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EQ_@ Outline

1. Overview of JWST Observatory and its Instruments

2. Some Example Science Thoughts

3. Cycle 1 Proposal Support Resources and Schedule

4. Thinking Strategically for JWST Cycle 1 and Beyond



JWST Science Planning Timeline (as of June 2019)

Cycle 1 Call for Proposals timeline JWST dates are still indicative, not final!
Winter 2021 launch

Commissioning
(L+6 mo.)

Not too early to be thinking about JWST Proposals!! l,

2019 2020
T A A A A

NASA HQ
Contingency

21/03/31

20/01/23 20/05/01 20/08/01
19/06/25 GO Cy1 Call GO Cy1 GO Cyl TAC Launch
GTO and ERS Cy1 re-opened Proposal

targets finalized deadline
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Observatory Overview -
\Q Comparison to HST and SST ST —

James Webb Space Telescope primary mirror

Mirrors are made from beryllium
and coated with 48.25g gold

 Significant overlap with HST at short

wavelengths and SST at long wavelengths
« JWST: 0.6 — 28 um
e HSTupto~2.2 um
e SST: Spectra 5 —-38 um + imaging 3.4 — 160 um

Spitzer primary
mirror

e 7.3x the collecting area of HST and 56x
the collecting area of SST!

Hubble primary James Webb Space Telescope * JWST diffraction limited at >2 um
mirror primary mirror e 02”3t65 um (SST:1.5”)

Source: NASA BEE

STScI | SCevce wsrmore
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\Q Observatory Overview - Integration and Testing at Northrop Grumman, CA

May 2019 Thermal Vac Test

STScI | SCievice smmure



Webb Space Telescope
Observmg Side

. Multilayer Sunshield .
Five layers shield the
observatory from the
light and heat of the

- sun and Earth

Momentum Trim Tab -

Helps stabilize the satellite < S >
. : Spacecraft Bus
High-Gain Antenna /(;J;ffains most of the spacecraft

Sends science data back to
Earth and receives commands
-from NASA's deep-_space network

steering and control machinery,

and reaction wheels

including the computer.

\

Primary Mirror

&

\

\ yary Mirror

3 ~40 K on the

shaded side

Star Trackers
‘Small telescopes: that use
star patterns to aim the observatory

ST

SPACE TELESCOPE
SCIENCE INSTITUTE




\\Q§ Instantaneous field of regard | Continuous viewing zone

,/_P___ T

O



\\Q§ Narrow roll limits - can lead to constrained position angles




Total Visibility vs. Ecliptic Latitude

100
S0

Observable d

(Figure courtesy of Jane Rigby, NASA/GSFC, adapted.)

v

(One long observing window >=6 months)

~

(Two observing windows
separated by ~6 months)

POSITION
< ANGLES >
(FLEXIBLE) (RESTRICTED) (FLEXIBLE)

-80 -60 -40 -20 0 20 40 60 80

Ecliptic Latitude (deg)

EEEEEEEEEEEEEE
IIIIIIIIIIIIIIII



\) Observing mode summary (BOLD of most interest to SNe/SNR science)

Imaging (NIRCam, NIRISS, MIRI)

Defocused photometry

Coronagraphy/High Contrast Imaging

Aperture masking interferometry

Single-object slit spectroscopy (NIRSpec, MIRI)
Multi-object slit spectroscopy (NIRSpec)
Single-object slitless spectroscopy

Wide-field slitless spectroscopy (NIRCam, NIRISS)
Integral field unit spectroscopy (NIRSpec, MIRI)

0.6 -28 um
0.6 -5 um
0.6 —28 um
0.6 -5 um
0.6 -28 um
0.6-5um
0.6—-12 um
0.6-5um
0.6 -28 um
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EQQ JWST Focal Plane and Instrument Overview

(Guider)

EEEEEEEEEEEEEE
IIIIIIIIIIIIIIII



13

@ Observing Mode Overview

See JWST Pocket Guide for more details
http://www.stsci.edu/files/live/sites/www/files/home/jwst/instrumentation/documents/jwst-pocket-guide.pdf

