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Gröblacher, S., Hertzberg, J. B., Vanner, M. R., Cole, G. D., Gigan, S., Schwab,
K. C., and Aspelmeyer, M. 2009. Demonstration of an ultracold micro-
optomechnical oscillator in a cryogenic cavity. Nature Physics, 5, 485–488.
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Laurent, Commandré, Mireille, Kičas, Simonas, and Drazdys, Ramutis. 2011.
Characterization of zirconia– and niobia–silica mixture coatings produced by
ion-beam sputtering. Applied Optics, 50(9), C188–C196.

Metzger, CH, and Karrai, K. 2004. Cavity cooling of a microlever. Nature,
432(7020), 1002–1005.

Michael, C. P., Srinivasan, K., Johnson, T. J., Painter, O., Lee, K. H., Hennessy, K.,
Kim, H., and Hu, E. 2007. Wavelength- and material-dependent absorption
in GaAs and AlGaAs microcavities. Applied Physics Letters, 90(5), 051108 –
051108–3.

Mie, G. 1908. Beitr age zur Optik Trber Medien, speziell Kolloidaler Metall osungen.
Annalen der Physik, 25, 377–452.



379

Milam, D., Lowdermilk, W. H., Rainer, F., Swain, J. E., Carniglia, C. K., and Hart,
T. Tuttle. 1982. Influence of deposition parameters on laser-damage thresh-
old of silica-tantala AR coatings. Applied Optics, 21(20), 3689–3694.

Milatz, J. M. W., J., Van Zolingen. J., and Van Iperen, B. B. 1953. The reduction in
the brownian motion of electrometers. Physica, 19, 195–202.

Milburn, G. J., Jacobs, K., and Walls, D. F. 1994. Quantum-limited measurements
with the atomic force microscope. Physical Review A, 50(6), 5256–5263.

Miller, John. 2010. On Non-Gaussian Beams and Optomechanical Parametric Instabili-
ties in Interferometric Gravitational Wave Detectors. Ph.D. thesis, University of
Glasgow.

Miller, R., Northup, T. E., Birnbaum, K. M., Boca, A., Boozer, A. D., and Kimble,
H. J. 2005. Trapped atoms in cavity QED: coupling quantized light and
matter. Journal of Physics B: Atomic, Molecular and Optical Physics, 38(9), S551.
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Poirson, Jérôme, Bretenaker, Fabien, Vallet, Marc, and Floch, Albert Le. 1997. An-
alytical and experimental study of ringing effects in a Fabry–Perot cavity.
Application to the measurement of high finesses. Journal of the Optical Society
of America B, 14(11), 2811–2817.

Pollack, S. E., Turner, M. D., Schlamminger, S., Hagedorn, C. A., and Gundlach,
J. H. 2010. Charge management for gravitational-wave observatories using
UV LEDs. Physical Review D, 81(2), 021101.

Pond, B. J., DeBar, J. I., Carniglia, C. K., and Raj, T. 1989. Stress reduction in ion
beam sputtered mixed oxide films. Applied Optics, 28(14), 2800–2805.

Principe, Maria, DeSalvo, Riccardo, Pinto, Innocenzo, and Galdi, Vincenzo. 2008.
Minimum Brownian Noise Dichroic Dielectric Mirror Coatings for AdLIGO.
LIGO-T080337.

Pulker, H. K. 1984a. Coatings on Glass. Elsevier. Chap. Glass and thin films.
Pulker, H. K. 1984b. Coatings on Glass. Elsevier. Chap. Cleaning of substrate

surfaces.
Pulker, H. K. 1984c. Coatings on Glass. Elsevier. Chap. Film formation methods.
Punturo, M, and The Einstein Telescope Collaboration. 2010. The third generation

of gravitational wave observatories and their science reach. Classical and
Quantum Gravity, 27(8), 084007.

