Contents

10

3.

Introduction, By A.W. Saenz and H, Oberall (Mith 1 Figure)} .............
REFEIENCES 1yt veiess i tavuauoissonnnersastsaransvrssnsnssrsererens “asn

Theory of Coherent Bremsstrahlung. By A.W. Saenz and H. Oberall
{With 7 Figures)
2.1 Overview ......ciiiiiiniiennes Ceenaean

.......................................................

2.2 General Remarks on CB and CR; Kimematics ..ivvivvvnenvsennsossansrs

2.3 Born-Approximation Theory of Coherent Bremsstrahlung .....eicevvenn
2.4 Numerical Results

.................................................

2.5 Kinematics of CB and CR. Theory of fh Transition Intensities ......
2.8 SUMMATY vt erevomososome et aascaaacaaaancsostisttossaasnsaiasrnonsen .
References ..... e areaireaet s aeser et et Ciesisaisas

Coherent Bremsstrahlung - Experiment. By G.D. Kovalenko,

L.Ya. Xolesnikov, and A.L. Rubashkin (With 21 Figures) ................s
B T N 1 T T

3.2 General Formulas for Coherent Bremsstrahlung .......c.oviiviviivnnnn
3.2.1 KinematiCs ..ceuvvecrosnoncsoacsossoonsnvrrrnrnnnss

3.2.2 Intensity and Polarization ...ivevinrinecrvananns bessrsennee
3.3 Experimental Eguipment for Coherent Bremsstrahlung Studies ........
3.3.1 Experimental Layouts and Photon-Beam Formation Technique ...
3.3.2 Crystal Targets ........ Cerranaan e idaar st ar e sty
3.3.3 Goniometers ............ i e i iessieasaatr ettty
3.4 Experimental Results and Discussion ........c.cciiviiviiiiniiin,
3.4.1 Spectral Characteristics of Bremsstrahlung in Crystals .....

3.4.2 Orientation Dependence of Total Energy Flux and Photon
INtensity o.vevvvenernornrianrrneronas

3.4.3 Measurements of (B Polarization .........ccoviiiiiiiinniaat,
3.4.4 Effect of Secondary Collimation on CB Parameters ...........
3.4.5 Particular Properties of CB at Low Initial Electron Energies

3.5 Conclusion

........................................................

References ........ ereernes tereberare e raseeirans

15
20
23
28
29

i3
33
35
35
36
39
39
41
42
43
43

47
50
54
56
58
58



4,

5'

Bent Crystal Channeling. By

R.A. Carrigan, Jr. and W.M. Gibson

{With 18 FioUreS) uieiriiiiieriaetiaciocecaoeeasanaasresensonsassesnnns
4.1 Channeling at High EREPgY ....vereceereeriocrarenrrecneensses

4.2 Bending .....c.c.0vin..
4.3 Bending Theory ........

4.4 Bending Experiments

...............................................

4.5 Factors Affecting Charged-Particle Bending with Single Crystals

4,5.1 Materials .......

4.5.2 Radiation Damage

LR R R N AR I IR R LR RN

T R T RN I AR A IR IR LR A R R Y

4.5.3 Angular Acceptance .........c..ciiieianinncanranraans

4.5.4 Spatial Acceptance .. .........iiiiiauiitiaieriiraiiraan

4.5.5 Deflection .....
4.6 Possible Applications .

I e R R R R R R )

D I R I N I R I R I A O R I R R B

IR RN

------

......

4.6.1 Extraction .......... et e et ma s
4.6.2 Secondary Beam Bending . .........iiviiiiiiiriiriinntiiniinns
4.6.3 Beam FotUSING .. iiiiiurinrinee v ensisssaattaassatamaaaatannnn
4.6.4 "Separated" Beam for Short-Lived Particles .................
4.6,5 Charm-Particle Magnetic Moment Measurement ...........ec.....
4.6.6 Interstitial Site Information ................... serrssiaas

References ......v.cvecvsans

Classical Theory of the Radiation from Relativistic Channeled Particles
By V.V. Beloshitsky and M.A. Kumakhov {With 11 Figures) ..........

5.1 Historical Introduction

5.2 Classical Theory of Channeling .....viviiirrereerisrrononnneranss

R LI I R R R N R

5.3 Multiple Scattering Effects .......vcvvivvrnneeeinenrnns RPN

5.4 ({lassical Theory of Radiation

...............................

5.4.1 Semiquantitative Treatment of Radiation ..............

5.4,2 General Relations
5.4.3 Planar Channeling

L R L N T R R

......

5.4.4 Axial Channeling of Electrons ............... Cevrsasasaniann

5.4.5 Quasi-Channeling in the Axial €ase .....cvveririrnrnnnnses
5.5 Comparison of Spectral Intensity with That of Bremsstrahlung ......
5.6 Concluding REMArKS o viiiurinanvvnnnnnnrerionnnesrnonnscsssassnsenes
L - = o~ Crevrerarasnanaaanns
Channeling Radlation - Quantum Theory
By J.U. Andersen, E. Bonderup, and E. lLaegsgaard (With 16 Figures} .....
8.1 Channeling and Channeling Radiation .........c.veeenuen.n. Neeeraraaa

6.2 Transverse Wave Equation
6.3 Emission of Radiation .

......................................

