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I KEY SCIENCE TO BE ADDRESSEDWITH @ U Vsﬁ
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transport processes in the intergalactic medium over 80% of thfe uRiverse lifetime
the interstellar medium (ISM)

planet formation and the emergence of life
the solar system
stellar physics

fundamental physics — testing the vag

-----

P J,LI‘ o
* H
1, 15 B i




+UV  Key Science Life emergence Planetary Science  Star Formation Stellar Physics Cosmic Web  The Mission Technologies

I > THE EARTH CONNECTION

+ Earth’s atmosphere is in constant interaction with the interplanetar
solar UV radiation field. Observation of planets, interplané :
activity provides the phenomenological baseline to understa
context.

dim and the
AL TS & |C

granetary research is fundamental for understanding atmospheres as global
systems, including the Earth.

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.



+UV Key Science Life emergence

Planetary Science Star Formation Stellar Physics Cosmic Web The Mission Technologies

I > PLANETARY SCIENCE: THE SOLAR SYSTEM IN CONTEXT

e An holistic understanding of aii solar system bodies is required
e AUV telescope uniquely allows the exploration and comparative

Object

Mercury

Venus

Moon

Mars

Largest asteroids
Asteroids D > 50 km
Jupiter

lo

Ganymede
Saturn + rings
Titan

Tethys & Rhea
Uranus
Oberon & Titania
Neptune
Triton

Pluto

Charon

Sedna
P/Halley

Hale-Bopp

Diameter (“)
4.6-12.5
10-60

1.865

14-24

Upto 0.8
>0.05

47
1.2
1.7

0.015
0.075

telescope

Aperture diameter (m) | 0.5 | 1.0 | 2.0 | 4.0 | 8.0

Angular resolution at Ly-a (%) | 0.061 | 0.031 | 0.015 | 0.007 | 0.004

‘ .= Infrared JWST at 2um
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I > Time-domain spectro-imaging observations of atmospheres

, _ _ Timevarving UV
Global circulation and local atmospheric 'me-varying
auroras reveal

proce-
Source, loss and transport processes, cold

traps and cryovolcanism.

Atmosphere evolution, includi-
ocean loss.

Composition, r

temperat Start and

satellite-
Ther
crises,
magnet

volcanism

Magnetich of
planets with _iites and .
rings, and oth .cS.

Comparison witt, exoplanet studies. =
Satellite-atiroras

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Time-domain spectro-imaging observations of surfaces and small bodies

Spatially-resolved albedo maps and
characterization of regolith properties

for all objects larger than 50 km. ' Cometary

activity
Mineralogy, organics, geochemical
provinces on planetary surfaces.

Origin of comet-like activity.
Volatile transport processe

Origin, composji
planetary rj

Shape, ro Isional hi
Spatial and ,and
chemical com comets and :

1000s of TNOs. Sourcq];!r_o§e§_§_§___-. - Debris disks

it _“.-'E

Comparison with debris disk studies.

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > What hardware do we need?

For temporal solar system phenomena the key feature is observing tj uch that L2 or HEO

orbits are ideal

resolved

Uranus, Neptune and sgellited

HST: Jupiter
4m EUVO: Saturn

8m EUVO: Uranus Uranus

8m EUVO

HST ACS-SBC field of view

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > EXOPLANETS IN THE UV

thousand to G <16. These will b
through absorption spect

A sensiti
dynamic

A high sensit erate spectral resolution instrument in the near-UV would allow us
to observe the Rayleigh scattering of H,, haze and possibly CO, and N, atmospheres

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Evolution disk mmp planets

100/ -
+ The dust disc clearing timescale is expected to i E _3,,'{
be 2-4 Myr, however recent results indicate that _ 80 : gl
inner molecular discs can persist to ages ~10 Myr E; _3_3:3
in Classical TTSs. § L i
: oDepn) |42
+ H, probes gas column densities <1 TS Gas g
making them the most sensiti 153
tenuous gas in the prot : 5
environment. — -6

14

Age (Myr)

from Ingleby et al 2011, ApJ,743, 1051;
France et al 2012, ApJ, 756, 17

A far-UV survey of H, and CO disks (R=3000, F=10-%¢ erg/s/cm?/A in 103s) will allow
studying disk evolution (e.g. Orion (1Myr) -> Tucana (30 Myr))

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > UV IRRADIATED ENVIRONMENTS IN LIFE EMERGENCE, EVOLUTION AND STABILITY

In the hard €
planets form a

+ how planetary atmospheres are formed?
+ how do they evolve?