STScI | SCievice smmure
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@ Observing Mode Overview — Imaging

See JWST Pocket Guide for more details
http://www.stsci.edu/files/live/sites/www/files/home/jwst/instrumentation/documents/jwst-pocket-guide.pdf

STScI | SCievice smmure
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\) Observing Mode Overview — Spectroscopy

See JWST Pocket Guide for more details
http://www.stsci.edu/files/live/sites/www/files/home/jwst/instrumentation/documents/jwst-pocket-guide.pdf

STScI | SCievice smmure
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@ NIRCam Overview (0.6 - 5 um coverage)

Also 2.5-5 micron slitless (GRISM) spectroscopy

Filters

EEEEEEEEEEEEEE
IIIIIIIIIIIIIIII



\Q NIRSpec Fixed slit and Multi-object spectroscopy (0.6 — 5 um coverage)
-

N\ ‘ L MOS: Same dispersers as NIRSpec fixed slit spectroscopy
Microshdtter agrayAIVISA),

STScI | Scevice msmmore
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MIRI Overview (5 - 28 um coverage)
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SNe/SNR Science with JWST
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EQQ SNe/SNR Science with JWST

Springer review by Williams & Temim (2018) provides a nice summary of IR results
on SNRs, mainly from Spitzer. They conclude:

“Significant progress in this field will be made upon the successful launch of JWST, a mid-IR observatory with
a resolution about an order of magnitude better than Spitzer and sensitivity several hundred times higher.
JWST will allow the follow-up of extragalactic SNe for tens of years in some cases and will serve as a

valuable monitor on SN 1987A’s continuing evolution. The superior resolution will also further disentangle
the various dust components in SNRs in both the galaxy and the MCs and allow studies of the efficiency of
dust destruction by SNR shocks. A combination of observations of both SNe and SNRs, along with
theoretical modeling, will be necessary to solve the mystery of the origin of dust in the universe.”

Also, high redshift SNe (Regos), and SNR studies in more distant galaxies out to ~10
Mpc (Session 7 talks and posters).

See also many other presentations at this conference!

STScI | SCence wsure
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\5@ SNe/SNR Science with JWST

With higher spatial resolution and sensitivity than Spitzer but wavelength coverage up to ~28 um, a
wide range of Spitzer-like science on SNe/SNRs is available for consideration on many more objects:
* Dust formation in SNe/young SNRs
* Dust heating and destruction mechanisms in shocks (Temim & Swek 2013; Sankrit+ 2014)

* ISM (forward shock); ejecta dust (reverse shock)
* Dust compositional differences (ISM, ejecta, etc.) and variations in spatial distribution
e Additional radiative shock and abundance diagnostics (emission lines — Reach+ 2006)

While ground-based imaging and spectra can be done in the 1 — 2.5 um range and HST WFC3 IR can
image in this range, JWST performance will be much more sensitive.

JWST imaging in the relatively little-explored 2.5 — 5 um region may be interesting (??)
 Ex:[SiVI] 1.96 um, [SiVIl]] 2.48 um,, [Si IX] 3.86 um sequence in Cas A

* Some other lines from radiative shocks

e Possibly molecular features

Consider synergy with other missions or instruments (Chandra, HST, ALMA, and large ground-based
telescopes)

STScI | SCence wsure
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Near-infrared Spectroscopy of Supernova 2017eaw in 2017:
Carbon Monoxide and Dust Formation in a Type II-P Supernova

J. Rho"?, T. R. Geballe®, D. P. K. Banerjee*, L. Dessart’, A. Evans®, and V. Joshi*

\\Q§ Supernovae in the IR

Rho+ 2018 Gemini GNIRS

>

(What’s out here?)

