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What are the MLDCs? 

•  Formulated at the LIST meeEng in Pasadena, 2005, with co‐
chairs Neil Cornish (MSU, US) and Bernard Schutz (AEI, 
Germany) 

•  Validate proposed algorithms and ensure they meet the 
requirements of a LISA data analysis sytem 

•  Develop a plan for increasingly difficult challenges 

•  Also develop a plan for analysis of challenges 

•  Release training and blind data sets 



The MLDC Taskforce 

A. Vecchio & M. Vallisneri (chairs),  
S. Babak,  
J. Baker,  
M. Benacquista,  
N. Cornish,  
S. Larson,  
I. Mandel,  
S. McWilliams,  
A.  Petiteau,  
E. Plagnol,   
E. Porter,  
E. Robinson  
I Thorpe 



Jan 2006
work begins!

Dec 2006
Challenge 1 results 

presented at GWDAW-11
[CQG 24, S529 (2007)]

Jan 2007
Challenge 2 datasets 

released
[CQG 24, S551 (2007)]

Jun/Jul 2007
Challenge 2 results"
presented at Amaldi"

[CQG 25, 114037 (2008)] 
Challenge 1B released

Dec 2007
Challenge 1B results 

presented at GWDAW-12
[CQG 25, 184026 (2008)]

Jun 2006
Challenge 1 datasets released 

at 6th LISA Symposium
[igr-qc/0609105-6]

Apr 2008
Challenge 3 released;"

[CQG 25, 184026 (2008)]

November 2009
Challenge 4 out

MLDC Timeline 

Figure by M. Vallisneri 

June 2009
Challenge 3 results at 

Amaldi



What has already been accomplished? 
MLDC 1 MLDC 2 MLCD 1B MLDC 3

• Verification  
• Unknown,    

isolated
• Unknown,    

interfering

• Galaxy of         "
3x106

• Verification    
• Unknown,      

isolated
• Unknown,     

confused

• Galaxy            "
of 6x107"
chirping

•  Isolated        • 4–6x,               "
over Galaxy"
and EMRIs

•  Isolated         • Over Galaxy     
spinning,"
precessing

•  Isolated            
• 4–6x, over Galaxy"

and SMBHs

•  Isolated         • 5                     "
together,"
weaker

• Cosmic string  
cusp bursts

• Cosmological   
background

Table by M. Vallisneri 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Previous challenges 

participants institutions

MLDC 1 40 10

MLDC 2 39 13

MLDC 1B 25 10

Also, 26 related publications 



Challenge 3 
•  29 parEcipants from from 18 insEtuEons 

AEI, Potsdam 
AEI, Hannover 
APC, Paris 
Caltech, Pasadena 
Cavendish Lab., Cambridge 
IOA, Cambrige 
Inst. Of Mathema>cs, Warsaw 
JPL, Pasadena 
Kavli Ins>tute, Cambridge 

Montana State Univ., Bozeman 
NASA Goddard, Greenbelt 
Northwestern Univ., Evanston 
RIT, Rochester 
Univ. de les Illes Belears, Majorca 
Univ. Of Birmingham, Birmingham 
Univ. Of Texas, Brownsville 
Univ. Of Wroclaw, Wroclaw 
Utah State Univ., Logan 



Challenge 3 
•  60 million chirping GBs of which 20‐30,000 should be 

resolvable 
•  5 spinning MBHs with 3 coalescing within the 2 year period, 

and 2 outside of 2 years.  MBHs embedded in instrumental 
noise and a parEally resolved galaxy.  (13 < SNR < 1700) 

•  5 EMRIs embedded in instrumental noise.  Low SNRs (20 < 
SNR < 36)   

•  3 Cosmic‐string–cusp bursts in instrument noise with 
slightly randomised noise sources.  One month data set. (33 
< SNR < 43)  

•  StochasFc background.  Isotropic signal in instrument noise 
with randomised noise levels. 192x2 linearly polarised 
stochasEc sources at uniform distribuEon across the sky.  
Groups to return value for quanEty 



Challenge 3.1 : GalacEc Binaries 

•  BhamUIB : delayed rejecEon MCMC algorithm 
to search in the 3 windows 0.3mHz < f < 0.4 
mHz, 0.9 mHz < f < 1 mHz, 1.6 mHz < f < 1.7 
mHz 

•  AEIRIT : LIGO style hierarchical F‐StaEsEc 
search using rigid adiabaEc templates 

•  PoWrWa : SequenEal F‐StaEsEc matched 
filtering search using rigid adiabaEc templates  



