(Some) future plans
for Galsim

Josh Meyers

® galsim.ChromaticRealGalaxy

® galsim.PhaseScreenPSF



The LSST PSF is chromatic

® Atmosphere
® Differential chromatic refraction
® Chromatic seeing

® Optics (diffraction/refraction)

® Sensors (absorption length)

® Primary concern for weak lensing is
difference between PSF star SED and gal SED.
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Color gradients
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® SED varies with position in real galaxies;
so does the PSF

® Definitely a problem for Euclid (Voigt++12,
Semboloni++1 3)

® Bias due to color gradient scales like

dPSF
dA

PSFE area
gal area

x (filter width)* x

e LSST/Euclid ~ (0.3) x (0.4)2x 32~ 0.4
® At least this bad in actual simulations (S. Kamath)

® However, real galaxies are not bulge+disk!
Especially at high redshift. O 02 04 06

redshift

Kamath++ in prep.
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.

|
Observed image  HST PSF /ga Y

!
N (@) = 1(2) + £(7)
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.

|
Observed image  HST PSF /ga Y

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.

|
Observed image  HST PSF /ga Y

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.

I(k)
[1(k)

~ = deconvolve ~

I(k) = TI(k) f (k) === f(F) =
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.

|
Observed image  HST PSF /ga Y

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.

~ —

(k) = T1(R) F () =22 () = =)

I
L1(k)

transform ’ J’EI(E) _ f(AE)
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.

|
Observed image  HST PSF /ga Y

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.

()

T(R) = THR)F(F) = ) = 5 o
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.
real space K space

galaxy

Observed image HST PSF { =
N
— X
(@) =T11(Z) * £(2)
® Deconvolve HST PSF. Apply affine transformation (e.g., FV(\;lr—i|£|3/|P~SOF . .
shear, dilate, rotate). Convolve by desired (larger) PSF. |
- S o I(k)
]k:kakdeconvol\iefk:~_)
(F) = TR F (R ) = 5 o
transform ~. .7 ~ g
- f'(k) = f(AF)
reconvolve ~ — ~ = o~ =
g ]Itarget(k) — Htarget(k)f/(k)
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.
real space K space

|
Observed image  HST PSF /ga Y : =

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.

PSF PSF
orig PSF
FWHM ~0.1”

~, 7 ~ 7\ & ,7°\ deconvolve ~ — i(lg)
[(k) = T(k)f(k) =2 Fk) = —=
(R) = T F(R) =2 (6 =
transform -~ s ~ -
- JI(R) = f(AR)
reconvolve ~ — ~ = o~ =
g ]Itarget(k) — Htarget(k)f/(k)
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.
real space K space

|
Observed image  HST PSF /ga Y : =

!
N (@) = 1(2) + £(7)

® Deconvolve HST PSE Apply affine transformation (e.g.,
shear, dilate, rotate). Convolve by desired (larger) PSF.

PSF PSF
orig PSF
FWHM ~0.1”

~ ~_ 7\ & ,7°\ deconvolve ~ — i(lg)
[(k) =T(k)f(k) =% F(k) = —=
(B) = TR0 == i) = 1

transform ~ 7 ~ - rot 30 de

- (k) = f(Ak) g
reconvolve ~ — ~ - o~
g ]Itarget(k) — Htarget(k)f/(k)
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galsim.RealGalaxy

® Use HST images to model realistic galaxies.
real space K space

Observed image  HST PSF /ga'axy T
I(x) = 1I(x) %
(@) =T11@)  f(®
® Deconvolve HST PSF. Apply affine transformation (e.g., FVSQ%AF:SOF ”
shear, dilate, rotate). Convolve by desired (larger) PSF. |
~, ~_ 7\ & ,7°\ deconvolve ~ — i(]g)
[(k) = 1L(k) f(k) — f(k) = —=
[1(k)
transform PO ~ - rot 30 deg
" f/(k) - f(Ak) target PSF .
FWHM ~0.4” *
reconvolve ~ — ~ = o~ =
g ]Itarget(k) — Htarget(k)f/(k) \ ‘
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galsim.RealChromaticGalaxy

® Use multi-band HST images to model realistic galaxies with color-gradients.