STScI | SCievice smmure
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&) Higher Z SNe

(See Poster by E. Regos, this conference)

Pop Il PISN in NIR JWST range



FRESHLY FORMED DUST IN THE CASSIOPEIA A SUPERNOVA REMNANT AS REVEALED
BY THE SPITZER SPACE TELESCOPE

% Cas A With S p itze r J. Ruo,! T. Kozasa,> W. T. Reacn,! J. D. Smirs,> L. Rupnick,* T. DELANEY,>

J. A ENNIS,4 H. GOMEZ,6 AND A. Tappe"’

i
I
I
I
SR A | 1000.0 | -
o I ! I - i
Q 600 [s1i1] : h : ]
':\ L [Fell] : i =
= - [NeII‘I] : . = 1000
" - [NeII]’ : (e) : E\ -
o 400 1 L[SIVJ (a) M N 3 I /\Fﬁ(wo)
- i . T g \} .
i I [Aril] I | < 100F /*"‘r -
ap ) : T~ \ /==
[Fel i | 3 - .
8 200 : , ks i -
K ) Y .
< I - .
= “ : [FiII] | - | 1
%) g [rell [sii] ) - | )
O e P S - : .
) 10 15 20 25 ' 30 35 40 0.1 ‘ :
| 10 |
Wavelength (/an:l) » Wavelength (/J.m):
I

(See also Koo+2018 and Raymond+ 2018:
Rho+ 2008; see also Arendt+ 2014 ground based NIR imaging of ejecta)

SPACE TELESCOPE
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\5@ G292.0+1.8 O-rich CCSNR

T T T T T T T T T T T T T T T T T T T T

30:— [0 Iv]
B (+[Fe 11])

MIPS 24 microns [sin] 4
|

vi, (1077 Wm™2sr)

Chandra w/ extraction regions 15 20 25 30 35
Wavelength (um)

Ghavamian+ 2012
Spitzer IMAGING AND SPECTRAL MAPPING OF THE OXYGEN-RICH SUPERNOVA REMNANT G292.0+1.8

PArvViZ GHAVAMIAN!, KNOX S. LONG2, WILLIAM P. BLAIR?, SANGWOOK PARK?, ROBERT FESEN’, B. M. GAENSLER®,
JouN P. HUuGHES’, JEONGHEE RHO®, AND P. FRANK WINKLER’
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EQ@ Kepler as seen by Spitzer (Imaging)

24 um MIPS Chandra 0.3 — 0.6 keV
RGB=8,5.6,3.6 um RGB=5.6,4.5,3.6 um

8-5.6 um 4.5-3.6 um Blair+ 2007 and Williams & Temim 2018

SPACI SCOl
ST&I ‘ SEIEPECTEE%EISTITSFFE



30 100 T
\Q Kepler as seen by Spitzer (Spectra) . . “ 2 F =50 o=
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L ) Spitzer of Magellanic Cloud CC SNRs

Declination

E0102 (SMC)
30.0 Red: 24 Mm
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Blue: 5.8 um
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Type la SNRs

EQ) Spitzer Magellanic Cloud SNRs

~ MIPS 24 um MIPS 70 pm X0

Williams+06, Borkowski+ 2006

Optical

SNR B0509-67.5

SNR B0519-69.0

MIPS 24 pum CTIO Ha

Williams+11

STScI | SCence wsure
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@ SNRs in More Distant Galaxies Examples of HST/WFC3 data for M83

M83, WISE 3.4 um with optical SNRs
Blair+ 2012; 2014

O}

WEC3 [Fe lI] V'V‘;:C3 Hou{S 11],[0 111] ; | WFC3 Hay,[S 11],[O 1]

€5 B

WFC3 LV,E | cx0 s,M,H (RS CXO S,M,H

20”

* [Fell] 1.644 um is an excellent diagnostic for
shocks

e Can find SNRs in dusty regions that are
missed in optical

* JWST spatial resolution and sensitivity will be
key advantages STSCl | mimscor,
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i&@) Early Release Science

* 13 ERS programs accepted in 6 science
categories

* To be executed in the 5 month period
following the (6-month) commissioning
period after launch

e Data will be public immediately, but

* Unfortunately, there is little of direct
interest to SNe/SNR science (other than
general performance information) in
these programs!

Approved ERS programs page:

http://www.stsci.edu/jwst/observing-programs/approved-

ers-programs

EEEEEEEEEEEEEE
IIIIIIIIIIIIIIII


http://www.stsci.edu/jwst/observing-programs/approved-ers-programs
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% Guaranteed Time Observer Programs

—

(Situation is not a lot better in the GTO programs.)

