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Introduction

The THEIA mission will have a high sensitivity ultraviolet
spectrograph (UV'S) optimized for studies of gas conditions,
composition, and dynamics in systems ranging from
cosmological scales (the intergal actic medium) to planetary
scales (exoplanet and solar system bodies). UVSwill perform
medium-resolution (AAX ~ 30,000) and high-resolution (MAN!~
100,000) spectroscopy in the 1000-3000 « wavelength range.
The UVSdesign is part of an Astrophysics Strategic Mission
Concept Study focusing on key technology development areas
needed to enable high performance spectrographs within the next
decade. The UVSdesign and study results will serve as inputs
into NASA's strategic planning process.

Instrument Concept

UV Swill be used during periods when THEIA is not searching
for or characterizing exoplanets.

UV S has asingle instrument enclosure, which includes all
necessary subsystems (e.g., heaters, electronics, calibration
platform, etc.) in addition to optics, detectors, and mechanisms.

UV S has two channels that span the 1000+ to 3000« bandpass.
In the current design, only one channel is usable at agiven time.

Selectable dlits and apertures will be available for both channels,
including at least one dlit each for spatially resolved spectroscopy.

The far-ultraviolet (FUV) channel covers 1000« to 1700« and
uses a series of in-line microchannel plate (MCP) detectors with
photocathodes optimized for the spectral regions covered (e.g.,
KBr, Cd). Thischannel hasonly asingle Al+LiF optical element
in the light path and is designed for maximum efbciency.

The near-ultraviolet (NUV) channel covers 1700« to 3000« and
uses alarge format (8K x 8K) photon-counting CCD array and
cross-dispersed echelles to span this wavelength range in asingle
exposure. This channel baselines Al+MgF, optics.

We are investigating the feasibility of including an all-refective
integral beld unit that will work in the UV downto 1200 .

Technology Roadmaps

We are identifying technologies needed to enable efpcient UV
spectroscopy with the next generation of UV/Optical/IR
telescopes. Theseinclude:

¥ Large-format, low-noise, photon-counting detectors (CCDs
and/or MCPs) with QE " 60% between 1000+ and 3000 ¢

¥ Large, fast, efbcient, low-scatter, aberration-correcting
diffraction gratings

¥ Improved optical coatings with ref3ectivity > 65% at
A <1200l

University

Key Science Programs

Characterizing the Cosmic Web of Matter
THEIA UV S observations of hydrogen and metalsin the
blamentary cosmic web would :

¥Produce a comprehensive census of ordinary (baryonic) matter
¥Test models of the growth of large-scale structure
¥Quantify galaxy assembly, feedback, and evolution

UV'S Cosmic Web Survey
500-1000
~3years
%>1200+ |
A<1200- |
Az > 200
>3,700a W, " 30 me
>34,000a W, " 30 me
Volume accessible FUSE 1000x

relative to previous
instruments COs

Number of pointings
Survey duration

50 ksec
100 ksec

Exposuretimetoreach SIN" 10 at
F, =10%ergcm2ste -t
Total redshift path probed

Number of absorption oVI
systems expected Ly

10-30x

Exploring |GM - Galaxy Interactions

¥ Galactic winds should have a dramatic effect on the distribution
of the hot intergalactic medium and its accretion onto galaxies.

¥ Feedback effects are pronounced at temperatures (T~10%-10° K)
traced by UV speciessuchasH | Lya, C1V,and O VI.

¥ Dispersal of heavy elementsinto the IGM depends upon the
efbciency of star formation and the strength of galactic winds.

Galactic Winds

Y

4¢s
LE]

T
T@K) 104 105 108
Figure reproduced with permission (Renyue Cen et al.)

Other Key Science Themes

Stellar winds and outfRows

|| Lifecyclesof starsand interstellar gas
Black holesand AGN jets

Transiting exoplanet atmospheres

'

Light Paths

On-axis light from the tel escope passes through an entrance
aperture and slit mechanism upon entering the instrument.

EUV Channel: If the NUV collimator is out of the light path,
incoming light encounters a holographically ruled, 1st-order
diffraction grating that focuses and disperses the light onto along
curved FUVmicrochannel plate detector.

NUV CCD array

NUV Echelle(s) FUV MCP

detector

Slitmechanism

NUV focusing mifror

NUV collimator

NUV Channel: If the NUV collimator isin the light path, the light
is collimated and ref3ected to an echelle grating. The dispersed
light then encounters a sel ectable cross-disperser and camera
mirror before being recorded by aRat UV-sensitive CCD array.

Instrument Properties

Operating wavelength range

1000 - 3000 «

Single exposure wavelength
coverage

1000- 1700+ (FUV)
1700- 3000+ (NUV)

Sensitivity

100x FUSE at 1000-1200 «
5-10x HST/COS at 1200-3000 *

Modes

Time-tagged photon-counting
Accumulation
Target acquisition

Resolving power

" 30,000 (medium resolution)
100,000 (high resolution)

Long dlit (width x length)

0.0300x 20

Spatial resolution along dlit

0.0300- 0.300

FUV detector

50Kx1K MCP array (3 detectors)

NUV dectector

8K x 8K photon counting CCD array

Mass

465 kg (includes reserve)

Power (average)

184 W

Operating temperature

-20to0(C

Cost (including 30% reserve)

~$250M

Instrument lifetime

5-yr baseline, 10-yr design
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