FORSCHUNGSZENTRUM

o

| \

4
3
\

using Cold Neutron Prompt Gamma Activation Analysis

Partial Neutron Capture Cross Sections of Actinides

¥

O

e ™

/eoo.

£ =ER3

5 28983

= Es 23
)

O S 39

= o o

o eoN.V—/

2 80 80 2

%2} o 2T Z

= QO S m

c C C ®¢

@) ww o2

UOI}BI00SSY Z}|OYW|aH 8y} JO Jaquiajy




Forschungszentrum Jilich GmbH
Institut fur Energie- und Klimaforschung
Nukleare Entsorgung und Reaktorsicherheit (IEK-6)

Partial Neutron Capture Cross Sections of
Actinides using Cold Neutron Prompt Gamma

Activation Analysis

Christoph Genreith

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 250

ISSN 1866-1793 ISBN 978-3-95806-036-4




Contents

Abstract
Zusammenfassung
1 Introduction

2 Physical and Technical Background

2.1 Atomic Structure . . . . . . . ..
2.2 Nuclear Structure . . . . . . . . . . . ...
2.2.1 Backshifted Fermi Gas Model . . . . . ... ... ... ... ....
2.2.2 Constant Temperature Model . . . . . . ... ... ... ... ...

2.3 Neutron Reactions with Nuclei . . . . . . . ... ... ... ... ... ..
2.4 Radiation Emitted in Nuclear Reactions . . . . .. .. ... ... ... ..
2.4.1 «-Radiation . . . . . . ... ..
2.4.2 p-Radiation and Electron Capture . . . ... ... ... ... ...
24.3 X-and y-Radiation. . . . . ... ..o
2.4.4 Internal Conversion . . . . . . . . . . . . . ... ... ... ...
2.4.5 Photon Strength Function . . . . ... ... ... ... ...

2.5 Photon Interactions with Matter. . . . . . . .. .. ... ... ... ....
2.5.1 Photoelectric Effect . . . . . ... ..o
2.5.2 Photon Scattering . . . . . . . ... ...
2.5.3 Photo Pair Production . . . . .. ... ... ... ... ... ...
2.5.4 Mass Attenuation Coefficient . . . . . . ... ... ... ... ...

2.6 Radiation Detection . . . . . .. . . ... ...
2.6.1 Curved Crystal Spectrometers . . . . . . ... ... ... ... ...
2.6.2 Solid State Detectors . . . . . . . . . ... ...
2.6.2.1 Scintillation Detectors . . . . . . . ... .. .. ... ...

2.6.2.2  Germanium Detectors . . . . .. . ... ... ... ...

2.7 Neutron Activation Analysis . . . . . . .. ... ... ... ..
2.7.1 Instrumental Neutron Activation Analysis . . . . .. ... ... ..
2.7.2  Prompt Gamma Neutron Activation Analysis . . .. ... ... ..

2.8 Monte Carlo Simulation Tools . . . . . . ... .. ... ... ........
2.8.1 Geant4d and MCNP5 . . . . . .. ... ... ... ...
2.8.2 DICEBOX . . . . . . . . e

3 Experimental Details
3.1 [Irradiation Facilities . . . . . . . . . . ... ...
3.1.1 The PGAA Facility at BRR . . . . ... ... ... ... ......

ii

iii

13
17
18
18
21
21
22
23
25
26
28
28
29
31
31
33
33
34
34
34
39
43
44
46
46
47



CONTENTS

3.1.1.1 Simulation of the Budapest Research Reactor (BRR) fa-

cility employing Geant4 . . . . . . ... ... ... 54

3.1.2 The PGAA Facility at FRMIT . ... ... ... ... ... ... 55

3.1.2.1  Optimization of the FRM IT PGAA Facility using Geant4 58

3.2 Spectrum Evaluation . . . . . .. ... ... 60
3.21 HYPERMET-PC . . ... .. ... ... . .. .. 60

3.2.2 Calibration of the Instruments . . . . . . . .. ... ... ... ... 62

3.2.3 Evaluation Procedure . . . . . . . .. ... ... .. L. 66

3.3 Design and Validation of Actinide Samples for PGAA . . . . . .. ... .. 68
3.3.1 Actinide Starting Materials . . . . . ... ... ... ... 69

3.3.2  Aluminum Encapsulation. . . . . ... ... ... ... ... 70

3.3.3 Quartz Glass Vials . . . . . . ... oo o 73

3.3.4 Quartz Glass Sheets . . . . . . . ... ... 78

3.4 Characterization of Actinide Samples for Irradiation . . . . . . . . .. ... 83
3.4.1 Monte-Carlo Simulations of Samples in the Cold Neutron Beam . . 85

4 Results and Discussion 93
4.1 Neptunium-237 . . . . . .. L 93
4.1.1 Partial Neutron Capture Cross Sections of 'Np . . . . .. ... .. 94

4.1.2 Neutron Separation Energy . . . . . .. ... .. ... . ..... 106

4.1.3 Thermal Neutron Capture Cross Section of 2™Np . . . .. ... .. 107

4.2 Americium-241 . . . .. 110
4.2.1 Partial Neutron Capture Cross Sections o, of *'Am . . . . . . . .. 111

4.2.2  Thermal Neutron Capture Cross Section of *Am . . . . . ... .. 114

4.3 Plutonium-242 . . . . . .. 119
4.3.1 Partial Neutron Capture Cross Sections o, of *?Pu . . . . .. . .. 120

4.3.2 28Pu Decay Radiation and Half-Life . . . .. .. ... .. ... .. 130

4.3.3 Neutron Separation Energy . . . . . ... .. ... ... .. .... 131

4.3.4 Nuclear Structure Calculations . . . . .. ... ... .. ...... 132

4341 PSFand LD Models . . . . ... ... ... .. ...... 132

4.3.4.2 The Level Scheme of 2#Pu . . . . ... ... ... .... 134

4.3.4.3 Thermal Neutron Capture Cross Section of 2*2Pu . . . . . 136

4.4 Detection Limits . . . . . . . ... 140

5 Conclusion 143
List of References 147
List of Abbreviations 161
List of Figures 163

vi



CONTENTS

A Data from Measurements I
A.1 Data sets from 2*2Pu neutron irradiations . . . . . .. ... ... ... ... I
A.2 Data sets from 2*’Np neutron irradiations . . . . .. .. ... ....... VII

B Level Scheme of #*Pu XV

C Population-Depopulation Plots XXI

D Addtional Plots for the 23’Np Evaluation XXV

E Plots of Actinide Spectra XXVII

F Values of Physical Quantities used in this Work XXXIII

Acknowledgement XXXV

vii



Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 250 ’ JU LICH

ISBN 978-3-95806-036-4 FORSCHUNGSZENTRUM




	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite

