LISA Status

M Hewitson

LISA Cosmology Workshop
Mainz

Oct 16th, 2017



Contents

* Project entities

e Overview

* status, selectedq, phase 0, phase A, etc

e Phase O Studies

* Ground Segment

e Data Analysis Organisation

* Phase A and beyona

* Thoughts on Consortium Organisation

¢ M Hewitson, LISA Cosmology Workshop, Mainz, Oct 2017



Who's who? -,

e \We
o ||

e N

e The LISA project is ramping up now

have many different entities

SA Study at ESA
SA Science Study Team
ASA LISA Study Team

e Consortium

Board and Executive Board
Payload Coordination Team
Ground Segment Coordination Team
Science Coordination Team

Working Groups
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LISA Study atESA

* This is the formal body within ESA responsible
for the mission during the study phase
e started March 2017
* runs up to adoption

* Jeam:

e Study Manager (Martin Gehler)
e Payload Study Manager (Astrid Heske)

e 3 number of others...

* Becomes the LISA Project at adoption
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LISA Science Study Tea i g

& The Science Study Team (SST) is the formal interface between ESA and the science community

- SST members are appointed by ESA, and international partners

& The roles of the SST include:
- Writing and maintaining the Science Requirements Document (SciRD)
- Acting as the focus for the interest of the scientific community in LISA

- Advising on scientific aspects during the development of the LISA payload and spacecraft

- If any science requirement cannot be met, it is

the role of the SST to advise ESA on the appropriate Science
course of action Study Team Office
E S

- Defining the data access rights for LISA data

following established ESA guidelines
- NB: data access rights will be published in the

Y

Science Management Plan and agreed by SPC p— »[ LISA ) Industry
_ _ _ Consortium
- Preparing for, and overseeing, the analysis of -
the LISA data :
- Promoting LISA in the scientific and public [
. > Science Community
domains \
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SST members',

Name Institute email
Paul McNamara ESA-ESTEC paul.mcnamara@esa.int
Monica Colpi University of Milano (Italy) Monica.Colpi@mib.infn.it
Karsten Danzmann AEIl, Hannover (Germany) karsten.danzmann@aei.mpg.de
Martin Hewitson AEI, Hannover (Germany) martin.hewitson@aei.mpg.de
Jens Hjorth University of Copenhagen (Denmark) jens@dark-cosmology.dk
Kelly Holley-Bockelmann Vanderbilt University (USA) k.holley@vanderbilt.edu
Philippe Jetzer University of Zurich (Switzerland) jetzer@physik.uzh.ch
Gijs Nelemens Radboud University (Netherlands) nelemans@astro.ru.nl
Antoine Petiteau APC, Paris (France) petiteau@apc.univ-paris?.fr
David Shoemaker MIT (USA) dhs@mit.edu
Carlos Sopouerta IEEC, Barcelona (Spain) sopuerta@ieec.uab.es
Nial Tanvir University of Leicester (UK) nrt3@leicester.ac.uk
Harry Ward University of Glasgow (UK) henry.ward@glasgow.ac.uk
Bill Weber University of Trento (ltaly) williamjoseph.weber@unitn.it
Observers
Luigi Colangeli ESA-ESTEC luigi.colangeli@esa.int
Oliver Jennrich ESA-ESTEC oliver.jennrich@esa.int
Martin Gehler ESA_ESTEC martin.gehler@esa.int
Ira Thorpe NASA-GSFC James.l.Thorpe@nasa.gov
Rita Sambruna NASA-HQ rita.m.sambruna@nasa.gov
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NASA LISA Study Te.a'm e

e Team of US scientists

* Chaired by Kelly Holley-Bockelman

* Primary task is to coordinate input to the next

Decadal survey
* Reach out to the US science community

e Observers from
e ESA: Paul McNamara, Martin Gehler
e ESA SST: Martin Hewitson
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Consortium -,