Punturo, M., et al. 2007. Einstein Gravitational Wave Telescope, proposal
to the European Commission, Framework Programme 7. http://www.ego-
gw.it/ILIAS-GW/FP7-DS/fp7-DS.htm.

Puppe, T., Schuster, I., Grothe, A., Kubanek, A., Murr, K., Pinkse, P. W. H., and
Rempe, G. 2007. Trapping and Observing Single Atoms in a Blue-Detuned
Intracavity Dipole Trap. Physical Review Letters, 99(1), 013002.

Quessada, A., Kovacich, R.P., Courtillot, I., Clairon, A., Santarelli, G., and
Lemonde, P. 2003. The Dick effect for an optical frequency standard. Journal
of Optics B: Quantum and Semiclassical Optics, 5, S150.

Quetschke, V., Gleason, J., Rakhmanov, M., Lee, J., Zhang, L., Franzen, K. Yoshiki,
Leidel, C., Mueller, G., Amin, R., Tanner, D. B., and Reitze, D. H. 2006. Adap-
tive control of laser modal properties. Opt. Lett., 31(2), 217–219.

Quinn, T. J., Speake, C. C., and Brown, L. M. 1997. Materials problems in the
construction of long-period pendulums. Philosophical Magazine A, 65, 261–
276.

Rabl, P., Kolkowitz, S. J., Koppens, F. H., Harris, J. G. E., Zoller, P., and Lukin,
M. D. 2009. A quantum spin transducer based on nano electro-mechancial
resonator arrays. arXiv:0908.0316.

Radebaugh, R. 2009. Cryocoolers: the state of the art and recent developments.
Journal of Physics: Condensed Matter, 21, 164219.

Rafac, R. J., Young, B. C., Beall, J. A., Itano, W. M., et al. 2000. Sub-dekahertz
ultraviolet spectroscopy of 199Hg+. Physical Review Letters, 85(Sep), 2462–
2465.

Raimond, J. M., Brune, M., and Haroche, S. 2001. Manipulating quantum entan-
glement with atoms and photons in a cavity. Rev. Mod. Phys., 73(3), 565–582.

Rao, S. 2003. Mirror thermal noise in interferometric gravitational wave detectors. Ph.D.
thesis, Caltech, etd-05092003-153759.



384

Reid, S., Cagnoli, G., Crooks, D. R. M., Hough, J., Murray, P., Rowan, S., Fejer,
M.M., Route, R., and Zappe, S. 2006. Mechanical dissipation in silicon flex-
ures. Physics Letters A, 351, 205.

Reinisch, J., and Heuer, A. 2005. What is moving in silica at 1K? A computer
study of the low-tempreature anomalies. Physical Review Letters, 95, 155502.

Reitzenstein, S., Hofmann, C., Gorbunov, A., StrauB, M., Kwon, S. H., Schneider,
C., Loffler, A., Hofling, S., Kamp, M., and Forchel, A. 2007. AlAs/GaAs
micropillar cavities with quality factors exceeding 150.000. Applied Physics
Letters, 90(25), 251109 –251109–3.

Rempe, G., Thompson, R. J., Brecha, R. J., Lee, W. D., and Kimble, H. J. 1991.
Optical bistability and photon statistics in cavity quantum electrodynamics.
Physical Review Letters, 67(13), 1727–1730.

Rempe, G., Thompson, J., Kimble, H. J., and Lalezari, R. 1992. Measurement of
ultralow losses in an optical interferometer. Optics Letters, 17(5), 363–365.

Richard, J.-P. 1992. Approaching the quantum limit with optically instrumented
multimode gravitational-wave bar detectors. Physical Review D, 46(6), 2309–
2317.

Richard, J.-P., and Hamilton, J. J. 1991. Cryogenic monocrystalline silicon Fabry-
Perot cavity for the stabilization of laser frequency. Review of Scientific Instru-
ments, 62(10), 2375–2378.

