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o n Mirror Contributions to Strain 4
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For GEO we have;
H = 2AL
L

Where L isarm length (1200 m) and 2L isthe differential arm
length change.

Considering contributions from each test mass.
2 2 2 2 1 2
\/ XMCn XMCe+XMFn +XMFe EXBS
L
where X is mirror motionin m.
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2 Theoretical Noise Curves (Broadband) ﬁ

h [1/syrt(Hz)]

1.EA7

1.E18

1.E19

1.E20

—
m
taa
—

1.E22

1.EZ23

1.E24

1.E25

\\
\\.
| Dt M A
= | N“%
N =
NS Sx
HHH‘H
“\\
il
N
10 100

Frequency [Hz]

1000

— [nternal

—— ZUSPENSION
SEISmIC

——Thermorefractive
Shot Noise broad

— Total Moise (broad)



Monolithic Suspensions
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Internal Modes ﬁ

% 10‘1 Freq. vs. n for GEOB00 test masses
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» Agreement between cal culated and measured frequencies ~ 0.1 to 1 %.

(ANSY Sand ALGOR), that’s ~ 10 to 100 Hz

» More precision not expected as models without flats, standoffs



M easurements
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Q Results

12 17 18 19 28 32
1IN O
kHz 111 162 | 174 | 192 | 194 | 19.7 | 25.7 | 265
MCe | 3.8 05 1.2 04 3.4 04| 10 | 01
MCn | 04 0.9 0.6 1.8 0.7
MFn 1.9

All Qsarein millions
Qrax = 3.8 x 10°



n Test Mass Internal Losses -'
(D

Loss of a GEO test mass for a given mode can be expressed as a
sum of the effective losses (loss factors scaled by energy ratios) of
Its constituent materials:
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E total
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E total

o Xk = 2x108 (Penn et &)

* X gandort = X puik » W€ Eganiors @ By
so loss from standoffsis negligible.

X ibule T X eftstandofis = 2X1078




:n Effective Loss of the Bonds: x* ,nds 5
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M easurements of other GEO-like bonds:
(Sodium silicate bond sol’ n containing SIO,)

* X'pong = 1.8x101 t0 5.4x101 (Glasgow)
* to,ng = 81 Nm (Glasgow)

These Give:

X ttbonds = 34 x10°t0 1.0 x 10F




En Effective Loss of the Coating: X" coating .

— Ecoating
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GEO test mass coatings.
. 30 Iayers of slica/tantala ®/4. @/4
teoating = 4-3 Om (Penn et al)
. ﬂcoat,ng = 2.8x10* (Crooks et al)
Thisgives:

FEA for BF and drum modes (Crooks):

X' effcoating = 5X10°P




ESD Damping ﬁ

¢d—> ¢ C—-> |- disspaioninrea
Impedance (R) (Mitrofanov, Strain)

With 40 k¢ output resistor, for f > 10 kHz,

QESD ~10°

Feedback from control loop also negligible
as UGF ~ 100 Hz




n L oss Conclusions ﬁ

o U0 0

X et = X etouik T X eftstandotfs T X eftbonds T X effcoating =
4x108

= 2x10/7
* Measured Qs cannot bgé‘\ftirely explained by lossof TM

constituent materials.

e Energy distribution will not be uniform, will vary modeto
mode

» Does not take surface loss from barre polish or back surface
polish into account (but should be < coating).

» Could also be non-negligible energy lost to intermediate mass

* Erratic Qs suggest energy dissipated in fibers (L ogan et al,
Braginsky et al)

* Thisshould not degrade TN away from violin modes (L ogan
et al)
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Thermal Noise Calculations ﬁ

e Use corrected Levin method
(Liu, Thorne, Nakagawa)

e Takeinverse Q,, ., asupper
limit for substratelossfor each
mirror.

e Use measured beam radius
for each mirror: (1to2cm

(E/€)).

 Model coating asthin surface
layer (Nakagawa et al) with:

* 1:coating =4.30m

. i‘coating = 2.8x10*

e at 100 Hz we have

h, = 2.2x10%2 [HZ17]




n Summary G
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e calculationsrepresent a preliminary estimate based on
measured values (Q, r)

e measured Qsonly lower limits
e not all mirrors measured (BS, MFe)

* FEA needed for more precise calculations:

Allowsto apply Levin Pressuredirectly, calculate energy ratiosin
each volume use these to scale measur ed loss factorsto deter mine
TN

 GEO should reach internal thermal noise for
narrowband oper ation above 300 Hz (ther mor efractive
noise dightly higher at lower f’s)

 Await measurementsfrom theinterferometer !



