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Scope

» Derive noise requirements for QPDs used for IMC ASC

« Show if the current design meets the requirement or not
We may have to put IMC TRANS DC QPDs in vacuum

« Related documents:
- JIGW-T1402346 (requirement calculation for arm TMS)
- JIGW-T1402481 (IMC alignment sensing matrix calclation)
- JGW-D1402411 (oplev QPD schematic)
- JIGW-G1402375 (oplev QPD noise calculation)
- JIGW-G1402961 (oplev QPD noise measurement)
- JGW-T1200913 (IMC length noise requirement from MIF;
Fig. 4.6, 4.7)
- JIGW-G1301747 (beam jitter requirement)



http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=2346
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=2481
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=2411
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=2375
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=2961
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=913
http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=1747

Noise Requirement
from
Angle to Length Coupling



Requirement Derivation

IMC is used for the laser frequency '('\[;'CC: (TgigNiglig

stabilization servo (FSS), and there is
a requirement for IMC length noise *

| L B
Shot noise, seismic noise, etc. on V e
QPDs will fake IMC alignment signal, ©
and thus IMC ASC shakes the mirrors

Angle to length (A2L) coupling result
In the IMC length noise

This noise should be small enough to MCi MCo
meet the IMC length noise
requirement /

[ B

. L @ MCREFLAB
Requirement derivation is similar to (RF QPD, in-air)

what we have done for the arms (JGW-T1402346)
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Current IMC ASC Design

« QPDs are put on non-isolated tables in air IMC TRANS A/B
(DC QPD, in-air)

« REFL RF QPD schematic: JGW-D1402631 *

« TRANS DC QPD schematic: JGW-D1402411 r‘
(same as the QPD used for oplevs)

MCe
e use two alignment signals from REFL,
and one signal from TRANS to control
three mirrors (we name two QPDs on
each port as A and B)
residual angular motion MCi MCo

QPD noig}e

) ' nQPD
mirror IFO optical Q |
motion [rad] | response —B
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@ 'MCREFLA/B
(RF QPD, in-air)
ASC
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Actuator filters .
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Oplev QPD (ISC DC QPD In-air)

(Typ. Ta=25 °C)
7

« Sidiode, Hamamatsu S5981 I /\
area 10 x 10 mm, gap 0.03 mm g oo 9——%~V \
~0.30 AAW @ 1064 nm (QE=36%) % i3
~0.30A/W @ 532 nm (QE=70%) g / |
~0.47 AW @ 680 nm (QE=85%) & | 1 /1 | \
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Expression and Assumptions

* A2L from QPD noise should be smaller than the length
noise requirement

55(]() _ E . dRMS G(f) S_lﬁQPD(f) < Lrgq(f)

A2L -/ \ 1+ G(f ) \ . | '\
rtHz coupling for - peam mis-centering \ sensing matrix length noise
[ ]—» each mirror - on mirrors [m] [Wirad] opD noise requirement
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« Assumptions for the calculation:'
-1 mW on each QPD
- 0.2 mm beam radius

=
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IMC Length Noise Requirement

* here, red line is used for simplicity
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IMC Alignment Sensmg Matrix
@y, v

f

« DOF basis
yaw Pitch
ab o+ Q- Bb B+ B-
REFL A -39.2 | -11.5 0 0 7.9 7.9
REFL B 0 O 175 24.8 0 0
TRANS A | -126| 0.32 0 -13.4 8.2 0
TRANS B | -14.3| 0.26| -17.6 0 6.9 0.08
* Mirror basis
yaw pitch
MCi |MCo |MCe |MCi |MCo |MCe
REFL A -11.5| -11.5( -39.2( 15.8 0 0
REFL B 175 175 0 0 O 24.8
TRANS A 0.32| 0.32| -12.6 8.2 8.2 | -13.4
TRANS B 17.8 | -17.3| -14.3 6.8 7.0 0

ap -~
'/

JGW-T1402481
«~—VSin p.4  (Table8.1)

all in units of W/rad
modulation index = 0.1
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QPD Noise Requirement

 In terms of equivalent angular noise (same for pitch/yaw)
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QPD Noise Requirement (pitch)

