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¢ " LISA Science is rich [

Sensitive to low-f GWs
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¢ " LISA Constellation
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1 AU (150 million km)

30 cm telescopes, 2W laser beams
\ y SC relative motion ~ 10m/s

S, .. _~Z7  ESALB3Mission with launch in 2034

N +4 yrs operation




¢ " Engineering Requirements ’
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& “ Measurement Principle !

Split Interferometry:
1. TMto OB
2. OBto OB
3. OBtoTM

Heterodyne Interferometry

Transponder mode

lllustration: Martin Hewitson
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Local

~ 2.5 million km




Noise Floor
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¢ " Raw data - LO A&
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= | |ISA LO Simulation

LISANode - python graph based,
atomic nodes in C++

Laser beam frequency - offsets &
fluctuations
E(1) = Eo(7) cos(2nP(T1))

v(T) = vy + Vo (1) + V(1)

Modulations: sidebands, clock tone
E(T) _ Eg(fj2w(¢"(r)+'7'd)"' (7))

Beam propagation - SC proper time,
propagated signals by proper
pseudo-range (light travel time +
proper time conversion)

LISA Simulation Model Technical Note
Bayle & Hartwig
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¢ " LO: Observation Equations
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¢ " L1 Time Delay Interferometry

Unequal Arm Michelson [fo

Yep (1)
Hy(t) — p(t —2L1) — p(t)

T := ypp,1(t —2L2) — ypp2(t —2L1) — [ypD,1(t) — ypD,2(?)]

Giamperi, Hellings, Tinto & Faller, Opt. Comm. 123, 1996
Tinto & Armstrong, PRD 59, 1999
Figure from M. Otto Thesis 2014




" L1 Time Delay Interferometry

Fig:Shaddock et al 2003

Lot of work has been done and continuing:
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= LO: Observation Equations

OB 2’ OB1
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& " LO-L1: Pre-processing before TDI &
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g = LO-L1: Pre-processing before TDI E
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Kalman Filter
USQOs drift and have biases

Yan Wang et al. PRD 90, 2014
Yan Wang et al. PRD 92, 2015




¢ = Clock Synchronization

S/C ~
clock time

USQO drift +
stochastic
fluctuations

With: Theory & Metrology in SYRTE, Paris

S/C
proper time,

T

TCB, t

(Barycentric
coordinate
frame)




& " Laser locking schemes

Laser locking schemes necessitated by :

Doppler shifts (:10MHz) in long arm
laser beams

Bandwidth limitation of photoreceivers
and phasemeter: 5 — 25MHz

6 Lasers

Give 9 different beatnote frequencies

Solution: 1 main/master, 5
transponders with offset phase
locking

Simon Barke 2015, Gerhard Heinzel, fplan, 2018

There are 6 configurations IF one is
chosen as main. Use computational
geometry to find suitable offset
frequencies




¢ " Tilt to Length in LISA &

Source is any Misalignment

aali | Ssipo = ¢ o o
~91 Misalignments per MOSA 0510 = €m0 [Peomps  Pegmp + -] ]
,
thli/ h Coupling
pathiehsg coefficient Individual
components
Assumptions

1. TM-Ifo: TM and S/C jitter coupling

2. In Long Arm-Ifo due to local S/C jitter wave front

error coupling

3. In Long Arm-Ifo due to remote S/C jitter
With:
Gudrun Wanner, Gerhard Heinzel (AEI Hannover)
Ewan Fitzimons (UKATC, UK)




¢ " Clock noise in TDI

si(t) = GW + laser + OB + a1q7

Sfb(t) — GW + laser + OB + ma/ga.3 — mi1q1 — c1qq

Need additional information

Hellings et al. Opt Comm 124 1996

Hellings PRD 64, 2001

Tinto et al. PRD 65, 2002

Otto et al. CQG 29, 2018

Tinto & Hartwig PRD 98, 2018
__Hartwig & Bayle, 2020
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¢ " Clock noise - calibration

n

Assume: USO frequency stability 10715
Noises: Random processes from lasers, USOs

Given: 24 OB measurements

PSD of TDI Michelson observable, Numerical LISANode
ASD of TDI alpha observable, Analytical
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@ " Summary & Outlook

Ongoing studies to better understand effects

Synchronization

Glitches

Various orders of algorithms in INREP
Frequency planning effect

Secondary noise echoes in TDI
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Laser Interferometer Space Antenna
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