| Filters HST PSF galaxy
maies ) l /—) {
L(@) = [ T [T 2) + £(70)] A
filter index
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galsim.RealChromaticGalaxy

® Use multi-band HST images to model realistic galaxies with color-gradients.

lmaies Filtfrs I-‘liT PSF /galaxy
[;(7) = /Té(A) TI(Z, ) * f(Z,\)] dA
filter index

® Assert that galaxy is sum of separable profiles with particular SEDs; solve for
spatial components.

f(Z,A) = Z/SJ()\)aj(f)

\

SEDindex”  gppg spatial terms
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RealChromaticGalaxy

® Again, go to Fourier space:

Ansatz > I(k) = / TNk, A) Y SNy (k) dA
Rearrange . = Z [/E(A)Sj()\)ﬁ(/?, ) dA] a; (k)
Relabel - ZH@H

/ \ Solving for these.

Effective PSF of jth SED through the ith filter.

® [Left with a matrix equation for each k-mode. So solve it!

® Can also do this properly accounting for correlated noise in each image:
see https://github.com/GalSim-developers/GalSim/blob/7%23640/devel/

modules/CGNotes.pdf for details
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(Toy) example

WWMWWW" PRIVIREPIR L Lo L s A S T PTIRPTITRTTEWRTPYY R w*,'w:,‘w-;mM
® - i-, z-like input filters, Euclid-like output filter, PSF, and pixels.

band[0] input ' band[2] input
0.00090

0.00075
0.00060
0.00045
0.00030
0.00015
0.00000
—0.00015

True output Reconstructed output Residual

' 0.00060
: : . 0.00045
= . =i 0.00030
. | 0.00015
_hl 0.00000
- ~0.00015
- . —~0.00030
, . ~0.00045
~0.00060
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® -, i-, z-like input filters, out-of-phase output filter and LSST-like PSF, pixel scale.

band[0] input

True output

2/11/2016

Reconstructed output

A

0.00090
0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

—0.00015

band[2] input

Residual

0.00032
0.00024
0.00016
0.00008
0.00000
—0.00008
—0.00016
—0.00024
—0.00032
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Next steps

® AEGIS catalog of ~29000 galaxies in V- and |-band.

® Sowmya Kamath currently processing these (continuing work done by
Bradley Emi, Jason Rhodes, Andres Plazas, and Rachel Mandelbaum.)

® CANDELS - similar area/depth to AEGIS, but 5-8 filters.
® HST Frontier Fields (parallels) - smaller but deeper, ~7 filters.
® (Chromatic)RealGalaxies from hydro sims (Issue #669)

® Tests:assess the importance of asserted SED mismatch.
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galsim.PhasescreenPSk

Project telescope aperture through
series of 2D phase screens.
(galsim.AtmosphericScreen)

Fourier transform and square to
get PSF.

Integrate over time.
(galsim.PhaseScreenPSF)

-
£
—
x
2
Z

Jee+Tyson11
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Arcsec
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0.5+

0.0}

Instantaneous PSF

I(z,y) o | F P(u,v)exp( . W(u,v))

.l
Meters

-1.0

-0.5 0.0 0.5 1.0
Arcsec WEES

hitps://youtu.be/kwxKvWAXxODbO
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Arcsec
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Cumulative P_SF
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Arcsec
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INnterface

aper = galsim.Aperture(diam=8.4, obscuration=0.6, nstruts=4, strut_thick=0.02)

screenl = galsim.AtmosphericScreen(screen_size=100.0, screen_scale=0.1, altitude=1.,
time_step=0.03, r0_500=0.15, L0=25.0, vx=1.2, vy=2.3)

screen1@ = galsim.AtmosphericScreen(screen_size=100.0, screen_scale=0.1, altitude=10.,
time_step=0.03, r0_500=0.3, L0=25.0, vx=-12.0, vy=-1.)

