation function W(0)exp = Z*
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ANGULAR CORRELATION RESULTS
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POLARIZATION SENSITIVITY RESULTS

@ Polarization sensitivity,

Qexp(E'y) = th (E'y by + bO) (5)
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MIXING RATIO RESULTS

i 8 from 2y, ay, P(39°), P(62°), P(79°), P(90°)
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Figure 12.
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Combining angular correlation and linear polarization
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Mixing ratios Results

Peak Delta_1 Delta_2 NNDC
586(E0+M1+E2) -3.00(11) -3.05(14)
656(E0+M1+E2) +2,1(+3-2) 2.1(3)

678(M1+E2) +4.0(4) 0.11(+12-9) +4.1(+17-11)
688(E0+M1+E2) +10(+9-3) +19(+5-4)
765(E0+M1+E2) +4.3(+5-4) +4.3(+7-6)
867(M1+E2) -6.2(1) -6.2(5)
488(M1+E2) +5.4(3) -0.05(+6-4) +5.6(5)
964(M1+E2) -9.3(+3-2) -9.3(6)
1005(M1+E2) -3.2(1) -3.1(+2-3)
1112(M1+E2) -8.5(+5-6) -0.13(+10-12) -8.7(6)
974(M1+E2) +0.589(3) +7.5(+22-4) +0.58(7)
1090(M1+E2) +18(+3-2) -0.08(+4-5) +22(+13-6)
794(M1+E2) -1.01(10) -0.4(+7-12)
675(M1+E2) +2.3(1) +2.2(4)
873(M1+E2) -8.8(+7-6) -0.59(4) -9.4(4)
1348(M1+E2), J=2 +14(+11-9) +12 (+9-4)
1348(M1+E2), J=3 -0.06(+8-9) 6=-13( +4-7)
482(E0+M1+E2) -14(+4-9) +0.46(+13-10)
526(E0O+M1+E2) -1.03(+3-7)
503(M1+E2) -0.06(8)
538(M1+E2) +0.24(+26-27)
520(M1+E2) +2.61(+8-9) +0.165(6)
324(M1+E2) +0.16(+5-6) +3.3(+9-6)
Table 1.



SUMMARY

@ Developed a polarization measurement technique for «-rays from
non-oriented nuclear states using clover detectors.

@ Used the technique to measure polarization sensitivity for the clover
detectors of the iThemba LABS AFRODITE and GAMKA array.

@ Measured the angular correlation coefficients for more than 50 pure
transitions for the ~ rays observed in the beta decay of >2Eu.

@ Combined linear polarization and angular correlation measurements
deduce the mixing ratio for mixed transitions.

@ Measured mixing ratios for 24 ~ rays with mixed nature 6 of which
have been measured for the first time.



REFERENCES

1 K. Krane, Introductory Nuclear Physics, chapters 7.1 (Electro
Magnetic Radiation), 7.9 (Polarimeters), 10.1, 10.2, 10.4, 10.5.
(1991)

2 G. Duchene et al., Nucl. Instrum. Meth. A, 432, 90 (1999).

3 Fagg, L. W. and Hanna, S. S. Polarization measurements on nuclear
~-rays. Reviews of Modern Physics, 31(3):711, 1959.

4 P. Jones et al., Nucl. Instrum. Meth. A, 362, 556 (1995).
5 Y. Kojima et al., Nucl. Instrum. Meth. A, 990, 164984 (2021).

6 GAMKA, E.A. Lawrie et al., Technical Report of iThemba LABS,
2018

7 MIDAS, accessed 17 August, 2024 URL
http://npg.dl.ac.uk/MIDAS/.

8 D. C. Radford. Nucl. Instr. Meth., 361:297, 1995



Thank You!



