HEH |

Received March 18, 1998; Accepted June 3, 1998

HTH oo b BRI ER 2 & OMRRERRETH 2
EFEZHNTWS, h=10"Hz ' DREZERT 28]
By —¥ —FBrHE, sty -9 —-2EBTRA
TEENT 2 LEARHZ, TWEHZObDbE LD THL
FRE Lo TWD, BT V7 FICIFREE 99.99%LL

K 27,9 (1998) 530-534

BERERL—VF—I(C & 3 BEEKLZEROFI

LH B - fEH E—

BRBERFV - —BREENFREEY Y — T182-0021 F|WATHFEFA» £ 1-5-1

Measurement of Optical Parameters of Ultra-Low-Loss Coatings Using Ultrastabilized
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We measured optical characteristics of ultra low-loss and high reflectance mirrors for gravita-
tional wave antenna. The highest quality mirrors achieved the total loss factor of 1.5 ppm. The
stability of Fabry-Perot cavities composed of an aluminum tube spacer, combinations of a single
mirror holder and a spacer, and double mirror holders was investigated by the frequency stability
of the laser-diode pumped solid state laser locked to the cavities. The vibration noise of single and
double mirror holders cavities was measured to be 20dB and 60 dB worse than that of the
aluminum spacer cavity, respectively. The reflectance of each mirror was evaluated by means of
finesse measurement of total combination of three mirrors. Two-dimensional mappings of
reflectance were measured for mirrors that were fabricated by the Kaufman-type and RF-type ion
beam sputtering machine. The surface distribution of the mirror fabricated by the RF-type ion
beam sputtering machine is slightly larger than the Kaufman-type.
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Fig. 1. A relation of cavity life time and mirror
reflectance. Cavity length is 200 mm.
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Fig. 2. (a) AM-sideband method, (b) frequency re-
sponse function of Fabry-Perot cavity, (c) ring-down
method.
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Table 1.

Optical characteristics of the ultra-low-loss mir-
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Fig. 3. Stability of the laser frequency. The laser is
locked to three types of Fabry-Perot cavities using Drever-
Hall technique.
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Fig. 4. Ring-down measurement for Fabry-Perot cavity
consisting free standing mirrors. The signal has a single
decay time constant. In this case, stability of the Fabry-
Perot cavity is enough longer than measurement time.
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Fig. 5. Two-dimensional mapping of reflectance. The
mirrors are fabricated with the Kaufman type ion beam
sputtering machine. Measured area is 5X5 mm by step of
0.5 mm. The reflectance average value is 99.9780% with
standard deviation of 8 ppm.
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Table 2. The reflectance of 77, nrn, %%, R, R, and R;.

nr. nrs 7273 R, R, R,
Ca(v;?)’ fife time 5.973+0.174 5.851%+0.465 12.158+0.822
Reflectance 0.999892+3 ppm 0.999886+5ppm 0.999890+7 ppm 0.999884+16 ppm 0.999893+16 ppm 0.999880+24 ppm
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Fig. 6. Two-dimensional mapping of reflectance. The
mirrors are fabricated with RF-type ion beam sputtering
machine. The reflectance average value is 99.99159 with
standard deviation of 15 ppm. This value is slightly larger
than the mirrors that are fabricated with the Kaufman
type ion beam sputtering machine.
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