# Z1 /2 Z3 Z4 Z5 /6 Z7 and so on...
aberrations = [0.0, 0.0, 0.0, 0.0, 0.1, 0.2, 0.3, 0.4]

optics = galsim.OpticalScreen(aberrations=aberrations, lam_0=500.0)

screens = galsim.PhaseScreenList([screenl, screenl1@, opticsl])

wavefront = screens.wavefront(aper, theta_x=0.1*galsim.degrees, theta_y=0.2*galsim.degrees)
# Get 5x5 array of PSFs

thx = thy = numpy.linspace(-0.5, 0.5, 5)

thx, thy = numpy.meshgrid(thx, thy)

PSFs = screens.makePSF(lam=625., aper=aper, exptime=30.0,
theta_x=thx*galsim.degrees, theta_y=thy*galsim.degrees)



Speed and Accuracy

e Both under assessment
e especially accuracy
e especially PSF correlations
o Speed for 6-layer atmosphere with default settings:
o 2.5h per 30s monochromatic PSF.
e (Cautiously optimistic potential speed:

 ~minute per monochromatic PSF.



KNobs

t=0.00s

Meters

-4 -2 0
WEES
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Knobs

* Pupil sampling

Meters

WEES
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Knobs

* Pupil sampling

* zero-padding

Meters

-4 -2 0 2 4
WEES
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Knobs

* Pupil sampling

* zero-padding

Meters
o

* sampling frequency

0030_020000002000400

WEES

27



Knobs

* Pupil sampling
* zero-padding

* sampling frequency

Meters
o

* Time step interval

0030_020000002000400

WEES
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Direct comparison of sampling settings

oversampling: 1.0, max_size: 2.0 oversampling: 1.25, max_size: 2.0 oversampling: 1.5, max_size: 2.0
time:14.542358 time:13.045656 time:26.303135
e1=0.00133 e2=0.00130 e1=0.00131 e2=0.00132 e1=0.00133 e2=0.00136

-0.5 0.0 0.5 -0.5 0.0 0.5 -0.5 0.0 0.5

oversampling: 1.0, max_size: 3. oversampling: 1.25, max_size: 3.0 oversampling: 1.5, max_size: 3.0
time:30.295004 time:27.436807 time:67.419749

e1=0.00132 e2=0.00130 e1=0.00135 e2=0.00134 e1=0.00132 e2=0.00130

max_size ~ stepK

-0.5 0.0 0.5 -0.5 0.0 0.5 -0.5 0.0 0.5

oversampling: 1.0, max_size: 4.0 oversampling: 1.25, max_size: 4.0 oversampling: 1.5, max_size: 4.0
time:75.729812 time:70.714472 time:139.430677
e1=0.00133 e2=0.00132 e1=0.00132 e2=0.00132 e1=0.00133 e2=0.00133

Oversampling ~ maxK
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Time step

* Default (5 ms) follows Jee+Tyson (2011)

* Roughly half the ratio of the Fried parameter (0.16 m) to the
maximum wind speed (20 m/s).

* (Il think) this is mostly important for getting PSF correlations
right.

30



Single 30 s PSFs with different temporal
samplings to PSF with default sampling

- Smaller steps Larger steps |
| more samples fewer samples |
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Single 30 s PSFs with different temporal
samplings to PSF with default sampling

- Smaller steps Larger steps |
| more samples fewer samples |
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PSFs across the field of view

arcmin
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PSFs across the field of view

-2 0
arcmin
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PSFs across the field of view

-2 0
arcmin
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PSFs across the field of view




PSFs across the field of view

Need more stars to compute xi

s

R (arcmin)




Questions.

* Appropriate atmospheric screen parameters? Number of layers?
* What are requirements for “realism?”

* What are requirements for “realistic level of complexity?”



Backup slides



Conclusions & todo

* (Cautiously optimistic that can reduce running time of single
monochromatic atmospheric PSF from ~few hours to ~few
minutes while maintaining a “realistic level of complexity.”

* Exact level of realism is tricky.

* |n particular, need to verity that atmospheric PSF correlation
function is “realistic.”

