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[.ast week

e Defined lens equation for multiple point mass lenses and star+planet lens
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e Effects on source magmﬁcation “licht curves”
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* Discussed strengths of lensing planet search
- No pre-selection on planet host star
- No mass bias

Magnification

- Sensitive to planets in “habitable zone’

. D1scussed a few examples of found planets

I

155 OGLE _1 \¥) LI | ™ T 7

. MOA : - [ MOA data in
Wi . - -
g 16 '\“‘ E o 10 _l day bins
g 165 3 v -
- S CcTIO ] o .
E 17 - E < -
mﬁ" . 1 £ 5

17.5 e Mr o] - ¢ i
§ —-0 1 T 1 L4 T l L4 L2 T . ' : ol
% OW”' *W'*Hm o 1 I T PR '
B 0 1 A A A A n 1 FR— A

5650 5700 5750 5800 5850 2820 2840 2860 2880
HJD - 2450000 HJD - 2450000

K. B. Schmidt, kbschmidt@aip.de PHY-765 GL Week 10: June 13,2018


mailto:kbschmidt@aip.de?subject=

The aim of today

e What is relevant for the lens models

- constraints and assumptions
e Parametric vs. Non-Parametric modeling
 Mass-Sheet Degeneracy in lens modeling

e (Cluster lens modeling comparison efforts
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Aspects Relevant for Modeling Covered So Far

* Lens Geometry & Light Deflection - 'l"?"" e
0 | '.:’.::'.f.'l““"w.m
* Lens Equation B=60—af)
(D)
k(0) =
0)=—5_
e Multiple images B =0 — (k(0))0
52
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2rG(r2 + 12 ..

e Time Delays
y D1stance & Mass
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e Magnification
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Why Model Gravitational Lenses?

e Determine mass distribution of lenses
- Individual galaxy (mass) studies
- Test of gravity models
- Infer size of cosmic over densities
- Constrain dark matter nature
e Constrain time-delays
- Determine cosmological parameters (Ho)
- Predict astronomical events (SN Refsdal)
e Reconstruct lensed sources in source plane
- Resolved studies of these impossible without lens magnification

- Combine data from multiple images to increase S/N
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Modeling Gravitational Lenses

 Lens modeling has been considered a “black art”/“black box™

e Partially due to lack of community-wide naming conventions and secrecy

In short, the problem with lens modeling is not that it is a “black art”,
but that the practitioners try to make it seem to be a “black art”
presumably so that people will believe they need wizards [...] any idiot
can model a lens and interpret it properly with a little thinking about
what it is that lenses constrain. - C.S. Kochanek, 2006

 More efforts in recent years to mitigate this
- Public availability of modeling codes
- Modeling challenges to compare models

- Larger campaigns involving multiple teams
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Modeling Gravitational Lenses

e Constraints for the model

- Source Redshift

- Multiple 1mage positions

- Relative fluxes and surface brightnesses

- Galaxy morphologies and (distorted) sizes - shear measurements

- Parity measurements

- Time-delays

- Kinematics (stellar dynamics/cluster velocity dispersions) - independent mass
e Assumptions about the model

- Parametric and/or non-parametric modeling

- Mass distribution relative to light (light traces mass - LTM)

- Smooth and/or multiple individual components

- Single or multiple screen lens
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Parametric or Non-Parametric Modeling

e Parametric: Models with parametrized assumed density profiles, e.g.,

2
- Isothermal sphere (week 4): p(r) = g
2rG(r2 + 12, ..
- NFW profile (Navarro+97): 5
p(r) = Ocper(2) where p..(2) 3H"(2)
(T’/ rSC&le)(l + 7'/ 7'scale)z . 8rG
e Populate the lens plane with such profiles to reproduce observables
04 04 S3 e S2e
0 » ° 0 ° 3 .;o :
1 1 3
S1
o
02‘ ‘ © 0> ‘ o .. ¢
o 0 O 0 Sn. ‘eonro
o? o 3 o
o

e Trace the light by solving the lens equation (transforms between [3 and 0)
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Parametric or Non-Parametric Modeling

e Basic idea: “There 1s an optimal estimate of source structure for any model”