Richard J.-P, Hamilton J.J, Pang Y. 1990. Fabry-Perot optical resonator at low
temperatures. J. of Low Temp. Phys., 81, 189–198.

Rosenband, T., Hume, D. B., Schmidt, P. O., Chou, C. W., Brusch, A., Lorini,
L., Oskay, W. H., Drullinger, R. E., Fortier, T. M., Stalnaker, J. E., Diddams,
S. A., Swann, W. C., Newbury, N. R., Itano, W. M., Wineland, D. J., and
Bergquist, J. C. 2008. Frequency ratio of Al+ and Hg+ single-ion optical
clocks; metrology at the 17th decimal place. Science, 319(5871), 1808.

Rowan, S. 2000. Implications of thermo-elastic damping for cooled detectors.
Aspen 2000 Winter Conference on Gravitational Waves and their detection.

Rowan, S., Twyford, S., Hutchins, R., and Hough, J. 1997. Investigations into
the effects of electrostatic charge on the Q factor of a prototype fused silica
suspension for use in gravitational wave detectors. Class. Quantum Grav., 14,
1537–1541.

Rowan, S., Byer, R. L., Fejer, M. M., Route, R., et al. 2003. Test mass materials for
a new generation of gravitational wave detectors. Proceedings of SPIE, 292,
4856.

Russo, C., Barros, H., Stute, A., Dubin, F., Phillips, E., Monz, T., Northup, T.,
Becher, C., Salzburger, T., Ritsch, H., Schmidt, P., and Blatt, R. 2009. Raman
spectroscopy of a single ion coupled to a high-finesse cavity. Applied Physics
B: Lasers and Optics, 95(2), 205–212.

Rutman, J., and Walls, F.L. 1991. Characterization of frequency stability in preci-
sion frequency sources. Proceedings of the IEEE, 79(7), 952 –960.

Ryazhskaya, O. G. 1996. Muons and neutrinos in the cosmic radiation. Il Nuovo
Cimento, 19c, 655–670.

S. R. Lakes. 2009. Viscoelastic Materials. Cambridge University Press.
Salomon, C., Hils, D., and Hall, J. L. 1988. Laser stabilization at the millihertz

level. Journal of the Optical Society of America B, 5, 1576–1587.
Sankur, Haluk, Gunning, William J., and DeNatale, Jeffrey F. 1988. Intrinsic stress

and structural properties of mixed composition thin films. Applied Optics,
27(8), 1564–1567.



385

Santarelli, G., Audoin, C., Makdissi, A., Laurent, P., Dick, G.J., and Clairon, A.
1998. Frequency stability degradation of an oscillator slaved to a periodically
interrogated atomic resonator. IEEE Transactions on Ultrasonics, Ferroelectrics
and Frequency Control, 45(4), 887 –894.

Sassolas, B., Flaminio, R., Franc, J., Michel, C., Montorio, J. L, Morgado, N., and
Pinard, L. 2009. Masking technique for coating thickness control on large
and strongly curved aspherical optics. Applied Optics, 48, 3760.

Sauer, J. A., Fortier, K. M., Chang, M. S., Hamley, C. D., and Chapman, M. S.
2004. Cavity QED with optically transported atoms. Physical Review A, 69(5),
051804.

Saulson, Peter R. 1990. Thermal noise in mechanical experiments. Physical Review
D, 42(8), 2437–2445.

Saulson, Peter R., Stebbins, Robin T., Dumont, Frank D., and Mock, Scott E. 1994.
The inverted pendulum as a probe of anelasticity. Review of Scientific Instru-
ments, 65, 182–191.

Savchenkov, A. A., Matsko, A. B., Yu, N., Ilchenko, V. S., and Maleki, L. 2007.
Whispering-gallery-mode resonators as frequency references. II. Stabiliza-
tion. Journal of the Optical Society of America B, 24, 2988–2998.

