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‘while you're in it; but tI lq longer y(m;
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Outline

(1) Uniquely complementary roles of Hubble and Webb:

414{500 hr combined HST+JWST imagieskeep HST alive!
(2) Need space-based resolution for contamination-@egokly
(3) Habitable World Observatory requirements for LyC work
(4) Summary and Conclusions

Sponsored by NASA/HST & JWST
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https://ui.adsabs.harvard.edu/abs/2024arXiv241001187W/abstract

(1) Unlquely complementary roles of Hubble and Webb:
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500 hrs HST+JWST 45 Iters (O 2{5 (Dn) Iensmg cluster MACS0416:
HST darkest skies (10210 darker) + JWST's dark skies ¢{00°> darker than ground based):
=) HST &JWSTreach30{31mag ( 1nJy' 1 rey from Moon).
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361 hr HST Hubble UltraDeep Field: 8 HST-unique Iters.9.2{@ (in false color blue).



53 hr JWST/NIRCam
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(Windhorst astro-ph/2410.01187)

556 hr HST HUDF 12 lters

361 hr 8 HST-unique lters (false-blue)
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414 hr HST+JWST 20 lters



Ehe New Jork Times .

4 epoch 22; hr NJRCam 1 122 hr HST-onWHFF cluster MAQSOMBS{Z}

\f G -
I h‘tma\llme in the Qosmos .

Astronomers have a long fradition of finding hollday cheerin -

outer space
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12 new caustic transits at 2{2 from 4 epochS¥an, v:, 2023, Apss, 269, 42)

Extremely magni ed binary star at z=2.0@k4o, 3¢, 2023, Aga 679, A31)

[nttps://www.cnn.com/2023/11/09/world/webb-hubble-co lorful-galaxy-cluster-scn/index.html |

[https://'www.nytimes.com/2023/12/19/science/christma s-stars-galaxies-webb-nasa.html? |



https://www.cnn.com/2023/11/09/world/webb-hubble-colorful-galaxy-cluster-scn/index.html
https://www.nytimes.com/2023/12/19/science/christmas-stars-galaxies-webb-nasa.html?
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122 hr HST on Hubble Frontier Field cluster MACS0416 (Z+@.39Blyr)
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[Left]: Add HUDF image to itself , 3 ,4 aftern 90 rotation:

[Right]: 4 HUDFcounts stilF 65% complete for ABR8.5{29 mag.
(Kramer, D", 2022, ApJL, 940, L15; astro-ph/2208.07218v?2).

Natural confusiong( instrumental confusion): increasing inability
object detection algorithms to deblend extended galABS 24 mag.

3{4 10 galaxies/degat AB< 31 mag withrj;; < 094{09® FWHM.

(Windhorst 2008, Adv. in Space Res., 41, 1965 (astro-ph/0703171); | 20RApJS, 193, 27; | 2022, AJ, 164, 141; |

2023, AJ, 165, 13; see also Fernando Buitrago's talk).



Top: mag vs e for 174 ksec XDF (left) & 99 ksec JADES (middle) gala
Bottom: Same for XDF & JADES rotated+replicated onto tiself3 |, 4

Right: Counts and completeness functioas foB ,4 rotated images.

= 35% of faintest galaxies lost due to statistical objedapyver

(Kramer, D%, 2022, ApJL, 940, L15; astro-ph/2208.07218v?2).

JWST: 1" LyC apert 30% contaminated by foreground O8C mag!



(3) Habitable World Observatory requirements for LyC work

Next generation 6{8 meter UV-optical space telescope (HWO) esser
for AB< 30 detections and AB32 mag for LyC stacks {N0).

Need: L2 servicing, periodic CCD replacement, & widevY fldAUMSA.



Past, Present and Future: Can and will the dream continue?

True relative size: Hubble, James Webb, Roman, & HWO

1973{2034 () 1996{2046 2012{2037? 2025{20707
Launch: 1990 2021 > 2027 > 20407
Fc: 220 B > 10 B 3 B$ 15{20 B§?

