S . A et RN AT o 3 o A= £ X : . S ,'~' ' BE 2 o 0 e IS A R RS 5 COOTRR  CREe e s ~":‘ R Bt o

4,.

j-synergles ,(m traﬁsuent scuenc;a)

: Arm|nRest/UVEX/2023Match 15 / _‘ i _ * 5 = i , : i N



JWST New Era: Depth, Resolution,
and Wavelength range

(c) NASA/ESA/CSA/STScl
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How did we get there?

2030

LAUNCH DELAYS

JAMES WEBB SPACE TELESCOPE

| started at
STScl in 2010!

CURRENT DATE

|LooK, AT LEAST THE SLOPE 15 LESS THAN ONE.

©randall munroe
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“ SPACE TELESCOPE
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The First Light Image!
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WEBB TELESCOPE IMAGE SHARPNESS CHECK

NIRCAM ey Y
e MIRI
detail
NIRSPEC
FINE GUIDANCE SENSOR NIRISS

B




e Short (0.6-2.3mm) and long
(24-5mm) channels Results from P330-E

* Simultaneous! j; 18
* Nyquist sampling at 2 and 4 5 y |
micron k12 . PO : :' “ " .
¢ 2.2’ x 4.4’ total field of view 5 ol °_._ - _°_°_: _______________
e Excellent throughput : y 30% Limit
e Excellent PSF 6 ;
 Wisps, Claws, Snowballs, “Stripe - olentmicrons “ :

pattern”: some warts!

Depth ~28™" AB mag for 1h
exposures
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HST







* Imaging:
* 9 Filters covering 5 - 28um

* Low Resolution Slit
Spectroscopy

e 5-12um

* Sensitivity excellent v

 PSF excellent

- 4

» .
o .

e ~¥26 magin 1h at 7 microns Y °

¢« ~)?) mag in 1h at 20 WISE W2 4.6 pm Spitzer/IRAC 8.6 pm JWST/MIRI 7.7 pm
Credit: Andras Gaspar

. L

microns
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i === \WST instruments: NIRSpec

DISTANT GALAXY BEHIND SMACS 0723

* Modes WEBB SPECTRUM SHOWCASES GALAXY'S COMPOSITION
* Fixed slits (FS)
* Multi-Object Spectroscopy Tz '
(MQS)
* Integral Field Spectroscopy '
(IFS)

NIRSpec Microshutter Array Spectroscopy

* Wavelength range
* 0.6 — 5.3 microns

 Resolutions
* ~100, 1000, 2700

* R=100 possible down to 27-
28 AB mag in a few hours!

I
Oxygen Oxygen Oxygen

Hydrogen Hydrogen Hydrogen Hydrogen

Neon Neon A A
3.6 3.8 4.0 4.2

rightness

Relative B




‘-.:.. EEEEEEEEEEEEEE Transients with JWST: We are just getting started!

AT 20220wj, Engesser+22

- -

* Serendipitous discoveries (e.g., AT st oo .
20220wj, Engesser+22)

HST F814W - 2011

* Photometric follow-up of old SNe

»
(e.g., SN 2004et and SN 2017eaw, . .
Shahbandeh+23): dust reservoirs

* Spectroscopic follow-up of SNe el
(e.g., SN 2021aefx, Kwok+23)
* High-z SNe (e.g., DeCoursey+23, .l_ 9

JADES survey)

Armin Rest / UVEX / 2023 March 15 11



N Transients with JWST: We are just getting started!

 Serendipitous discoveries (e.g., AT
20220wj, Engesser+22)

* Photometric follow-up of old SNe

(e.g., SN 2004et and SN 2017eaw,
Shahbandeh+23): dust reservoirs

» Spectroscopic follow-up of SNe
(e.g., SN 2021aefx, Kwok+23)

* High-z SNe (e.g., DeCoursey+23,
JADES survey)
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Shahbandeh+23
NGC 6946y -+ el

e SN 2017eaw =+ Error
- Model (a)
v Filter integrated model
== Model spectrum at T = 158 [K], M = 0.0008 [M¢)]
----= Model spectrum of silicate component at T = 158 [K]

02 Model spectrum of silicate component at T = 1508 [K]

SN 2004et AR

Fy [1078erg.s~L.em=2. 471

4 6 8 10 12 14 16 18 20 22 24 2

Wavelength [um]
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e Transients with JWST: We are just getting started!

 Serendipitous discoveries (e.g., AT
20220wj, Engesser+22)

Kowk+23
* Photometric follow-up of old SNe . N 207100 —
(e.g., SN 2004et and SN 2017eaw, — #2554
Shahbandeh+23): dust reservoirs ! #2500
» Spectroscopic follow-up of SNe £ . I
(e.g., SN 2021aefx, KWOk+23) 0.2f ‘ JWST/NIRSPEC L\} \
* High-z SNe (e.g., DeCoursey+23, Y Wi
JADES survey) °07 0506 08 10 15 3 5 4 5 6 7 8 10 1214

rest wavelength [um]



QU Transients with JWST: We are just getting started!

