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STRONG GRAVITATIONAL LENSING

Formation of multiple images of a single distant object due to the 
deflection of its light by the gravity of intervening structures.

z ~ 0.1 — 1.0

z ~ 2.0 — 7.0
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DARK MATTER SUBSTRUCTURE  
USING STRONG LENSING TO MAP THE DARK MATTER DISTRIBUTION ON SMALL SCALES, 
BY MEASURING THE ABUNDANCE OF DARK MATTER SUBHALOS 

CHALLENGE GOAL 



STAGES

1- ONE SUBHALO OF FIXED MASS 
FIND THE LOCATION OF A SUBHALO OF FIXED MASS IN STRONG LENSES. 

2- MEASURE THE ABUNDANCE OF SUBHALOS 
A NUMBER OF SUBHALOS OF A GIVEN FIXED MASS ARE PRESENT IN THE 
LENS. THE TASK IS TO MEASURE THE NUMBER DENSITY OF SUBHALOS 
(HOW MANY SUBHALOS PER UNIT AREA OF THE SKY). 

3- MEASURE THE MASS FUNCTION 
EXPAND STAGE 2 TO INCLUDE SUBHALOS OF DIFFERENT MASSES. 

Cold Dark MatterCold Dark Matter

0 - MACRO MODELING 
FINDING THE OVERALL MATTER DISTRIBUTION IN THE LENSING GALAXIES 
(WHEN NO SUBHALOS ARE PRESENT). 



TRADITIONAL LENS MODELING:  

1- HOW DOES THE BACKGROUND 
SOURCE TRULY LOOK LIKE? WHAT IS 
THE UNDISTORTED IMAGE? 

2- HOW IS MATTER DISTRIBUTED IN THE 
LENSING STRUCTURE?



DATA

MODEL

PHYSICAL MODEL

RAY-TRACING 
SIMULATION

MAXIMIZE THE LIKELIHOOD OF THE MODEL 
PARAMETERS GIVEN THE DATA

POSTULATE A SOURCE  
MORPHOLOGY (WITH 

PARAMETERS PS)

POSTULATE A MASS 
DISTRIBUTION IN THE LENS 

(WITH PARAMETERS PM)

MAXIMUM LIKELIHOOD LENS MODELING



PARAMETERIZE THE LIGHT DISTRIBUTION IN THE BACKGROUND 
SOURCE WITH ONE OR MORE ANALYTIC BLOBS, E.G., CLUMPS 
WITH A GAUSSIAN LIGHT PROFILE.

PARAMETERIZE THE MASS DISTRIBUTION IN THE LENSING GALAXY WITH 
ONE OR MORE ANALYTIC FORMS, E.G., SINGULAR ISOTHERMAL ELLIPSOID 
(ELLIPTICAL FORM WITH RADIAL INVERSE SQUARED DROP IN DENSITY)

SKY EMISSION

LENS MODELING 
PARAMETERIZATION



LENS PARAMETERIZATION

1- EINSTEIN RADIUS  —  MASS OF THE LENS 

2 - ELLIPTICITY (X-COMPONENT) 

3 - ELLIPTICITY (Y-COMPONENT) 

4 - X - POSITION 

5 - Y - POSITION 

6 - EXTERNAL SHEAR (X-COMPONENT) — 
GRAVITATIONAL INFLUENCE   OF OTHER OBJECTS 
OUTSIDE OF THE MAIN LENS 

7 - EXTERNAL SHEAR (Y-COMPONENT) — 

THE LENSES IN THIS CHALLENGE WILL FOLLOW A 
SINGULAR ISOTHERMAL ELLIPSOID (SIE) + 
EXTERNAL SHEAR PROFILE, PARAMETRIZED BY 7 
PARAMETERS:



TRAINING DATA

WE NEED A LARGE NUMBER OF TRAINING IMAGES. THERE ARE ONLY A COUPLE OF 
HUNDRED OF GRAVITATIONAL LENSES KNOWN TO DATE. BUT WE CAN SIMULATE 
THESE IMAGES VERY FAST. 



PRODUCING THE TRAINING DATA

GET A REAL IMAGE OF A GALAXY LENS IT BLUR IT WITH A PSF

ADD NOISEADD COSMIC RAYSAPPLY RANDOM MASKS

Final training image

1 2 3

45



EXAMPLES OF SIMULATED DATA



SIMULATED DATA

FOR STAGE 0 : WE HAVE SIMULATED 200 000 LABELED TRAINING EXAMPLES, 
WHICH ARE AVAILABLE TO DOWNLOAD AT: 

HTTPS://STANFORD.BOX.COM/S/6FADK52A4ZJ3VNCEHA12DWSY6G7BM48W 

THE .TAR FILE INCLUDES: 2 FOLDERS, IN EACH FOLDER, THERE IS: 
• 100 000 PNG LENSED IMAGES FOR TRAINING 
• A TEXT FILE WITH THE LENS PARAMETERS (THE LABELS) EACH ROW IS A 

DIFFERENT IMAGE, THE COLUMNS ARE, IN ORDER:  
      EINSTEIN RADIUS, ELLIPTICITY-X, ELLIPTICITY-Y, X-POSITION, Y-POSITION,     
      EXTERNAL SHEAR- X, EXTERNAL SHEAR-Y 
• AN ADDITIONAL 10 000 PNG IMAGES FOR TESTING (LABELS OF COURSE 

NOT PROVIDED!) 

THE CODE FOR PRODUCING THE TRAINING DATA WILL ALSO BE PROVIDED IN A 
COUPLE DAYS (TEAMS ARE WELCOME TO PRODUCE MORE TRAINING DATA IF 
NEEDED). 



PRODUCING THE TRAINING DATA

GET A REAL IMAGE OF A GALAXY LENS IT BLUR IT WITH A PSF

ADD NOISEADD COSMIC RAYSAPPLY RANDOM MASKS

Final training image

1 2 3

45



METRICS FOR SUCCESS

ACCURACY: COVERAGE PROBABILITY OF THE 68, 95, AND 99% INTERVALS 
(THE PROPORTION OF THE TIME THAT THE INTERVAL CONTAINS THE TRUE 
VALUE). WE WILL ALSO TEST FOR CATASTROPHIC FAILURES. 

PRECISION:  1) DISTRIBUTION OF THE SIZE OF THE ERROR BARS 
                          MEAN AND MEDIAN OF 1 SIGMA ERRORS 
                    2) IF NO UNCERTAINTIES ARE PROVIDED, WE WILL CALCULATE  

 THE MEAN STANDARD ERROR  



SUBMITTING RESULTS

BY EMAIL: LPLEVASS@STANFORD.EDU 
DEADLINE: OCTOBER 31ST, 2018

mailto:lplevass@stanford.edu


AT THE END ON THE CHALLENGE, WE ARE PLANNING TO PUBLISH THE 
RESULT IN A PAPER SUMMARIZING THE CHALLENGE AND THE RESULTS. 

AS SUGGESTED BY ROBERTO LAST TIME, WE’RE ALSO PLANNING ON 
REWARDING THE WINNING TEAM(S?) WITH A GOOD BOTTLE OF WINE! 



Thank you


