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UV Astronomy with WSO/UV.
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Why is the UV range important?

Hydrogen
Most resonance transitions from atoms, ionsare at UV
wavelengths. Richness of experimental data for the study '
of plasma with temperatures in between 3,000K and Deuterium
300,000K.
m unmatched by any other domain Molsculr
ydrogen

Electronic transitions of the most abundant
molecules, observed in this range

m E.g. H, OH, or CO: also the most sensitive to the

Carbon

Nitrogen



Scientific Objectives: Overview

Hence: UV spectra provide most sensitive tools to

e trace distribution of (baryonic) matter in the Universe

 diagnose chemical composition, physical properties,
kinematics of all types of astronomical objects:
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Extragalactic Astronomy
Evolution and development of galaxies within the z<2 Universe

The bulk of the volume of the universe and 80% of the cosmic time are within z<2.
The main forming activities for the today‘s galaxy populations can be seen below z = 2
UV Spectroscopy is necessary for:

Ny = 0.74, 0y = 0.26, Hy = 73 ks~ Mpe™

14 T T T T T T T T T

Reconstruction of the chronological
development of

» Activities of star formation

Cosmological time (Bil Year)

1 2 3 - 5 6 7 8

Cosmological redshift z

COSMIC TIME LINE
Struc
‘““y RS

tructure formation: the first light

=  Lyman break galaxies alaxies at T~ 6 (Stanwsy et al., 2004; Hu et al, 2004)
= QSO .J114816.64+5251:
=  Lensing-magnified galaxy

(oo o acow
/ALLION YEARS

radiavion  Darkages




- SRTON.
@33 Extragalactié Astronomy

Development of the Intergalactic Medium (IGM)

Condensation of the IGM into the galaxies and exchange of the IGM with
galaxies combine pre-galactic and galactic era.

Most interesting observing method: studies of absorption lines of distant
quasars with UV-Spectroscopy.
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Stars are the engines of the chemical evolution of
the Universe: Nucleosynthesis of elements heavier
than hydrogen and helium

Elements up to iron group (Fe, Co, Ni) are produced:

In low-mass stars (1-8 M) 3a-burning yields °C, O and by further a-captures

In high-mass stars through higher burning cycles up to Fe,Co,Ni (e-
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Young stars are surrounded by very
hot plasma emitting at UV that
interacts with the disk

February 1994

[
ca. 200
km/s

January 1995

Relative Size of
Solar System

Protostar Stellar Disk and Jet Motion - HH30 HST - WFPC2

{(hidden by dark, dusty nebula)
PRC95-24b - ST Scl OPO - June 6, 1995 - C. Burrows (ST Scl), NASA
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nderstand the source of high energy radiation at
the early stages of the Solar evolution and its role
in young planetary disks chemistry

Young stars will be observed in the full
Fomalhaut UV range to determine the

HST ACS/HRC

temperature, density and velocity of
the whole System

No data

Cornerstones of planetary formation
requiring UV:

Fomalhaut b planet

Nodatn | senla O — UV radiation (above 150nm) is an important

photochemical agent: accelerates formation of
large organic molecules

— Evolution of embryonic planetary atmospheres
— The planets-disk decoupling time

16.07.2010 Workshop on the occasion of Eckhard Kendziorra's 65th birthday
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Atmospheres of Exoplanets

Composition of atmosphere:
- Atmospheres:

O, (life induced?)
- Relative abundances

HD 209458 +
H, H,, O, C, CO, OH, etc. | HD 209458 b
%- 108
10;,_1 Artist’s View of Extrasolar Planet HD 209458b

NASA, ESA, and G. Bacon (STScl) = STScl-PRC10-21







~ 10MHz 1GHz v 000GHz ~ leV TkeV
| W i 1 ] 1 | | | I
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airplan

balloon

100

Half-absorption altitude, which is defined to be the altitude in the atmosphere (measured from the
Earth's surface) where 1/2 of the radiation of a given wavelength incident on the upper atmosphere
has been absorbed.
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EUV -Telecope
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International
Ultraviolet
Explorer
IUE

16.07.2010 Workshop on the occasion of Eckhard Kendziorra's 65th birthday
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UV - Missions

DATES MISSION | AGENCY INSTRUMENT | RESOLUT. RANGE (nm)
1993&96 ASTRO- NASA/DARA | ORFEUS ~3000/ 39-91/91-120

SPAS ~10000

Spectrometer

1993&96 ASTRO- NASA/DARA | IMAPS ~200,000 95-115

SPAS Spectrometer
1990&95 ASTRO 1/2 | NASA WUPPE ~100 140-320
1990&95 ASTRO 1/2 | NASA UIT Imager 120-300
1978-96 IUE NASA/ESA UV ~50 and 115-320

Spectrometer ~5000
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Orbiting and Retrievable Far and Extreme Ultraviolet S ectrometét_" |-

Flight No. 1 FlightNo.2
* Time 12.09.-21.09.93 19.11.-7.12.96
* Duration 9.8 days 17.1 days*
* Free-Flying Time 5.9 days 14.0 days
+ Switch-on Times  125.4 hours 263.0 hours
* Integration Times 56.1 hours 164.9 hours
* No. of Pointings 140 398

