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UIF IJHI�GSFRVFODZ HSBWJUBUJPOBM XBWF XJOEPX UP PC�
TFSWF MPX NBTT TPVSDFT BU MPX SFETIJę� ćF 4FOJPS
4VSWFZ $PNNJUUFF 	44$
 <�> TFMFDUFE UIF -� TDJFODF
UIFNF
 ćF (SBWJUBUJPOBM 6OJWFSTF <�>
 UP PQFO UIF ���
UP ���N)[ (SBWJUBUJPOBM 8BWF XJOEPX UP UIF 6OJ�
WFSTF� ćJT MPX�GSFRVFODZ XJOEPX JT SJDI JO B WBSJFUZ
PG TPVSDFT UIBU XJMM MFU VT TVSWFZ UIF 6OJWFSTF JO B OFX
BOE VOJRVF XBZ
 ZJFMEJOH OFX JOTJHIUT JO B CSPBE SBOHF
PG UIFNFT JO BTUSPQIZTJDT BOE DPTNPMPHZ BOE FOBCMJOH
VT JO QBSUJDVMBS UP TIFE MJHIU PO UXP LFZ RVFTUJPOT� 	�

)PX
 XIFO BOE XIFSF EP UIF ĕSTU NBTTJWF CMBDL IPMFT
GPSN
 HSPX BOE BTTFNCMF
 BOE XIBU JT UIF DPOOFDUJPO
XJUI HBMBYZ GPSNBUJPO 	�
 8IBU JT UIF OBUVSF PG HSBW�
JUZ OFBS UIF IPSJ[POT PG CMBDL IPMFT BOE PO DPTNPMPHJ�
DBM TDBMFT 
8F QSPQPTF UIF -*4" NJTTJPO JO PSEFS UP SFTQPOE UP
UIJT TDJFODF UIFNF JO UIF CSPBEFTU XBZ QPTTJCMF XJUIJO
UIF DPOTUSBJOFE CVEHFU BOE HJWFO TDIFEVMF� -*4" FO�
BCMFT UIF EFUFDUJPO PG (8T GSPN NBTTJWF CMBDL IPMF
DPBMFTDFODFT XJUIJO B WBTU DPTNJD WPMVNF FODPNQBTT�
JOH BMM BHFT
 GSPN DPTNJD EBXO UP UIF QSFTFOU
 BDSPTT
UIF FQPDIT PG UIF FBSMJFTU RVBTBST BOE PG UIF SJTF PG
HBMBYZ TUSVDUVSF� ćF NFSHFS�SJOHEPXO TJHOBM PG UIFTF
MPVE TPVSDFT FOBCMFT UFTUT PG &JOTUFJO�T (FOFSBM ćFPSZ
PG 3FMBUJWJUZ 	(3
 JO UIF EZOBNJDBM TFDUPS BOE TUSPOH�
ĕFME SFHJNF XJUI VOQSFDFEFOUFE QSFDJTJPO� -*4" XJMM
NBQ UIF TUSVDUVSF PG TQBDFUJNF BSPVOE UIF NBTTJWF
CMBDL IPMFT UIBU QPQVMBUF UIF DFOUSFT PG HBMBYJFT VTJOH
TUFMMBS DPNQBDU PCKFDUT BT UFTU QBSUJDMF�MJLF QSPCFT� ćF
TBNF TJHOBMT XJMM BMTP BMMPX VT UP QSPCF UIF QPQVMBUJPO
PG UIFTF NBTTJWF CMBDL IPMFT BT XFMM BT BOZ DPNQBDU PC�
KFDUT JO UIFJS WJDJOJUZ� " TUPDIBTUJD (8 CBDLHSPVOE PS
FYPUJD TPVSDFT NBZ QSPCF OFX QIZTJDT JO UIF FBSMZ 6OJ�
WFSTF� "EEFE UP UIJT MJTU PG TPVSDFT BSF UIF OFXMZ EJTDPW�
FSFE -*(0�7JSHP IFBWZ TUFMMBS�PSJHJO CMBDL IPMF NFSH�
FST
 XIJDIXJMM FNJU(8T JO UIF -*4"CBOE GSPN TFWFSBM
ZFBST VQ UP B XFFL QSJPS UP UIFJS NFSHFS
 FOBCMJOH DPPS�
EJOBUFE PCTFSWBUJPOT XJUI HSPVOE�CBTFE JOUFSGFSPNF�
UFST BOE FMFDUSPNBHOFUJD UFMFTDPQFT� ćF WBTU NBKPSJUZ
PG TJHOBMT XJMM DPNF GSPN DPNQBDU HBMBDUJD CJOBSZ TZT�
UFNT
 XIJDI BMMPX VT UP NBQ UIFJS EJTUSJCVUJPO JO UIF
.JMLZ 8BZ BOE JMMVNJOBUF TUFMMBS BOE CJOBSZ FWPMVUJPO�
-*4" CVJMET PO UIF TVDDFTT PG -*4" 1BUIĕOEFS
	-1'
 <�>
 UXFOUZ ZFBST PG UFDIOPMPHZ EFWFMPQNFOU

