


Hubble Deep Field

|0 days exposure on a
blank patch of sky
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“Hubbile looks back th.rough time
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Age of the universe (6 llions of years)

Hubble observed galaxies that
existed when the universe was just a
few hundred million year old

These galaxies were smaller in size

and more irregular in shape than
modern ones




Hubble opened the field of exoplanet atmospheres




* Detection of variability in the atmosphere of Wasp 121-b

* Detection of heavy metals such as magnesium and iron escaping from the upper atmosphere of the
ultra-hot Jupiter exoplanet Wasp 121-b

« Detection of water vapor in the atmosphere of K2-18b, a planet in the habitable zone

» Discovery of methane, hydrogen cyanide, aereosol scattering in the atmosphere of the earth sized
rocky planet GJ 1132 b

Atmosphere of Exoplanet GJ 1132 b

aerosol scattering methane hydrogen methane
cyanide

Comprehensive spectrum of WASP-39b
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The TRAPPIST system

TRAPPIST-1 System
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Inner Solar System

In 2018, Hubble spectroscopic
surveys revealed that the
inner planets, including those
in the habitable zone (d, e, ),
do not have the hydrogen-
dominated atmospheres
typical of mini-Neptunes.
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Hubble is a 2.4m telescope, optimised to observe from the UltraViolet
to the Near-Infrared - launched on April 24,1990




Need larger aperture!
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Webb mirrors

« JWST Mirrors made of beryllium
- Lightweight and stable at 40 K

Primary mirror segment
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- Mirrors polished at Tinsley
- Segment cryo-figure: 20 nm

Tertiary mirror
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Raw Be billet (two mirrors)
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- Machined & lightweighted by Axsys
- 92% material is removed

RMS = 103 nm
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Cryo-surface figure

Ambient




Primary mirror segments in

cryo-vac chamber at Marshall
JWST golden coated tertiary yov arsha




ELECTROMAGNETIC SPECTRUM
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GAMMA X-RAY uv INFRARED MICROWAVE RADIO
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The Cosmic Timeline

Cosmic age 380,000 yr 200-300 Myr?
Redshift z=1100 z~15-20?

Big Bang *

Cosmic pu \
chmv.raveﬁ S — Cosmic Reionization Present day
I3 ‘

Adamo et al. 2025




Field

Galaxies in general fields
z~9-6 / ~500-900 Myr

oW Ok
Lensed

[ou Ha
(NIRSpec IFU) (MIRI IFU)

M1149-JD1 UV-optical (NIRISS, NIRCam, MIRI) The Cosmic Grapes
2=9.10 / ~500 Myr 2=6.07 / ~900 Myr

The Firefly Sparkle
Cosmic Gems z=8.30 / ~600 Myr The Sunrise Arc & Earendel
2~10.2 / ~450 Myr 2~6.0 / ~900 Myr

Age of the Universe

Adamo et al. 2025




HOT GAS GIANT EXOPLANET WASP-96 b
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HOT GAS GIANT EXOPLANET WASP-39 b

ATMOSPHERE COMPOSITION

Amount of Light Blocked

Amount of Light Blocked

NIRISS | Single Object Slitless Spectroscopy
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HOT GAS GIANT EXOPLANET WASP-39 b

ATMOSPHERE COMPOSITION NIRSpec | erign Otiect Tme-Saris Specoscony
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EXOPLANET K2-18 b

ATMOSPHERE COMPOSITION NIRISS and NIRSpes (G395H)

¢ Data Best-fit Model
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What is the next step?