Approved GTO Programs page:
http://www.stsci.edu/jwst/observing-programs/approved-gto-

programs

STScI | SCievice smmure
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\Q Detailed JDox Example program on Cas A using the JWST IFUs*

*Special thanks to Beth Sargent, STScl

... / MIRI MRS and NIRSpec IFU Observations of Cassiopeia A

Step-by-Step ETC Guide for MIRI MRS
and NIRSpec IFU Observations of

Cassiopeia A
Example Science Program #26 ETC Guide

observing program.

Awalk-through of the JWST ETC for the Example Science Program MIRI MRS and NIRSpec IFU
Observations of Cassiopeia A is provided, demonstrating how to select exposure parameters for this

https://jwst-

docs.stsci.edu/display/JTI/MIRI+MRS+and+NIRSpec+IFU

+0Observations+of+Cassiopeia+A

STSI |

SPACE TELESCOPE
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https://jwst-docs.stsci.edu/display/JTI/MIRI+MRS+and+NIRSpec+IFU+Observations+of+Cassiopeia+A

Cycle 1 Proposal Support Resources and Schedule
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\i&@ JWST Proposal Planning Tools and Resources

And Much More!

EEEEEEEEEEEEEEE
IIIIIIIIIIIIIIIII



\Q JWST Visibility and Position Angle Tools

—

®* The blue line shows the visibility windows and MIRI aperture PA values over 1 year. The vertical thickness of
the line shows the roll range available at any given time.

Note: Ecliptic coordinates reported here!

Visibility Plot

“Update Plot”
Button

/

K Note: Plot controls are here!

Instrument FoV Plot

MIRI Target Acq
Quadrants indicated

36
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EQ)Q JWST Documentation (JDox)

A New Paradigm for JWST
User Documentation

New documentation system, following “Every
Page is Page One” strategy

- Short articles

- Self-contained, one-level of information

- Hyperlinked network rather than monolithic
handbooks

Think “Wikipedia” (but it’s not a wiki)
Multiple conceptual spaces: Background
articles, planning roadmaps and example

programs, science policy, engineering specs

Incremental releases (as articles are written
and reviewed); but

Stability during the open proposal period

ST

I | SPACE TELESCOPE
SCIENCE INSTITUTE
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N ) JWST Pocket Guide and Information

http://www.stsci.edu/files/live/sites/www/files/home/jwst/instrumentation/ documents/jwst-pocket-guide.pdf
STSI|

SPACE TELESCOPE
SCIENCE INSTITUTE


http://www.stsci.edu/files/live/sites/www/files/home/jwst/instrumentation/_documents/jwst-pocket-guide.pdf

JWST Science Planning Timeline (as of June 2019)

Cycle 1 Call for Proposals timeline 5/15 Dates are still indicative, not final!
Winter 2021 launch ' NST Cy 28
Chandra Cy 22 schedule HST Cy 28 6/22
ALMA Cy 8 schedule Cal ALMA l Commissioning
TAC
(L+6 mo.)

3/15 6/20 f (L+6)
Chandra Chandra NASA HQ Cycle 1 obs
. Contingency - g4 | '
deadline TAC begin

20/01/23 20/05/01 20/08/01
19/06/25 GO Cy1 Call GO Cyl GO Cy1 TAC
GTO and ERS Cy1 re-opened Proposal

targets finalized deadline

STScI | SCievice smmure
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\ﬁQ JWST Cycle 1: Thinking Strategically

Cycle 1 is likely to be heavily oversubscribed.

* Important to get SOME data early in the mission to enable strong proposals in future cycles.
What makes sense?

Lots of smaller “individual target” proposals put in by small groups of

Co-Is?
* We might end of fighting each other as well as competing with the rest of JWST science.

Several “SN/SNR Community” proposals for highest priority

targets/science goals?

 Develop “team” experts on various tools (instead of everyone needing to learn the tools)
 Explore the JWST parameter space early in the mission
 Share the data widely; get experience

What theoretical work/modeling can be organized to put our

community in better position to take advantage of JWST data?
And what form would this take?