 Structure is evolving from the proposal

* Payload coordination team was appointed to

focus on work of Phase 0 and Phase A on the
payload side

* Ground Segment Coordination team is partly
formed

* interactions with ESA have already starteo

e define interfaces and responsibilities of ESA SOC and
Consortium DPC

e Science Coordination Team is being discussed
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Project Phases,

e Phase O
e initial mission definition
e initial payload definition
e Phase A

 parallel industrial studies of mission

* study of consortium provided items

e Phase B1

* mission definition consolidation

» development of breadboard payload units

e Phase B2

e further definition

* breadboard level demonstration of critical interfaces (TBD)

¢ M Hewitson, LISA Cosmology Workshop, Mainz, Oct 2017



Phase A

Phase B1

Bridging Phase

Kickoff MCR MSR ‘
Oct-Nov ‘
2018 019
Demo of
Primary Phase A outputs PRDS

Industry

Constellation acquisition
including phase lock (+CAS?)
MOSA

Telescope

SE to Unit Level — SE
Management Plan

Input to BB test def

AIVT strategy to unit level
DFACS + Science Modes
Performance Model (Instrument
or TDI?)

FDIR concept

Consortium

Unit level concept design + BB
design
- engineering, functional,

performance, interfaces

Input to FDIR concept

Input to science operations plan

Science Exploitation Plan

- including ground segment,

commissioning and
calibration

Performance model

BB development and test plan

Input to >MOSA AIVT plan

2nd version of Consortium

Management Plan

System Engineering of payload

(+ SE MP)

Technology Roadmap

BB-level AIVT Planning (includes

definition of scope of BB)

Phase A Documents

2020

Phase B1 main activities

Consortium level docs

+ EID-B

+ SE Management Plan

+ Consortium Management Plan
+ Technology Plan

* Instrument RS

+ Performance Budget

+  Per Unit

- DDD

+ RS

- ICD

+ AIVT Plan

+ BB-DDD + AIVT Plan (units)
+ BBAIVT Plan

Industry

+ system requirements
» structure design

Consortium
+ BB Unit Integration

» Payload + unit requirements
» Technology development

2022

‘ MAR  Adoption Selection

Confirmation

Phase B2

Mission

N

PDR

Critical Items Demonstrated at BB
Level

Unit Level Tests:
+ OB (including BL)
+ Telescope

+ PMS

+ Interferometer Performance
(Model)

+ Laser + Stabilisation

* AIVT Facility

N4

2024

Elegant Breadboard

Interfaces to Demonstrate:

OB — Telescope (optical,
mechanical, not phase)

- PAAM/OoP Verification

- Optical Truss
OB — PMS — Laser (electrical,
optical functional) - should be
unit level?
OB — Telescope — GRS
(Mechanical)
CAS — Telescope

BB ltems Needed:

OB (BL GSE)
Telescope

PAAM

CAS

PDS + FEE

Mech GRS Model
MOSA Structure
PMS

LA
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Phase 0

* First part of 2017 for system CDF

* high-level study of main mission elements

 included some payload activity

* Second part of 2017 tor payload CDF

 Main outputs

e Payload Detinition Document
e Performance Analysis

e Consortium Management Plan
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ISA in ESA's Goncurrent Desigm#acility

LISA
Study Introduction

Systems

Session 1
ESTEC, 08-03-2017

Prepared by the CDF* Team

(*) ESTEC Concurrent Design Facility

nw;.;:xh:;ty
ESA UNCLASSIFIED - For Official Use - Privileged ?
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LISA in ESA's Concurrent

