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CO ﬂ te n t ‘%? lisa pathfinder

e OMS Introduction
e Commissioning

* Performance

* Noise budget

e Structural stability

* Long-term performance
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The Optlca\ Metrology System on LPF

l
H
Assess relative accelera’uon of test\masses
by measuring their relative motion using an mTerferometer

------l—

‘ .

\

‘\ Goal is to measure changes with a precision of
\ a few pm/\/Hz at millihertz frequencies
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The Optical Metrology System S tsapatine

X
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Reference Laser Unit

Optical Bench Interferometer

Laser Modulator Data Management Unit
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Reference Laser Unit (RLU) ‘g? isa pathfinder

Nd:YAG laser
A: 1064 nm

Power: 45 mW

Operated at 38mW output power
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M Od U | at| on ,;~‘E lisa pathfinder

W
: LMUPFM:\/..
o f1 = 80000500 Hz

Optical Path
Length Difference
Correction

fo = 79999500 Hz

J1— J2 = 1kHz
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On the optical bench... ‘;7’ isa pathfinder

—power stabilisation
in flight:

o ~ 4.5°

few % 8

£ |

| A
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Phase measurement é}’ lisa pathfinder
f =1kHz '

V\

phase meter

:

balanced

detection

TM moves 1.5

nanometers raw phases for each quadrant: A,B,C,D

dc, N,

4 —

= phase changes
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Computing science measurements

for each of the 4 interferometers...

2 - longitudinal [m] 6.,n - angular [rad]

\ / to DFACS...

control feedback signals

, oy modulation unit
Data Management Unit & laser...
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The 4 Interterometers of the OMS @? isa pathfinder

X1 Interferometer

Measures position
and orientation of

TM1 w.r.t. OB (SC)
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The 4 Interferometers of the OMS @? isa pathfinder

(

~

X12 Interferometer

Measures position
and orientation of

TM2 w.rt. TM1
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The 4 Interferometers of the OMS @? isa pathfinder

See poster by
Michael Born

Reference
Interferometer

Measures phase
fluctuations
common to both
optical fibres.

Subtracted from all
other IFOs in the
DMU.
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The 4 Interferometers of the OMS ‘g’ isa pathfinder

v

Frequency
Interferometer

Measures
fluctuations of laser
frequency.

Used to stabilise
laser frequency.

See talk by
Sarah PaczkowskKi
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‘Commissioning - first light S s vahni

It was a cold, dark night in early January...

 DMU calibration coefts updated in DMU
e RLU + Laser Assembly redundant chain checkout

e LA Electronics, B-side, activated

 DMU to operational mode, OMS processing on

 Pump diode bench B activated
x10° Measuremen t Beam X1
e 40 mW RLU output ? | | | | | owr e

e Light detected on some quadrants
e RLU + LA prime chain

e LA Electronics, A-side, activated
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 Pump diode bench A activated
e 40 mW RLU output

e Light detected on some quadrants
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Origin: 2016-01-13 03:40:00.182 - Time [s]
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W

OMS Activities - Phase 1 N sz pattfinder

1. Switch on and checkout of all units
2. Actuator scans

3. Single beam measurements
(spot positions)

4. Stabilisation Loops checkout
5. RLU pertormance and operating point

6. Initial performance with low contrasts
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Projected Optical Powers on the bench ‘é? isa pathfinder

. 1.28 [mMW] == 1.28 [mW] 112 1.29 [mW] == 6.31 [mW] == 5.

Testmass2 Testmasst

1.23 [mW] 2.58 [mW]

= | BS3 o

>
| &/ Me
1.27 [mW] ‘l \P{M =
| P BS2 M11
N\ § BS10 e
/ II/ !1.29[mW]‘
L &/ ‘7_»/
M14 P
A M6 Bs7
Y 1.27 [mW] Q/ \) 1.29 [mW]
o M15 M10 \S

OB3 - As built model See pOS’[er by
>
X
OBF (origin in centre of OB)

Dave Robertson
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Performance with minimal contrast...

