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GW sources emitting 
between 0.02mHz and 1 Hz 

- 25 000 galactic binaries 
- 10-100/year SMBHBs 
- 10-1000/year EMRIs 
- Stellar Mass BH binaries 
- Cosmological backgrounds 
- Unknown sources 
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LISA data

Data Analysis of GWs

Catalogs of GWs sources 
with their waveform

Calibrations corrections

Resynchronisation (clock)

Time-Delay Interferometry 
reduction of laser noise

 3 TDI channels with 2 “ӗindependents”

‘Survey’ type observatory

Phasemeters (carrier,  
sidebands, distance) 

+ Gravitational Refe-        
-rence Sensor  

+ Auxiliary channels 

L1

L3

L2

L0

GW sources emitting 
between 0.02mHz and 1 Hz 

- 25 000 galactic binaries 
- 10-100/year SMBHBs 
- 10-1000/year EMRIs 
- Stellar Mass BH binaries 
- Cosmological backgrounds 
- Unknown sources 
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LISA Ground Segment
‣ ESA:  

• Mission Operation                                                                         
Center 

• Science Operation                                                                         
Center 

‣ Consortium: 
• Support to SOC 
• Distributed Data                                                                         

Processing Center: 
- Based on multiple Data Computing Centers 
- First data and analysis of this kind + potential unknown sources      

=> Keep flexibility + continuous evolution + fluctuations of the 
computational charge

Calibration
files

SGS
LDPG

MOC

SOC

SOC 
Support DDPC

L1 L2,L3 Preliminary 
event noticesL0

Instruments 
& Calib. Ops 

requests

Operational
requests

Raw data
& L0

Users

ATELEvent notices

Data products

Questions 
& answers

Consortium 
members
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Segment sol LISA
‣Workflow preliminary versions:
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L0.1

Calibrations
(TBD)

Sim L0 

MOC

Simulator

 L0.2 
[L0.1 

calibrated]

Clock Sync + 
Ranging 
(Kalman)

ranging

TDI correction for 
SC jitter + TTL (?) 

correction TDI xi
TDI correction 

“single laser / SC” TDI Q
TDI correction 

“Full” TDI X,Y,Z
TDI correction 

“clock jitter noise”

 L0.3
[L0.2 

calibrated &
restamped]

L1 
“TDI X,Y,Z” 

+ ?

Sim L1

L2
Cross-check, 

selection, 
merging

L3
Scientific 
validation

Process

Data

Real

Simulated

Telemetry:
+ Phasemeter
+ DFACS
+ GRS FEE
+ CGT
+ CMS
+ SciDiag
+ Housekeeping

Low Latency

Deep analysis

Release 
preparationTDI Xc,Yc, 

Zc
TTL correction (?)

Deep analysisDeep analysis

Low Latency
L0.1

Calibrations
(TBD)

Sim L0 

MOC

Simulator

 L0.2 
[L0.1 

calibrated]

Clock Sync + 
Ranging 
(Kalman)

ranging

TDI correction for 
SC jitter + TTL (?) 

correction TDI xi
TDI correction 

“single laser / SC” TDI Q
TDI correction 

“Full” TDI X,Y,Z
TDI correction 

“clock jitter noise”

 L0.3
[L0.2 

calibrated &
restamped]

L1 
“TDI X,Y,Z” 

+ ?

Sim L1

L2
Cross-check, 

selection, 
merging

L3
Scientific 
validation

Process

Data

Real

Simulated

Telemetry:
+ Phasemeter
+ DFACS
+ GRS FEE
+ CGT
+ CMS
+ SciDiag
+ Housekeeping

Low Latency

Deep analysis

Release 
preparationTDI Xc,Yc, 

Zc
TTL correction (?)