* Large study team at

e ~40 engineers

=SA

e Support from Consortium

Position Team Member  Code e-mail
Study Manager Martin Gehler SCI-FMA  Martin.Gehler@esa.int
Study Scientist Oliver Jennrich SCI-S ojennric@cosmos.esa.int
Study Scientist Paul McNamara SCI-S Paul McNamara@esa.int
Team Leader Diego Escorial Olmos TEC-SYE Diego.Escorial. Oimos@esa.int
Systems Johan Vennekens TEC-SYE Johan.Vennekens@esa.int
Systems Michel van Pelt TEC-SYC  Michel.van.Pek@esa.int
Opto electronics Linda Mondin TEC-MME Linda.Mondin@esa.int
Systems Support Sara Morales TEC-SYE Sara.Morales@esa.int
Systems Support Adrian Pfeifle TEC-SYE Adrian.Pfeifle@esa.int
Payload Astrid Heske SCI-FMI Astrid.Heske@esa.int
Payload lsabel Escudero Sanz  SCI-FM Isabel Escudero.Sanz@esa.int
Payload Chabely Pollier SCI-FM Chabely. Polier@esa.int
Mission Analysis Michael Khan OPS-GFA  Michael. Khan@esa.int
Mission Analysis Andreas Kleinschneider OPS-GFA  Andreas.Kleinschneider@esa.int
Ground Segment and Operations Ana Piris Nino OPS-OSA  Ana.Piris. Nino@esa.int
Configuration Don De Wilde TEC-MSS Don.De.Wilde@esa.int
Structures Hermann Fischer TEC-MSS Hermann.Fischer@esa.int
Structures Ulfert Block TEC-MSS  UFert.Blocki@esa.int
Mechanisms Emanuele Piersanti TEC-MSM Emanuele Piersanti@esa.int
Mechanisms Daniel Bojiloff TEC-MSM  Daniel. Bojloff@esa.int
AOCS/DFACS Jonathan Grzymisch TEC-SAG/A Jonathan.Grzymischi@esa.int
Communications Andrea Modenini TEC-EST  Andrea.Modenini@esa.int
Communications Martina Angelone TEC-EST  Martina.Angelona@esa.int
Data Handling Claudio Monteleone  TEC-EDD  Claudio.Monteleone@esa.int
Data Handling Giorgio Magistrati TEC-EDD Giorgio.Magistrati@esa.int
Power Keith Stephenson TEC-EPM  Keith. Stephenson@esa.int
Power Maria Nestoridi TEC-EPM  Maria.Nestoridi@esa.int
Thermal Jan Persson TEC-MTT  Jan.Persson@esa.int
Thermal James Etchells TEC-MTV  James.Etchells@esa.int
Thermal Aleksandra Onufrena TEC-MTV  Aleksandra.Onufrena@esa.int
E. Propulsion Davar Feili TEC-MPE Davar.Feil@esa.int
E. Propulsion Neil Wallace TEC-MPE Neil Walace@esa.int
C. Propulsion Armin Herbertz TEC-MPC  Amin Herberizi@esa.int
C. Propulsion Jeroen van den Eynde TEC-MPC Jeroen.van.den.Eynde@esa.int
C. Propulsion Nina Gaiser TEC-MPC  Nina.Gaiser@esa.int
Programmatics / AIV Dirk Hagelschuer TEC-MXC Dirk Hagelschuer@esa.int
Programmatics / AIV Otto Brunner TEC-MXC Oxto.Brunner@esa.int
Programmatics / AIV Melissa Lantelme TEC-MXC Melissa.Lanteime@esa.int
Risk Dietmar Wegner TEC-QQD Dietmar.Wegner@esa.int
Cost Michel van Pelt TEC-SYC Michel.van.Pek@esa.int
Technical Author Andrew Pickering TEC-SYE Andrew.Pickering@esa.int

Position Consultants Code

e-mail

Radiation / Environment Mark Millinger TEC-EPS  Mark.Milinger@esa.int
OCDT & Model Support Vasco Pesquita TEC-SYE Vasco.Pesquita@esa.int
OCDT & Model Support Hans-Peter de Koning  TEC-SYE  Hans-Peter.de.Koning@esa.int
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LISA in ESA's Concurrent Desigma&acility

STUDY SCHEDULE

LISA| Slide 5

SESSION

DAY

DATE

TIME

Kick Off Wednesday 08/03/2017 13:30-17:30 CET
#2 Friday 10/03/2017 9:30-13:30 CET
#3 Wednesday 15/03/2017 9:30-13:30 CET
=4 Friday 17/03/2017 9:30-13:30 CET
#5 Wednesday 22/03/2017 13:30-17:30 CET
#6 Friday 24/03/2017 13:30-17:30 CET
#7 Wednesday 29/03/2017 9:30-13:30 CET
#8 Friday 31/03/2017 9:30-13:30 CET
#9 Wednesday 05/04/2017 13:30-17:30 CET
#10 Friday 07/04/2017 9:30-13:30 CET
#11 Wednesday 12/04/2017 9:30-13:30 CET
#12 Wednesday 03/05/2017 9:30-13:30 CET
Internal Final Friday 05/05/2017 9:30-16:30 CET

