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Scope

« Shot noise coupling from ASC has been calculated
with Optickle and reported Iin
Y. Aso et al, PRD 88, 043007 (2013)

* We want to see the effect of
-T_SRM = 30% (for O3 low power operation)
- SRC Gouy phase shift (from nominal one-way
17.5 deg to measured 24 deg; see klog #9246)
- ITM transmission asymmetry (JGW-T1910352)
to ASC shot noise

* Optickle simulations were done using codes In
https://granite.phys.s.u-tokyo.ac.jp/svn/LCGT/trunk/mif/ASC-Optickle



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.043007
https://klog.icrr.u-tokyo.ac.jp/osl/?r=9246
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=10352
https://granite.phys.s.u-tokyo.ac.jp/svn/LCGT/trunk/mif/ASC-Optickle

Configurations

Nominal BRSE at the time of Aso 2013 (PRM input
power 77.5 W), but with T_PRM = 10.35% (see
JGW-L1605744)

Nominal BRSE with updated PRM input power to
65 W (670 W at BS)

BRSE with T_SRM=30%, PRM input power 1 W
(O3 SRM transmission, 10 W at BS)

RSE with T_SRM=30%, PRM input power 1 W,
RC one-way Gouy phase 48deg/2 (by changing
R2-SR3 length by +4 cm)

RSE with T SRM=30%, PRM Iinput power 1 W,
RC one-way Gouy phase 48degq/2,
T ITMX=0.444%, T _ITMY=0.479%

ODm 0O w©



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.043007
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5744

Methods

Method based on JGW-G1301664

ASC shot noise is calculated

with Optickle

For ASC open loop transfer functions, UGF of 3 Hz

for TMs and 1 Hz for other m
(could be too optimistic for O

For DARM coupling,
DisplacementNoiseCoupling
the link below) calculated wit

Irrors are assumed
3)

~-F.dat (available from
N nominal

configuration was used for al

configurations for simplicity
https://granite.phys.s.u-tokyo.ac.jp/svn/L

the Iinterferometer

CGT/trunk/

mif/doc/DesignDocument/data/DisplacementNoise/BRSE/

DisplacementNoiseCouplingFF.dat



https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=1664
https://granite.phys.s.u-tokyo.ac.jp/svn/LCGT/trunk/mif/doc/DesignDocument/data/DisplacementNoise/BRSE/DisplacementNoiseCouplingFF.dat
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WFS Sensing Matrix [W/mrad]

n phases at POP A:-8.0, POP B:-76.4 REFL A:13.3, REFL B:-88.4, AS A:6.7, AS B:-83.7, TR A:
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
N O I I I I n al B R S E TRX,DC f9.22{0.40]-9.22 0.38|0.00}0.01]-0.00}-0.00|0.00[ 0.0 0.00
REFL,21111.0436.54-0.13{0.22|0.61]2.49]0.41]9.69-0.00{-0.00}-0.00)
TRY,DC k9.22]0.40]9.22}-0.38]-0.01}-0.01}-0.00}-0.00}-0.00}-0.00}-0.00
2 0 1 3 AS,1Q}0.21}-0.21|6.86 p5.690.11}-0.17}-0.02}-0.01}-0.28]-0.03}-0.01
POP,1Q0.02}0.00|0.35}-0.36] 0.25|-0.02-0.00}-0.00}-0.01}-0.00}-0.00)
POP,2Q |1.53]0.73}-0.00{0.00]0.98| 2.83]0.35|0.17 }-0.00}-0.00}-0.00
POP,DC }0.17}-0.02]0.00]0.00}-0.12}-0.30}-2.08}-1.02|0.01|0.00| 0.00
REFL,DC |3 43} 2.421-0.01]0.04]1.35]4.38|0.55|7.93]0.24]0.03]0.02

POP_1111.93}0.68|0.00}-0.00{-0.46]-2.40(-0.29}-0.15}-1.07}-0.13}-0.07]
AS;DC }0.01{0.00{-0.10}-0.05-0.06}-0.00-0.00-0.00{ 0.02| 0.00}-0.04]

>

> P P

ETMX: 2.0e-14rad/ Hz
ETMY: 1.9e-14rad/ Hz
TMX: 2.9e-14rad/  Hz |
ITMY: 2.8e-14rad/ Hz
BS: 7.5e-13radf Hz
PRC: 2.9e-13rad/ Hz