SPACE TELESCOPE
SCIENCE INSTITUTE
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EQQ) Take Home Points

* JWST will make a tremendous leap in sensitivity and/or spatial resolution with respect to Spitzer
and HST in the regions of overlap.
* Synergy between JWST and other major observatories (ALMA, Chandra, ground-based) should also

be considered in planning proposals. Where can JWST add value to other ongoing programs you
may have underway?)

* [tis definitely not too early to be thinking hard about JWST proposal possibilities!

From the “science” standpoint.

From the technical side (e.g., learning about the proposal tools and capabilities of the
instrumentation).

* Beware getting caught by the many expected proposal deadlines around the same time as
JWST Cycle 1!

From the theory/modeling side.

From a strategic perspective (to put our community in position for strong proposals in and
beyond Cycle 1).

STScI | SCence wsure



42

NE: ) Questions/Discussion

,/_ﬂ___ T

STSI |
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Extra Slides

EXPANDING THE FRONTIERS OF SPACE ASTRONOMY



EQ_@ Observatory Overview
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A Word about Backgrounds

b

(Figures courtesy of Jane Rigby, NASA/GSFC)

Zodiacal light is the most
variable component of the
background and
dominates below about 10
um. Itis also time
variable.

For background-limited
observations, scheduling
at low backgrounds is an
additional constraint that
can impact observing
windows.

45
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\\Q§ NIRCam Overview

* Four science observing modes
* Directimaging —0.6 —5.0 um
e Coronagraphic imaging with variety of Lyot stops — 1.8 =5 um
* Wide Field Slitless Spectroscopy — 2.5 —5 um
e Time Series (Planetary Transits) photometry and spectroscopy 0.6 — 5.0 um

Imaging Coronagraphic Imaging Wide Field Slitless Spectroscopy

STScI | SCievice smmure
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\Q Imaging fields of view | Imaging sensitivity

2 arcmin

Module.B

“* NIRCam

Sensitivity (n)y) S/N = 10 in 10ks

.~ NIRISS
iy ,_-0,965”/pi.xe'lf.

JWST Imaging Sensitivity

~ MIRI
0.11"/pixel

Imager FOV
. 1126"

S5E4
2E4
1E4 4
SE3
2E3
1E3 4
500 1
200
100 4
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20

10 3

® NIRCam
NIRISS
B MIRI

Wavelength (um)
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\Q Single-object slit spectroscopy | Apertures

NIRSpec fixed slits

Target acquisition
in wide aperture
(WATA)

Direction of dispersion

Det
H2

STScI | SCeNce ismore



@ Single-object slit spectroscopy | Spectral resolution

MIRI

Low
Resolution
Spectroscopy

R=40 @ 5 um
R=80@ 10 um

NIRSpec



\&Single—object slitless spectroscopy | Resolution

NIRISS SOSS

0.9 0.8 0.7 Nominal 256x2048 Subarray

2.7 2.4 2.1 1.8 1.5 1.2 0.9
Order 1
0.6 um | R=400
1.4 ym |R=700
2.8 um |R=1400

STScI | SCevce wsrmore



g Wide field slitless spectroscopy | Direct image | Orthogonal dispersers

NIRISS

Direct image

R=150

GR150C grism

GR150R grism

Hm Ly-a redshift
0.79-1.00 5.50-7.23
1.01-1.28 7.31-9.53
1.33-1.48 9.94-11.17
1.33-1.67 9.94-12.74
1.48-1.68 11.17-13.82
1.75-2.22 13.40-17.26

STScI | SCievice smmure



Wide-Field Slitless

w NIRISS Overview (GRISM) Spectroscopy
NIRISS Filters
F115w F150W F200W F277W F356W F444W
e F140M F158M F380M  FA30M  F480M -

<
Q0
T

Filter Throughput
o (o)
+ oL

o
N
T

o
e =]

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Wavelength (um)

Direct imaging complement to NIRCam, but not all filters.
(Potentially interesting in parallel mode.)
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N ) NIRISS Overview, con't.
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