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 WEFIRST Moved into Formulation (Phase A)
on Feb 17, 2016

* STScl has been funded since 2014, jointly with IPAC, for
science center studies

e Specific topics addressed at STScl

— Creation of Simulation Tools
* Several Python-based multimission tools adapted from JWST
* Emphasis on telescope, instruments, detectors, ...

— Technical Reports
* select technical and science operations topics

— Community Engagement
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SPACE TELESCOPE SCIENCE INSTITUTE

About Current Data News and Future Missions and R h
Us Missions Archives Education Initiatives Support Cocas

Wide Field Infrared Survey Telescope

(WFIRST)

WFIRST Overview

Science

External WFIRST Sites
Ingt;:;nn?:ﬂt%lns Wide-Field Infrared Survey + Over 100x Hubble’s image area

WE P * 2.4-meter telescope GSFC website
Technical Reports Telescope ( IRST) 2 \ * Array of new-generation
Early 2020s launch

Software Tools B \E e detectors JPL website

Software Overview ; ! A T . IPAC website

MAST FOV Overlay

: WFIRST will produce large-scale maps of the night sky at the
WebbPSF o highest resolution we’ve ever had.
Pandeia

STIPS et g : _ :
Tools Server j ' - Ij

Hubble field
Conferences i

Contact Us § A S ‘ . WFIRST wide-field image

This site presents the work of the Space Telescope Science Institute (STScl) on the
WFIRST mission, which presently includes developing data simulation tools, studying
instrument and observing modes, preparing for mission science operations, studying
data analysis software, processing and archiving, and engaging the astronomical
community in the mission science. Links to specific subjects, software, and reports
can be found in the menu on the left.
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* Calculates field and wavelength/filter dependent PSFs
for use in other tools and for science planning
(Perrin, Long)

 Open source, ITAR-free, flexible, and well-documented
Python code

* Uses known pupil geometry, WFE models, and
iInstrument properties

e Status:
— WEFI functionality released (beta version)
— Work on extensions to other WFIRST modes ongoing
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WFIRST focal plane for wide-field imaging
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* Detailed “scene” creation for broad science cases
(Pontoppidan, Pickering, Laider et al. Pandeia Team)

— extra-galactic, galactic, stellar, etc.
* Full three-dimensional model
— two spatial, one wavelength ' :
* Detailed detector models ‘

* Focus on calculating accurate

J9SdJe M3} Y

exposure times (ETC) and Y
signal-to-noise ratios e

« Supports both imaging and spectroscopy X

e Status:

— WEFI functionality released through web interface (beta version)

— |IFU functionality completed
— Work on extensions to other WFIRST modes ongoing
— Release of source code planned for the future
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In [3): g = WFIRST gui()

g.display
Source type: point v
Source 10 ujy - at 1 microns
flux:
SED type: extragalactic ~ | Mrk 33 (Wolf-Rayet Galaxy) =~ Redshift: 0.25
Instrument: mager - Filter: 2087 ~ Readmode: rapid ~ Sub-array: full v
Groups: 10 Integrations: 1 Exposures:
Aperture radius (arcsec): 0.3 Overlay
Background annulus radii (arcsec): inner 0.4 outer 0.5

Calculate

Extracted S/N: 19.53 Extracted Flux (e-/sec): 41.10 Exposure Time (sec): 106.30

1D Plot  Input Source Flux (mJy) =~ 2D Image S/IN -

Figure 6
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7087 Y106 J129
e 1040 second ramp 2
e Sources include 0
e abright, saturating star

(ABl Smicron— 17. 15) -1
* alow-z galaxy -2
(ABl.Smicron = 2178) -2 -1 0 1 2
* ahigh-z galaxy
(ABl Smicron— 24. 29) F184
 The image stretches are all
set to the same o L
detector electronrate S O
© ]
-1
* This is particularly -24;
noticeable for the wide = > -10 1 2
W149 filter. arcsec

High-z dropout galaxy
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ample

Reconstructed spectral plane (no dithers)

Example of a Pandeia/WFIRST calculation for one of the
potential IFU designs (designs can be revised in seconds).
8 F * Galaxy + point source (point source normalized to 2.2
| muly at 0.556 micron).

* 0.15” pixels, 1 pixel per slice, 3” slice length.