My goal today: Inspire the younger folks in the audiencecassiully
build the Habitable Worlds Observatory (HWO).

Many speakers this conference already talked about fagjregts, amongst others: Pratika Dayal, Andre

Grazian, Sara Mascia, Ivan Nikolc, Allison Strom, Ara &msoy, Alessandra Venditti, and others.



Main CCD LyC limitation: Charge-Transfer E ciency (CTHgjadmtion.
\Higher-CTE"& sub-samples for WFC3/UV lters.

Green regions are closest to parallel read-out amighen.



Summary of lessons learned from JWST:

What Is required to make Mega-Science projects succeed?

JWST Lessons. Mega-project lessons also apply to HST & WO
IS that scale of e orts goes beyond what people are used to.

Mega-projects demand new rules, in particular regardesigdgoand
keeping togetherstrong Coalitiolof project supporters and advocates.

Consumers Repoitery Good Good) Neutral) Fair)

(A) Scienti c/Astro-Community Lessons
(B) Technical Lessons

Management? Schedulé
(D) Political/Outreach Lessons

| thank Drs. S. Cohen, G. lllingworth, R. Jansen, J. MatheiSigith, R. Smith & H. Thronson for comments.

Full 1-hr talk is on:http://www.asu.edu/clas/hst/www/jwst/jwsttalks/fall 2020_jwstlessons.pdf



In ghting killed the 1988 Superconducting Supercohlidexas (left).
Canceled project funds never returns: CERN didn't makeishedte (right)

=) Avoid In ghting with other (exoplanet) HWO stake-holders.

Design HWO for exoplanets, reionization, and everytiiatyveen.



Summary: Main Lessons from the JWST Project:

(1) Mega-projects demand new rules, in particular repardiding and
keeping togetherstrong Coalitioof project supporters and advocates:

(A) JWST Scienti c/Astro-Community Lessons:
1) Project is a must-do scienti cally and cannot be dondlzmweay.
2) Keep advocating Mega-project to community until lawsiclight.

3) Don't ignore importance of communication with patransntsts,
International partners, contractors, tax-payers, Gs¢éhite House.

4) Don't have community in ghting (\My mission is bettentyaurs"
| One key reason for Supercollider (SSC) demise).

(B) JWST Technical Lessons:
1) Use advanced technologies being developed elsewbss&)ld.
2) Know when not to select the most risky technologies.

3) Do your hardest technology development upfront. Haveicdl
components at TRL-6 before Mission Preliminary Desigw Re{IR).



Management? Schedulé

2) Make sure budgets are externally reviewed, ail@)% joint cost+
schedule con dence level. (Could not 8610;Did so early 2011).

(D) JWST Political/Outreach Lessons:

1) Assemble, maintain and fully use a broad Coalition ofteupand
advocates who will ght for the project (SSC did so too late).

2) Have strong multi-partisan & multi-national suppogrfmect.
3) Strong technology bene ts/lessdit3 other parts of government.
Today, JWSTis the telescope that the community asked for almost

years ago, and has become an amazing reality. JWST has thecor
most-in-demand NASA Astrophysics mission ever (seenapade C

OVERALL CONCLUSION: JWST was built and launched righte hatw
to learn our lessons over 25 years.



(4) Summary and Conclusions

(1) HST and JWST uniguely complement each other to trace cbam
formation and (supermassive) black-hole formation oveBW3

(2) Need space-based resolution for contamination-@est £y2.3{3.5

Design HWO Iters with low-enough redleak to enable this.

Deepest multi-band images to mask foregroun@ABag interlopers.

(3) Habitable World Observatory requirements for LyC work:
L2 servicing every 5{10 years or so | is feasible to L2.
Wide- eld UV sensitized CCDs with periodic replacement in L
Wide- eld UV IFU, & UV MSA Spectrograph | needs development.

(4) Coherent team: design HWO for science from exoplamnatmination.



Venetian fortress Spinalonga in Elounda
Crete ...