Presentation

ESA UNCLASSIFIED - For Official Use - Privileged
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e Overall mission analysis

e Power, mass, volume budgets

e Ground stations and

e orbits, launch, transfer, etc

Overall architecture

Data handling
Payload definition
DFACS

°rogrammatics

Structures

operations

5.40+07 |- | |

Epoch [MJD.2000]
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* Need for a more in-depth look at the payloaac

and interfaces

* ESA decided to have a Phase O study of the
payloaad

e Further CDF sessions

 Parallel work by the consortium
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Payload Phase.0 - CDF

e 8 CDF sessions

e General project presentation, trade-off presentation, identification of Phase 0/A work to be

done. Performance model. Consortium status.

* Architecture trade-off, constellation acquisition, inter-satellite link (optical comm.), GRS
functionality/ performance. telescope and pointing, identification of critical S/C interfaces.
First definition AlV flow/Model philo. GNC expert to participate

o included a significant discussion on functional breakdown
o Followed by a 3 day architecture workshop

e Assessment follow-on work from session 2, conclusions.

* Laser, optical comm., modulation, frequency stability, phasemeter, payload processing unit,
data handling.

o Architecture and design status, critical issues, consortium status. Performance model results.
Mid-term consolidation meeting and PM #1

o LCA session, OB, telescope mounting structure, temperature and CAS constraints.
Preliminary CAD model

e Redundancy schemes, EMC and magnetic fields, gravitational requirements, and interfacing.

Includes risk assessment

* Conclusion, wrap-up and further work, instrument baseline design, critical issues, risk register,
consortium status  Final presentation, final CAD modeland PM #2
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PO

Consortium Organisation - PCTe# ™

Agencies
ESA i
ESA Steering
NASA |« > €—P»|  Comitiee
: _______________ -»  System
[ ESA Science En%?f(ia:ermg
== Study Team ["°°°" >
A
1
[
[
[
|
LISA Consortium I
[
! Y
: Consortium Lead
: Executive Board
[ Consortium Board
[
[
7 v
. \ 4
Payload Coordination Team t} Ground Segment Coordination Team (j Science Coordination Team
_ Ultra-compact Fundamental
Phasemeter Optical bench System DCCs ? binaries Cosmology Physics
GRS Diagnostic Operations Aézgsw;g: | =MRls
—p| Data analysis
AIVT ——J» Simulations
Data analysis €—— U;r;::lzlgd
pipelines |\ g3 getector char.
: 3 _—— mmm--- > s ) W
Communication Direction Personnel provided Advice trong fink:

persnnel shared
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Payload 8 hase.0 - PCT,

* Payload Coordination Team approved by board

* Charged to coordinate activities associated
with Consortium payload items

Coordination Team Lead (Martin Hewitson, Deputy: Bill Weber)
Metrology System (Gerhard Heinzel, Bill Weber, Ewan Fitzsimons, Guido Mduller)
Instrument System Engineer (Hubert Halloin)

Phasemeter (Gerhard Heinzel, Bill Klipstein)

Optical bench (Ewan Fitzsimons, David Robertson)

GRS (Bill Weber, Rita Dolesi, Luigi Ferraioli, Peter Wass, John Conklin)
Diagnostics (possibly including ‘payload’ computer) (Miquel Nofrarias)
AIVT (Hubert Halloin, Nicoletta Dinu-Jaeger, Jeff Livas)

Agency Liaisons (Oliver Jennrich, Paul McNamara, Ira Thorpe)
Laser (Invited Experts: ESA Rep, Tony Yu)
Telescope (Invited Experts: ESA Rep, Jeff Livas)

€] M Hewitson, LISA Cosmology Workshop, Mainz, Oct 2017



PCT Activitiess,

* Main charge:

° |n
[ ]
[ ]

payload item scientific oversight

interface definition

interaction with payload & system primes

integration with system engineering teams, including ESA’s system

engineering office

oversight of technology development

Phase O
major input to SciRD, MRD, and PDD

develo

develo

develo
T) flow

oment O

oment O

- performance model

- top-level Functional Architecture Diagram

oment O

- Assembly, Integration, Veritication and Testing (AIV/
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Settingthe'scené ki

