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Dark Energy Survey Y1
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* Principle of cosmic shear:
* Shape of galaxy are spatially correlated due to weak-lensing effect (if we forget about intrinsic

alignement)

* 2-point correlation function of galaxy shape allowed to extract cosmology (2m, Ss, ...)

« Cross correlation between different redshift bin allowed to extract more informations
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Dark Energy Survey Y1

DES Y1 Shear

DES Y1 All

s~ » The following of a cosmic shear analysis is to
e combine it with two other 2-point
S correlation function:
< * The galaxy-shear correlation function
e - The galaxy-galaxy correlation function

| | | | | | | | | | | | | |
: ) N S < : N\ i . Q - . \)
\\‘ .\’\ "_\’ \\ N \\‘ \“\ \\ \\.\ \\.\~ \\\‘ 4 \ v ’\‘ -:\ Q\
ANREEEEN RN LN N\ / / / / / QA A QO QO

Dark Energy Survey Y1

\4
— 3 X 2-points correlation Function
o DES Y1 + blandk
0.90 -
& oss — . . .

) * For DESY I, precision on cosmological
o7 parameter is comparable to Planck results!
0.72 -

(1.!24 ().I!() ().:i(i ().:2

Q,



Cosmic-Shear Systematics

Weak-lensing will be one of the best probes for LSST
Last DES Y| results is a good example

Already comparable in precision with Planck

A lot of systematics need to be reduce for LSST (for current survey also)

Example:

- PSF

* Blending

* Noise bias

* Photo-z

* Intrinsic alignement



Cosmic-Shear Systematics

Weak-lensing will be one of the best probes for LSST
Last DES Y| results is a good example
Already comparable in precision with Planck

A lot of systematics need to be reduce for LSST (for current survey also)

* Noise bias
* Photo-z
* Intrinsic alignement



Ellis 2010 (simulation)

Weak lensing signal

(utwouie) 4g

© mm _ *y VI«».I J.. EA X, .\t... 0
QO S o ST RN, i TSR 3
— Y ha T W L
3 $ ' .~ o -
PE2e 73 ¥ o Dntit] -
: RN TR ST [BngE e
o, A5 R bl ¢ 2RSS K s b 2
— \ . R p F NS ; s BN,
. 13 o <= WSS L7 2 B R
2N R AR oy 5, L0 H R = o ol XY
— o b T La SO %d«\. o o Ml. o = K xan o 2 X7
— < IR, 5 =
f vwf.. 3 PG T £ ¥ 3 .mWW S = iy alm PN Rl o
¥ ) 5 Sy & Chid Gl ST S e LK = T, ™ < B
) SRR B | IR IR ¥ =
N d RS AT X RS T o X~
ST gl 2 P e Rl T T 7
n 2#ZRIR s 3 TR Y, IR 3 A 5 SRS SY o T
[TV LE S Q ¥ o oy & Sl I
R A e R e g :
P, AT LA S b SRR r e SN
© m— EN R o g ST ORI 25 R = (XA
L W A T SN T e MR o
= oA X qfh X NI R B (RIS SLN .W‘ TS
e 1% 5 o A \ =2 3 T~
J Rty S i e ) o N SN e b
n e ek, T R A & w T AL ! 37
- Ch BN s T J 7 = = S
- < 154 3 Y- R R s *
< £S04 3 (2 7 ﬂ_v B - w.lihs R, T
, w .\... kg .N. 3NN §. (Tl uW- N ST % .nx.‘u o,
N - 2T A TR T W b b O A, TRy Y
L S AP AR R LRSS XK RO PR ARAE Sy =
- Z = s wf Yok Th PN S ) &7 "y
= SEN T o £ o & -3 g Q
o g 24 J K N I LA X £
d R ik 2k iR i, TN e N R AR TN SRERRE TR L 5T N
~ N . o el
'y . T I b A o - T
(qv) - A =R A \m..»wm.. MR A
7> 3 Y W PEFER
e O S Y NP o R AR L e
.m ..U .w : e of by 4 0 o8 ,hsu: ..ﬁ. .uwsx
S A g AN o 5y A o S T
. b -
D — = B P i ngg i By T N R o e
& o 18 P » P 2290 ™0 T
I @ m Rz S A BB
v £
t Il Il Il Il Il
o o o o o
h“ o n e o
— | —
o = _

100

50

50

—100

Oy (arcmin)

Heymans et al. 2012

+

%=

~

3.5e-04

3.0e-041

-5.0e-05}
-1.0e-04

5.0e-05f
0.0e+00f - - - - - - - F®-FT=p—x—5 =

Dark Energy Survey Y1

o’**

wr s |

llllll

llllll

ITTTHN .