BOE UIF (SBWJUBUJPOBM 0CTFSWBUPSZ "EWJTPSZ 5FBN
	(0"5
 SFDPNNFOEBUJPOT� -*4" XJMM VTF UISFF BSNT

BOE UISFF JEFOUJDBM TQBDFDSBę 	4�$
 JO B USJBOHVMBS GPS�
NBUJPO JO B IFMJPDFOUSJD PSCJU USBJMJOH UIF &BSUI CZ
BCPVU ��○� ćF FYQFDUFE TFOTJUJWJUZ BOE TPNF QPUFO�
UJBM TJHOBMT BSF TIPXO JO 'JHVSF ��

'JHVSF �� &YBNQMFT PG (8 TPVSDFT JO UIF GSF�
RVFODZ SBOHF PG -*4"
 DPNQBSFE XJUI JUT TFOTJ�
UJWJUZ GPS B ��BSNDPOĕHVSBUJPO� ćFEBUB BSF QMPU�
UFE JO UFSNT PG EJNFOTJPOMFTT ADIBSBDUFSJTUJD TUSBJO
BNQMJUVEF� <�>� ćF USBDLT PG UISFF FRVBMNBTT CMBDL
IPMF CJOBSJFT
 MPDBUFE BU z = 3 XJUI UPUBM JOUSJO�
TJD NBTTFT 107
 106 BOE 105M⊙
 BSF TIPXO� ćF
TPVSDF GSFRVFODZ 	BOE 4/3
 JODSFBTFT XJUI UJNF

BOE UIF SFNBJOJOH UJNF CFGPSF UIF QMVOHF JT JOEJ�
DBUFE PO UIF USBDLT� ćF � TJNVMUBOFPVTMZ FWPMW�
JOH IBSNPOJDT PG BO &YUSFNF .BTT 3BUJP *OTQJSBM
TPVSDF BU z = 1.2 BSF BMTP TIPXO
 BT BSF UIF USBDLT PG
B OVNCFS PG TUFMMBS PSJHJO CMBDL IPMF CJOBSJFT PG UIF
UZQF EJTDPWFSFE CZ -*(0� 4FWFSBM UIPVTBOE HBMBD�
UJD CJOBSJFT XJMM CF SFTPMWFE BęFS B ZFBS PG PCTFS�
WBUJPO� 4PNF CJOBSZ TZTUFNT BSF BMSFBEZ LOPXO

BOE XJMM TFSWF BT WFSJĕDBUJPO TJHOBMT� .JMMJPOT PG
PUIFS CJOBSJFT SFTVMU JO B ADPOGVTJPO TJHOBM�
 XJUI B
EFUFDUFE BNQMJUVEF UIBU JT NPEVMBUFE CZ UIF NP�
UJPO PG UIF DPOTUFMMBUJPO PWFS UIF ZFBS� UIF BWFSBHF
MFWFM JT SFQSFTFOUFE BT UIF HSFZ TIBEFE BSFB�

"O PCTFSWBUPSZ UIBU DBO EFMJWFS UIJT TDJFODF JT EF�
TDSJCFE CZ B TFOTJUJWJUZ DVSWF XIJDI
 CFMPX �N)[
 XJMM
CF MJNJUFE CZ BDDFMFSBUJPO OPJTF BU UIF MFWFM EFNPO�
TUSBUFE CZ -1'� *OUFSGFSPNFUSZ OPJTF EPNJOBUFT BCPWF
�N)[
 XJUI SPVHIMZ FRVBM BMMPDBUJPOT GPS QIPUPO TIPU
OPJTF BOE UFDIOJDBM OPJTF TPVSDFT� 4VDI B TFOTJUJWJUZ
DBO CF BDIJFWFE XJUI B ���NJMMJPO LN BSN�MFOHUI DPO�
TUFMMBUJPO XJUI �� DN UFMFTDPQFT BOE �8 MBTFS TZTUFNT�
ćJT JT DPOTJTUFOU XJUI UIF (0"5 SFDPNNFOEBUJPOT
BOE
 CBTFE PO UFDIOJDBM SFBEJOFTT BMPOF
 B MBVODINJHIU
CF GFBTJCMF BSPVOE ����� 8F QSPQPTF BNJTTJPO MJGFUJNF
PG � ZFBST FYUFOEBCMF UP �� ZFBST GPS -*4"�

1BHF � -*4" o �� */530%6$5*0/
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•Introduce software-development standards  

•Establish a common playground to evaluate 
algorithms  

•Foster data-analysis research and community 
involvement  

•Address science requirements in project-
oriented challenges with realistic assumptions  

•Prototype and develop end-to-end data-
analysis pipelines 
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•Some history first: 

•Five challenges completed

•70 participants, 25 institutions, 
30+ publications


•Chairs: A. Vecchio, M. Vallisneri

•Demonstrated the detection and 
parameter estimation of all major 
LISA source classes, using a great 
variety of methods


•Provided methods for ground-based 
parameter estimation

the Mock LISA Data Challenges (2005–2011)

• Five challenges completed

• 70 participants, 25 institutions,
30+ publications

• Chairs: Alberto Vecchio, Michele Vallisneri

• Demonstrated the detection and 
parameter estimation of all major LISA 
source classes, using a great variety of 
methods

• Provided methods for ground-based 
parameter estimation
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•Who? 