* The activities of the PCT are assuming the
operational scenario that developed during

proposal writing and CDF

* Main goal is to arrive at a baseline mission

architecture and payload design before Phase
A
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Science Operations fo r LISAG

* Main concepts

e continuous science coverage

¥
. . " 3

e T :
ol B » .

maintenance and planned interruptions

data rates

orotected periods

alerts
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e Most LISA sources will be observed for timescales
onger than time between interruptions

e 'Downtime’ means

e Hardware design wi

Il aim to minimise downtime

ess than 4 active links

e |ink == test mass - S/C - S/C - test mass
e Observatory operations concept (including FDIR)

should aim for

e graceful degradation of science due to anomalies

* rapid recovery from anomalies

e S/C reliability is key
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Reliability observed during LPF£& ™
DF—CSTZ | | | | | | | |
DF_CST1 | - ! i
DF_DRIFT3 }|- i
DF_DRIFT2 |- i
DF_DRIFT1 |- . 1 i _ i
DF_SCI2_2} i
DF_SCI2_1} i
o DF.SCI_ 2| i 1 | _ i
o
O DF_SCI_1F| |_ i
>
5 DF_NOM_2 i
*g’ DF_NOM_1 |- i
O  DFDRSH _ _
DF_ACC_5 | i
DF_ACC_4 | i
DF_ACC_3 - L . _
2 L 2 ~
DF_ACC_2 | 4] FERRE 3 i
DF_ACC_1 At 35 S = ! 5 -
H B @ o, 1 1= _
DF_ATT |- 5z afal & E 7 % 5
DF STB | 1 1 | 1 | 1 |
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Origin: 2015-12-03 04:04:00.000 - Time [D]
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Some stats

10% 10%

18%
Mission total

= 392.0 D
Station keeping =

37.3 D

Available science time = 354.7
Science Mode (including DRS) =

Duty cycle = 88.8

=~70% for 3 S/C

D
315.1 D

o

62%
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Maintenance -,

e A number of routine activities will be needed
during science operations

e These could result in

* |oss of science data (gaps)

 reduction in quality of science data (higher noise)

e Examples:

* antenna repointing (degredation?)
e frequency swap (short gap)

o discharging (degredation, presence of signals)
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Data rates

 Science data flow:
e raw phases and auxiliary data acquired on-board at a high rate (e.g. 30Hz)

e resampled (properly!) on-board to be downlinked at a lower rate (e.g.
3Hz)

* Channel grouping
* High priority science (needed tor TDI)
* Auxiliary Science (for characterisation and monitoring)

e Housekeeping and environmental monitoring

e Current guesstimate is 157 channels

* Aiming for 3Hz downlink
e further studies of TDI needed to set this

e Current link budget from CDF
e ~40 kbit/s
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* We will have the ability to detect the inspiral of

some SMBHBs and predict when the merger
will take place
e Accuracy of minutes days prior to merger

e For the predicted merger time we should:

e cancel any planned maintenance
e both MOC and SOC

e implies scheduling of maintenance with margin
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Protected periods: example _s@

Characteristic Strain

— ——h [(OR2.3, z=2, Mintrinsic=1e+06 Msun, q=0.2, chi=0.00)][3

1 0-20

1 0-22

- ¥
.
.
- - on

Max SNR = 2017.5

— Szhar
— (Galactic Background
Total

SI12.3: Observation of EM counterparts to unveil the
astrophysical environment around merging binaries

OR2.3.a Observe the mergers of Milky-Way type MB-
HBs with total masses between 10 and 10’ Mg around
the peak of star formation (z ~ 2), with sufficient SNR
allow the issuing of alerts to EM observatories with
sky-localisation of 100 deg” at least one day prior to
erger. This would yield coincident EM/GW observa-
ons of the systems involved.

most of the SNR
from merger and.ring

;_Edge case:
- Total mass 106 Mg

-z=2  downinthe last

107 1073 107 hours  10°
Frequency (Hz)
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Time=-scales -

