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3se3noobpasosaHue 8 Y&

MHAMKGTOPI:I 3B€3AOOGPC(3OBC(HM$I = MOoNnoAable MmaccuBHbIe
38e3Abl.

Spkue - HabNOAAOTCA B AANEKUX FaNaKTUKax

Kopotko-xusywume (10 mnH. ner ana O-38e3pn) -
OTCNexuBaroT cospemeHHoe 3Be3n006pa3sosaHue B
UCXOAHOM NPOCTPAHCTBEHHOM pacnpepneneHuu (Ao
BpemMeHU, Koraa 3sesfiHble KOMMJIeKCbI U accouuaumm
«pacTBOpATCA>)

[opauuve - MaKCUMYM U3nyvYeHUs NpuxoamTca Ha Y&



NGC4656

M81

M101

3se3noobpasosaHue 8 Y&

GALEX

Optical

Y& usobpaxeHus -
«MFHOBEHHBIA CHUMOK>»
obnacrteu
3se3noobpasosaHusa (Bxknan
B U3ny4yeHue B bonee
ASIUHHLIX BOMHAX CTAPOro
HaceneHus 3HauuTeneH).



3se3noobpasosaHue 8 Y&

O6nacTtu 3ses3noobpasosaHus B
M31 B Y& (cneea, GALEX) u
ONTUYECKOM AUAanasoHe.

S5-201 UV camera, Apollo 16: 1st lunar observatory (0.075-
m telescope, 20° FOV). Astronaut Young pointed it at the

LMC.
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2501800 &, 3 min VISIBLE LIGHT

LMC & ¥% (cneea, Apollo-16
camera ¢ nosepxHocTu JlyHer,
1972) v ontuueckom
AUanasoHe




Mopgonorua 3se3noobpasosaHus

FUV Continuum
Abell 11 Abell 1068 . | Abell 1664 Abell 1795 FUV usobpaxenus ¢ KTX (Bianchi et al. 2015)

£
P

O6nacti HUa, accoumump ¢ macc 8 LeHTpe.

0O6pa3osaHue He B MOHONMUTHLIX 06MGKAX, G B CNOXHLIX (PUIIAMEHTHLIX 06pa3oBaHMAax

(L3 kpe

RX J2129
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KTX: Ly a u FUV

Cont. sub. Lva FUY Contimuum Cont. sub. Lva FUY Continuum

Abell 11 Abell 1664

Ly a ropasno
Abell 1835 Abell 2597 | I'IpOTSDKeHHee (60.’126
s _. YyBCTBUTENbHO K
& | o "Bl pe3OHaHCHOMY
paccesHuo). 3se3aHas
poTouoHusauma (FUV
KOHTUHYYM)
NONHOCTbIO ObbACHseT
amuccuro B Ly a

RX 12129

ZwCl 3146 B O'Dea et al. 2010
&
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3se3noobpasosaHue 8 Y&
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Y@ nokasaTtenu useta
(FUV-NUV) nomorarot
YyeTko otnuuuTb O -
38e3Abl OT MNO3AHUX
O/paHHux-B
(onTuyeckme nokasarenu
useta He
yyscTBUTenbHbI, Bianchi
2007)

Y@ nokasaTtenu useta
BbIAENAOT Mmonopoe
HaceneHue (<1 mnpa.
neTt) B UHTErpasibHOM
38e34HOM HacenieHuu



FUV-NUV:reddening free
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Fig. 4 BSelective extinction Ay /Ep_v for some known,
and largely differing, tvpes of IS dust, shown with passbands
of GALEX NUV & FUV, and classical U B V flters (the
transmission curves are normalized arbitrarily for visibilivy).

Xota cenektusHoe
nornoujeHue A/E(B-V) pacter
k 6onee KOpOTKUM ANUHAM
sonH, nonoca NUV GALEX
(wupuHou 100 HMm)
NONMHOCTbIO BKNOUYAGET Ha
AnvHe BONHLI 217.5 HM m
obuee nornouleHue He
cunbHO otnudaetca 8 FUV u
NUV

Bospact 3BesgHOro HaceneHus
nonyJaeTtca U3 moaeneu
(FUV-NUV) model
NPaKTUYeCku He3aBUCUMO OT
nornoueHus



Y& aucin. M83. GALEX

- - 2

TiporaneHHure
~Ultraviolet Iméage (GALEX)
: o e -‘ “. :-._:. '

3 4 .. 4

T R cnupanbHas ranaktuka M83

Cnabble NpoTAXeHHbIe CNUpanbHbIe
pykaea (B 5 pa3 60nee npoTaxeHHbIe,
yem B ONTUKe).