Qe lisa pathfinder
e
W

-9
10_llll| I I I llllll I I I llllll I I | IIIIII

X1 on-ground testing
measurement made with hand aligs

1010 F

10712 |

_eontrast ~3 % X1 grabbed in flight
Frequency [Hz]

10-13 1 1

! M Hewitson, LPF OMS, LISA Symposium, Zurich, 2016



OMS Activities - Phase 2 ‘g’ S SIpEEr e

1. TM optical alignment after release
2. Polarity and gain tests
3. Trimming of powers on the bench

4. Performance with aligned test
masses
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L

Alignment ot the optical system ‘g’ isa pathfinder

%1074 TM2 aligment (DFACS Mode 5)
I

2 | | | | |

——DWS eta2
—DWS_phi2

e Account for offsets between the inertial
sensor and optical reference frames

e mechanical tolerances build up during the

Amplitude [rad]

integration procedure

Offset [urad]

s 230 » Switched to optical angular control for

3l _ _
b 170 TM1 on Feb 18th

4| N2 186 e Switched to TMZ2 optical angular ]
b2 +628 / control on Feb 18th

63 1.635 1.;4 1.6|45 1.65 1.655 1.66 1.665 1.67

Origin: 2016-02-18 05:49:12.265 - Time [s] x10%
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Contrasts before and after alignment N o patiner

Contrasts during OMS alignment

——DMU_OMS_CONTRAST_1 ||
99% ——DMU_OMS _CONF= /ST 12|
") O i

5‘ 1IFO
% X12 IFO.

10° i |

Amplitude []
=)
I

ignment of TMZ

best achzved in ground testing: 93 % using aligned mirrors

2| | | | | | 1 | | | |
1072
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Origin: 2016-02-18 09:29:43.274 - Time [s]

ﬁ M Hewitson, LPF OMS, LISA Symposium, Zurich, 2016



X12: Initial performance with aligned TMs (ﬁ%ﬁa isa pathfinder
W

g X12 on-ground testing
107 X12 grabbed In flight }
SEEEin igned TMs

NH1O-11E_
E
10—125_
- T\ oton
10-‘]3E
IMS Sensing Noise
1014 L

107 107 10" 10°
Frequency [HZz]
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Understanding the performance: noise sources (%@}9 isa pathfinder
W

Source Coupling Contribution
Frequency |via arm-length mismatch between ~300 um mismatch =
Noise measurement and reference beam 20 fm/\/Hz @ 1Hz
Phasemeter Quantisation, front-end electronics, etc ~630 nrad/\/Hz Per

Noise channel = 28 fm/\/Hz

~0 for correct

RIN Couples at 2x fhet , ,
operating point

Not relevant for OMS performance, but ~2fms?/Hz @ 0.1
creates fluctuating forces on TMs mHz

RIN @ DC

+ other, less significant sources
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Relative Intensity Noise coupling ‘g’ isa pathfinder

10%

| ' —— xX12 :
¢ Need to consider RIN —X12 9N0.5 |

@ dc, 11, 2f1...

e 1f cancels due to

balanced detection

e 2f does not, ang

Differential Displacement [

—
-
-—
T

dc contributes to See talk by

Brce noise budget Andreas Wittchen

1 OO 1 1 1 1 | 1 1 1 I
107 10°
Frequency [ Hz]
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RIN @ dc - photon pressure

~£ lisa pathfinder
N

RIN @ dc imparts a force on the TMs via momentum transtfer
from reflected and absorbed photons

e Fluctuations in the laser intensity result in a fluctuating force

2.6mW + 1.25 mW S
AgiN =2 x mMle\L/[ - 27~ 13pms? SIA{IQN — 2—]\;
C
o —— "~ [=sat(PSD(Ag (corrected)))|
\"H m sqrt (PSD(RIN)) |

) 1)

3
2 13.6954 |
Q.
< A V.C
13.6953 | ’ O /72(
< 17, |
o | Natalia Korsakova : Qo
13.6951 Jll - TV O 49
13.695 | 10-16 i ; MR S S | ; ’ } ""‘lll.ﬂxu(uln ’M T
0 0.5 1.5 2 2.5 . 104 1073 102 10"
Origin: 2016-05-16 00:00:00.000 - Time [D] Frequency [Hz|
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Sensing cross-talk @9 isa pthfinder

e coupling of TM/SC jitter See poster by
Gudrun Wanner

to differential readout
via:
 TM alignment

* beam properties

e PD construction (slits)