10-1 I I T T T

—
<
N
|

I
w

107 F B

Instantaneous Frequency (Hz)

RN
S
B
I
|

| | | |

year  month day hour minute second
Time to merger

¢ M Hewitson, LISA Cosmology Workshop, Mainz, Oct 2017



need SNR > 50 for
good source

localisation
<z Sources more massive
Al SNR=50 + and/or closer give
""""" - earlier detection

329 hours - earlier and/or more

T accurate localisation
10 A —— need SNR > 10 ;
11.5d . *
" for detection
O | |
1r(r)wonth day hour minute

Time to merger

¢ M Hewitson, LISA Cosmology Workshop, Mainz, Oct 2017



Alerts

* For some mergers we want the abil

ity to trigger

M observatories to allow -

alerts to
coincident observations

* Needs low-latency data processing
chain

* From our edge case example:

e we know enough to trigger the alert 32
merger

‘or prompt

through full

hours prior to
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MOC

Depacketising

low-latency
analysis _> Generate Alert
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Timing (worst case?)

Source Source Analysis Merger
Detected Localised Complete Fvent

—

—I— 10 hours AI— 10 hours

Day -2 Day -1 Day O

10 hours

Alert
lssued
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Who's responsible for what? A working assGmption. ..

e Consortium is responsible to deliver the ‘LISA
Instrument’
e all sub-units (PM, OB, GRS, Diagnostics, etc)

e Laser Assembly, Telescope and MOSA structure

comes from ESA
e via NASA and Prime

» Consortium performs integration with Telescope
and structure

* France/CNES performing AlV
* with strong involvement of ESA, NASA and Prime
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Units'and engineering concept for@hase A

2rimes engineer ‘into’ payload

S/C
LCA
N\ / A
\ / MOSA / \
NEEC/ / \
Harnesses Structure \/ OMS L \ Telescope GRS
OB PM LA Baffles Cover Truss CMS || FEE || CVM || GPRM

PAAM || FS || CAS || PD | | PDBE | | FDS

Consortium engineers ‘upto’ LCA

needs to be critically reviewed in Phase A
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Functional Breakdown

axie \—\* s
‘ e,
I
rom S/C Star Tracker ‘Star Trach 1 Cap Act | ‘ I
“ — \lxﬁ‘ 1 - I
~N ( ! | O
ot FJ o | | . by G
SR | | ptical Benc 3 w
| } o qi“‘“ : Torfrom s

" MOSA 1 DC Sgnls - — : - T
VGSAT POFEE Pomer > I }

On Board Computer

NB: Platform representation is limited to
functions which directly interface to the payload.

Swcwe Dagastes

LISA Core Assembly

] ] I} v
CIUN CEN (S

P on Telscope

MOSA 1 Control Electronics

MOSA 2 Control Electronics

Diagnostic Sub-System

LISA Metrology System
r A0
Lo

Standard Function and/or Element

LISA Platform

Change Log

101 (19/6/17)- il outine version

37711 st fullverion fo iy PCT eting

03 (16/8/17)- Changes following Jly PCT (command and dock architec
ure changed. Released for Architecture erkshop end AugUSE

VO4RD (619/17) - Changes following rchitecture workshop end-august (see
meeting minutes)

VOARI (6/9/17)- As RO with aditionsl change of PAAM Metrlogy and
OpticaTrus removed.

Functional Grouping  siament
LISA Metrology System
Function and/or Element with internal redundancy Functional Block Diagram

Sub-System

Ewan Fitzimons, UKATC V0.4 Rev 1 -06/09/2017
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AIVT Flow for LISA P/L

LCA & P/L level

MOSA integration & Tests (Consortium)
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Towards a baseline architectures®

* Many trades have been investigated ana
discussed

 Most have been closed (tor now) to allow us to

establish a baseline architecture

* These trades will be reviewed in Phase A by the
industrial teams

e Some trades remain open
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Many trades reviewed

Breathing angle compensation scheme

IFPM Metrology

PRDS Implementation

Optical Truss

Acquisition Sensor Architecture

PAAM Metrology

Read-out channels required

QPD Diameter

Tilt-to-Length Compensation Scheme

MOSA Mounting and Alignment Strategy

GRS Vacuum Protocol

TM release Sequence

UV Light source

Discharge Scheme

Frequency Distribution

Laser stabilisation architecture

Closed. Baseline is Telescope pointing.

