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UV Definitions

Wavelength regions defined by' technology
- EUV: 7-91 nm. | |
» FUV: 91 — 120 nm (FUSE)

NUV: 120 — 300 nm (GALEX)

Most of the
infrared spectrum
absorbed by
atmospheric
gases (best
observed

from space).

Visible light
observable
from Earth,
with some
atmospheric
distortion.

. Long-wavelength
Radio waves observable radio waves

Gamma rays, X-rays and ultraviolet e Bt blocked
- ocked.

light blocked by the upper atmosphere
(best observed from space).

https://upload.wikimedia.org/wikipedia/commons/3/34/Atmospheric_ ‘@ gnetic_opacity.svg



History

 First UV observatlons made from V-2 rockets

o Operatlon Paperclip brought German rocket
“scientists to Huntsville, Alabama.

* The solar ultraviolet spectrum from a V-2 rocket.
Tousey et al. 19474Ad, 52, 158.

« Sounding rockets (many from NRL) made the
-first observations in UV, X-ray and gamma ray

asStroNOMY.—- . c— .+ S,

 Major push into UV astronomy because it was
close to optical astronomy.




Why UV
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* Many electronic
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https://apod.nasa.gov/apod/image/omgcen_uit_big.gif
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Why UV
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UV Definitions

Wavelength regions deﬁned by technology

« EUNV Gl nm.
- FUV 9] — 120 nm (FUSE
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EUV
+ EUV:70Ato 912 A

- Lower limit is decided by grazmg angle optics.
“Upper limit is HI ionization

Interstellar Medium Absorption Cross-section

https://image.slideserve.com/404263/inter -

stellar-medium-absorption-cross-section-  EyNEEIEEN photoelectric

ljpg - ‘ absorption cross-section, G,
is plotted against wavelength

® in A for the interstellar medium
for an assumed set of interstellar
element abundances (Morison and
McCammon, 1983, Ap.J., 270, 119)
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FUV

*FUV: 91 — 120 nm |
912 A: HI ionization. [ ‘ oo
1216 A: HI Lyman o

alpha. |

* Windowless detectots.
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NUV

» NUV: 120 - 320 nm
+ 1216 Al Ly a
» 3200 A: Solar flux.




Optics

Normal incidence. * Mirror reflectivity
Minimize number of + Al+MgF2
elements. « 80% (> 1200 A)

Long-pass crystalline SR
filters. . 40% (< 1200 A)
. MgF2 "« Filters ~80%
o CapZe ~* Contamination control
o i ~--'~c=—«~&-.~.....wmv-—¢___.T ﬁan.d.a.t Orym-w =



Detectors

-2300 Volt
-2100 Volt

-1400 Volt




Microchannel Plate Detectors (current)

Qur current workhorse is the cross delay line readout MICP detector

Typical characteristics
Use alkali halides for XUV QE (~50%),
Glass MCPs. Gain ~107
Photon, ion, electron, neutron sensing
Size formats to 100mm, Resolution ~30 m
Event rates to =1 MHz, (kHz/pixel rates)
Timing <100ps (~20ps limit)

Delay Lines

Issues,
High gain/lifetime/local-global rate limits
Single event sequential processing

Cross delay line anode is a multi-layer
crossed conductor layout. Period is
~0.5mm on ceramic. MCP charge divides i el
between upper and lower charge collectors, Charge Collectors /4 T L
Event centroids are linearly proportional to Charge cloud
signal arrival time difference at ends of
delay lines. Fast event propagation (50 ns).
Compact and robust (900°C).

Cross delay line readout scheme




Radiant
Sensitivity,
Quantum
Efficiency (QE)
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Counting Events

« Measure X, Y, PH,
time. i

. Exclude background
events. -

 Not possibleto *
distinguish multiple
-events. |
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Quantum Throughput . —'

+ qt(A\)=0.8x0.8x0.8x0.1=0.05=5%
» Counts = F xAxAAx q.t.

Filter Slot | Slope Slope error R Conversion factor® |
FUV CaF2_1 F1 0.3619 0.0013 0.9845 3.8689%e-15 ‘
FUV BaF2 F2 0.3330 0.0018 0.9978 4.2036e-15
FUV Sapphire | F3 0.2574 0.0008 0.9986 5.4399e-15
FUYV Silica Fb5 0.0980 0.0011 0.9848 1.4273e-14
NUV &ilica F1 1.0586 0.0027 0.9873 1.9459e-16
NUV B15 F2 0.0353 0.0001 0.9956 5.8360e-15
NUV B13 F3 0.1995 0.0005 0.9941 1.0327e-15
NUV B4 F5 0.2959 0.0014 0.9825 6.9611e-16
NUV N2 F6 0.0736 0.0002 0.9723 2.7988e-15

a

erg cm—2 A1 cnt— !