Schermer, J.J., Bauhuis, G.J., Mulder, P., Haverkamp, E.J., van Deelen, J., van
Niftrik, A.T.J., and Larsen, P.K. 2006. Photon confinement in high-efficiency,
thin-film III-V solar cells obtained by epitaxial lift-off. Thin Solid Films, 511-
512, 645 – 653.

Schiller, S., Lämmerzahl, C., Müller, H., Braxmaier, C., Herrmann, S., and Peters,
A. 2004. Experimental limits for low-frequency space-time fluctuations from
ultrastable optical resonators. Physical Review D, 69, 027504.

Schiller, S., Antonini, P., and Okhapkin, M. 2006. Lecture Notes in Physics. New
York: Springer. Chap. A precision test of the isotropy of the speed of light
using rotating cryogenic optical cavities, pages 401–415.

Schliesser, A., Del’Haye, P., Nooshi, N., Vahala, K. J., and Kippenberg, T. J. 2006.
Radiation pressure cooling of a micromechanical oscillator using dynamical
backaction. Physical Review Letters, 97(24), 243905.

Schmidt-Kaler, F, Gulde, S, Riebe, M, Deuschle, T, Kreuter, A, Lancaster, G, Becher,
C, Eschner, J, H[auml]ffner, H, and Blatt, R. 2003. The coherence of qubits
based on single Ca&plus; ions. Journal of Physics B: Atomic, Molecular and
Optical Physics, 36, 623–636.

Schnabel, R., Britzger, M., Brückner, F., Burmeister, O., Danzmann, K., Dück, J.,
Eberle, T., Friedrich, D., Lück, H., Mehmet, M., Nawrodt, R., Steinlechner, S.,
and Willke, B. 2010. Building blocks for future detectors: Silicon test masses
and 1550 nm laser light. Journal of Physics: Conference Series, 228, 012029.

Schubert, E.F. 2003. Light Emitting Diodes. Cambridge University Press.
Schutz, Bernard. 2009. A First Course in General Relativity. 2nd edn. Cambridge

University Press.
Scott, W. W., and MacCrone, R. K. 1968. Apparatus for Mechanical Loss Mea-

surements at Audio Frequencies and Low Temperatures. Review of Scientific
Instruments, 39, 821.

Seeber, B. 1998. Handbook of Applied Superconductivity, Volume 2. 1 edition edn.
Taylor & Francis.

Seel, S., Storz, R., Ruoso, G., Mlynek, J., and Schiller, S. 1997a. Cryogenic optical
resonators: a new tool for laser frequency stabilization at the 1 Hz level.
Physical Review Letters, 78, 4741–4744.



386

Seel, S., Storz, R., Ruoso, G., Mlynek, J., and Schiller, S. 1997b. Cryogenic optical
resonators: A new tool for laser frequency stabilization at the 1 Hz level.
Physical Review Letters, 78(25), 4741–4744.
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Winkler, W., Danzmann, K., Rüdiger, A., and Schilling, R. 1991. Heating by op-
tical absorption and the performance of interferometric gravitational-wave
detectors. Physical Review A, 44(Dec), 7022–7036.

Wong, NC, and Hall, J.L. 1985. Servo control of amplitude modulation in
frequency-modulation spectroscopy: demonstration of shot-noise-limited
detection. Journal of the Optical Society of America B, 2(9), 1527–1533.

Wortman, J. J., and Evans, R. A. 1965. Young’s modulus, shear modulus, and
Poisson’s ratio in silicon and germanium. J. Appl. Phys., 33, 153–156.



392

Wu, S. C., Wan, Z. Z., Li, H., and Z., Liu Z. 2006. Photo-thermal shot noise in end
mirrors of LIGO due to Correlation of power fluctuations. Chin. Phys. Lett.,
23, 3173–3176.

Xie, H., and et al. 2008. Temperature Dependent Properties of Titanium Oxide
Thin Films by Spectroscopic Ellipsometry. SimTech Reports, 9, 29.