Closed. Baseline is Telescope pointing.

Open. Pending PRDS study.

Closed. Baseline is no optical truss, assumption being we
can build the telescope to required spec.

Closed. Current baseline is to have the CAS on the bench.

Closed. Current baseline is to step the PAAM and
therefore we don't need metrology (no continuous
PAAM motion)

Open. Impact from PRDS choice.

Open.

Open. Active pupil versus post-processing.

Closed. Adopted concept of a single MOSA structure to
mount OB, Telescope and GRS.

Open.

Open pending results of LPF tests.

Open.

Open.

Closed. Baseline arrived at; to be documented on FB
diagram.

Open. In particular the study of unequal arm-length IFO
for stabilisation needs to be revised. Does the
stabilisation need to be on the OB? If not, it's internal to

Selection of in-field pointing (IFP) or telescope pointing (TP) as the main payload breathing angle
compensation scheme.

If we have IFP, do we need dedicated out-of-loop laser metrology if the IFPM

If we have TP, what method is to be used to achieve pm-level reciprocity of the backlink (so-called PRDS)?

Do we need to implement an Optical Truss to monitor telescope stability.

Is the Acquisition sensor (CAS) mounted on the OB, and if so does it present a heat-issue. If it's not, how is the
pick-off for the Acquisition sensor achieved.

Do we need dedicated out-of-loop laser-metrology of the PAAM?

How many read-out channels are really required (photodiode elements and PMS channels)

What diameter of photodiodes do we use? (This is arguably an internal OB trade, but it is related to the
supplier of the diodes and FEE.)

How do we compensate for tilt-to-length (TTL) coupling?

How do we mount, align and test the Telescope-OB-GRS combination?

How do we implement venting in the GRS?

Do we modify the release to improve robustness?

UV Light source, modification to the illumination scheme

Continuous or intermittent discharge

What is the scheme for frequency distribution?

The laser frequency must be stabilised - ultimately this must be achieved through TDI, but in order for TDI to

work the initial laser frequency stability must be between around 30 and 300 Hz/VHz - depending on whether
arm locking is used.




Example closed trades

* Breathing angle compensation scheme

e baseline is telescope pointing

e confirmation pending fibre reliability tests

e reasonable expectation that backlink fibre with full balanced detection
can be made to work

e already shown in lab

e Optical Truss

* baseline is not to include it, but to allow for it in design

e aim to build telescope with the required level of stability
 tests by Florida and GSFC show this should be possible

 PAAM Metrology

e adopt step-and-stare scheme

 PAAM is fixed most of the time = no metrology needed
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Example open.trades

* Number of readout channels required

e open pending Phase Reterence Distribution Scheme
(backlink) architecture

* TM release sequence
e open pending results of LPF tests

 Computer and command architecture
e open pending studies in Phase A

* Discharge scheme

* open pending further study. Will likely implement
both capability to allow continuous and intermittent
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Phase O activities

June 9th Payload CDF Kickoff

June 15-16 Payload CDF Session #1
July 5th Payload CDF Session #2
July 5th PCT Kick-off telecon
July 6th PCT Face-to-face #1
July 31st PCT Telecon

Aug 22-24 LISA Architecture workshop
Aug 29th PCT Telecon
Sept 7th PCT Face-to-face #2
Sept 8th Payload CDF Session #3
Sept 19th Payload CDF Session #4
Sept 20th PCT Face-to-face #3
Sept 27th PCT Face-to-face #4
Sept 28th Payload CDF PM#1
Oct 19th Payload CDF Session #6
Oct 20th PCT Face-to-face #5
Nov 1st PCT Face-to-face #6
Nov 2nd Payload CDF Session #7
Nov 20th Payload CDF PM#2
Nov 23rd PCT Face-to-face #7
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Phase A
Phase B1