* Cross validated against independent IFU simulator software developed by D. Law
(STScl) and D. Rubin (Perlmutter SIT)
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WebbPSF and Pandeia
available to the community via
web server

Python + Web application based on
Jupyter (IPython ; jupyter.org)

Lets WFIRST-affiliated users run
calculations with Pandeia and
WebbPSF, without any software
install or setup themselves

Multi-user access; STScl manages
server setup, software updates,
grants access (through github
accounts)

Code samples and GUI interfaces
provided as notebooks that
combine documentation with code

Users can upload/download
calculation notebooks and results

Z Jupyter

Files Running Clusters

Select items to perform actions on them.

- #

Upload  New ~

& wfirst.ipynb

& wiirst_grism.ipynb

In [3]:

In [4]:

Using the WFI model in WebbPSF

Each instrument in WebbPSF is represented as a Python class, and the Wide Field Instrument
model is in webbpsf.wfirst.WFI. We need to instantiate one to work with:

wfi = webbpsf.wfirst.WFI()

Using the notebook interface

There's a notebook-friendly interface for the Wide Field Instrument PSF model. Bring it up in your
notebook by running the following cell, then experiment with the different options, or read on for
more explanation.

webbpsf.wfirst.show notebook interface(wfi)

Filter: | Zz087 Y106 J129 H158 F184 W149
Monochromatic calculations can be performed for any wavelength in the 0.6 to 2.0 um range.

Monochromatic calculation? Hm

Power law F_nu ~ nu/\
Power law F_nu ~ nu/\
Power law F_nu ~ nu/|
Power law F_nu ~ nu/|
Power law F_nu ~ nu/\
Power law F_nu ~ nu/

Source spectrum

Detector: SCAO01 -

Detector field point: =~ Top left Bottom left Center Top right Bottom right

Calculate PSF Display Optical System Clear Output

Control Pane! Logout

~
<
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WF'RST Image Prmﬁ&mulator)

e Simulate larger-scale complex astronomical scenes
(York, Kalirai, Casertano et al.)

* Provides users the flexibility in choosing a range of
populations to mimic their science goals (e.g., SFHSs,
abundances, distances, spatial distributions)

e Status:
— Initial focus on WFI imaging of galactic and stellar applications

— First beta-release through a web interface planned for Spring
2016

— Work on extensions to other WFIRST modes and extragalactic
scenes ongoing

— Release of source code planned for the future
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Stellar Population Parameters:

Population 1
Metallicity of Stars: From [Fe/H] = -os to [FeH] = o2 (Minimum -2.2, Maximum 0.5)

Number of Stars (1 to 1000000000): 30000

Age of Stars: From 1.es yrsto 1lelo yrs (Minimum 1e+06 yrs, maximum 1.35e+10 yrs)
IMF: | Power Law with alpha :| -235 (from-3to -1)

Cluster Stellar Distribution: | uniform s Move higher-mass stars closer to centre
Cluster Radius: 250 pe

Cluster Binary Fraction: 0.1
Cluster Offset from Centre: (RA,DEC)=( 0.0 , 0.0 ) | arcsec
Distance in kpc: Ranging from 3.0 kpc to 20.0 (Minimum 0.0, Maximum 4200000.0)

Remove Population 1

Simulated Star cluster
with user-specified properties
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MAST Fielt

CASG MAST STScl Data Centers Missions VO

| | | | | Hep | FAQ
lAbout Us Prototype FootPrint Services
Sky Surveys [ Telescope WFIRST v | Instrument WFI v| Aperture | WFI v
Catalogs v2Ref 1179.93
PR V3Ref -1852.12
HST Support
Related Sites

Target Name  ngc 300 SIMBAD v Lookup

RA (deg) 13.72282917 Dec (deg) -37.68438056

vlRA 13.31153392  v1 Dec -37.16920589 3 Roll 0

Display Footprintin MAST Portal

Display Catalog data in MAST Portal

Optional Parameters

Format HTML v| | Compute STCS Footprint for Detector
Catalog 2MASS v| | GetCatalog data within Footprint

Reset

Bright Mag Faint Mag Max Oby
VIRA V1DEC
Acknovledgments Copyrights Email Us Contacts Last Modified: 2015-01-13

Functionality (McLean):

— web-service in Mikulski

Archive for Space Telescopes
(MAST)

— display WFIRST footprint

— return catalog objects within
specified detectors(s)

Coordinates:
— Name resolver; or
— Manual input

Display with MAST portal

— Footprints (on DSS, SDSS, or
GALEX sky image)

— Catalog data

Catalogs

— GSC & 2MASS
(WISE planned)



&5 ‘N;nA‘EED SURVEY Ty

\“\oe"/

WFIR'ST

mw"

* DaRkENERGY * ©

INFI RST A'ndr.