LyC from galaxies with (small holes !




Any (space) mission is a balance between what science sgemfatd
technology can do, and what budget & schedule allews, . = e
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=>?@A.00<) =>?@A.00<) =>?@A.00<) =>?@A.00<) =>?@A.

BC? BC? BC? BC? BC?

‘0<!- 9l- 91 91

WFC3/ERS & HDUV AGN+Galaxy LyC stacking (Smith etal. 2pI18883, 191; | 2020, ApJ, 897, 41).

Rare (weak) AGN with robust spectroscopic redshift2a3{8.5 dom-
Inate reionizing LyC ux in stacked WFC3/UVIS images 28Bnag).

Need 0°04 WFC3 UV-PSF to remove all foreground interlopers &89% con dence!
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Rest-frame wavelength [A] o0 ‘ Iy
1000 2000 3000 4000 5000 6000 7000 P ‘0 Observed colors

Radiative shock
colors

CSFH: 1 - 100 Myr
Z/Zy =0.02

P> Non-par. SFH (Calz) Non-par. SFH (SMC) Shock+Precursor Model Z|Zo=0.2
CSFH (SMC) @ Observed Photometry ZIZo=1

Observed wavelength [um]

One of the most massive Y49 M ) high-z radio galaxies at z=4.11:
TNJ1338: NIRCam medium-band SEBOOM /yr; extreme jet-induced SFROOM /yr, tspr' 4 Myr.
Opening angles: NIRCam+VLA jet, 10 (Duncan 2023, MNRAS, 522, 4548)



UVCANDELS galaxy LyC detections &2B.5-26.6 mag, LyC stacks
29.1{29.7 mag; resultings 6{10%. [1-cos(,) detected fraction]:

5/96 detected (5%)< LyC opening = 20 (wang 2025, ApJ, 980, 74)



a)Gal LyC |b)AGN LyC |c)All LyC
S # 1 2@A

" H>$ 1% 2@A

LyC [e)AGN LyC [f)All

b v
(WE s 1%  11& e
+,-./0 1,230435

[Middld: Radial SB-pro les of stacked UVC [Top]; LyC stack [Bpttom

LyC SB-pro les extended compared to PSFs, but very nanl&elrs
Dashed: scattering model with ISM porosity+escapingrhiy(B+ 2018)



JWST image of most luminous far-IR Planck cluster Gl65 36Za0nd:
Lensed Supernova la at z=1!78measured +75. 4+ 5! 5, 10 Byrs ago!

https://bigthink.com/starts-with-a-bang/triple-lens -supernova-jwst/ (Frye" 2023, Pascafe 2025).
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Abell 370 Dragon's arc: 44 individual caustic-transiiregag z=0.73!

(Y. Fudamotd , Nat. Astron., astro-ph/2404.08045; J. Die0o2024, A&A, 689, A167).



Webb is now THE highest-in-demand NASA Flagship missjon e\
but Hubble remains in at least as high a demand as it wass38ggear



(1) SCIENCE IMPACT BY THE HST & JWST COMMUNITY (Feb. 20

HST:~ 500{1000 refereed papers/year by the community since 19¢
45,900 HST papers @S 948,800 citations since 199Qgh =322!
JWST: over 2300 refereed papeérs cites,) since July 2022 alone!

In year 1-3: JWST already outdoing HST's yearly production.

(2) NEWS RELEASES BY THE HST & JWST COMMUNITY (Feb 20

NASA's Hubble Space Telescope (HST) had 1,100 sciencel@asss
since 1990, each witld00 million readers (or impressions) worldwide.

480 1@ reads (or impressions) of Hubble press releases )n total

On averageeach human on Earth would have re@@ Hubble stories during their lifetimes.

HST Is the most publicized space astrophysics missionAMmIS&sy.
JWST:” 170 press releases since 2022, each 0.5{1 billion readers.
JWST Is now the most-in-demand space mission in NASA history
ASU Cosmology: 10 billimmaderdrom ~ 10 releases since 2022).
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