 Serendipitous discoveries (e.g., AT
20220wj, Engesser+22)

* Photometric follow-up of old SNe

(e.g., SN 2004et and SN 2017eaw, JADES-GS-22-TR1 (z=1.770)

Shahbandeh+23): dust reservoirs § ghag ST ke
* Spectroscopic follow-up of SNe - - -
(e.g., SN 2021aefx, Kwok+23) ‘
i High-z SNe (e.g., Decoursey+23’ HST F606W HST F850LP = HST F160W
JADES survey)
K s -

DeCoursey+23



S Comparison UVEX and JWST

Imaging FOV

Imaging survey area
Image Quality

Imaging Bandpass
Single Epoch Depth
Spectrograp Resolution
Average ToO Response
# of ToOs

flexibility
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UVEX

12 square degree
full sky

2.5 arcsec
1400-2700 A

24 AB mag

1000

<3h

many

nimble

JWST

10 square arcmin
<1 square degree

0.06-0.3 arcsec
0.6-25 microns

28 AB mag in NIR

100-3000
>2 days+
very few

"not so nimble"

HST

Ultra-rapid ToO:
e 1-2 days
e 1 percycle
Disruptive ToO:
e 2-5days
e 8 percycle

Non-disruptive ToO:

e 2-3 weeks

JWST

Disruptive ToO
e 2-14 days
e 8 percycle

Non-disruptive ToO:

e 14+ days

15



G w== UVEX and JWST synergy (transients)

 UVEX: Discovery (and follow-up) of UV bright transients
* UV emission is early and often fast-lived!
* Depends on ejecta velocity, geometry, composition, nuclear physics...
* Kilonova, Sne, TDEs

e JWST follow-up
* Complete SED from UV to MIR after a few days of explosion
* Nebular phase photometry and spectroscopy
* Very late time observations (years!): dust production

Chris Fryer, 15t day:
“They both depend on everything, just in different ways

'”




" wess Case |: Kilonova: Early Time JWST observations
Ao (JWST-GO-02061, PI R. Foley, JWST cycle 2 proposal, Pl A. Rest)
* Kilonova can have multiple ejecta components ol e

F560W ;& =75

3.0t

(jet/sGRB, wind, disk, tidal tails, disk winds, ...)

* Each component is expected to have different
masses, velocities, and Y,

25}

560W Flux (10 phot/s/cm?)
N
o

* Need UV to IR to break degeneracies 2 o5/

|||||||||||||||||||||||||||||||||||||||||||
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* wese Case l: Kilonova: Late Time JWST photometry
i WEEE
N (JWST-GO-02091, Pl M. Drout)
. 4, Late Time Decline Depends on Composition
* Early phase bolome.trlc 10 e
photometry nearly independent .
of composition 10% 5 \.‘
5 Cq
* Nebular phase photometry B TS NG L
depends on composition! > R
* Non-thermal emission £ 10%0 4 o e et e
(afterglow) might be observed 3 ] T Yoz 02 Outiow(2nd 3 Peak

| == Y, =0.3 Outflow (2nd Peak Only)

Ve ry Iate 1038 - = » « |ncluding actinide fission

1 GW170817 Data
4 @ Multiband Observations
17 [ Single Band + Bolometric Correction

10%7

100 10! 102
Time post-merger (days)
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Radiative cooling rates Synthetic spectrum at T,=1500K
. . N e e — Nd
e Radiative cooling rates of ~ 10-19] = 3.5k Ry
Neodymium (Nd), Ruthenium J,; ; < 210
(Ru), and Strontium (Sr) (s- o 107F ‘y
g : g “*
- — 2
and r-process) S 10) £ 250 |
* Nd and Ru: most efficient = | B« j
f 10-22} 8= /\,/ ]
cooling rates ; 3 LY W
100 26.0 > 4 :

7000 10000
Electron Temperature (K) Rest-frame Wavelength (tm)

Armin Rest / UVEX / 2023 March 15 19



Figure 1: SED of the recent
TDE AT2021sdu, including
ground-based near-IR
detections from our team.
The near-IR transient flux
exceeds the single
blackbody fit that describes
the blue TDE emission.
Dust reverberation of the
TDE can explain our IR
data, but the temperature
of the dust remains poorly
constrained (red shaded

¢
'
o WIEBS
- (JWST cycle 2 proposal, Pl: S. van Velzen)
Wavelength (um)
10? 10°
| I T T 1 1 1 | I T S T |
MIRI B NIRSpec
TDE light: _513
== T=10%3K Pl
1044 Hot dust: 4
; [N T = 103'22 K X
= ] Combined /
a i O uvw2 S + /'F
o 1 M uvMm2 H *
{ X ¢ + %
| 4+ r
¢ i | ,//
® ) .
L /}'-/
1013 T T | T T T T ]1-0|14 1 T T T T | T ]l.0|15

Observed frequency (Hz)
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region).
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& weee Conclusions

* JWST: new era in depth, wavelength range, and resolution!

* Telescope performs above expectations
e Sensitivity up to 20% better than ground estimates
* Excellent PSF
 Some warts: glints, claws, snowballs, persistence, stripes
e Calibration is still in progress! Please be patient!

* First transient science!
* Follow-up of known SN (nebular phase, dust reservoirs)
* Discoveries, in particular high-z

* Synergy with UVEX
* Folow-up of UV-bright transients
e Full SED

* “They both [UVEX, JWST] depend on everything, just in different ways!”: Breaking
degeneracies!