HABITABLE
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Astrophysics Division

A Future IR/Optical/UV Telescope Optimized for Observing Habitable
Exoplanets and General Astrophysics

CONSENSUS STUDY REPORT

Pathways to Dlscovery in

Astronomy and Astrophysms
for the 2020s

HO

Simulated space-telescope image of a complete Simulated spectrum of an Earth-twin planet observed from the
planetary system including a life-bearing Earth-like =~ UV to near-IR by a space coronagraph
planet

Recommendation: After a ciicraccful miecian and tachnoloay maturation
pragiant, NASA should embark on a program to realize a mission to seaiciv 2
biosignatures from a robust number of about ~25 habitable zone planets and to
won transformative facullty for general astrophysics. If mission and technoloo:-
maturation are succeooisl oo dntorminad b s indoioidlidieview,
implementation should start in the |atter part of the decade, with a target launch

in the first half of the 2040’s

Credit M.Clampin




BTN R b od
Habitable Worlds Observatory (HWO) =& v =
NASA astrophysics flagship mission concept ~ "i :
recommended by the Astro2020 Decadal Survey e
® Jupiter
_ Earth v & )
Venus . 4 i y //////f
B (I Large-aperture
® IR/VIS/UV
* , space-based
L y / observatory

First space telescope designed to search for signs of life on planets
outside our solar system & will perform transformative astrophysics

Pepper et al. 2025




Arney et al. 2025

HWO Preliminary Specs and Candidate Instruments

Telescope Coronagraph
Diameter ~6.0 m (inner) High-contrast imaging and
Bandpass ~100-2500 nm imaging spectroscopy

High-Resolution
Imager

UV Multi-Object
Spectrograph

IH1RE
|

Bandpass ~200-1800 nm

UV/Vis and NIR imaging

Contrast <1 x 1010

Bandpass ~200-2500 nm

Vis: ~140
NIR: ~70,200

Field-of-View [~3'x 2’

UV/Vis multi-object spectroscopy
and FUV imaging

Fourth Instrument
to be defined

SATURN
.

JUPITER
.

W ~—— EARTH
VENUS e

60+ science filters & grism Bandpass ~100-1000 nm
High-precision astrometry? Field-of-View |~2'x 2’
Zy Apertures ~840 x 420
% i . ~500-60,000




Searching for Global Biospheres

SATURN
.

JUPITER
L

VENUS —/

~—— EARTH

Planet-star flux ratio x

— e

Credit: Lustig-Yaeger (JHU-APL),
Robinson (NAU), Arney (NASA GSFC)

Modern Earth

Preliminary simulation

Wavelength [um]

HWO will directly image ~25+ Earth-sized exoplanets in the Habitable Zones around Sun-like stars, suppressing
starlight by factors of ~10 billion to obtain exoplanet atmosphere spectra covering multiple potential biosignatures




- SLY HWO Science

Mapping the Baryon cycle

in emission and absorption

Deep Fields 8x faster than HST
and 4x JWST
UV spectroscopy of
millions of sources

Viewing the Solar System in high
resolution & cadence

Seeing all the building
blocks of galaxies

Resolved stellar populations
beyond the Milky Way



Implementing Lessons Learned for Large Missions

Independent Research Papers Mission Concept Reports GAO Report on Major Projects  NASA SMD Internal Studies National Academy Reports
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Unid Staes Governeent Accoureatiny Ofice

Pathways to Diséovery in -
Astronomy and Astrophysics
for the 2020s

Report to Congressional Committees

Assessments of
NASA Major Projects

4

¢ B

LMS

Large Mission
Stuay Report
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Want to learn more about HWOQO?

Info and updates
on NASA HWO
Website

Subscribe to
HWO-News email
list

NASA HWO




Thank you!



“The discovery of Dark Energy has greatly changed how we
think about the laws of Nature.”

Ed Witten, 2008

Distant Supernovae

Hubble Space Telescope ¢ ACS

Before supernova

Before supernova

-

Before supernova
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After supernova

%

@ HST discovered
<> Ground discovered




Massive Star Eta Carinae = STIS

Ni . o ‘“* ‘ : ‘ e

ST|S/
C
FpC?

structure of a pre-supernova
massive star




® |nternational collaboration
ESA-NASA-CSA

® Deployable infrared
telescope with 6.5 meter
diameter segmented
adjustable primary mirror

® Cryogenic temperature
telescope and instruments
for infrared performahce

® Launch June 2014 on an
ESA-supplied Ariane 5
rocket to Sun-Earth L2

® 5-year science mission

The James Webb Space
Telescope