+ which are the conditions for stability?

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Star-disk interaction: the gravito-magnetic engine

Star-disc interaction physics still
poorly understood.

oY
‘-\:

The role of stellar radiation and
magnetic field on the engine Y4
performance the evolution of the

Molecular disk

Dust/gas
disk

from Gomez de Castro & vO b - _ LG
MNRAS, 411’ 849 Haveleneth Lino=stromsl

A single spectrum in the UV range contains information about all the physical components - atmosphere,
magnetosphere, outflows (Solar-like winds, jets), accretion flow, inner disc structure, residual gas in the
young planetary system — and their evolution into exoplanetary systems

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Engine Evolution and habitability

+ The "habitability" of planets depends on the
central star magnetic activity, which strongly
influences the chemical (and possibly
biochemical) processes at the surface of the
planet. ‘ | , S

+ Engine physics seems
to extend smoothly
into substellar scales:

log(F(CIV) /R

Z'f . nﬂﬂ—ﬂﬂﬂh from Gdmez de Castro and Marcos-Arenal 2012

X T2 -15-4-05 0 05

loF

mprovement on sens&lwty is requwed (reaching 1017 erg/s/cm?/A with
R=20,000) to observe the faintest components of the engine in a sample large enough. This
represents a factor of ten improvement over current facilities (HST).

At least, a facto

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Engine evolution mmp Habitability

e A high sensitivity, low background equivalent flux le
10%s) equipped with photon counting detectors

Distribution of star forming
mplexes around the Sun

S0 parses {1000 Lghl yesind

V=13-15 to reach the Star Formation Belt with
| R>20,000 and integration times < 300 s for key
e low mas stars

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I STELLAR PHYSICS

< Open questions:

< Fossil vs dynamo origin of magnetic field
< Mass loss, outbursts, flares

< Wind coupling

< Stellar evolution

< Rotational evolution Copyright

< Tidal interaction Scott Gregory

< Accretion physics
= Interacting binaries
= Compact binaries
White dwarfs
Supernovae

efit from EUVO:

bnce stars
pinaries, Be-X-ray binaries,...)

ain sequence stars (T Tauri, Herbig stars...)

stars (white dwarfs, neutron stars, magnetars...)

X3

*

X3

*

Need: hig. ol

+ optical pr

+ UV probes

+ polarimetry, .ucture,

With UV+optical « .imetric time series at high resolution, we can reconstruct the full system

star + environment . the interactions.

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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E > INTERSTELLAR MEDIUM

Unprecedented sensitivity permits to:

Extend ISM studies to other galaxies.
Cover a wide range of environments.
Study the very diffuse gas.

Study depletion and fractionation in denser
molecular cores.

+ 4+ + +

Unprecedented spectral coverage fro
far UV permits to:

+ Cover all phases of the IS
different s

series a

abundanc tios, molecular
fraction.

+ Couple dust and gas studies of the same
sightlines.

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > BARYONIC MATTER IN THE COSMIC WEB

12+1og(0/H)

i N

PSS A R

aloniaaa el liaiy]

300 Mpc

What is the nature of the IGM,
what are its origins,

Distribution of Dark Matter

how does it evolve?

z=1.527 Galaxy's [NIl] dynamics and nebular ratio maps
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e relafion still hold?
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> “Nature” vs “nurture” in galaxy evolution

How much of the morphological diversity of galaxies is
decided upon formation and how much is modified later?

