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JWST ~2.5X% larger than Hubble, so at ~2.5X larger wavelengths:

JWST has the same resolution in the near-IR as Hubble in the optical.
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=HST best samples unobscured SFH & BH growth in last 10 Gyr (z<2),
while JWST best samples obscured parts,



(1) Unlquely complementary roles of Hubble and’Webb:

e, A \-,*y*

500 hrs HST+JWST 45 fllters (O 2 5. O,um) Iensmg cIuster MACS0416:
@ HST darkest skies (10-10% X darker) + JWST's dark skies (10°~10° x darker than ground based):
——> HST & JWST reach 30-31 mag (~1 firefly from Moon).
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556 hr HST Hubble Ult

raDéep Field: 12 filters

at 0.2-1.6 1



361 hr HST Hubble UltraDeep Field: 8 HST-unique filters 0.2-0.9 pem (in false color blue).
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53 hr JWST/NIRCam Hubble UltraDeep Field: 12 filters at

0.9-5.0 m (ABZ<31 mag; in green -+ red).
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414 hr HST+JWST Hubble UItraDeep Field: 20 filters at 0.2-5.0 um (AB<31.5 mag; full BGR).
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® (2) Viewing the Universe through the “Eyes of Einstein”

Webb is observing many things Einstein correctly predicted, yet doubted:

Gravitational lensing, Black Holes, the Hubble Expansion,



e Spiral overlapping Elliptical VV191: Tracing dust: small grains! (Keel"‘ 23).
o ].50 GlObUlar ClUSterS N 2200513 E”Iptlcal (Berkheimer™ 2024, ApJ, 964, L29).



. and the z=0.0513 Elliptical also lenses a background galaxy at z~1 (Keel* 2023, AJ, 165, 16)!
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Earendel

NIRCam: Cluster WHL0137-08 with highly lensed arc at z=6.2 (0.9 Byr).

e Earendel: a highly magnified (double-)star seen in the first billion years
after the Big Bang — the most distant star ever observed directly!

e Gravitational magnification ;t~9000 due to “caustic crossing .

(Welch, B., Coe, D., incl. Timmes, F. X. & Windhorst R. etal. 2022, ApJ, 940, L1 and — 2022, Nature, 603, 815).



JWST image of most luminous far-IR Planck cIuster G165 at 2—0.35 found
Lensed Supernova la at z=1.78 — measured Hp=75. 4+5 5, 10 Byrs ago!

lhttps://bigthink.com/starts-with-a-bang/triple-lens-supernova-jwst/|
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Yan, H. T (2023, Apss. 260, 42): 12 new caustic transits at z~1-2 from 4 epochs!

Diego, J. ™ (2023, azA 679, A31): extremely magnified binary star at z=2.091!

https://www.cnn.com/2023/11/09/world/webb-hubble-colorful-galaxy-cluster-scn/index.html]|

lhttps://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=0.397; 4.3 Blyr)



22 hrs JWST on Hubble Frontier Field cluster MACS0416 (z=0.397; 4.3 Blyr)



(3) Summary and Conclusions

(1) HST and JWST uniquely complement each other to trace cosmic star-
formation and (supermassive) black-hole formation over 13.5 Gyr.

(2) Webb's images trace the “Cosmic Circle of Life" (see Julia Roman-Duval's talk):
® Formation and evolution of stars and dust over cosmic time.

® This dust helped form exoplanets and building blocks for life.

(3) Webb is observing the epochs of First Light, Galaxy Assembly & Super
Massive Black Hole-growth in detail (much through grav. lensing):

e Formation of the first stars, star-clusters, SMBH's after 0.2 Byr.

e How galaxies form and produce their dust over 13.5 Billion years.

(4) HST maps (unobscured) SF in the last 10 Gyr,

e Hubble must be kept operational to maximize Webb's science return!



(4) Spare science charts
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Oct 2023: Webb is now THE highest-in-demand NASA Flagship mission ever!

But Hubble remains in at least as high a demand as it was 30 years ago!



(1) SCIENCE IMPACT BY THE HST & JWST COMMUNITY (Dec. 2023):

e HST: 2500-1000 refereed papers/year by the community since 1990.
® 44,100 HST papers on ADS, 875,100 citations since 1990, h g g7=308!

e JWST: over 1000 refereed papers since July 2022 alone!
® In year 1, JWST already outdoing HST's yearly production significantly.

(2) NEWS RELEASES BY THE HST & JWST COMMUNITY (Dec 2023):

® NASA's Hubble Space Telescope (HST) had 1,100 science press releases
since 1990, each with 2400 million readers (or impressions) worldwide.

® ~480x 10" reads (or impressions) of Hubble press releases in total =>
® On average each human on Earth would have read 260 Hubble stories during their lifetimes.
@ HST is the most publicized space astrophysics mission in NASA history.
e JWST: 2100 press releases since 2022, each 0.5-1 billion readers.

e JWST is now the most-in-demand space mission in NASA history.
e ASU Cosmology: 10 billion [readers| from 10 releases since 2022 |(URL)|
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Mask: bright foregrounds

Mask: bulge region

Abell 370 Dragon’s arc: 44 individual caustic-transiting stars at z=0.73!

(Y. Fudamoto™, Nat. Astron., astro-ph/2404.08045; J. Diego™ 2024, A&A, 689, A167).



PEARLS papers, press releases and other URLs
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