 Surface brightness is conserved (week 6) so 8(8)

— 8(6)

* The lens equation describes the ‘source position—image position’ relation

* The goodness of fit can be estimated with

n;
2 Sz - Ssource plane
Xj = u

i=1 ’
Source plane, 3 X2 ode] = x?
S
Map to
Pix, j —P0

) 2
Lens plane, 0
Pixelated

T

pixi=1,...,n;
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Parametric or Non-Parametric Modeling

e But... we never have a true surface brightness mapping
e The point spread function (PSF) of the telescope needs to be accounted for
e This can be described in terms of a set of linear equations (matrix eq.)

2= 8; — P(PSF, lens model) 8source plane|”
_ =

- Where P accounts for the PSF and lens model

e Solving and minimizing returns goodness of fit Lens plane,

Source plane, [5 Pixelated & "PSFed’

R Map to
Pix, j —> pixi=1,...,n;
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The Mass Sheet Degeneracy

e But how unique can these (parametric or non-parametric) models become?

- Even when assuming plenty of observational constraints

e Assume that you good model predicts some surface mass density, x(0)
- satisfying the Poisson equation (week 3) szp = 2K

 Then an equally good fit is obtained from the family of lens models with

ka(@) = (1 —A) + A&(0)

Adding homogeneous _j &, Scaling of original x

surface mass density, k.
e To prove this statment, first consider the lens equation for k3

By =0 —ax(@) where ax(@) = (1— )8+ \a(8)
e Using (week 3) @ = Vi we also have for the scaled case that

1 —

2107 + Xas(6)

a)(0) = Vivx(0) where ¥\ (0) =
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The Mass Sheet Degeneracy

e This makes sure that the Poisson equation holds in the scaled case, 1.e.

V2¢>\ = 2K (Exercise 3.1)
 Combining the two equations we get
ﬁ% =0 — a(f) (Exercise 3.2)
e So the k) lens equation deviates from the original lens equation through A only
- The source plane coordinates are scaled by the factor A Week 6
- You can’t observe the source plane so effect 1s unobservable 30. o0,
A(0) = o8, 08,
e Hence, the Jacobian matrix and the magnification behave like 8"1‘ s
H p=
Ay = M A =13 det A(8)
e So from the definitions of shear and convergence (week 6) we get
2 (0) = \v(0) (1—ky) = A1 — k) (Exercise 3.3)

e In agreement with our initial statement: Kx(0) = (1 — A) + Ak(0)
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The Mass Sheet Degeneracy

e So this 1llustrates that:

For any good lens model, an equally good lens model can be obtained by
adding a ‘sheet’ of mass to the surface mass density of the model, or and
scaling it by a corresponding factor, call it A

e To break this degeneracy, modelers need prior information on either

e The absolute scale of the source

- By knowing size or luminosity (scale) of the object

e An absolute mass scale for lens

- obtained from stellar kinematics or cluster velocity dispersions

* Source positions as a function of redshift

- multiple lensed systems at different redshifts (distances, Ds)

-k differs with source redshift as it depends on 2 which depends on Ds
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Treu et al. 2016 Mass Models

Mass (k) maps for different lens models
of MACS1149 shown 1n week 6

MACS1149 1s the cluster lensing the
host of SN Refsdal

Models used for predicting re-
appearance of SN Refsdal
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Treu et al. 2016 Modelers

Diego et al.: WSLAP+ Grillo et al.. GLEE

- Galaxies and cluster ‘diffuse' mass - 300 cluster galaxies modeled as
components “pseudoisothermal elliptical” (dPIE)
Galaxies assumed fixed M/L (except BCG) - Scaling M/L of individual galaxies to
with NFW profile match empirical M/L o 102 relation