(Pl 210, GO 188)

World Record

Mission — Time:
17 Tage, 15 Std, 53 Min, 18 Sek
Longest flight in the Shuttle history (19 days)
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h MCP-Detector with
Wedge-and-Strip-Anode
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IUE
ASTRON
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GALEX




RRRRRRRRRRR
AIT

UNIVERSITAT
WSO UV Pfi

oject

=
=
—=
—
=
=
—
=
—
=
==
—
E—
=
=
E=
=
=

» WSO-UV is an mternatioal space observatory for
observations in UV spectral ran

e (~102-350 nm).
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WSO-UV Misson Model

Telescope: T-170M, Russia.
1.7 m diameter, primary A range 110 - 340 nm,
Spectrographs:
UVES, VUVES, R = 5-6 x 10%; _Russia (and Germany?)
LSS, R =1000
Imaging: FCU, Spain

Platform: Navigator, Russia
Orbit: geosynchronous one with /=51.4°

Launcher, launch: “ZENIT 2SB”, end of 2014, Russia

Ground Segment: Russia and Spain
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Light protective
cover

Secondary Mirror Module

Tube

16.07.2010

Workshop on the occasion of Eckhard Kendziorra's 65th birthday

Structure of the T-170M Telescope

Optical
bench

SRR R

Cover of
instrument
compartment

SETN

:{f{gﬁ% Instrument
f compartment

DN

Primary Mirror Module

External instrument
panel
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The Telescope
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The Navigator atform

The WSO-UV bus is the Navigator service module used for

other Russian projects: e.g. Electro and Radio-Astron and
Spectrum X-Gamma (eROSITA).

-l v o “
S =T | "\' \ - )
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i WUVS HIRDES+LSS
High Resolution Double Echelle
Spectrograph (HIRDES) o Lss
VUVES : 102.8 —175.6 nm ThiT
UVES X VUVES

/) : 60.000 _ w11
UVES : 174.5- 310.0 nm |
AOA : 68.000

Long Slit Spectrograph
LSS 103 nm - 310 nm
MOA : 1000

Spatial Resolution: 1 arcsec
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1000 AU

I S HH47
Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA




In Field Guidance Sensor

VUV Spectrograph

IFGS Focusing Disperser
el IFGS Fold
Mirror
IFGS Detector

MCP \
Detector

Collimator
Mirror

Echelle Grating
Entrance Slit
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Performance VUV Performance UV

Spot Dimension Spot Dimension
+ B2.1393 0BT: 0.0000, -0.1667 DEG + 0.2067

gy

*‘w{:t‘; - ‘f“&;ti‘xﬂt,}“

L LA n.:" .
gf%:'}“ %‘ “‘fi’fu, e
N doe
i

80 um

SURFACE: IMA

SURFACE IMA: FILTER IMA: -0.015. -0.238 MM
T FULL FIELD SPOT OIRGRAM T
5o KT TMA, F=2380 MM

TUE VAR 2 2010 NITS FRE m. TUE MAR 2 2018 UNITS ARE gm,

. FIELD : 1
RMS RADIUS 28.175
GED RADIUS : 4Y8.915 2018_01_20 HIRDES TDTAL ULV OPT.ZNX RMS RADIUS 18,767

; . Sl GEO RADIUS 34, 474 2010_@3_1_HIROES TOTAL UV.ZMX
CIRCLE DIRM an REFERENCE MIDOLE CONFIGURATION 3 OF & CIRCLE OTAM: & REFERENCE ¢ MIDDLE 20 231 HIROES TR L 2K

R =60500 R = 68500

MU gy
LTI
ulhne 7

3 pixel
diameter

3 pixel
diameter

Workshop on the occasion of Eckhard Kendziorra's 65th birthday




% EBERHARD KARLS
g UNIVERSITAT

TUBINGEN

il LSS Optical Design

2x Toroidal
Gratings

UV Channel VUV Channel

Fold Mirror

MCP UV

Entrance Slit A

Fold Mirror

MCP VUV

IFGS Detector
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fh Optical Bench
Thermostable CeSiC Structure

CeSiC Struktur
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Critical Componts Design

Isostatic Suspension made from CFRP Invar Suspension with SS flexural Blades
(PACS heritage) (ORFEUS Heritage)

Mirrors and Gratings

* Quartz Glas with Invar flexural mounts
- Coatings: UV : Al + SiO, VUV: Al + MgF,
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h QE of Cathodes
100 e
i —c— CsTe
GaN: % =~ Damnd ()
m might be used for both = ”’\ ..
detectors o *— —a
m special know-how required > R
(partner needed) 8
m sealed detector required o
m never flown in space b=y )
LL
Csl: c
= \
C \
© \
=) !
@) |
N, !
l....l.‘.‘.?...\.. :

n [ PN P R BT I A I
100 150 200 250 300 350 400 450
Wavelength (nm)

Figure 3. Comparison of different ultraviolet cathodes
CsI on MCPs, opaque GaN and diamond®, and CsTe.