WIDE-FIELD INFRARED SURVEY TELESCOPE
DARK ENERGY ¢ EXOPLANETS » ASTROPHYSICS

SN

(}«\

S AS

ome

WEFIRST FOV on
M31 DSS image

e

Overlay +
Table of all
2MASS catalog
Stars in FOV

TELE-WED VIR APER-WIT: DEC—41 ORMAT=HTMLACAT

Objects found : 3094 , Foatprint; TELT= WTRST INST-WFT APER-WFT RA-11.61847 DIC—41 2 MAS

dec desiguation  j_m _cusig | msigeom | suc b b_cmsigh_msigcomb_sur k-m &_cuusle

944141

osaseo1.

15.6080.152

518 0132

ous

o049

oosasaiar s ous 69 soseoie 016 7 6 0176
Pouoessa1a9atsics ona oais (97 1s6s401as | o3
00434874+4139996[ 13458002 0027 1300200

Ty

1

0 16060009

seare

06060619.1

0 os030q111

66666143 216 5

00:47:30.438 +41:37:20.2

1214362
12048

121417

20119160

1ars

12345678910,




T "S““YEYI;,,LES " ‘ T . V . .
)ga, e ——s%& . . Y _ D . : - .
WIDE-FIELD INFRARED SURVEY TELESCOPE ;* s I e C hm p o rts

DARK ENERGY ¢ EXOPLANETS ¢ ASTROPHYSICS

* Scheduling
— Prototype scheduling of WFIRST programs (Giuliano et al.)
* Guiding
— Availability of suitable guide stars for WFI imaging (Nelan et al.)
— Availability of suitable guide stars for WFI grism w/ aux guider (Nelan et al.)
*  WEFI Grism (= Casertano talk)
— Data reduction software (Mackenty et al.)
— Observing mode, calibration, etc. (Casertano et al.)
— Pointing reconstruction from dispersed images (Dixon)
* Microlensing

— Saturation and Persistence effects (Sahu)

e Coronagraph (= Pueyo talk)
— Lessons from HST and JWST coronagraphs (Debes et al.)
— Data post-processing (Ygouf et al. 2015; Ygouf et al. 2016)
— Wavefront control (Mazoyer et al.)

Blue: To be released in coming weeks
16

Note: Studies of many other topics ongoing (= e.g. IFU, Law talk)
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Time used by each program in schedule (counted in seconds)

KEY:
Slew

Supernova
Coronography

I
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STScl conferences relevant to WFIRST Science:

July 27-29, 2015:
Mocking the Universe

e April 25-28, 2016:
What Shapes Galaxies: rewriting the Hubble Sequence

* Nov 14-16, 2016:
High Contrast Imaging with Space-Based Coronagraphs

e Feb27-Mar?2,2017:
Detecting the Unexpected: Discovery in Astronomically Big Data

* Spring-Summer 2017:
Annual WFIRST Conference (title/details TBD)
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* Going forward, STScl will focus on
— Continuation of pre-formulation efforts
— Support newly-selected Science Teams and Astronomical Community
— preparations for its role in the WFIRST Science Operations

* Project organization (simplified):

NASA/GSFC NASA/JPL
Project Office/Management Coronagraph
Mission Operations Telescope
Wide Field Imager
Spacecraft

Science Centers

Science Teams / FSWG (GSFC, STScl, IPAC)

Science Planning
Science Algorithms/Analysis
High-level Data Products

Scheduling
Calibration/User Support
Pipelines/Archive 19
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Institution Ui Ul
. Cosmology with the WFIRST High Galaxy Redshift Survey,
cldey b AL Latitude Survey Weak Lensing Survey
- Optimizing the WFIRST Type la
Ryan Foley lllinois Supernova Survey Supernovae Survey
Scott Gaudi Ohio State g[jen;::;ng e U WEUREIL L ST Microlensing Survey
Coronagraph
. . WFIRST Coronagraph Instrument .
Jeremy Kasdin Princeton Adjutant Scientist Ins.trur.nent Adjutant
Scientist
Jason Kalirai STScl Resolving the Milky Way with WFIRST GI/GO
Bruce Macintosh  Stanford (S)ggr:;mg WFIRST Coronagraph Coronagraphy

