


Contents

1. Introduction. ... ... ... ... .. ..
1.1 Purpose and Scope. .. .......couumiiriiiiiiiiaiia
1.2 Notationand Concepts ... .......coviiiiininn...
1.3 The Role of Secondary Electron Data in Radiological

SCIBNCES . . . .o
1.4 Guidefor Users ...ttt

2. Theoretical Methods. ............... ... . ... . ... .. ...
2.1 Introduction......... .. ... ... . . i
2.2 Doubly Differential Cross Sections .......................
2.3 Rutherford Cross Section. ............ ... ... ... ...
2.4 MottCrossSection .......... ... ..ot
2.5 Binary Encounter Approximation (BEA) ..................

2.5.1 BEA Without Exchange...........................

2.5.2 BEA With Exchange (BEAX) ......................

2.6 Born Approximation.............. ... o i

2.7 Plane-Wave Born Approximation (PWBA).................

2.8 Bethe Approximation ............. ... .. ... ... ... ...

2.9 PlatzmanPlot......... ... ... .. ...

2.10 Total Cross Section for Ionizationby Ions.................
2.11 Continuum-Distorted-Wave Eikonal-Initial State

(CDW-EIS)Method . .......... ..o,

2.12 Classical-Trajectory Monte Carlo (CTMC) Method .........

2.13 Consistency Requirements ............ ... ... ... ...

2.14 Projectiles at RelativisticSpeeds .........................

3. Electron Interactions. ............ .. ... ... ...
8.1 Introduction . ......... i e
3.2 Ionization Mechanisms and Definitions ....................
3.3 Total Ionization Cross Sections ................c.ccooienon..

3.3.1 Experimental Methods .............................
3.3.2 Theoretical Methods . ............ .. ... ... ... .....
3.3.3 Consistency Checks.............. ... ...,
3.3.4 Recommended Cross Sections. ......................

3.4 Partial Ionization Cross Sections . . ............. ... ..
3.4.1 Experimental Methods .................... ... ... ...
3.4.2 Theoretical Methods ... ......... ... ... .. ... ......
3.4.3 State-Selected Partial Cross Sections ................
3.4.4 Recommended Partial Cross Sections ................

3.5 Ionizationof Clusters ...........co it
3.6 Differential Ionization Cross Sections......................
3.6.1 Experimental Methods .............................
3.6.2 Theoretical Methods and Semiempirical Models. . . .. ..
3.6.2.1 Binary Encounter Dipole (BED) Model . . ... ..

3.6.2.2 Binary Encounter Bethe (BEB) Model. . ... ...

3.6.2.3 Integration of the BED and BEB Equations. . .

3.6.3 Recommended Differential Cross Sections . ...........

4, TonInteractions . ........... ... ..t
4.1 Introduction . ....... ...ttt
4,2 Mechanisms of Ionization by Ion Impact ...................

4.2.1 Zero-, One-, and Two-Center Electron Emission. . ... ..



4.2.2 Autoionization and Auger Emission ................. 41

4.2.3 Electron Promotion................................ 41
4.2.4 Multiple Ionization ................................ 41
4.2.5 Mechanisms Involving Projectile Electrons . .......... 42

4.3 Experimental Methods ................ ... .. ............ 42
4.3.1 Total Ionization Cross Sections ..................... 42
4.3.2 Angular and Energy Distributions................... 42
4.3.3 Energy Spectra............... .. . 43

4.4 Theoretical Methods ...........................coviii... 44
4.4.1 Binary Encounter Approximation (BEA) ............. 44
4.4.2 Quantum Mechanical Methods...................... 46
4.4.3 Semiclassical and Classical Methods ................. 47
4.4.4 Screening Effects and Dielectronic Processes ......... 48

4.5 Analytical Models............. .. ... ... ... ... 49
4.5.1 MillerModel ............. ... ... ... ... 49
4.5.2 RuddModel................... .. ... i, 49
4.5.3 KimModel........... ... ... . . ... 50
4.5.4 Hansen-Kocbach-Stolterfoht (HKS) Model ........... 51

4.6 ProtonCollisions .............. . ..o, 52
4.6.1 Total Ionization Cross Sections ..................... 52
4.6.2 Recommended Singly Differential Cross Sections. .. ... 53
4.6.3 Recommended Doubly Differential Cross Sections. . . .. 54

4.7 Heavy Ion and Neutral Collisions. ......................... 54
4.7.1 Target Ionization by Bare Projectiles ................ 54
4,7.2 Target Ionization by Dressed Projectiles.............. 56
4.7.3 Electron Emission from the Projectile................ 57
4.7.4 Effective Charge of Energeticlons................... 58
4.7.5 Compilation of Experimental and Theoretical Work ... 60

5. Electron Spectra from Condensed Matter ................. 64
5.1 Introduction........... ... ... .. ... .. ... 64
5.2 Experimental Methods................ ... ... ... ... .. ... 64
5.3 Production of Free Internal Electrons .................... 66
5.3.1 Dielectric Response Theory........................ 66

5.3.2 Binary Encounter Theory ......................... 68

5.3.3 Charge-State Effects.............................. 69

5.4 Migration of Liberated Electrons to the Surface............ 69
5.5 Ejection fromtheSurface ................ ... ... ... ... 70
5.6 Primary Electrons: Low Energy Part of External Spectra ... 70
5.7 Light Ions: Low Energy Part of External Spectra .......... 72
5.8 Primary Electrons: High Energy Part of External Spectra .. 74
5.9 Light Ions: High Energy Part of External Spectra.......... 77
5.10 Heavy Ions: External Spectra......................... ... 78
6. Applications of Ionization Data to Radiological Sciences .. 80
6.1 Introduction .......... ... .. . i 80
6.2 Charged Particle Track Simulation..................... ... 81
6.3 Microdosimetric Distributions ............................ 85
6.4 Track Entities Derived from Electron Spectra .............. 85
6.4.1 Track Entities in Radiation Chemistry ............... 85
6.4.2 Track Entities in Radiation Biology.................. 86

6.5 Stopping Powerand LET ............ .. ... ... ... ... ... 86
6.6 EnergyPerlonPair................... ... ... .. ... 87
6.7 Moments of Energy Loss Distributions. .................... 88
ReferencCes . . ... ..o e e e e 89
ICRUREPOIES. . ...ttt 109






	page1
	page2
	page3
	page4