T
-
—

T
-
i
3

10

6 [arcmin]

102

)

arcimin

10!
0 (






Instentaneaous PSF (wavelength= 692nm)
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How the PSF really looks like ?
High definition movies of bright stars took on

Gemini south with the Differential Speckle
Survey Instrument

0.0l arcsec / pixel (LSST 0.2 arcsec / pixel )
Exposure time of 60 ms with 2 ms of readout

See C.-A. Hébert et al. ArXiv: 1807.09337
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PSF decomposition

Davis et al. 2016

For a given exposure

PSF size

PSF ellipticity |

PSF ellipticity 2
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Current PSF modeling

PSFex package
* PSFex is a common used package for PSF modeling
* A ‘Pixel Basis’ model

* ‘Pixel Basis’ parameters interpolated with a polynomial interpolation per CCD chip in pixel
coordinate

Limitations of PSFex:
* Working in sky coordinate would be better

* Does not take into account for spatial correlations that are larger than a CCD chip size
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PSFs In the Full FoV (Piff) package

- Piff is a new python software for PSF estimation developed initially to replace PSFex
in DES and now also developed for LSST

 Modular package where it is easy to implement new PSF modeling and interpolation
scheme over the FoV

» Package with unit testing and code review
 Will be used for the Weak-Lensing analysis of DES Y3

« Contributors:

Mike Jarvis, Pierre-Francois Léget, Chris Davis, Erin Sheldon, Josh Meyers, Gary Bernstein,
Aaron Roodman, Pat Burchat, Daniel Gruen,Ares Hernandez, Andres Navarro, Flavia
Sobreira, Reese Wilkinson, Joe Zuntz, Sarah Burnett

13



Piff improvements respect to PSFex:

* PSF modeling in sky coordinate instead of pixel coordinate.

+ Can modeled the PSF per CCD or in the full FoV (great to get PSF variation due to
atmosphere)

- Different choices of modeling the PSF are available (Pixel basis, Optical model +
Kolmogorov profile, ...)

- Different choices of interpolation model are available (polynomial, gaussian process, ...)

+ The average PSF model over the survey can be a part of the final solution
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« Good PSF for Cosmic-shear ==

uncorrelated spatial residuals

 The Rowe Statistics

- Evaluate spatial correlation of second
moments of the PSF (size and
ellipticity)

« T ==Trace of second moments

- e == complex ellipticity
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Rowe Statistics:

p,(0)= <Ae*(x)Ae(x + 0)>
p,(0)= <e*(x)Ae(x +6))

P5(0) e — (x) e—)(x+9)>

p4(0)

(5
o0 Ycr0)
e

ps(@)=(e (x) e— (x+9)>



« Good PSF for Cosmic-shear ==

uncorrelated spatial residuals

 The Rowe Statistics

- Evaluate spatial correlation of second
moments of the PSF (size and
ellipticity)

« T ==Trace of second moments

- e == complex ellipticity

* Those coefficient comes from the

propagation of error modeling of the
PSF to the cosmic shear signal

» See Jarvis et al. 2016, Rowe 2010 and
Paulin-Henriksson et al. 2008

Rowe Statistics:

p,(0)= <Ae*(x)Ae(x + 0)>
p,(0)= <e*(x)Ae(x +6))

p3(9)5< e — (x) e—)(x+9)>
p4(9)E<Ae (x) e— (x+0)>
p5(9)5<e (x) e— (x+9)>

2 2 2
T, AT T T T T
A§+:2 PSF PSF 6 (8)+< PSF> p (0)_a< PSF>p (6)+< PSF> p (9)+< PSF> p (9)_a< PSF>p (9)
< T TPSF > Tg [ 1 Tgal ’ Tgal ’ Tgal ) Tgal ’

16



PSFex
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Piff and PSFex are applied on ~50% of DES Y3 data
Both used the same ‘Pixel Basis’ model of the PSF
Both used a Polynomial interpolation per CCD chip
The main difference is the coordinate system

Rowe statistics is computed to compare both
Analysis and plots done by Mike Jarvis
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p,(0) = (Ae’ (x)Ae(x +6))

AT ) o LAT
p3<9)=<(e = )(x)(e = )<x+9>>

p,(0)= <Ae*(x)(eAT—T)(x + 9)>

p,(0)= (e’ (x)Ae(x+0))
py(6)= <e*<x)(eAT—T)<x+6)>



The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
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The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
as a Fraunhofer Diffraction