Monopabie maccusHble 3Be3abl B Y&
(GALEX UV images).

Credits: Optical: R. Gendler; GALEX: NASA/JPL-
Caltech.



HST Resolution

TTporaxeHHbIe Y& aucku. KTX

The Hubble Space Telescope
(HST) follow up HabnroneHus
NOATBEPAUNU HANUYME MONOALIX
ropaumx 3sesf, B NPOTSXKeHHbIX
Y2 cnupanbHLIX pyKasax.

1/3 cnupanbHLIX ranakTuk ¢
NPOTAXEHHLIMU Y3 auckamum

Credits: NASA/JPL-Caltech; HST/D. Thilker et al. 10



The Big Picture. NGC 4656

Ultraviolet Image (GALEX)

-

<  - Hot young
: stars

Bua «c pebpa» cnupanbHou
ranaxktuku NGC 4656.

GALEX nokasbieaetr YE-usnyuyeHue ot
ropsauux MONOALIX 3Be3fd B
NPOTSXXeHHLIX pe3epByapax rasa
BOKpYF FGSIGKTUK.
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TTpoTaxeHHbIe Y& aucku. Kak 310 usmeHuno

M83 in three views: in visible light, in GALEX’s UV image, and
with radio emission added to illustrate the distribution of its
extended disk of low-density gas where the new young stars
were found. Credits: R.
Gendler/NASA/JPL-Caltech/NRAO/AUI/NSF/MPIA.

B3rnaAbl Ha 3se3noobpasosaHue

3Be3ALr PoOpMUpYOTCS U3
obnakos rasa, HO cYMTANOCH,
YTO NNOTHOCTb rasa BO
BHEeWHUx obnacrtax ranakTuk
HeAOCTATOYHA AnNS
38e30006pa3osaHuUs

Pesynbrater GALEX nokasanu,
4YTO Npu onpepesneHHbIX
ycnosuax (Bce ele OTKPLITHIM
sonpoclll) naxe B TakUX TOHKUX
obpasosaHuax ras
KOHAeHcupyeTca Ans
3se3n006pasosaHus
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Y2 konbua BOKPYr ranakTuUK

Fig.1. GALEX combined FUV and NUV image of NGC 4262
(blue=FUYV, yellow=NUYV), showing how individual knots forming the
far-UV-bright ring.

30% ccpepuyeckux ranakTuk
NOKA3LIBAFOT Hanuuue Y@
npoaosnxeHus bes
ONTUYECKOU YaCTU.



Y2 konbua BOKPYr ranakTuUK

Puc. 3. [Ipumepni uso6paxkennit GALEX, duabrp NUV, 171 rasiakTHK ¢ KoJiblieBbIMH CTPYKTypaMu R, KoTopbie COOTBETCTBYIOT
pasJIMUHLIM BH/IaM, OTMEUEHHBIM B 11ocJ/ie/iHeM cToJi011e Tabulbl 1. JIeBblii pucyHok: Tvn Koabla | — nezamkHyToe (NGC 3380,
noJsie 2'5); B LeHTpe: THN Kosblla 2 — kjoukoBaToe (IC 5267, none 8 ); cnpaBa: THN KoJiblla 3 — 3aroJiHEHHBIN JUCK
(NGC 2681, nose 2°).

Teopuu npoucxoxneHus: «Pe3oHaHCHble Konbua» - 06pa3oBaHLI U3
cobCcTBeHHOro rasa AUCKA ranakTUKKU, <«pas’orHaHHOro» u cobpaHHoro
Ha paauyce 6apom ranaktuku. «MMnakTHbIe» Kombua - CneacTBUS
BEPTUKANBHOIO, KBA3ULIEHTPANbHOrO naAeHus Ha AUCK FaNaKTUKK
ApYroM ranaxktuku. <«HartexkaHue» rasa coceaHeW  ranaKTUKU
(CunbueHko u ap.).



UV upturn in elliptical galaxies

3araaka ocTatouHOro 3se3noobpasosaHus
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TTpupona YZ-usnyveHua s
ANNUNTUYECKUX TASNTAKTUKAX

UV -upturn puzzle

(NGC 4552,
Yi et al., 1998)

Bknaa sdBs
(He-burning,
30000K, 0.5 Msun)
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KTX - rnagHbi Y& UHCTPYMEHT

COBpeMeHHOCTU
"dark UV epoch”

2?7? 2039-........

2025 - 2039 rr.