Units

= We measure counts per pixel per second.

: Magnltudes are difficult because AO stars have
no flux in UV.

: FUV Mpg = -2.5 X 10g4o(Fluxgyy / 1.40 x 10-15 erg
sec!' cm2 A1) + 18.82

o NUV Mag = -2.5 X logyg(Fluxyyy / 2.06 x 1016 erg
sec! cm2 A1) + 20.08

= Limitng magﬁrtude&%&magnltudemll()&‘-‘e&
- second observation.



Counting details

o Zero noise detectors

. Counts are Poissonian so S/N increases by
square root of observation time.

- 20t magnitude in 100 seconds (GALEX AIS) =>23rd
magnitude (GALEX DIS) in 30,000 seconds. -

» 10 counts for 3 sigma detection.
« “Similar-scaling with mirror area.
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Detector Issues

- Lifetime of MCP ~ 1 Coulomb of charge.

- Avoid bright regions, particularly in the beginning of
“a mission. For large FOV missions, diffuse
background may be important.

* There are only a countable number of hot stars
which can be av0|ded

* Avoid Galactic Plane, Magéllanic Clouds.
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Nonlinearity

llil

FUV
e NUV
e Monte Carlo test
Best fit (Kuin & Rosen(2008))
8% roll-off on 15 cps
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- GALEX Data

: Availfablefrom MAST. | R R

» Point source list. M e

*  https://ui.adsabs.harvard.edu/abs/2
020ApJS..250...36B/abstract
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GALEX Diffuse Observations

— 0.001
—— FUV NORTH

— — FUV South B
—— Murthy FUV

Galactic Latitude

 Murthy 2014

« Cosecant falloff from plane---
to poles.

« Baseline of about 200
photon units.

100 ph cmZ2 s’ sr' A7 =2nWm? s.




CRB

CGB
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« No UV capability once

HST/UVIT die.

« World Space
Observatory

1.7 m telescope. *

~2025 launch
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About Spektr-UF / WSO-UV

The World Space Observatory — Ultraviolet (Spektr-UF / WSO-UV) is part of ROSCOSMOS scientific program
and has been developed in collaboration with Spain. Spekir-UF / WSO-UV is the third mission of the Spektr
(spectrum) series of the Russian Federal Space Program after Spektr-R (in orbit since 2011) and Spectr-RG (with
Russian ART- and e-Rosita payloads). All missions of the Spekir series use the NAVIGATOR platform

The scientific payload consists of a 170cm primary space telescope, equipped with instrumentation for imaging
and ultraviolet spectroscopy in the 115 to 315nm range, from Lyman-alpha to the atmospheric cut-off. The Spektr-
UF / WSO-UV will be placed in geosynchronous orbit in 2025 by an Angara A5 launcher becoming the first 2-m
class ultraviolet observatory flown into High Earth Orbit (HEO).

The mission is run by an international consortium led by Russia and also involving Spain. This is the web page of
the Spanish team. Visit the Russian site

The Spektr-UF / WSO-UV premises at the Universidad Complutense of Madrid are provided by the Joint Center
for Ultraviolet Astronomy (JCUVA).

The Spanish participation is funded by the industrial activities) and

the I of Economy etit

d g s (scientific activities). The Un
s the scientific responsible for Spain

WSO-UV spacecraft

T-170M  PrimaryMirror  External Panels  KONUS-UF

telescope  unitring  forElectronics
2]

External ight
baffle

‘Secondary Mirror




No UV capability once

HST/UVIT die.

ULTRASAT
Large FOV.

o J——— e 4 o e e G P e i pmnyemn

Continuous UV alérts.
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WEZMANN INSTITUTE OF SCIENCE *
Department of Particle Physics and Astrophysics

ULTRASAT

Ultraviolet Transient Astronomy Satellite
e
Exploring the Dynamic UV Sky . G

Science Mission Publications & Presentations Contact Us

ellite carrying a telescope with an unprecedentedlylarge field w
grees) ob: ng in the ultraviolet (220-280nm,UV). Its launch to ge:
(GEOQ) is planned for 2024. ULTRASAT will revolutionize our un

th a-Gal

tionary orbit
standing of the hot tral

to ULTRASAT for the discovery of transient sources, is
nsitive UV satellite to date, GALEX, and comparable to that of the
d optical transient survey planned to begin operation in 2024, LSST.

nt univer
ic volume, that will b
than that of the m

largest ground-b:

ULTRASAT will have a broad scientific impact across the fields of gra
variable and flare s

sources, supernovae,
galactic nuclei, tidal d and ga It will

na e band (UV) and cadence access ( t space for serendipitous

discovery. All ULTRASAT data will be transmitted to the ground in real-time, and tran t alerts will be
distributed to the community in <15 min, driving a vigorous ground-based follow-up of static, variable, and
transient ULTRASAT s

LTRASAT is the disco
tion of gravitational es (GW) from the m
de will ing th

One of the key science goals electro-magnetic emission following the
binaries involving neutron stars. Such

events for addressing fundamental questions, such as
nts and the ansion rate of the univer

sky, and its

the origin of the |
to >50f

SAT will be able to slew
in minut e field-of-view amp

ctors in the 2020s. It will p
alerts that will enable ground-based follow-up spectroscopy and monitoring of optical and infrared

emission predicted to arise later.

The ULTRASAT spacecraft will be construct

Elbit/Elop. ULTRASAT

by the Israeli Aerospace Industry (IAl), and the telescope
d and managed by the Israel §
tific leadership of the WIS

significant contribution of the DESY center of the Helmholtz association. ULTRASAT is plann

ar operation at a GEO orbit. It will be launched to geostationary transfer orbit (G
perform GTO-GEO transfer to acquire its final GEO position.

and then self-

VONIO7IN

NEWS

August 2019: The Weizmann
Institute of Science (WIS) and
the Israel Space Agency (ISA)
recently agreed to initiate work
on the project this coming
September; in parallel they are
conducting an effort to secure
the budget for the entire
project. This agreement was
reached just as the German
DESY Research Center of the
Helmholtz Association pledged
its support and cooperation for
the initiative. Negotiations are
also under way for the
participation of ESA and NASA
The project is expected t

some $70 M over a projecte:
four years of detailed planning,
construction and launch

LINKS

ULTRASAT on ISA wel




« No UV capability once

HST/UVIT die.

« World Space
Observatory

1.7 m telescope. *

~2025 launch
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The scientific payload consists of a 170cm primary space telescope, equipped with instrumentation for imaging
and ultraviolet spectroscopy in the 115 to 315nm range, from Lyman-alpha to the atmospheric cut-off. The Spektr-
UF / WSO-UV will be placed in geosynchronous orbit in 2025 by an Angara A5 launcher becoming the first 2-m
class ultraviolet observatory flown into High Earth Orbit (HEO).

The mission is run by an international consortium led by Russia and also involving Spain. This is the web page of
the Spanish team. Visit the Russian site
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« No UV capability once -

HST/UVIT die.
- CUTE
 Atmospheres of
exoplanets. B

 To launch ~2021°

ey
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Colorado Ultraviolet Transit Exp X +

& O B nttpsy//iasp.colorado.edu/nome/cute B ® L In

University of Colorado Boulder
Laboratory for Atmospheric and Space Physics

o

The Colorado Ultraviolet Transit Experiment (CUTE) is a 4- year, NASA-funded
project to design, build, integrate, test, and operate a 6-unit CubeSat (30 cm
x 20 cm x 10 cm). CUTE will have a 1-year mission life time and will launch in
2020 and use near-ultraviolet (NUV) transmission spectroscopy from 255 to 330
nanometers (nm) to characterize the composition and mass-loss rates of
exoplanet atmospheres. CUTE measures how the NUV light from the host star
is changed as the exoplanet transits in front of the star and passes through the
planet’s atmospheres. CUTE’s spectrally resolved lightcurve will provide
constraints on the composition and escape rates of these atmospheres, and
may provide the first concrete evidence for magnetic fields on extrasolar
planets.

The keys to unlocking the diagnostic potential of these systems are spectral
coverage in the appropriate bandpass and the ability to follow the systems for
several orbital periods. CUTE is designed to provide exactly that - low
resolution spectroscopy of critical atmospheric tracers (Fe Il, Mg Il, Mg I, OH)
that are inaccessible from the ground, and a dedicated mission architecture
that enables the survey required to characterize atmospheric structure and
variability on these worlds.

CUTE is being constructed at the University of Colorado, Boulder and the
Laboratory for Atmospheric and Space Physics (LASP). Dr. Kevin France is the
Principle Investigator of the CUTE mission at LASP.

We’re just getting started with CUTE, so stay tuned for more details and
updates!
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Future Directions

S\fe « NUTS

To fly on CSS in 2023 * Planned for P‘S4

Low resolution launch. |
spectroscopyof - < ~3degree FOV to
nebulae. search for transients.

* Total cost: ~USD
- 30,000 + 1 graduate
student
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_ ~ Small Satellites
. UV is where to go for niche science at Icé'w 'cc')st!'