61
61
&9
71
77

83
84
84
85
85
85
8s
86
86
86
87
87
83

9
9N
92
94
98
98
100
102
111
116
119
123
124

127
127
131
134



7. Channeling-Radiation Experiments.
(With 19 Figures})

8.

6.4 Corrections to the Wave Equation ..:............ verararsaas

6.5 Axial-Channeling Radiation
6.6 Planar-Channeling Radiation

6.7 Coherent Bremsstrahlung
6.8 Damping and Linewidth

6.9 Scattering Potential .....................
6.10 Thermal Scatfering ....viiiiiiiiiir e in i iniiarint i ennennens

6.11 Nonsystematic Reflections

6.12 Electronic Scattering

L I T T

L R R N I T AR i A AR

L N N N I S T

LI B T T L

R I I R I I

6.13 Multiple Scattering and Line INtensity .......veieseveneenncennnnns

6.14 Applications

References

L T rverann

........................... LI I I R

By 8.L. Berman and 5. Datz

7.1 Historical Background .uiiiiiiiese it riiie i ctace e neennernns
7.2 Experimental Apparatus and TeChniQUES v..vuvvseeeeuenenneennennnnnos
7.3 Experimental Results .........c.ovevnn.- Crererreasraaannas cereaaraan
7.3.1 Perspective .............c.ua.nl. TaresrEasaisaerr et
7.3.2 Electron Channeling Radiation ................ Cerrrearraiaan
a) Electron Planar-Channeting Radiation ...........eeoouenn.
b} Electron Axial-Chamneting Radiation ........ooveeeinvins.

¢) Two-Dimensional "Molecular" Bound States for Channeled
Electrons ............ Ceraseesasanann e reiiea v eaaias
7.3.3 Positran Channeling Radiation ............... Verrerarriaaaas
a) Positron Axial-Channeling Radiation .............eeven. .o
b) Positron Planar-Channeling Radiation .........c.eenvnnn..
c) High-Energy (Z1 Ge¥/c) Planar-Channeling Radiation ......
7.3.4 Binary Crystals ........ PR e b mereaasa s e araarr r e ar
7.3.5 Crystal Defects ....oioiiiniiiiiranerinenns Prer s erabaea
References ......oiiiiiiiiiniiiiinnnnss it n s
Additional ReTErenCeES ..o niuiriiiieirieiininiiinatiniaaussransnansn .
Transition Radiation, By G.B. Yodh {With 25 Figures) .....e..cicueenns
8.1 Scope of BHE REVIEW .ottt iir e ir et iera e e e,
8.2 Characteristics of Transition Radiation .....eeevreeeveeonrnvnnnns
8.2.1 General Theoretical Formula for the Differential Yield ....
a) Two Semi-Infinite Media ... ......ccoevvevvenn.n.. ceeea
b) Multilayered Medium . . ... ........... e errrrranranaes
¢} Single-Foil Yield (SF} ....o.ovvivniiennnrinnn... e

d) N-Foil Yield (NF)

......................................

135
136
140
145
146
150
151
153
154
157
162
163

165
165
170
177
177
178
178
181

183
185
185
185
188
189
1589
191
194

195
195
196
196
196
197
198
198

Xl



8.2.2 Interferemce Effects .......eivvvrvnnnnen Seriesrrararesians
8.3 Yield Integrated Over Angle ... ... ..eiririreinnerenrnneraneesn
8.3.1 General Remarks .....uiiceiiinorien e irnrrrerenrirraans
8.3.2 Singlte-Surface Yield (55) ........... et ratirranr et aan
8.3.3 Single-Foil Yield {(SF) ............ .o ..., e asataannaean
a} Formation-Zone Effect ........ e r et dara i raaan
b} Single-Gap Yield ... ... iiiiiii it
8.3.4 N-Foil Yield .iiviuiiiunnnninnnnsnnsasnsaniosossoscstnascans
8.4 Experimental Tests of Transition-Radiation Theory ......... Ceraea
8.0.1 General REMANKS  ..iitiviiiiiiniisnrssriiaronrvasunsaissaneas
B.4.2 Discussion of Experimental Tests of Multifoil Theory ......

8.5 Current Applications of TR of High-Energy Particles, and New
DevelopmERES  vviiiei it ia et asssaaatttetantontaasassasssasans
8.5.1 Particle Identification .....iiviiiiiiieinnisiiieisinrisnas
a) Optimization of TR Particle Identifiers ......... R .
b} Experimental Results ......coviieiierrenrenenrnerrannn .
8.5.2 Energy Measurement Using TR ... ... . i iiiiiiiiiiirenennns
8.5.3 Transition Radiation Detectors as Accelerator Monitors ....
8.5.4 TR as a Tunable X-Ray Source ......cciiiiienrennenn Ceeranen
8.5.5 Other Developments .......iiiiiiiiiiiiiinnnes erans vevanen
REferentas ....iviiiiseinresnerconcnanns vaeaas e arieasievaaereseiean

Subject Index

pil|

.............................................................

199
200
200
200
20
201
203
204
207
207
211

216
217
217
218
224
225
225
225
227

231