L1 L3L2

L0

GW 
sources 
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Generation of 
final products

Initial Noise Reduction pipeline (TDI, etc)
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LISA timeline

‣ Activities during the phase A: 
• Definition, scope, organisation 
• First mission of this kind + large number of overlapping sources: 

challenge for data analysis => development and prototyping started 
very early  

• Support & contribution to Consortium activities: figure of merits, 
performance model,  simulations, …

Phase A Phase B1 Phase B2/C/D Phase E

Scope, first 
definition Defintion , production, intégration, tests, validation L Transfert C Operations scientifiques

2022 2024 2026 2028 2030 2032 2034 2036 2038 2042

Adoption Launch
Commissioning

…

…

…

Short term Long term Operations

…

…

…
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Consortium (New) Organisation

ESA Study 
Scientist

ESA Study 
Manager

ESA Mission 
System Engineer

ESA Payload 
Manager

ESA Ground-
Segment Manager

Formulation 
Management Team

(FMT)

LISA 
Instrumentation 

Group
(LIG)

LISA Data 
Processing 

Group
(LDPG)

LISA Data 
Challenges WG

LISA Science 
Group
(LSG)

Astrophysics 
WG

Cosmology WG

Fundamental 
Physics WG

Waveform WG

Science 
Deliverables

Executive 
Committee

(EC)

Consortium Board
National Project 
Managers Board

(NPMB)

Diversity, Equity & 
Inclusion 

Committee
(DEI)

Membership 
Management Team

(MMT)

Publication & 
Presentation 
Committee

(P&P)

Advocacy & 
Outreach 

Committee
(AdvoReach)

LISA Early Career 
Scientists

(LECS)

Formulation Activities Science Utilisation Governance

LISA Consortium

Note: only formal reporting lines are shown

‣ LDPG is part of the formulation activities organised by the FMT 
‣ Some activities are done together with FMT & LIG 
‣ Some others Ground Segment activities are fully delegated to LDPG

Science UtilisationFormulation Activities Governance
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)

‣WG7: Instrument Simulation 
• LISANode: now the core instrument 

simulator 
- Time domain simulator C++/python 
- Simulate instrument: noise sources, 

beams, on-board processing 
- Constant increase of realism following 

instrument development 
• External modules for orbits, frequency 

plan, glitches, etc 
• Others simulators developed and used in 

parallel:r 
- LISADyn: 3D dynamics spacecrafts + 

test-mass (on-going integration) 
- LISAInstrument: Fast full python 
- SimScape: thermo-mechanical, etc 
- Optics (ifocad): beam propagation
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)

‣WG6 Initial Noise REduction 
Pipeline 

• Processing to generate  
“L1” ~ TDI data 

• Current plan: mainly developed by 
the Consortium to be operated by 
ESA 

• Core activities/tasks: 
- INREP specifications & interfaces 

(MFR) 
- Reference implementation 
- Transfer functions, analytical 

formulation, validation via simulation
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L0 to L1
‣ From telemetry data + auxiliary data (L0) to data ready to 

be used for GW extraction  

‣ Example of possible components:

L0

INReP

Instrument 
monitoring & 

noise 
characterisation

L1

- TDI
- Estimated armlength 
- Estimated clock 
corrections
- Time TCB

- noise level (best 
estimation
- flags
- …

- PM
- PRN
- orbits (DSN)
- flags

 Monitoring of 
subsystems

- flags

- Status
- Science 
diagnostics
- …

- TDI
- science diagnostics
- flags
- …

Alerts 
IOT

Monitoring 
L0-L1 
flags 

Alerts 
DDPC

- flags
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)

‣WG3 Prototyping 
• Software for LISA Data 

Challenges: Prototyping of codes, 
workflows, etc 
- LDC1a: Simple sources with standard 

noises (writing up) 
- LDC2a: Mixed sources  with simple 

noise 
- LDC2b: Simple sources with more 

noise realism 
- LDC1b: Another pass at simple 

sources (esp EMRIs SOBHs) 

• Use LDC outcomes and activities 
to estimate resource needs  
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Global picture
‣ Current organisation:

Simulation Science Ground Segment 
Processing
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Global picture
‣ Current organisation:

L1 Simulation [LDPG-Support]

L0 Simulation [LDPG-Support]

Astrophysical 
populations, 

catalogs
[LSG-WPT-SI 

(with AstroWG) ]

Cosmological  
predicitions

[LSG-WPT-SI 
(with CosWG)]

Waveforms
[LSG-WPT-
waveform]

ProjectionArms 
[LDC-dev]

Orbits 
[LDC-dev, 

ESA]

Instrument 
Simulator [LDPG-

SimWG]
INREP [LDPG-

INREP]

Data Analysis pipeline 
[LDPG-protoype, LDC, 
LSG-LowLatency, LSG-

SourceIdentification]

L3 products 
generation [?]

SOCSimulation

MOC

or DDPC

Sources 
maker 
[LDC-dev]

L0 simulation configuration

L1 simulation configuration

Astrophysical & 
SGWB 

parameters & 
models

h+, 
hx

Short term:
phase A/B

Long term

L0

SC 
positions 
& speeds

L1 L2arm signal 
yslr L3

Catalogs or 
distributions

SGWB 
bank of 

models & 
paramete

rs Constants 
[LDC-dev, ESA]

Simulation Science Ground Segment 
Processing
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)

‣ WG4: Tools, Methods, Product 
Assurance & Quality Assurance: 

• Common Development/Reference 
Environment: 

- Define a common basis for the Consortium 
codes 

- Docker & Singularity 
• Define processes for software release, 

docs, etc 
• JIRA/Confluence 
• Parameter Data Base: 

- Single data base for « all » parameters used 
in LISA  

‣ WG5 Support examples: 
• Infrastructure for LDC processing 
• Figures of Merits (FoM) infrastructure  

[defined by the LISA Science Group] 
• Support implementation of Performance 

Model tool….
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LISA	Data	Processing	Group	

LDPG Working Groups

WG3:	Prototyping	
(Data	Analysis	Algorithms)	

WG6:	INREP	
PhaseA	Initial	Noise	REduction	Pipeline

WG4/WG5:	Tools,	Methods,	Product	
Assurance	&	Quality	Assurance	/	

Consortium	Support

WG1/WG2:	Preliminary	Design	of	LISA		
Science	Ground	Segment	(SGS)		

/	Distributed	Data	Processing	Center	
(DDPC)	

WG7:	Simulation	
(Instrument	data)

‣ Design of the future 
DDPC (long term) 

‣ Current activities:  
• Data Analysis Logic 

Concept 
• Architecture Concept 

Challenge 
• Data Model Basics 
• Operations Concept
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Notional LISA data flow:  
Future approaches to LISA SGS?

Consortium	Data	&	Science	ESA	MOC	

ESA	SOC

Telemetry	
Conversion	to	
Engineering	

Values

”TDI”	
Processing	

Fit(s)	Global	Fit(s)	

Source	Catalogs	
Alerts	

Auxiliary	
Products

Community		
Science	
Projects	

L0

L1

L2/L3

L2/L3

DCC	

DCC	

DCC	
Canada?

”Key	
Science	
Projects”	

??
• Are	direct-to-ESA		

contributions	an	option?

• “External”	participation	with	
science	data	

• 15+	years	away	!

• Site	a	LISA	Data	Computing	
Center	in	Canada

• Contribute	in	diverse	ways	to	science	
and	data	processing	development	

• Many	countries	working	together	here.
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Conclusion
‣ LDPG is defining, organising, developing, implementing and 

operating the Consortium contribution to the LISA Science 
Ground Segment. 

‣ Activities on: 
• Prototyping for data processing: 

- Simulation 
- Initial Noise Reduction Pipeline 
- Data Analysis with LDC 

• Support  
• Definition, organisation of Distributed Data Processing Center 
• Any contribution is welcome!
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Thanks