Siegmund etal., 2008 Proc. of SPIE Vol. 7021 70211B-2
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Activities financed by DLR

Example: sealed detector tube UV-MCP: Coating + Assembly Facility

Rotation

Robotic assisted
sssss bly in vacuum or
inert gas required
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fh VUVIUV” Detéctor
(GaN Cathode)

m possible methods:

- Metal Organic Chemical Vapor Phase Epitaxy (MOVPE, OMVPE)
- Metal Organic Chemical Vapor Deposition (MOCVD, OMCVD)

——> - Molecular Beam Epitaxy (MBE) Shutters switch
m expensive equipment, know how needed beams on or off

. . Substrate
- collaboration required

Beams
fire at

; Effusion
Research group “Nanoscale Materials” of the cells substrate

DFG-Center for Functional Nanostructures
at the Karlsruhe Institute of Technology

(D. Schaadt)

® ® © @ eniEny”

Substrate
Layers of heater

atoms build up
on substrate
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HIRDES + LSS

- VUVES (102-176 nm)
——> mCsl (opaque) — standard
——> mGaN (opaque) — under development
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Anode

v A 4 v
few electrons many electrons  few electrons many electrons
weak pulse strong pulse  weak pulse strong pulse

Cross-Strip

Wedge-and-Strip

+ 4 charge amplifiers

- high signal required > 107 ¢-
>y X=X2/(X14X2) Y2 < o o
Tube Window with b X1 y = Y2/(Y1+Y2) X2 < (llfe tlme)

photocathode Fig S
Functional principle of a wedge-and-strip-anode. The coordinates (x,y) of the centroid of the charge cloud
are calculated from the ratios of the charges X1, X2, Y1 and Y2.

60 MHz ADC

Anode strips

Satenai
-
o

12 bit
12 bit
12 bit
12 bit
12 bit
12 bit
12 bit
12 bit
12 bit
12 bit

FPGA board:

X (Y)
Digital peak position
detection Time T

=

Centroiding

Event timing

Charge cloud from MCP

e,

I"' Fig. 2. Schematic diagram of the parallel cross strip data processing elec-

Charge Cloud| tronics. Each electrode of the two orthogonal set of fingers is connected to a
charge sensitive preamplifier followed by a fast ADC. All digitized channels are
. X X fed into Vertex5 FPGA, where an event is detected, peak values are calculated

Fig. 1. Scheme of a cross StI'I.p anode mlCl:ochannel plate sealed tube for the electrodes which received charge from MCP cloud followed by the
detector. Open face detectors without the window are used for short event centroid calculation. The same data is used for calculation of the event
wavelength, and particle detection applications. timing. Only one set of fingers has its electronics shown.

Charge distribution on strips

Siegmund et al., Nuclear Science Symposium Conference Record, 2007. NSS '07. IEEE, Vol. 3, pp. 2246-2251 Termsin et al., IEEE Transactions on Nuclear Science, Vol. 56, pp. 1148-1152, 2009
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BEETLE Chip

Charge sensitive amplifier (CSA) with 128 input channels

Developed for LHC accelerator experiments by ASIC Laboratory, University of
Heidelberg

Radiation hard (10 Mrad TID)

Cb Beetle Review i Heidelberg, 22 January 2003
liisY Beetle: Block Schematics (1)

Features:
® 128 input channels
® CSA/Shaper with
25ns peaking time
® 40 MHz sampling
(LHC clock)
® 128 discriminators with
switchable polarity
‘5" ® analogue memory for
5 160 sampling steps
® Dbuffer for 16 triggered events
= 4 us max. latency
= 900ns/event readout speed
® internal DACs for bias settings
® test pulse injector with
adjustable amplitude
® setup/slow control via
I°C interface

12C Interface

Beetle: Architecture and Concepts
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COS (HST)

STIS (HST)
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Wavelength [nm]
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DIVA — UV Instrument:

S T A TI O N _ FL YE R Double Interferometer for Visual Astrometry
ORFEUS - SPAS

Instruments : Modified HIRDES
Mission Life Time : > 1 year
Mission Control : IAAT
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UV Spectral Mapping Instrument (USMI)

m Multispectral image data
of the moon surface

m Scanning of the moon
surface in the UV in 9
spectral band-passes
covering the 200 nm —
400 nm wavelength range

m 10 meter/pixel
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EXPERT
European Experimental Reentry Testbed

EBERAARD KNARLS
UNIVERSITAY

FUV Instrument for EXPERT LEBINGEN

8\ : ca. 500,
Weight'< 3 Kg
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PERSEUS
120 - 180/

30 cm Telescop R < Mass < 25 Kg
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il i Space Weather
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WSOV

ROSCOSMOS

Institute for Astronomy and Astrophysics, Germany
~Institute for Analytical Sciences, Germany

Karlsruhe Institute of Technology, Germany

Institute of Astronomy, Russian Academy of Sciences, Russia
Special Astrophysical Observatory, RAS, Russia

Industrial Teams
Lavochkin Ass., Russia
Kayser-Threde GmbH, Germany



