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Uncertainties In the lens mass model

- Normalized Residual
Question: v dResidel,

Can we infer the Fermat potential accurately?
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Time Delay Lens Modelling Challenge (TDLMC)



TDLMC design

e Simulation (“Evil”) team provides mock lenses to modelling
(“Good”) team to analyze.

Mock datasets including:

i) HST-like lensed AGN images,
ii) lens time delay,

iii) line-of-sight velocity dispersion.

e “Good” teams constrain the Ho — Blindly
e Compare the result and assess the precision and accuracy



Challenge structure

 Three testing rungs:
1. Each rung contains 16 systems (cross, cusp, fold and
double configurations)
2. Increasing complexity and realism during the 3 rungs.
e Detalils:

* Rung1l: Realistic galaxy image as the lensed AGN host
galaxy.

* Rung2: + True PSF information does not provide.

* Rung3: + Realistic lens mass profile as deflector.



Realistic galaxy images are adopted as lensed AGN host galaxy.

ES04938G5 NGC1084 NGC1309 NGC1376 NGC2397
NGC278 NGC3021 NGC3259 NGC3370 NGC3949 NGC3982

NGC4319 NGC4639 NGC4911 NGC5584 NGC5806 NGC6217
NGC6503 NGC6782 NGC7252 NGC7742 PGC55493 UGC12158
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Mock dataset

i) HST-like lensed AGN images,

ii) lens time delay,

For Rung 3, calculated from the simulated 2D velocity dispersion map



Submissions

* There are five teams participates the TDLMC.
Student-T: EPFL; Freeform: Rathnakumar; HOrton

* We receive in total 18, 17, 24 submissions in Rung1, Rung2 and
Rung3, respectively.

* The approaches:
- Lenstronomy was adopted by Student-T and EPFL team.
- Freeform team adopts the PixeLens and GLASS (pixellate the lens’ mass distribution).
- Rathnakumar team uses Glafic (only constrain simple SIE using lensed QSO image).

- HOrton team uses machine learning approach (they join late submit only Rung3).



Table 3. Summary table of input data.

Team point sources  extended source  kinematics

Student-T Yes Yes No
EPFL Yes Yes Yes
Freeform Yes No No
Ratherkuma Yes No Yes
HOrton Yes Yes Yes

Note: — Table summarizes the input data as used by the “Good” team. In
addition, all teams use time delays and redshifts, and simulated HST images
to constrain the deflector.




Metrics for each rung

Success rate:

Goodness:

Precision:

Accuracy

(Ntotal — 16)




Results of Rung1l and Rung?2

Student-T algorithm1
Student-T algorithm2
Student-T algorithm3
Student-T algorithm4
Student-T algorithm5
Student-T algorithm6
EPFL submission
Freeform glassCherrypick
Freeform glassMulti
Freeform glassSingle
Freeform pixelensMulti
Freeform pixelensSingle
Rathnakumar cutoff10
Rathnakumar cutoff15
Rathnakumar cutoff20
Direct average

Bagging

Rejection o-median

Rungl metrics
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Results of Rung1l and Rung?2

Student-T algorithm1
Student-T algorithm2
Student-T algorithm3
Student-T algorithm4
Student-T algorithm5
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Summary for Rungi, 2

e Most methods seem to have a realistic assessment of their
uncertainties, landing on or close to the x2 target.

 Unexpectedly, the accuracy are improved from Rung 1 to Rung 2, likely
due to the fact that the “Good” teams learned from Rung 1’s results to
improve their algorithms, and identify bugs in the codes.

* The methods constrained only using point source tend to produce
significantly larger uncertainties. Only the method using the full extent
of the surface brightness of the host galaxy and the ancillary data hits
the precision target, with sufficient accuracy.

Combined metrics for Rung2:

Combined fitting algorithm  Precision (%)  Accuracy (%)

Everything 2.9 -1.8+0.4
Extended Source 11.4 -2.7+1.0
Point Sources 15.2 2.5+1.4




Limitation of Rung3

The Rung3 deflectors are based on hydrodynamical simulations
with limitations, making the Rung3 inconclusive.

e The resolution of the simulations we used is insufficient to describe the inner

regions of early-type galaxies, generate an artificial core in the central
deflector.

e |n some simulated deflector fields, some satellite halos were identified and
removed before producing the lensing quantities.

* Truncation of the kappa map.

* Unrealistic magnification of the central image.

The result of Rung3 should be taken with cautions.
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Rung3 metrics
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Student-T algorithm10
Student-T algorithm11
Student-T algorithm12

EPFL Combined

EPFL CombinedDdtOnly
EPFL Composite

EPFL CompositeDdtOnly
EPFL Powerlaw

EPFL PowerlawDdtonly
Freeform glassMulti

Freeform glassSingleHiRes
Freeform glassSingleLowRes
Freeform pixelensMulti
Freeform pixelensSingle
HOrton Bayesian neural network
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Thanks!