Diffuse mass determined by adaptive grid
pixillation

Short name
Zitrin et al.: \, Die-a

3 extra “dark matter” halos are added

Team Type rms Images

Diego et al. Free-form 0.78 gold+sil
- Light traces mass Gri-g Grillo et al. Simply param 0.26 gold
Scaling and smoothing of Ogu-g Oguri et al. Simply param 0.43 gold
power-law distributions Ogu-a Oguri et al. Simply param 0.31 all
Best-fit obtained via Sha-g Sharon et al. Simply param 0.16 gold
MCMC chain conversion Sha-a Sharon et al. Simply param 0.19 gold+sil
Zit-g \ Zitrin et al. Light-tr-mass 1.3 gold
rms: root mean square of obs. vs. model img positions in arcsec
Ogurietal.:. GLAFIC \
- Assumes small number of matter Sharon et al.. Lenstool
components: some follow galaxies - Assumes elliptical mass distributions (functional
(Jaffe profiles), some ‘free’ (NFW) for of mass components
Best model obtained from direct 2 - Cluster and galaxy scale halos
minimization - Cluster scale halo positions free to vary
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Mass (k) maps for
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Treu et al 2()16 Magmﬁcatlon Models

Gri-g Magnification

Magnification (u=0-200) maps for

different lens models
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Meneghetti et al. (2017) Model Comparison

e Model Cluster (Ares ) Synthetic Galaxy Cluster ‘Ares

- z=05 Multiple iinaged systéms .
- Mot ~2 X 10 M 4 Crltlcal turve Z 9'

* Produced by ray-tracing with
- MOKA (Giocoly+12)

e HST images generated with
SKYLENS (Meneghett1+08,10)

e Asked cluster modelers to predict e i
x and u (among other things) |

e Provided:
- Multiple images (with redshifts)
- Cluster members

- Large FoV 1image of background
obj for shape measurements
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Meneghetti et al. (2017) Comparison Metrics

Bradac-Hoag

Ares
Hera

Orient. 2D Conv.
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Meneghetti et al. (2017) Findings

e First time such an extensive lens-comparison study was made

- A good step on the way away from the “black art” of lens modeling
e Parametric models better at capturing 2D structure
e Non-parametric models competitive when determining 1D x profiles

e Mass(<0Og), 1.e. where strong lensing happens, is of the order a few %(!)

Substructures (cluster members) around critical lines increase this to ~10%

e Strongest limitation of parametric models: determining asymmetries
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Model Example: Einstein Ring 0047-2808

Lens plane, O (obs.) Lens plane, 0 (model) _
20..‘-'-
N Surface N [ -°
Brightness )
. RS TN
" ‘ IR " 1.5-
m ‘ ' | JREE 2 . .
o N B oo ¢ N ‘ y
;o’ i W [ o7 ;o’
‘ o 1.0-
- w [] o.00 . V
0.5- v
“o | 2 3 4 ®0 1 2 3 4 :
X (orcsec) X (orcsec) ': l.
Source plane, f§ Source plane, f§ 00 L
3 2 0 1 4
- 9 K Brightness
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; : - DM (y) & M/L (¥)
f | — A t»  constraints from
f' - ] 144 ‘f’ ] 197
S O 1os 3 — model
D 0.64 D -1.45
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¥ (arese) X (arcmin) Dye & Warren (2005)
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S0 1In summary...

* Lens models are split into parametric and non-parametric models

* The goal of models 1s to minimize disagreement with observations,ze.g.,

g;

- in terms of image positions Ximg = Z (

- surface brightness measurements 2 = 87 — P(PSF, lens model) 8source plane|2
 The Mass Sheet Degeneracy states that:

o2

For any good lens model with x(0), an equally good lens model
can be obtained by a model with x(0) = (1—A) + Ax(0)

e MSD can be broken with multiple lensed systems or kinematic masses
 Improved efforts for comparison of (cluster) lens models are underway
- Treu+16: Comparison of models to predict SN Refsdal re-appearance

- Rodney+15: Comparison of models predicting SN 1a magnification

- Meneghetti+17: Comparison of model predictions for (two) stmulated cluster
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Reviewing and Providing Feedback on Essays

e Exercise:

