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Abstract

LISA Pathfinder is an ESA mission with NASA collaboration aimed to test key technologies for a
future space-based gravitational wave detector. The main objective of the mission is to demonstrate
that two free-falling masses can be controlled inside the satellite with an unprecedented residual relative
acceleration of less than 10 fm/s2/sqrt(Hz) in the band around 1 mHz.
Among other kind of noise sources, temperature fluctuations can potentially play an important role in the
experiment, since variations of temperature around the masses produce forces on them via three thermal
effects: radiation pressure, outgassing and the radiometric effect. In order to keep these temperature-
induced forces monitored, the instrument is equipped with series of high precision temperature sensors
and with heaters that allow to inject characterization signals to the system.
Following to its successful launch in December 2015, the satellite started scientific operations in
March 2016, and since then different thermal characterization experiments have been performed on the
satellite’s Inertial Sensors. In this presentation we will describe these experiments and report on the
current status of their analysis.
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On the route to LISA

● Gravitational waves are fluctuations of the space-time caused by accelerated 
massive bodies or systems of bodies.

● First GW measurement ever done last year (LIGO). Source: merging black holes.

● On-ground observations like LIGO are limited in frequency to f>1Hz. Need to go 
to space to detect low frequency GW.

● Detection concept in space: measurement of relative distance variations between 
separated free-falling bodies. 

→ Need to measure fluctuations
of h = ΔL/L ~ [10-24, 10-16] m
(depending on frequency)
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● Classic LISA design for a future space-based GW detector:

➔ 3 spacecrafts separated ~5 Mkm, heliocentric orbit.

➔ 2 free-falling masses inside each spacecraft.

➔ Interferometry techniques to measure relative displacements                              
(picometer resolution required).

➔ Bandwidth of interest: 0.1 to 100mHz.

On the route to LISA
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LISA Pathfinder

● A technology demonstrator for LISA: LISA Pathfinder 

➔ ESA mission with NASA collaboration

● Principle: squeeze one LISA-arm to ~30cm in a single 
spacecraft.

● Objectives: 

➔ Demonstrate residual differential acceleration 
between free falling masses to less than:

in the band between 1-30mHz

➔ Demonstrate feasibility of interferometry in space.

➔ Develop a detailed model of main noise sources.

Image credits: ESA Medialab
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LISA Pathfinder

LTP attached to the satellite 
structure by means of struts
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LISA Pathfinder

● Launched in December 3rd 2015  by means of a VEGA rocket

● Several apogee raising manoeuvres to reach final Lissajous orbit around L1

● Test Masses released between 15–16 February 2016

● Scientific operations started on 1st March (still ongoing)
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LISA Pathfinder

● First results already published!  PRL 116, 231101 (2016)

*Main noise contributors: 
● Instrumental noise at f higher than ~40mHz

● Brownian motion noise between 1-20mHz      
(pressure dependent, decreasing with time)
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Thermal diagnostics subsystem

● Temperature fluctuations potentially affect the 
LPF performance via:

➔ Temperature-gradient (ΔT) forces on the 
Inertial Sensor's masses

➔ Thermo-elastic distortion of the structure

➔ Thermo-optical disturbance of optical parts.

● Temperature stability requirement: 10-4 K/sqrt(Hz)

● A dedicated Thermal diagnostics subsystem:

➔ Temperature sensors: high precision NTC 
thermistors with 10-5 K/sqrt(Hz) sensitivity in 
the band of interest

➔ Heaters able to apply custom signals for 
characterization purposes

Credits: Institut de Ciències de l'Espai (ICE-CSIC/IEEC) & AEI Hannover
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Thermal diagnostics subsystem

Max power per heater:

● 2W (OW and Struts)

● 45mW (IS)
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Thermal diagnostics subsystem
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Thermal experiments on the Inertial Sensors

● Three thermal effects induce forces to the masses in presence of asymmetric 
temperature distributions (ΔT):

● Expected contributions (via simulations & on-ground tests, Phys. Rev. D 76, 102003)

➔ Radiation pressure: pressure exerted by 
electromagnetic radiation from the surfaces

➔ Radiometric effect: significant in rarefied 
atmospheres where the particle mean free path is 
longer than the characteristic size of the system, 
hence particles bounce directly between surfaces