Yablonovitch, Eli, Gmitter, T., Harbison, J. P., and Bhat, R. 1987. Extreme selec-
tivity in the lift-off of epitaxial GaAs films. Applied Physics Letters, 51(26),
2222–2224.

Yamamoto, Hiro. 2007. LIGO I mirror scattering loss by microroughness. LIGO-
T070082-03-E.

Yamamoto, K. 2000. Study of the thermal noise caused by inhomogeneously distributed
loss. Ph.D. thesis, University of Tokyo.

Yamamoto, K., Miyoki, S., Uchiyama, T., Ishitsuka, H., et al. 2004. Mechanical
loss of the reflective coating and fluorite at low temperature. Classical and
Quantum Gravity, 21, 1075.

Yamamoto, K., Miyoki, S., Uchiyama, T., Ishitsuka, H., Ohashi, M., Kuroda, K.,
Tomaru, T., Sato, N., Suzuki, T., Haruyama, T., Yamamoto, A., Shintomi, T.,
Numata, K., Waseda, K., Ito, K., and Watanabe, K. 2006a. Measurement
of the mechanical loss of a cooled refrective coating for gravitational wave
detection. Physical Review D, 74, 022002.

Yamamoto, K., Uchiyama, T., Miyoki, S., Ohashi, M., Kuroda, K., Hayakawa, H.,
Tomaru, T., Sato, N., Suzuki, T., Haruyama, T., Yamamoto, A., Shintomi, T.,
Moriwaki, S., Ikushima, Y., Koyama, T., and Li, R. 2006b. Measurement of
vibration of the top of the suspension in a cryogenic interferometer with
operating cryocoolers. Journal of Physics: Conference Series, 32, 418–423.

Yamamoto, K, Uchiyama, T, Miyoki, S, Ohashi, M, Kuroda, K, Ishitsuka, H,
Akutsu, T, Telada, S, Tomaru, T, Suzuki, T, Sato, N, Saito, Y, Higashi, Y,
Haruyama, T, Yamamoto, A, Shintomi, T, Tatsumi, D, Ando, M, Tagoshi,
H, Kanda, N, Awaya, N, Yamagishi, S, Takahashi, H, Araya, A, Takamori,
A, Takemoto, S, Higashi, T, Hayakawa, H, Morii, W, and Akamatsu, J. 2008.
Current status of the CLIO project. Journal of Physics: Conference Series, 122(1),
012002.

Yamamoto, Kazuhiro, Otsuka, Shigemi, Ando, Masaki, Kawabe, Keita, and Tsub-
ono, Kimio. 2001. Experimental study of thermal noise caused by an inho-
mogeneously distributed loss. Physics Letters A, 280(5-6), 289 – 296.

Yamamoto, Kazuhiro, Otsuka, Shigemi, Ando, Masaki, Kawabe, Keita, and Tsub-
ono, Kimio. 2002. Study of the thermal noise caused by inhomogeneously
distributed loss. Classical and Quantum Gravity, 19(7), 1689.

Yang, Jinling, Ono, Takahito, and Esashi, Masayoshi. 2000. Surface effects and
high quality factors in ultrathin single-crystal silicon cantilevers. Applied
Physics Letters, 77(23), 3860–3862.

Yang, Jinling, Ono, T., and Esashi, M. 2002. Energy dissipation in submicrometer
thick single-crystal silicon cantilevers. Microelectromechanical Systems, Journal
of, 11(6), 775 – 783.

Yasamura, K. Y., Stowe, T. D., Chow, E. M., Pfafman, T., et al. 2000. Quality factors
in micron and sub-micron thick cantielvers. Journal of Microelectromechanical
Systems, 9, 117.

Ye, J., and Lynn, T.W. 2003. Applications of optical cavities in modern atomic,
molecular, and optical physics. Adv. At. Mol. Opt. Phys., 49, 1–83.