- Read the essay you have been given

- Provide written feedback (e.g. via email or simple text document)
* Goal of exercise:

- Mimic a peer review process

- Train 1n providing comments/feedback to colleagues on paper
drafts, documents, reports, research notes, etc.
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The ‘Typical’ Peer Review Process

Author submits
article to journal

Journal Editor Rejected after
screens paper screening

Reviewer

Reviewer

Author makes Editor assessment
revisions of reviews

Accepted no
revisions required

http://senseaboutscience.org/wp-content/uploads/2016/09/peer-review-the-nuts-and-
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Journal Guidelines: IOPScience (AJ & Apl)

When assessing a paper, you should ask yourself the
following questions:

Is the work understandable and correct?
e |sitclearwhatthe authors are trying to achieve?

o Are there sufficient references to provide background and put the work in context?
e Are the results backed up with evidence? Are there any unsupported claims?

¢ |sthe work correct? Are there any errors, flaws or mistakes in the manuscript?

¢ Are the mathematics or statistics correct?

e Do you understand the work?

Is the work novel and interesting?
e Aretheresultsinteresting?

e Isthe research important? Do the authors explain why itis important or how it advances
our understanding of the field?

¢ Isthe work original? Does it contain new material? Have any parts of the manuscript
been published before?

e How relevantis this work to researchers in your field? Would it be beneficial to get an opinion from
a researcherin anotherfield?

¢ |sthis novel, oran incremental advance over previous work?

Is the work well presented?
e Doesthetitle reflectthe contents of the article?

¢ Doesthe abstract contain the essential information?

e Are the figures and tables correct and informative? Are there too many, ortoo few?

¢ Doesthe conclusion summarise what has been learned and why it is interesting and useful?
e [sitclear?

¢ |sthe manuscriptan appropriate length?
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Journal Guidelines: Nature

Key results: Please summarise what you consider to be the outstanding features of the work.

=« Validity: Does the manuscript have flaws which should prohibit its publication? If so, please

provide details.

Originality and significance: If the conclusions are not original, please provide relevant
references. On a more subjective note, do you feel that the results presented are of
immediate interest to many people in your own discipline, and/or to people from several
disciplines?

Data & methodology: Please comment on the validity of the approach, quality of the data and
quality of presentation. Please note that we expect our reviewers to review all data, including
any extended data and supplementary information. Is the reporting of data and methodology
sufficiently detailed and transparent to enable reproducing the results?

Appropriate use of statistics and treatment of uncertainties: All error bars should be defined in
the corresponding figure legends; please comment if that’s not the case. Please include in
your report a specific comment on the appropriateness of any statistical tests, and the
accuracy of the description of any error bars and probability values.

Conclusions: Do you find that the conclusions and data interpretation are robust, valid and
reliable?

Suggested improvements: Please list additional experiments or data that could help
strengthening the work in a revision.

References: Does this manuscript reference previous literature appropriately? If not, what
references should be included or excluded?

Clarity and context: Is the abstract clear, accessible? Are abstract, introduction and
conclusions appropriate?

Please indicate any particular part of the manuscript, data, or analyses that you feel is outside
the scope of your expertise, or that you were unable to assess fully.

Please address any other specific question asked by the editor via email.
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Considerations when providing Essay Feedback

* [s the abstract clear and summarizes the aim, method and goal of study?

* Are the figures and captions well-explained and understandable?

* Is the goals of the study described in the essay clear?

* Would it be possible to reproduce the study - if not what 1s needed for this?
* Do the conclusions summarize the main results clearly?

* What would you suggest to improve the essay?
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A Few References:

* http://www.astrobetter.com/wiki/tiki-index.php?page=Refereeing+and+Peer
+Review

* https://www.nature.com/authors/policies/peer_review.html
* http://senseaboutscience.org/activities/peer-review-the-nuts-and-bolts/

e https://publishingsupport.iopscience.iop.org/becoming-a-journal-reviewer/
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