Investigating the Nature of Dark Energy

Saul Perlmutter LBNL using Type la Supernovae

Supernovae Survey

James Rhoads 'g‘t"aztg”a Cosmic Dawn with WFIRST GIIGO
UC Santa  WFIRST Extragalactic Potential

Brant Robertson Cruz Observations GI/GO

David S I Princet WFIRST Wide Field Instrument Adjutant Widefield Instrument

avid sperge rinceton Scientist Adjutant Scientist

Johns Archival Research Capabilities of the

Alexander Szalay | 1ins  WFIRST Data Set GI/GO
SETI Harnessing the Power of the WFIRST

Margaret Turnbull Institute Coronagraph Coronagraphy

Benjamin Williams Washington WFIRST Infrared Nearby Galaxy Survey GI/GO 20
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Neil Gehrels, Chair

David Spergel, Deputy Chair
Jeremy Kasdin, Deputy Chair
Dominic Benford, ex officio
Dave Bennett

Ken Carpenter, ex officio

Roc Cutri, ex officio

Olivier Doré

Ryan Foley

Scott Gaudi

Chris Hirata

Jason Kalirai

Jeff Kruk, ex officio

Nikole Lewis

Bruce Maclintosh

Roeland van der Marel, ex officio

S. Perlmutter

James Rhoads

Jason Rhodes, ex officio
Aki Roberge

Brant Robertson
Alexander Szalay
Wes Traub, ex officio
Maggie Turnbull

Yun Wang

David Weinberg
Benjamin Williams

NASA/GSFC
Princeton University
Princeton University
NASA/HQ
UMBC & GSFC
NASA/GSFC
IPAC

NASA/JPL

UluC

Ohio State U.
Ohio State U.
JHU & STScl
NASA/GSFC
STScl

Stanford

STScl

UC Berkeley
Arizona State
NASA/JPL
NASA/GSFC

UC Santa Cruz
Johns Hopkins
NASA/JPL

GSI & SETI
Caltech/IPAC
Ohio State Univ.

U. Washington, Seattle

Project Scientist

WFI Adjutant Scientist
CGl Adjutant Scientist
Program Scientist
Microlensing

Project science

Science center
Cosmology: GRS+WL
Supernova Cosmology
Microlensing

Cosmology: WL

GI/GO - Galactic science
Project science
Coronagraph
Coronagraph

Science center

Supernova Cosmology
Gl/GO - Cosmic Dawn
Project science
Coronagraph

GI/GO - Galaxy evolution
GI/GO - Archival science
Project science
Coronagraph

Cosmology: GRS
Cosmology: Clusters
GI/GO - Nearby Galaxies

Composition:

NASA Project Scientist
e Adjutant Scientists

* Science Team Pls

e Select Deputies

* (Ex-officio) Project +
Science Center
Representatives
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WIRST Science Center functions will be distributed between GSFC, STScl, IPAC

e Task division (for 2016-2018 formulation phase; simplified):
— GSFC : Management/Strategic Guidance, Outreach,

Call for Proposals/Grants, WFI Engineering Leverage combined
— STScl : WFI, HLS, Archive, Scheduling experience with NASA's

Great Observatories

— IPAC :CGl, MLS, GO/GI Selection, CGI Engineering(w/JPL)

* |Instrument tasks (WFI or CGl) include

— commanding, GO planning/tools, calibration, Pipeline (to level 2b),
SIT+user support, commissioning, community engagement

e STScl Phase A work will focus on development of requirements/concepts for
the assigned areas

22
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Science Requirements
Observing Strategies
Analysis algorithms

Ground System Ground-Breaking Science
STScl Science Teams
IPAC Observations Guest Observers
NASA/GSFC Data products Archival Investigators
Calibrations
Documentation

Analysis Tools

 WHFIRST Mission has many partners with distributed expertise
* Let us know how we can help you!

* Please use our tools and reports

* Please provide feedback to help@stsci.edu
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 STScl is actively engaged in preparation and planning for the
mission
— Many tools created to help science teams and community

e STScl is looking forward to collaborate with the FSWG, SITs,
astronomical community, and other mission partners to

— Build synergies
— Leverage common tools

— Help meet everyone’s
Phase A deliverables

— Create a successful
WFIRST mission!