\ \ A \

‘ ‘ Oct-Nov ‘ ‘
2018 019 2020 2021

Demo of
PRDS

* Two parallel industrial studies
* both will design down to individual payload items
(TBD)
e Consortium Phase A study
e design up to MOSA/LCA level
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Consortium/PET Activi ties in Ph’ase A

Consortium level docs

* BB Definition oo
* BB development and test plan . SE Management Plan
* Unit level concept design + BB design * Consortium Management Plan

Technology Plan
« Instrument RS
e BB-level AIVT Planning - Performance Budget

e includes definition of scope of BB

e engineering, functional, performance, interfaces

Per Unit
* Input to FDIR concept |
* Input to science operations plan ’ ggD
* Payload AIVT Plan - ICD
. - AIVT Plan
| Input to >|\/I(.)SA./LCA AIVT plan . BB-DDD + AIVT Plan (units)
e Science Exploitation Plan + BB AIVT Plan

* including ground segment, commissioning and calibration
e Performance model
e 2nd version of Consortium Management Plan
* System Engineering of payload (+ SE MP)
e Technology Roadmap
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Simulation Wotking Group ._$& 7™

e There is a lot of interaction with the simulation

WOrKing group

e studies of TDI

e end-to-end simulation

* preprocessing

* science performance

* impact of operations etc

e Sim WG and PCT will work closely on a number

of projects
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Simulation Working group in Phage™A

* By the end of phase A we should:

* have a reasonably detailed simulation of PM outputs
e have a prototype preprocessing algorithm

e have a prototype TDI algorithm
e Use this to demonstrate:

 clock-noise removal
e interpolation of data streams to a common grid and fiducial time

e suppression of frequency noise and S/C jitter

Constellation Preprocessing D)
Simulation Algorithm
Source

Simulation Data Analysis
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Sim WG - status

v

Build @ modular and
detailed simulator for LISA

Support Consortium Support LISA data analysis
decisions during Phase A development

WG Activity

WG is active and working
Meetings: Sept 4th-6th
Zurich.

New simulator WG chairs have been
infrastructure available. appointed and tasks

LISA Node. assigned

WG is supporting LDC
activities

LISA Code is currently
used.

The switch to LISA Node
will be done after test
campaign

Telecons: almost weekly
schedule

Design document will be
ready for the LISA
Consortium Meeting

A test campaign for LISA Node will start soon
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Status of data analysis and science co@idination

e Development of analysis methodologies restarted
* LISA Data Challenges

* Definition of analysis and science deliverables

* Arecent meeting in Edinburgh to start this
e Consortium needs to

e define more clearly what it ‘promises’ to deliver in terms of
* science products

* analyses/scientific interpretation

e plan the activities to ensure this will be delivereo

 establish funding for this work

* which means we need a well defined scope to allow for costing
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Goals of Edinburgh meet: ng.. £3 Vi

* to extract from our proposal the core science
deliverables of the consortium

* to turn that into a set of work packages

e eventually assign responsibility to those work
packages
e get the work done

* give people a vehicle for tunding requests
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Meeting structure

e First two days reviewing the SOs and Sls

e Answered for each:

* the science products the consortium will deliver to the community

e each analysis the consortium intends to carry out during science ops
(pipelines)

* the tools/elements needed to allow the assembly of the pipeline(s)

e the external inputs the consortium needs
e Third day:
» derived a set of work packages from those answers above
* assigned a rough prioritisation

e urgent, end of phase A, adoption (TRL6), development of science
operations

* organised a document to present to the consortium
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» 63 work packages defined

e grouped into 8 groups
» waveform modelling

» data analysis tools

 instrument response modelling

* low-latency pipelines

o individual and global source identification codes

* source catalogues

e multi-messenger, multi-band

* interpretation, key-science projects

* Notes and work package list is in the DMS

e Jon Gair will lead the writing of a document

* short writeup of each work package

e each work package has been assigned a book captain

e Schedule:

e document to be released to consortium 2 weeks prior to Consortium meeting

e present document at consortium meeting for discussion
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Summary

* LISA mission is proceeding at a high pace!
* Baseline of the mission is coming together

* Phase 0 is nearing the end

* Beginning to plan Phase A activities

* Definition of consortium is on-going and
should be settled soon
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