Star formation in blue knots
Galaxy Zoo : 5D55

NGC 300 (GALEX)

shows strong star

Interaction with the cluster e e =
form ati on STAGES : Hubble Space Telescope

environment

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Metals in the intergalactic space

Hot gas in the Coma
Cluster (XMM-Newton)

What is the origin of the hot gas in clusters?
How much of it is material processed in galaxies?

thCk/ /alactl\
\ winds /Cluster
— / \ merger /L.h I
i@olve}; TWHIM \
i ASLA spectrum of Abell 100 QNR/‘ Q;ammy |
§~ - educed metallicity — . —
.tm-m e cluster outskirts " /Coohng\\
* . . \ﬂows/
Canrel Enugy (o]
1 1 . .
10° 10 104 106 108

Spatial scale (pc)
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I > Metals in the intergalactic space

FUV Magnitude

the 900—3204 i izat] i A SR o .
comparable [ 5" '"'-m_*'““*.  Clpud
local AGN.

A UV spectrogre 0,000 and a throughput

of 5x COS would enable the detailed kinematical study of
these species in hundreds of AGN at z > 0.2 more sensitively
than any proposed X-ray telescope.

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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B UV ASTRONOMY MISSIONS

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > THE MISSION (Orbit: HEO or L2; Lifetime: 15 — 20 years; Range: 900-7000 A)

| ational collaboration: US-Russia-India-Canada-

Wil Il WwWWITWUNWVIL AL LI} A4

INTEGRAL FIELD
IMAGING SPECTROSCOPY SPECTROSCOPY 4m

- - v,
Fov Angular Fov Angular i
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(arcmin) (arcmin)
(arcsec) (arcsec) ey
-_—
Cosmic |
. (0

Web 10 <0.01 10 ,000 _ 10 Mpc
S <0.01 20,000 Hya(Tau Tau/Orion
Planets Orion

30,000 M@50pc
Exo- 100,00 50pc
planets 0 (K type)
SeIER 0.1 3000 100,00 * Saturn Uranus
System 0

100,00

0 *

100,00 *

Stars 500-1000 020,00
0
Cosmo- A o
n logy ESA Workshap, Paris 2013: EUVO presentation, Gomez de Castro et al. 22
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I > Instrument technology development

Enhanced optical coatings

+ Spectral coverage: Lyman limit to NIR

+ Net factor 2-3 gain in overall efficiency of telescope pludsg
in each subsystem)

Enhanced detector performance

+ Raise QE to 80-90%, ps ti
+ MCPs and photoca

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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I > Telescope Concept

Ariane V fairing iimit is 4m monoiithic mirror

Deployable systems required for 8m

+ James Webb concept to fly in 2018

Refinements needed for UV accuracy requirement

assemblies (18x}
Light Shigid - Gdof

{bib) deployment

06/11/2013

ESA Workshop, Paris 2013: EUVO presentation, Gémez de Castro et al.
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coslostat mirror

Fresnel array

o o
o'''o
Telescope concepts...

optical axiic

Pessible layoul™sf the Fresmnel protetype on the 155, Only two small oplical devices nesd Lo be altacie L
The optical axis runs in bet WER, cutside in the vacuum. A steerable Tlat mirer -"I”!I'h‘ipﬂ I"Itll"q n \'ﬂrlwiﬂl t’l:tll!f'ﬁ

\/
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EUROPEAN ULTRAVIOLET-VISIBLE OBSERVATORY

THANK YOU

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.



+UV Key Science Life emergence Star Formation Planetary Science Cosmic Web  Stellar Physics The Mission Technologies

D P | ctures C red |tS (each slide images numbered from left to right - top to bottom)

Slide 1. 1: Saturn Aurora- HST-STIS — PRC98-05-ST Sc OPO —Jan.1998 — J. Trauger, JPL and NASA
2: WSO-UV Project
3: HH-47 J. Morse/STScl, and NASA/ESA
4: WSO-UV Project
5:Jupiter Aurora . NASA & John T. Clarke (U. Michigan)

Slide 2. 1: GALEX

Slide 3. 1: Active regions of star formation at redshift z = 12.5, trig
2002a,b; 208)