393

Ye, J., Vernooy, D. W., and Kimble, H. J. 1999. Trapping of Single Atoms in Cavity
QED. Physical Review Letters, 83(24), 4987–4990.

Ye, J., Kimble, H.J., and Katori, H. 2008. Quantum State engineering and precision
metrology using state-insensitive light traps. Science, 320(5884), 1734–1738.

Yoon, Jongseung, Jo, Sungjin, Chun, Ik Su, Jung, Inhwa, Kim, Hoon-Sik, Meitl,
Matthew, Menard, Etienne, Li, Xiuling, Coleman, James J., Paik, Ungyu,
and Rogers, John A. 2010. GaAs photovoltaics and optoelectronics using
releasable multilayer epitaxial assemblies. Nature, 465(7296), 329–U80.

Yost, D. C., Schibli, T. R., Ye, J., Tate, J. L., Hostetter, J., Gaarde, M. B., and Schafer,
K. J. 2009. Vacuum-ultraviolet frequency combs from below-threshold har-
monics. Nature Physics, 5, 815–820.

Young, B. C., Cruz, F. C., Itano, W. M., and Bergquist, J. C. 1999. Visible lasers
with subhertz linewidths. Physical Review Letters, 82(19), 3799–3802.

Zelenogorsky, Victor V., Solovyov, Alexander A., Kozhevator, Ilya E., Kamenetsky,
Eugene E., Rudenchik, Eugene E., Palashov, Oleg V., Silin, Dmitry E., and
Khazanov, Efim A. 2006. High-precision methods and devices for in situ
measurements of thermally induced aberrations in optical elements. Applied
Optics, 45(17), 4092–4101.

Zelevinsky, T., Blatt, S., Boyd, M. M., Campbell, G. K., Ludlow, A. D., and Ye, Jun.
2008. Highly Coherent Spectroscopy of Ultracold Atoms and Molecules in
Optical Lattices. ChemPhysChem, 9, 375–382.

Zeller, R. C., and Pohl, R. O. 1971. Thermal Conductivity and Specific Heat of
Noncrystalline Solids. Physical Review B, 4(6), 2029–2041.

Zener, C. 1948. Elasticity and Anelasticity in Metals. University of Chicago Press.
Zener, Clarence. 1938. Internal friction in solids II. General theory of thermoelastic

internal friction. Physical Review, 53(1), 90–99.
Zhang, L.-T., Armandula, Helena, Billingsley, Garilynn, Cardenas, Lee, and Kells,

Bill. 2008. The coating scattering and absorption measurements of LIGO mirrors at
Caltech. LIGO-G080162-00.

Zhao, C., Degallaix, J., Ju, L., Fan, Y., Blair, D. G., Slagmolen, B. J. J., Gray, M. B.,
Lowry, C. M. Mow, McClelland, D. E., Hosken, D. J., Mudge, D., Brooks, A.,
Munch, J., Veitch, P. J., Barton, M. A., and Billingsley, G. 2006. Compensation
of Strong Thermal Lensing in High-Optical-Power Cavities. Physical Review
Letters, 96(23), 231101.

Zorn, M., Haberland, K., Knigge, A., Bhattacharya, A., Weyers, M., Zettler, J. T.,
and Richter, W. 2002. MOVPE process development for 650nm VCSELS us-
ing optical in-situ techniques. Journal of Crystal Growth, 235(1-4), 25 – 34.

Zwickl, B. M., Shanks, W. E., Jayich, A. M., Yang, C., Bleszynski Jayich, A. C.,
Thompson, J. D., and Harris, J. G. E. 2008. High quality mechnical and
optical properties of commercial silicon nitride membranes. Applied Physics
Letters, 92, 103125.

Note: LIGO Technical Documents having the form LIGO-axxxxxx, where
“a” is any letter and “x” is any number, can be retrieved from the web at
dcc.ligo.org.