I(u,v) ~ ‘F{P(p’g)ezmw(pﬂm }‘

I

Wavefront
Pupil function
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The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
as a Fraunhofer Diffraction

I(u,v) ~ ‘F{P(p’g)ezmw(pﬂm }‘

I

Wavefront
Pupil function

Wavefront decomposed as a double Zernike polynomial
that depend on the focal plane coordinate

_— \

(p 9) 2[ lreference(u v)+az corr(u V):| (
a, ., (U,v)= Zbi,j(u,v)Zj (p,@)
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The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
as a Fraunhofer Diffraction as a Kolmogorov profile

1w.v)~|F{P(p.0)e™ """ ] \@K(a(u ).8,(14,).8,1t.9))

1 |

Wavefront
Pupil function

Wavefront decomposed as a double Zernike polynomial
that depend on the focal plane coordinate

/ \

( ) _ 2 |:al Jreference (l/t V) + az ,COrT (l/l V):|
a, ., (U,v)= Zbi,j(u,v)Zj (p,@)
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The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
as a Fraunhofer Diffraction as a Kolmogorov profile

[(u,v) ~‘F{P(p,9)emw(p’9m} ® K(oe(u,v),g (u,v),g,(u,v))

| 1 N/

. . Wavefront Second moment of
Pupil function the Kolmogorov profile
(size, ellipticity)

Wavefront decomposed as a double Zernike polynomial
that depend on the focal plane coordinate

/ \

(p 9) 2[ lreference(u v)+az corr(u V):| (
a, ., (U,v)= Zbi,j(u,v)Zj(p,H)
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The Optical and Atmospheric PSF model

PSF profile ~ Optical part of the PSF X Atmospheric part of the PSF
as a Fraunhofer Diffraction as a Kolmogorov profile

I(u,v)~ F (p.,0)e W”” ®K<a<u v),8,(u,v),8,(u,v))

1 1 N/

. . Wavefront Second moment of
Pupil function the Kolmogorov profile
(size, ellipticity)

Wavefront decomposed as a double Zernike polynomial Kolmogorov parameters modeled as

that depend on the focal plane coordinate a Gaussian Process drive by aVon-Karman
correlation function

W (9.8) = X[ 1 srcc :¥) + 610, 10) |2, (0.8 o (u,v) ~ N (o (u,v),8)

ai,corr(u’v) — Zbi,j(l/l,V)Zj (,079) gl (M,V) - N(gl,o (M,V),f)
J gz(uav)~N(g2,O(u9V)9§)
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Preliminary results on the Dark Energy Survey Y3

* Method applied on DESY3
* On ~1000 exposures in grizY

* Compare the optical & atmosphere model to the Pixel Basis model (that will
be used for Y3 Weak-lensing analysis) —> Both from Piff

* Training (modeling + interpolation) on 80% of stars
* 20% of stars kept for validation

* Results shown on the validation sample only
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* For the Pixel Basis model using Piff and an interpolation done per CCD chip
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+ Residual size (Trace of second moments matrix) and ellipticity averaged across the DES FoV

* For the Optical and the Atmospheric model using Piff and an interpolation done on the full FoV
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Residual

size (Trace of second moments matrix) and ellipticity averaged across the DES FoV

The Optical and the Atmospheric model seems to do a better job to reconstruct the second
moments compared to the Pixel Basis model
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p,(0) = (Ae’ (x)Ae(x+6))
P,(0)= (e’ (x)Ae(x+0))

AT o AT
p,(6) = (e = j(x)(e = )<x+9>>

py(6)= <e*<x>(eAT—T)<x+0)>

- Rowe statistic are compatible for
both modeling

- Optical and the Atmospheric
model is better at small angular
separation

- Can be improve on larger scale (and
we know how!)



Ongoing improvement of the PSF modeling:

- Average function of the atmosphere done per filter instead of across all filter
* Anisotropic Gaussian Processes instead of isotropic

* Add more Zernike coefficient, especially more spherical component

* Add third moment in the procedure of fitting for the optical part

» Adjust wavelength dependence in the optical model (set at 700nm currently)
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The near terms goals is to
make work the physical

model for DESY5
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The next stage for PSF
modeling: HSC.

More complicate optical
system on an 8 meters

Subaru / HSC
The near terms goals is to

make work the physical
model for DESY5
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LSST

The next stage for PSF
modeling: HSC.

More complicate optical
system on an 8 meters

Subaru / HSC
The near terms goals is to

make work the physical
model for DESY5
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