➔ Asymmetric outgassing: forces exerted by the 
fluxes of particles emitted from the surfaces

F RM=k RM
p
T

ΔT

F RP=k RPT
3ΔT
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Thermal experiments on the Inertial Sensors

● Thermal coefficient definition:

● Dedicated experiments performed in order to:

➔ Set upper limits of temperature gradient noise 
contribution to acceleration noise budget

→ Need to measure α

➔ Provide an independent tool to estimate pressure 
(Brownian noise indicator)                                             
→ Need to measure also dα/dT

● Experiment concept: 

1. Modulate ΔT by means of heater actuation on +/-x sides 
to estimate α

2. Repeat the modulations at different levels of average 
temperature to estimate dα/dT

➔ Force obtained via LTP standard processes
➔ ΔT obtained directly from measurements

     Thermal experiments on LISA Pathfinder's Inertial Sensors      

     30th  European Space Thermal Analysis Workshop                                            5–6 October  2016, ESTEC 14    

Thermal experiments on the Inertial Sensors

● Example of analysis on simulated data:

H1,H2 heater pattern:
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Thermal experiments on the Inertial Sensors

● Example of analysis on simulated data:

H1,H2 heater pattern:

Temperature sensor response:

IFO response:
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Thermal experiments on the Inertial Sensors

● Example of analysis on simulated data:

H1,H2 heater pattern:

Temperature sensor response:

IFO response:

Build temperature gradient signal:

Estimate force on TM1:

ΔT x=
(T 3+T 4 )−(T 1+T 2 )

2
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Thermal experiments on the Inertial Sensors

● Example of analysis on simulated data:

H1,H2 heater pattern:

Temperature sensor response:

IFO response:

Build temperature gradient signal:

Estimate force on TM1:

Demodulate, divide and average:

Fit effects...

ΔT x=
(T 3+T 4 )−(T 1+T 2 )

2

α=
F x

ΔT x
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[Preliminary] results

● Data analysis tool: a dedicated LTPDA Toolbox developed by the data analysis 
collaboration to provide a common analysis framework for all the LPF experiments, 
in MATLAB environment

➔ Specific methods for time-domain and                                                       
frequency-domain objects.

➔ Keep history of all actions applied in                                                                  
final products

● Analysis pipelines for each experiment                                                               
based on LTPDA.

● Also used in many labs for data processing and 
analysis.

 Download it in https://www.elisascience.org/ltpda/
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[Preliminary] results
● Thermal experiments performed between February and May with fmod  between 1-7 mHz 

➔ Case of DOY108: 

PRELIMINARY!
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[Preliminary] results

● Measured thermal coefficients:

PRELIMINARY!
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[Preliminary] results

● Thermal coefficients decaying with time

➔ Decay consistent with                             as expected from a vented system        
(B is the venting time, t the time after launch)

PRELIMINARY!

PRELIMINARY!
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[Preliminary] results

● Temperature stability requirements achieved: below the sensing noise level!

● Working temperature in the LTP ~22ºC

● Static gradients on LTP structure dominated by z axis (sun direction):  ΔT~4ºC between 
upper and lower struts

➔

➔ Temperature noise measurement 
limited by electronic noise

➔ ADC non linearities induce low 
frequency error as a function of 
temperature drift: 

dT/dt ~ 10nK/s → extra noise at       
      f < 0.2mHz

➔ Alternatively, use of differential  
measurements to reduce the impact 
of this error.

PRELIMINARY!
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[Preliminary] results

● Noise projection from temperature gradient noise to acceleration noise:

● Considering the thermal coefficients from DOY146/148, we obtain the following 
upper limits:

● Still, the real contribution is likely to be well below since the measurement of the 
real temperature gradient noise is actually limited by electronic noise

● Ongoing pressure estimation analysis
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Overview

● LISA Pathfinder shows excellent performance.

● Temperature stability in the Inertial Sensors well within requirements. Limited by 
readout noise.

● Measured ΔT coupling to force on the masses initially ~60pN/K and decreasing 
with time at a rate of 1/t.

● Temperature contributions far from the main noise contributions (actuation noise, 
sensing noise and Brownian noise)

● Current status: preparing for ESA-lead mission extension starting on December. 
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Thanks for your attention!

Image credits: ESA Medialab
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