SRC: 1.5e-12rad/ Hz

ASC total
bKAGRA BRSE 2013
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WFS Sensing Matrix [W/mrad]

phases at POP A:-8.0, POP B:-76.4 REFL A:13.3, REFL B:-88.4, AS A:6.7, AS B:-83.7, TR A:

N " I B RS E CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
O I I I I n a TRX,DC |-9.22]0.40} 022 0.380.00}-0.010.00]-0.00[ 0.00] 0.0 0.00
REFL,21111.0136.54-0.13{0.22]|0.61]2.49| 0.41{9.69}-0.00}-0.00]-0.00

. . TRY ,DC 19 22(0.40]9.22}-0.38}-0.01]-0.01}-0.00{-0.00}-0.00}-0.00{-0.00
W I t h P R M I n p u t AS,1Q10.17}0.17]5.75p1.540.09}-0.14-0.02}-0.01}-0.23}-0.03}-0.01
POP,1Q }0.02]:0.00]0.35}-0.36{0.25}-0.02-0.00-0.00}-0.01}-0.00}-0.00)

POP,2Q |.1.53]0.73}0.00{0.00]0.98]2.83]0.35]0.17 |-0.00}-0.00}-0.00

6 7 W POP,DC }0.17}-0.020.00{0.00{-0.12}-0.30}-2.08]-1.02{0.01|0.00] 0.00

REFL_DC |-3.43}-2.42}-0.01]0.04| 1.35|4.38]0.55]| 7.930.24 0.03| 0.02

POP_1111.93}0.68]0.00}-0.00}-0.46]-2.40}-0.29}-0.15}-1.07}-0.13}-0.07]

ASgDC 0.00{0.00{-0.08}-0.04}-0.05}-0.00}-0.00}-0.00{0.01]0.00}-0.03

>

> > >

ETMX: 2.0e-14rad/ Hz
ETMY: 1.9e-14rad/ Hz
TMX: 2.9e-14rad/  Hz |
ITMY: 2.8e-14rad/ Hz
BS: 7.5e-13radf Hz
PRC: 2.9e-13rad/ Hz
SRC: 1.6e-12rad/ Hz

Input power change do
not change ASC shot
noise much since power
on QPD is limited to o
50 mW anyway G S .\
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BRSE with
T _SRM = 30%
PRM input 1W

No attenuation before
QPDs since input power is
low (thus shot noise is
much worse)

Gouy phase and demod
phase re-tuning not done

OK for O3

phases at POP A:-8.0, POP B:-76.4 REFL A:13.3, REFL B:-88.4, AS A:6.7, AS B:-83.7, TR A:
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM

TRX,DC
REFL,2I
TRY ,DC

AS, 1Q
POP,1Q
POP,2Q
POP_DC
REFL,DC

POP_1I

AS DC

>
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WFS Sensing Matrix [W/mrad]
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ETMX: 7.1e-14rad/ Hz
ETMY: 5.9e-14radfvHz

TMX: 7.3e-14rad/ Hz |
ITMY: 6.1e-14rad/ Hz
BS: 4 4e-12radfi Hz

PRC: 1.6e-12rad/ Hz
SRC: 1.6e-11lrad/ ' Hz ]
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BRSE with
T SRM = 30%
PRM input 1W

TRX,DC
REFL,2I
TRY ,DC

AS, 1Q
POP,1Q
POP,2Q
POP,DC
REFL,DC

POP_1I

>

> » P

WFS Sensing Matrix [W/mrad]

phases at POP A:-8.0, POP B:-76.4 REFL A:13.3, REFL B:-88.4, AS A:6.7, AS B:-83.7, TR A:
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM
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OK for O3

strain [1/VHz]

=t =t
° 9
() ()
(¥ (3

[

<
P
I~

10°

101

102
frequency [Hz]



WFS Sensing Matrix [W/mrad]

¢y phases at POP A:-8.0, POP B:-76.4 REFL A:4.1, REFL B:83.6, AS A:6.7, AS B:-83.7, TR A:-
CS CH DS DH BS PR3 PR2 PRM SR3 SR2 SRM

BRSE with

T _SRM = 30%
PRM input 1W
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Conclusions

O3 SRM transmission, SRC Gouy phase shift, ITM
transmission asymmetry seems to be OK for O3

* |ITM transmission asymmetry is troublesome since
It creates larger degeneracy between CH mode
and PRC modes

« More study necessary including the effect of ITM
Inhomogeneity