* requirement from pitch, in terms of QPD output in Watts

Hz ]

QPD noise [W/
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‘| — REFL A req. from pitch
| =— REFL B req. from pitch

— TRANS B req. from pitch
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QPD Noise Requirement (yaw)

* requirement from yaw, in terms of QPD output in Watts

103: — A A A
| = REFL A req. from yaw
-| = REFL B req. from yaw
1{]2 | = TRANS A req. from yaw

Hz ]

QPD noise [W/
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Estimated QPD Noise

« DC QPD on non-isolated table work

3|| =—— REFLATreq. from yaw
10" H — REFLB req. from yaw i
102 | = TRANS A req. from yaw
- = 1 mW shot noise . _
10t H - - seismic noise (noisolation) | | _AF

Hz ]

QPD noise [W/

L]
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Noise Requirement
from
Input Pointing



Requirement Derivation

There Is a requirement for input pointing to the main
Interferometer

Angular motions of IMC mirrors create beam jitter to the
main interferometer

QPD noise should be small enough so that the beam jitter
created from the angular motions caused by the QPD noise
meet this requirement

G(f) —1= 7]
1+ G(f)S nQPD(f) < Hre(}\(f)

requirement for angular motion
for each mirror [rad/rtHz]

can be calculated from beam jitter requirement with

—

A BO(f) < €req e

beam jitter matrix [1/rad] beam jitter requirement [1/rtHz]




Input Pointing Requirement

requirement for TEMO1 amplitude per 1W at PRM incident is
plotted (for both BRSE/DRSE cases)

6reqinr115

hl
mu\7({5$>2 + (ﬁy <(3x1071°43 ><‘1/0—3 Hz/f*) /vHz

Wo )
see JGW-G1301747

— BRSE
— DRSE

W]
a\o

requirement at MCo
transmission Is
similar

(see JGW-T1402332)

Safety Factor = 20

Field Amplitude [

10° 10" 102 10° 10*
Frequency [Hz]
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Beam Jitter from Angular Motion

« DOF basis
yaw Pitch
ab a+ a- Bb B+ B-
OX 0 0| -26.4| -37.3 0 0
006 -3.5 -1.0 0 0 0| -0.71

Ox: beam translation
00: beam rotation

 Mirror basis

(around cavity waist)

yaw pitch
MCi [MCo [MCe |[MCi |[MCo |MCe
OX 26.4 | -26.4 0 0 0| -37.3
Sx/WO0 11.1| -11.1 0 0 0| -15.6
o6 -1.0| -1.0| -35| -0.71| -0.71 0
56/w0 72| 72| -24.7 50| -5.0 0

Y a_/ 2 /f:/”

JGW-T1402481
inp.15  (Table 4.1)

ox and 00 in units of

m/rad and rad/rad

ox/w0 and 66/a0 in units of
1/mrad and 1/mrad

—B
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Requirement for Angular Motion

* requirement for pitch Hreq(f)
0
— MCi pitch
— MCo pitch
b . |— MCepitch4
N
L

angular noise [rad/

10°

frequency [Hz] 18

10° 10 10



Requirement for Angular Motion

* requirement for yaw Hreq(f)
0
= net
N
L

angular noise [rad/

10°

frequency [Hz] 19

10° 10



QPD Noise Requirement (pitch)

* requirement from pitch, in terms of QPD output in Watts

00—
'| = REFL A req. from pitch
1024 — REFL B req. from pitch

| = TRANS B req. from pitch

Hz ]

QPD noise [W/

1 10° 10 10

100 10
frequency [Hz] 20



QPD Noise Requirement (yaw)

* requirement from yaw, in terms of QPD output in Watts

103: LTI LT T
'| = REFL A req. from yaw
1{]2 | =— REFL B req. from yaw
‘| =— TRANS A req. from yaw

Hz ]

QPD noise [W/
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Hz ]

QPD noise [W/

Estimated QPD Noise

» considering motions of DC QPDs in-air are larger than the
seismig ground motion, we may have to put them in-vacuum

10

3

REFL A req. from yaw
REFL B req. from yaw
TRANS A req. from yaw
1 mW shot noise .
seismic noise (no isolation) | - -~~~ .. . . LS
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