* minimise by:

* subtracting on ground

e ad-hoc fit, or physical
model

Az ~ AP Ay

e alignment of TMs
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QXA

,/\ .
,@?E lisa pathfinder
W

Cross-talk in Ag - software subtraction

oL fit @ linear combination /
g | of other observables
- to minimise the noise
= ¢
< . 2 attne w _
g 1007 E
10-15.14 L L ......13 L L .....1-2 L L .l.-..l-l L . n-nnnno
100 100 10 10 10

Frequency (Hz)
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Cross-talk in raw Ag - TM alignment

7\. <
J’E lisa pathfinder

107 [~ Ag DOYs 73-75, before TM,; nt
[ C . - 75, g t
nitial default alignment g DOYs 7679, afeg oo 1 lignmens

Ag DOYs 162-16

fiter fine TNV aNenment

1st ‘engineering’ alignment

£
25
10‘14:—
C See poster by
B
i 7 Gudrun Wanner
Ms. But difficult!
10 107 - 110'2 | 110'1

Frequency [ Hz]
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Noise budget

(®~l’ lisa pathfinder
W'

Segment: (start: 2016-03-21 02:00:00.0

90 UTC end: 2016-03-26 07:59:45.090 UTC)
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DWS N O | Se B U d 9 et ;’ lisa pathfinder

10°F —— s —
- - - DWS Requirement|]
See poster by
‘ Lennart Wissel i
-1 PNL_#B1se
PV Noise
»_1 PM Noise
- - ¢_2 PM Noise E
Phase meter noise
101 | R T R SR S R B ! R S S T S A ! I S S S S SR
1073 1072 107 10°

Frequency [ Hz]
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Stabl‘lty Of OMS performance ‘é%? lisa pathfinder

40 | | [ | | [ |
Structural stability is also demonstrajey
H# —+—  through repeated measuremeps
N positions. Essentially upe

351
3
A

301

25 I I I I I I I I

90 100 110 120 130 140 150 160 170 180

each data point is 6 hours of science measurement Time from launch (d)
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I Long—term mOﬂltOﬂﬂg (‘\@}[ lisa pathfinder

)
v

< 136 | | ’E RLU_CURIRENT_BENCH
PREI
3132
S 1al See poster by
<128l , | Heather Audley

0 15 20 25 30

Origin: 2016-01-12 02:40:24.990 - Time [D]
s 39 g . . .
Tws B ¢ The OMS is a complex system with many ‘moving P}
S - M parts .
E°° | * The system needs routine/daily monitoring to ensure ]
37 “

° good 'health’ and high performance 4
5 29 * AElI + APC + ASD + UGL + |IEEC provided daily
> TEMP
3,285 reports on each subsystem i
S 28 . _
E e powers, voltages, currents, stability, performance...
5275 _
g 27 I I I I | I I I I I

0 5 10 15 20 25 30 35 40 45

Origin: 2016-01-12 02:40:24.990 - Time [D]
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S u m m a ry ‘%? lisa pathfinder

e The optical metrology system on-board LPF is a
resounding success

e Performance about x100 better than achieved on
ground

e High-stability and reliability
 Very little maintenance required

e High-performance allowed us to explore cross-talk
at unexpected levels

e Concepts and design technigues are proven ana
ready for use in LISA
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RlN @ the ‘aser ‘é%? lisa pathfinder

RLU Reletaive Intensity Noise

10-2 i I I I 1 I I I 1 I 1 | 1 1 I 1 1 I I I I 1 1 I 1 I 1 ]
; Relative Intensity Noise -
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Noise budget from theoretical considerations

-9 | lisa pathfi
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== OMS Requirement

—X12

——X12 - corrected for SC jitter
—— Frequency Noise

= =TM Motion from residual gas

- =Shot noise

— =Theoretical PM electronic noise
— =Theoretical ADC quantisation
— Total OMS Noise

— =Total Noise
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