* What are are the requirements?
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® -, i-, z-like input filters, out-of-phase output filter and LSST-like PSF, pixel scale.

band[0] input

True output

2/11/2016

Reconstructed output

A

4]

0.00090
0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

—0.00015

band[2] input

Residual

0.00032
0.00024
0.00016
0.00008
0.00000
—0.00008
—0.00016
—0.00024
—0.00032
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(Toy) example

Laladaladal
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° , z-like input filters, out- of—phase output filter and LSST-like PSF, pixel scale.

leferent random seed.

band[0] input

0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

band[1] input

0.00090
0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

band[2] input
2] b 0.0012

0.0010
0.0008
0.0006
0.0004
0.0002
0.0000

—-0.00015

~0.00015 —-0.0002

True output Residual

h

2/11/2016

Reconstructed output

0.0200
0.0175
0.0150
0.0125
0.0100
0.0075
0.0050
0.0025
0.0000

42

0.00032
0.00024
0.00016
0.00008
0.00000
—0.00008
—0.00016
—0.00024
—0.00032
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(Toy) example
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° , z-like input filters, out- of—phase output filter and LSST-like PSF, pixel scale.
Yet another different random seed.

band[0] input

True output

0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

—0.00015

A

2/11/2016

band[1] input

Reconstructed output

0.00105
0.00090
0.00075
0.00060
0.00045
0.00030
0.00015
0.00000

—-0.00015

A

43

Residual

band[2] input

0.00032
0.00024
0.00016
0.00008
0.00000
—0.00008
—0.00016
—0.00024
—0.00032
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Planes of interest and relations required for FFTs

2

F

P(u, v) exp (_imW(u, v))]

-1 { F | P(u,v) exp (imw(u’UO” }
Image -oune!
— Ae > StepK
« T g > 4 » 4 2 X maxk »
A A - maxK L 2SR
A@ . (9 2T
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Obscured Airy
=ell

MTF = |FT[PSF]|

15

10

0.5

0.0

-0.5

-1.0

-15
-15 -10 -05 0.0 0.5 10 15

need large maxK

compact PSF
can use large stepK

maXK/StepK ~ 200 15 -10 05 arfzsoec 05 10 15




Kolmogorov

. MTF = |FTIPSF]|

No pupill )

-1.0

-15
-15 -10 =05 0.0 0.5 10 -400 =200 0 200 400

can use small maxKk

wide PSF

W
o
3
£
a
(S
o
=
=)

need small stepK

3.0
0.0 0.5 -400 =200 0 200 400

maxK/stepK ~ 25 |




Instantaneous Atmospheric

MTF = |FT[PSF]|

Meters
o

-4 -2 0 2 i
Meters

requires large maxK

wide PSF
need small stepK

W
o
=
£
a
(S
o
(=
Qo

GalSim assumed
maxK/stepK ~800
could have
used ~200 ()




3 seconds cumulative atmospheric

MTF = |FTIPSF]]

No single
equivalent pupll

OTF =
autocorrelation
of pupll
(MTF = |OTF|)

even though
cumulative OTF
IS compact, need
whole aperture to
compute needed

correlations.




30 seconds cumulative atmospheric

MTF = |FTIPSF]|

Now similar to
Kolmogorov

maxK/stepK ~ 25

Large K modes
disappear. No
need for
oversampling.




Sampling

* Expected atmospheric PSFs would require the worst attributes of
Airy (large maxK) and Kolmogorov (small stepK).

* Simulated atmospheric PSF appears to be more compact than
Kolmogorov, so possibly don’t need quite as small of stepK as is
currently being employed.

* Needs more study.
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More Timing

[josh@Trogdor ~/sandbox/speed_accuracy]$ python speed.py --oversampling 1.0 --pad_factor 1.0 --max_size le6 --exptime 30.0

Making atmosphere
Done making atmosphere

(1536, 1536)
| 19 /6.0k ( ©0.32%) ETA 51m39s

Restrict output size to 5 arcsec

[josh@Trogdor ~/sandbox/speed_accuracy]$ python speed.py --oversampling 1.0 --pad_factor 1.0(--max_size 5)--exptime 30.0
Making atmosphere
Done making atmosphere

(768, 768)
| 85 /6.0k ( 1.42%) ETA 10m4Zs

Restrict output size to 2 arcsec

[josh@Trogdor ~/sandbox/speed_accuracy]$ python speed.py --oversampling 1.0 --pad_factor 1.0(--max_size 2)--exptime 30.0
Making atmosphere
Done making atmosphere

(384, 384)
| 263 /6.0k ( 4.38%) ETA 1m56s
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