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Mirror thermal noise (300K)
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Allan standard deviation

RETFHEH ORI

1E-13 3
] IW) Cs fountain
1E-14 = Hg+ vs Ca (NIST, 2001)\_ - SrvsCa
] O~ Yb+ vs Yb+
O— ~ (JILA-NIST, 2008)
O—q o (PTB, 2006) ~
I\ *Sr vs *°Sr
—a (Tokyo, 2009)
O‘ ;
N
- o ) o _
1E-16 \\l;\\O Al+ vs Hg+
Yb vs Sr
] (NIST-JILA, 2009) \\ (NIST, 2009)
' |
1E-17 E \\ Sr Q-limit: N=1e4, 1sec probe time =
1 10 100 1000
Time (sec)

1FLULDREHED LR THIO THRETDOEREITHIBRT S

A
%5

HA(~1s) (XL —THRIE i.e. FHHRES Tlimit



HiR2FNLEE

~

\

K HIRERE(E?

—=000¢

/&?ﬁﬁ&%ﬁ%ﬁ@%ﬂ%ﬁ%z—h

....... “EROERMBEIRSFR)ZEE
[CROLEM

-«

HIgg4: L= NX(EJ_) f =Nx—

L(~10cm)

«—>
1-2GHz

1_2Ii7

A

_

L

>
JE R B

—> > (1) EREERRM
(2) Brix-FhEMEREDER
C
2L

BlRE SR (QfE)Z £1T B
(3) HiRHFHRDIEIBRIENDLE

et PR ?

LEAABIREIRIED A



How to isolate a cavity from ambient vibrations?

- 1998
Cavity Material:
/\ Ultralow thermal expansion
—>ULE, Zerodure, etc..

[

Must be inside a vacuum can
eAvoid change of index-of-refraction
eThermal isolation from ambient temperature change

/ e|solation of acoustic vibration

To suspend a cavity > dump vibrations with frequency higher than pendulum
frequency 3m

Big | lowers resonant frequency
— Optical table suspended

to be a big pendulum with 1=3m
—®»=0.3Hz

=
<l

Young et al., Phys. Rev. Lett. 82 3799 (1999)




Recent technical progress

ﬂ Hz resonance frequency on desktop table

BM-4 Vertical

5 TRANSMISSIBILITY

o o FREQUENCY(H) , . 43cm
Combination of “negative spring stiffness” enabled a tiny

spring constant k, reducing resonant frequency <1Hz on
\ a small desk. /

/Progress of dielectric coating technology \

Cavity mirror reflectivity
R >99.998% (Finnese > 1e5)
—> Possible to reduce cavity lengths

Length: 4cm, Finnese: 1e5
K - resonance FWHM: 37kHz /




Acceleration on a passive AV table in NICT

. -2 1/2
accelerations (ms* / Hz ™)
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K. Numata et al., Phys. Rev. Lett. 93, 250602 (2004).
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Technology to Inspire Innovation

1064nmAFrETF—RXEHAER JAE
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ol 61@0)7—aa>ilzig 6217ppm( 7—21&a>A=+) 5#£0.00556ppm
*1 4% 1,011,000

@
[

Total loss(ppm)
(3]

5.8
5.6
5.4 * BB
3 Total loss = 6.075+0.044ppm
s W Finesse ~1037
%0 10 20 30 40 50

Signal(V)
o
w

Data number
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0 | 2 3 4
Time(usec) x 107

JAE Product Development Center Proprietary. Copyright © 2010, Japan Aviation Electronics Industry, Ltd. Confidential.
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Critical parameter: positioning accuracy of optical contact

A,B, =L 1—2%050{2%{—392 +o(93)]
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1st order term of O
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