Contents

1 Imtroduction......... ... ... .. . .. . .. . ...
References. . .. ... ...

2 Tests of Lorentz Invariance . . . ......... ... ... ... .. .. .....
2.1 Test Theories . ... ...
2.1.1 Robertson Framework. .. ......... .. ... .. ... .....

2.1.2  Mansouri—Sexl Framework . ... .....................

2.1.3 Standard Model Extension .........................

2.1.4 Spherical Harmonic Decomposition of Anisotropy . ... ...

2.2 Previous Tests of Lorentz Invariance . .. ....................
2.2.1 Michelson—-Morley Type Experiments. . ...............

2.2.2 Kennedy-Thorndike Type Experiments. . ... ...........

2.2.3 TIves—Stilwell Type Experiments .....................

2.3 Purpose of Our Experiment . ................. .. ... .......
2.4 Summary of This Chapter. . . ............ .. ... .. ... .......
References. . .. ... . . . .

3 Optical Ring Cavity ........... ... ... ... .. ... .. ...
3.1 Experimental Principle . . ... ........ ... ... ... ... .. .. .....
3.1.1 Principle ... ...

3.1.2 Double-Pass Configuration . ........................

3.1.3 Advantages Compared with Previous Experiments . . . . . ..

3.2 Sensitivity Goal ... ... ...
3.3 Noise Sources and Requirements . .. .......................
33.1 ShotNoise ....... ...

3.3.2 Laser Intensity Noise ............... ... .. ... .....

3.3.3 Laser Frequency Noise . .. ........... ... ... .......

3.3.4 Noise from Sagnac Effect..........................

335 Other NOSESs . . . oo vttt

oo N L W =

12
12
16
17
22
23
24

27
27
27
29
30
31
32
32
34
35
36
37

Xiii



Xiv

7

Contents
3.4 Summary of This Chapter. .. .............. ... .. ... ....... 43
References. . .. ... .. 44
Experimental Setup. ... ........... ... ... .. ... .. ... . .. 45
41 OVEIVIEW . ..ottt 45
42 Optical Ring Cavity . ......... .. 46
4.2.1 Design of the Optical Ring Cavity ................... 46
4.2.2 Optical Configuration .. ........... ... ... ... ... .... 47
4.2.3 Frequency Servo and Calibration of the Signal.......... 50
4.2.4 Sensitivity of the Stationary Ring Cavity .............. 51
43 Turntable .. ..... ... ... . 52
4.3.1 Setup of the Turntable. . . .......... ... .. .. ... .... 53
4.3.2 Rotational Speed Fluctuation. ... .................... 54
4.3.3 Sensitivity During Rotations . .. . .................... 55
4.4 Data Acquisition System ... ...............iiiiiie... 57
44.1 DataTaking .............. it .. 57
4.4.2 Remote Controlling System . ....................... 58
45 Observational Data.......... .. ... ... ... ... . .. . 59
4.6 Summary of This Chapter. . .. ......... ... ... .. ... ........ 61
References. . ... ... ... . . 62
Data Analysis. . . . ... ... .. 63
5.1 Method. . ... 63
5.1.1 Sun Centered Celestial Equatorial Frame . ............. 64
5.1.2  Expression of the Lorentz Violation Signal............. 65
5.1.3 Extraction of the Spherical Coefficients
from the Signal . .. ....... ... ... . ... .. . . 67
5.2 Results . ..o 69
5.3 Results in the Framework of the SME . . .................... 70
5.4 Systematic Uncertainties. . . . ...t ... 76
5.5 Summary of This Chapter. . . ........... ... ... ... ....... 77
References. . . ... . . 78
Conclusion . . ... . . . . . 79
6.1 Summary .. ... 79
6.2 DISCUSSIONS. . . o ottt et e 80
6.3 Future Prospects. . ... 81
6.4 Conclusion......... ... ... ... 82
References. . .. ... . . 83
Appendix . ... ... 85
7.1 Standard Model Extension . .......... .. ... ... .. ... ...... 85
7.1.1 Overview of the SME Electrodynamics ............... 85

7.1.2 Data Analysisinthe SME. . ........................ 88



Contents XV

7.2 Feedback Control . ........ ... ... .. .. ... ... .. ... 91
7.2.1 Openloop Transfer Function ... ..................... 91
7.2.2 Feedback Control and Noise. . . ..................... 93

7.3 Optical Cavities and Hansch—Couillaud Method. . . ... ...... ... 95
7.3.1 Optical Cavities. . .. ...t 96
732 Waveplates . . ... 100
7.3.3 The Hiansch—Couillaud Method. . ... ....... ... ... .... 101

7.4 Laser Frequency Actuation Efficiency Measurement. . ... ....... 106
7.4.1 Asymmetric Michelson Interferometer. . ............... 107
742 Measurement Result .. ........ ... ... . ... ... ... 108

7.5 Photos of the Apparatus . . . ......... ... 109

References. . .. ... .. . 112

Curriculum Vitae . . ... ... . ... 115



2 Springer
http://www.springer.com/978-981-10-3739-9

Tests of Lorentz Invariance with an Optical Ring Cavity
Michimura, Y.

2017, XV, 115 p. 47 illus,, 45 illus, in color,, Hardcover
ISBN: 278-981-10-3739-9



	Contents