• Chartered by LISA Consortium 

• ~150 members (+ “friends”) 

• 	 Co-chairs: 


• Michele Vallisneri (JPL/Caltech)

• Stas Babak (APC Paris)


•Working closely with LISA Science 
Group, LISA Simulation WG, LDPG 


•Input from AstroWG (catalogues of 
sources), WaveformWG (GW models) 

LDCs now
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•URL:    lisa-ldc.lal.in2p3.fr

•Wiki:   gitlab.in2p3.fr/LISA/LDC

•Calls:  Fridays,16:15 - 17:15 CET  

•How to join? signup.lisamission.org 

http://gitlab.in2p3.fr/LISA/LDC
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LDC-1: Radler

•	Tackle main LISA sources separately under 
idealized instrument noise.


•Introduce new researchers to LISA data analysis 

•Rehabilitate (old) MLDC analysis codes 

•Establish LDC process, standards, infrastructure 

https://www.seriouseats.com
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LDC-1: Radler
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LDC-1: Radler - 15 submissions

● Birmingham University 
● Marshall (NASA) 
● Montana Uni 
● Barcelona (ICE, CSIC, IEEC) 
● CEA/IRFU (France) 
● Goddard (NASA) 
● APC (France) 
● University of Trieste 
● IISER (India) 
● University of Minnesota  
● Imperial College London. 
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LDC-1: Radler - VBs
sky  
position

freq.

dotfreq

orb. incl.

Ampl.

•Different waveforms

•Different Samplers

•Different priors

[Busciccio+ PRD, 2019]  
[Littenberg+ PRD, 2020] 
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LDC-1: Radler - MBHBs
masses

spins

merger time

sky pos.

[Cornish & Shuman PRD (2020)] 
 [Katz+ PRD (2020)] 

•SNR ~ 400

•PhenomD: Dominant mode, 
no precession.


•Again, different submissions, 
different samplers, … 
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LDC-1: Radler - CGBs
•Analysis in small frequency 
bands


•Model selection

•~10000s resolvable

[Littenberg+ PRD, 2020] 
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LDC-1: Radler - Stochastic
•Power law

•Different priors & samplers

•The ‘Binner’ collaboration 
was using a different 
approach.
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LDC-2: Sangria

•Mild “enchilada” data challenge: 
mixture of sources + unknow level of 
instrumental noise 


•Galactic WD binaries, plus unknown number 
of MBHBs:

•Training data challenge + Blind challenge

•Noise is not stationary (cyclo-stationary) due 
to stochastic foreground confusion noise


•Beta-version of the data is available https://
lisa-ldc.lal.in2p3.fr/ldc
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2: Sangria
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LDC-2b: Spritz

•	LDC-2b is coming next.

•Non-stationary instrumental 
noise (gaps, glitch, and more)


•Light astrophysical content 

•To address robustness of 
algorithms used in Radler for 
non-stationary noise 


•To help setting requirements 
on the instrument  
design/operation 

Courtesy of N. Korsakova
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LDC-1b: Yorsh

•SBBH: 2 data sets 2 years long each at 5 sec cadence: 

•Gaussian instrumental noise (known level) + 1 SBBH of 
SNR 25, measurable evolution in frequency (can take 
one of LVC events)


•Gaussian instrument noise (known level) + 1 SBBH of 
SNR 10. 

•EMRI: 2 data sets with “realistic” EMRI signal of SNR ~40

•1 EMRI (typical, taken from catalogue),  Augmented 
analytic kludge, Gaussian instrumental noise.  2 years 


•1 EMRI (non-rotating BH), fully relativistic model, 
Gaussian instrumental noise, 2 years
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Active projects

•Code infrastructure/data generation/
pipelines 


•LISA noise/orbit/instrument modeling 

•Catalogs 

•Waveforms 

•Search/PE codes/PE tutorials 

•Website/communications 

•Global Fit

•Evaluations of LDC results 

•[…]

16

FIG. 13. The UCB search as one component of a global
fit. The residuals from each source analysis block are passed
along to the next analysis in a sequence of Gibbs updates.
New data is incorporated into the fit during the mission. The
noise model and instrument models are updated on a regular
basis.

We will extend the waveform model to allow for more
complicated signals including eccentric white dwarf bina-
ries, hierarchical systems and stellar mass binary black
holes which are the progenitors of the merging systems
observed by ground-based interferometers [57], and de-
velop infrastructure to jointly analyze multimessenger
sources simultaneously observable by both LISA and EM
observatories [1, 13, 14, 18].
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The future

•Move step-by-step to more 
realistic data scenarios


•Both in science and instrument

•Address set of questions before 
adoption (source mixing, data 
irregularities, etc). 

•Testing Global Fit solutions
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