2: Hayes et al. 2010, A&A 509, L5
3: HH-47 J. Morse/STScl, and NASA/ESA
4: Ingleby et al. 2011, AplJ 743,
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t on Earth's magnetosphere : NASA
3: Auro ited States Air Force photo by Senior Airman Joshua Strang

Slide 5. 1: Our solar system http://solarsystem.nasa.gov/planets/

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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D Pictures Credits (each slide images numbered from left to right - top to bottom)

Slide 6. 1: Image of Jupiter's auroras observed in UV light by the Hubble Space Telescope. NASA and JT Clarjfe

Slide 7. 1: Composite of five asteroids

06/11/2013

2: WTP: Jupiter: Red Spot Turbulence, pds.jpl.nasa.gov
3: Transport of water vapour in the Martian atmosphere. ESA/AOES Medialab

4: Schematic of the Jovian magnetosphere showing the lo Plasma Torus (in red), thé : afinding lo
(in yellow), the lo flux tube (in green), and magnetic field lines (in blue). Graphic
http://www.boulder.swri.edu/~spencer/jupmag5na.jpg

5: Illustration of solar wind impact on Earth's magnetosphere. NASA
6: Fountains of Enceladus - NASA Photojournal, Jet blue, http://photojournd
7:Provided by Matthieu Barthelemy & Jonathan Nichols
8: Provided by Matthieu Barthelemy & Jonathan Nichols.

www.galaxypix.com

: lemy & Jonathan Nichols
8:Provided bY
9: Coronagraph of star Fomalhaut showing disk ring and location of extrasolar planet b. NASA, ESA, P. Kalas, J. Graham, E. Chiang, E.

Kite (Univ. of California, Berkeley), M. Clampin (NASA Goddard Space Flight Center), M. Fitzgerald (Lawrence Livermore National
Laboratory), and K. Stapelfeldt and J. Krist (NASA Jet Propulsion Laboratory)

fBarthelemy & Jonathan Nichols

ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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D Pictures Credits (each slide images numbered from left to right - top to bottom)

Slide 8. 1: Jupiter.Aurora.HST.UV. John T. Clarke (U. Michigan), ESA, NASA
2: Auroral formation on Saturn. Jonathan Nichols, NASA, ESA, University of Leicesteg
3: Bands and a new dark spot in Uranus' atmosphere. NASA/Space Telescope Scien

Slide 9 .1: Artist conception of the elongated, rugby ball shape of the outer layers of th g} 209458b, and of

2: The dinamyc HH 30 disk and jet, HST-WFP. it: S ’ Mexico) — STSCI
3: NASA
4: Sun magnetic fields. NASA

Slide 12.1: WSO-UV Project

Slide 16.1: WSO-UV Project

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.
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D P | ctures C red |tS (each slide images numbered from left to right - top to bottom)

Slide 17.1: Portion of the cosmic web that spans almost 900 millions of light-years across - Klaus Dolag, Univ
Sternwarte

2,4: Wright et al. 2012. Submitted to the 2010 Astronomy & Astrophysics Decadal
3: Provided by N.Brosch

Slide 18.1: NGC 300 . NASA/JPL-Caltech/Las Campanas
2: NGC 1427 A . NASA, ESA, and The Hubble Heritage Team (STScl/AURA)
3: Galaxy Zoo SDSS - Credit: HST

Slide 19. 1: XMM-Newton view of the Coma cluster . ESA
2: ASCA spectrum
3: Gas motion on various scales-Ohashi et a?

Slide 20.1,2:Tumlinson et al. 2013

Slide 21. 1: http://n

Slide 24.1: Jame pe: large deployable cryogenic telescope in space, Lightset et al. Opt. Eng. 51(1), 011003 (Feb 03,
2012). dof .1.011003

2: JPL-NAS

Slide 25.1: Fresnel prototype - courtesy Laurent Koechlin
2: Courtesy Laurent Koechlin

06/11/2013 ESA Workshop, Paris 2013: EUVO presentation, Gdmez de Castro et al.



