Analysis of miscalculations in the simulation
for the OMC suspension requirement
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The requirement of the OMC beam miscentering was calculated in 2014 and in 2015 but

the results have turned out to be wrong. This report explains how the requirement was

miscalculated.
= -6
o -
kS 10‘9 . = —— Requirement 10 i
E T —— Type-C seis =
‘g 10—11 Y R S Stack seis R 10-3 a
o] ONC N e T 1
210 T ONL N e, R
g e 4 NN e, £ 10 —
10 = E U | U 0 Y NN WO Y O |
2 477 LT
_g 1077 1 2 107
EET K n
210 - T — T T T T —T—TT T N
2 ' 2 3 4567 ) 2 3 4567 210 =
1 100 & a —Omu::cLevel
[ f ns
Frequency (Hz) @ 6 _| |—Type-C horizontal|
. . . . 10 i B Requirement
OMC miscentering requirement in 2013 [JGW-G1402105] - (no safety factor)
107" =t IR Y
2 2 4 &8 2
01 10
Frequency (Hz)

OMC miscentering requirement
in 2015 [JGW-G1504102]
The requirement at 10Hz was le-16m/rtHz in 2013 and le-15m/rtHz in 2015 (see the

results in the above figures). They are quite close but both were very wrong.

In 2013, the requirement was calculated with FINESSE; more concretely, using the fsig
and xbeta commands that drive the steering mirrors before the OMC. The code was
roughly correct but the plot used in the report was not for the miscentering but for the
optical path length of the OMC. The actual requirement for the miscentering calculated
in 2013 is 1le-10m/rtHz at 10Hz with the 1lum RMS miscentering.

In 2015, the requirement was again calculated with FINESSE in the same way as 2013.
The calculation is explained in JGW-G1504102. The transfer function from DARM to AS
output power was 440W/m and the transfer function from OMC miscentering to AS
power was 0.2W/m, and then the requirement was given by the KAGRA sensitivity
times 440/0.2. First, there was a typo in the report and it says the requirement is the
sensitivity times 0.2/440. Second, it uses 0.77 instead of 0.2 for the plot. Third, the
transfer function from DARM to AS turns out to be not in W/m but in W/rad, so that the



correct value 1s 440 times 2pi1/1064nm. Thus, the requirement becomes 1le-15 x 0.77/0.2

x 2p1/1064nm, that is, 2.8e-8m/rtHz at 10Hz. Here the RMS miscentering is 1um.

In 2016, we corrected the distance between the OMMT2 and the first steering mirror for
the miscentering simulation (it was 2.75m and now it is corrected to 1.75m). In the
beginning we suspected that the fsig function may not work well with the xbeta function
so that we tried to derive the transfer function from the miscentering to AS power by
calculating the error function slope. Finally it turned out that the result is just the same
as the one given from the fsig and xbeta functions. Anyhow the transfer function from
the miscentering to AS power was given as 0.043W/m and the transfer function from
DARM to AS power was given as 6.8e9 W/m. Thus the requirement was given by 2e-18 x
6.8e9/0.043 = 3.0e-7 m/rtHz at 10Hz with the RMS miscentering of 1Tum.
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