Challenge 3.1 : GalacEc Binaries 

•  Used a correlaEon criterion of C > 0.9 
•  BhamUIB : 494 sources (30%) 
•  AEIRIT : 1940 sources (95%) 
•  PoWrWa : 14,838 sources (33%.  However 
when correcEng for a bug at f > 3mHz, 
PoWrWa achieve 58% for 6,955 sources at f < 
3 mHz) 

•  MTJPL entry for Challenge 2 returned ~20,000 
sources with 99% having C > 0.9 



Challenge 3.2 : Spinning Massive Black 
Holes 

•  AEI : GeneEc algorithm with A‐StaEsEc 
•  CambAEI : MulENest with A‐StaEsEc 

•  GSFC : MCMC algorithm found in Xspec 

•  JPLCITNWU : Two stage search using a non‐
spinning MBH search with MulENest 

•  MTGWAGAPC : Parallel tempered MHMC 
algorithm using thermostated/frequency 
annealing 



Challenge 3.2 : Massive Black Holes 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Challenge 3.2 : 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Black 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Challenge 3.2 : Massive Black Holes 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Neil Cornish 

      30 days before merger 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Neil Cornish 

7 days before merger 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Neil Cornish 

1 day before merger 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Ed Porter 

30 days before merger 

30 days before merger 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Ed Porter 

30 days before merger 

7 days before merger 



Challenge 3.2 : Massive Black Holes 

Monte Carlo by Ed Porter 

30 days before merger 

1 day before merger 



Challenge 3.3 : EMRIs 

•  BabakGair : StochasEc sampling and MCMC 
for harmonic idenEficaEon, F‐StaEsEc in 
harmonic space + final MCMC 

•  EPAG : Improved Time‐Frequency method 

•  MTAPCIOA : Parallel tempered MHMC 
combined with harmonic jumps 



Challenge 3.3 : EMRIs 



Challenge 3.3 : EMRIs 



Challenge 3.3 : 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Challenge 3.3 : EMRIs 



Challenge 3.4 : Cosmic string‐cusp bursts 

•  CAM : MulENest 
•  CaNoe : Time‐Frequency algorithm 

•  JPLCIT : MulENest & MCMC 

•  MTGWAG : Parallel tempered MCMC 



Challenge 3.4 : Cosmic string‐cusp bursts 



Challenge 3.4 : Cosmic string‐cusp bursts 



Challenge 3.4 : Cosmic string‐cusp bursts 



Challenge 3.5 : StochasEc background 

•  AEIBham : MCMC 
•  MTGWAG : Parallel tempered MCMC 



Challenge 4 
•  Was released in November 2009. 

•  Deadline : December 1st, 2010. 
•  Goal : global fit problem. 
•  Idea : groups either invesEgate subsets of sources, or 
form collaboraEons to go aner the full global fit. 

•  Data sets are approximately 2 years long, with high 
(dt = 1.875 secs) and low (dt = 15 secs) cadence 
versions. 

•  3 versions of each : two fracEonal‐frequency and one 
strain. 



Sources in Challenge 4 



Sources in Challenge 4 



Challenge 5 & Beyond… 

• Aim to simulate more realisEc data, i.e. include 
data gaps, glitches etc 

• Work closer with LISA and LPF experimentalists 

• For MBHs, include merger‐ringdown, hybrid/
numerical relaEvity, eccentricity 

• Non‐GR sources, e.g. strange EMRIs 

• Any other suggesEons…. 



Conclusion 
•  GB resoluEon sEll falling short of theoreEcal predicEons 

•  DetecEon of massive black holes is quite good.  However, 
parameter esEmaEon needs to be improved.  DifficulEes due to 
spins and other parameter degeneracies 

•  DetecEon of EMRIs is good.  As with MBHs, the parameter space is 
highly degenerate producing mulE‐modal soluEons. ResoluEon of 
the global maximum and hence esEmaEon of parameters needs to 
be improved 

•  Cosmic string cusps detecEon is excellent.  Parameter esEmaEon is 
very poor due to the lack of Doppler informaEon as LISA is 
effecEvely staEonary and due to characterisEcs of the waveforms 
themselves 

•  StochasEc background esEmaEon very good. 



…join us for Challenge 4… 



Challenge 4 

For further informaEon : 

Wiki : www.tapir.caltech.edu/listwg1b 

Data‐sets : www.astrogravs.nasa.gov/docs/mldc 

Lisatools repository : lisatools.googlecode.com 