Hubble Space
Telescope

1990 - 2025 (?)
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UV projects for astronomy

LARGE SATS:
(3,000.... Meuro/20... yrs)
800-1600 cm primary L2

MEDIUM SATS:
(400-1,000 Meuro/15 yrs)
170-250 cm primary LEO/HEO

SMALL SATS:
(100 Meuro/5-7 yrs)
40-60 cm primary LEO

CUBESATS:
(1 Meuro/2 yrs)
10-20 cm primary LEO

\ I
o0® euvgi)u

Hok XMM-Newton sl




NASA Flagship mission LUVOIR
Large UV-Optical-IR-Surveyor 6-m

(LUVOIR Final Report, NASA 2019)
$8000 — 35 000 M, 15.3 years
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WSO-UV
NO “dark UV epoch”

WSO - UV |

LUVOIR

World Space 2039-
Observatory -Ultraviolet

Hubble Space
Telescope

1990 - 2025 (?)

2025(?) - 2035 rr.
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Cepua "Cnekrtp”
B $epepanbHou nporpamme Poccum

Cnektp-P Cnektp-PI Cnektp-Y&
(PaauoacTtpoH) (c E-ROSITA) WSO-UV

YcnewHo pabotan Ha opbuTte NonxeH 6bITb
2011 - 2019 2019 - 2025 3anyleH B ?? 2025

YHU(puUUpoBaHHas nnatgpopma
HABUIATOP




WSO-UV mission concept

WSO-UV (WORLD SPACE
OBSERVATORY-ULTRAVIOLET) Project

External ="
light baffle

“" New UV Project +
"Spe Russian National Project

Secondary mirror unit

Primary Tube Star
mirror trackers
unit

External panel
for electronics

Instrumental
compartment

Solar panels

Navigator

«— Startrackers

Fuel tanks .
optical bench

. ﬁ\

Field Camera Unit (FCU)

World Space Observatory -
UV Spectrographs (WUVS)

fine guidance
system




Effective area, cm?

10° o

WSO-UV as the HST "“successor”

WUVS

COS/G185M c_o_S/g-igzsm :
; /" B STIS/E230M
| et STIS/E230H _______ i
v L ‘-"'- -.~ 'y
o
S A C,,OS/,’,G,Z,8,5!",’1,,,,,,,,,,,--,i,.,i,?,;r
; ; a ;
150 200 250 300

Wavelength, nm

Efficiency of WSO-UV
Spectrographs

HST-2.4m
WSO-UV - 1.7 m

"’

GALEX

A geosynchronous orbit
("above" the geocorona)



brnok cnektporpacos
WUVS (WSO-UV Spectrograph)

Tpu cnextporpaga (kaHana) :

Vacuum Ultraviolet Echele Spectrograph
VUVES - 115-176 nm, R ~ 50 000

Ultraviolet Echele Spectrograph
UVES - 174-310 nm, R ~ 50 000

Long Slit Spectrograph -
LSS - 115-305 nm, R=1000 T 1




WSO-UV Detectors. CCD. Teledyne-e2v/RAL /“67
(flight models delivered to Russia)

Drive electronics
(CEB)

Enclosure = LWUVS CERFENOA WY
with ccb B & it S 2 \

_—_—

C

CD 0 | Interconnection module Cable between
Attached to the bottom of Enclosure and Drive
ancingJis_|o the Enclosure electronics (CEB)

CCD Package assembly




Teneckon T-170M

WSO - UV
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CteHa cbopku Teneckona




brnok kamep nons

[Ba kaHana:

» FUV channel with MCP detector, 115-176 nm
o Solar blind detector
o Diffraction-limited imaging in FUV
o High sensitivity in photon-counting mode

> NUV channel with CCD detector, 174-310mn
oLow resolution field spectroscopy
o Possibility for extended spectral range: 115-1000 nm

WSO - UV |




SunbTpbl 6510Ka Kamep Nons

1640A (Hell) §
1555A (CIV) i
1350A (C I
1300A Q)1
Lyman alpha 1215A1

100

3080A (Till)y
2895A (Mgl |

2326A (CII)

BF308N
F336W U-ba

BF232N

F250LP red lea

200 300

[SIN&z(F

H-a 6!
F814W I-band

i F

__ F606W wideV

F555W V-band
GAIA BP filter
F438W B-band

400 90 o

wavelenght (nm)



Field Camera Unit Filters (15 for NUV)

UV photometric bands proposed as standards (PROPOSAL
FROM THE WORKING GROUP ON ULTRAVIOLET
ASTRONOMY DIVISION B, Gomez de Castro et al.)

Band ID | Spectral Range Objective I

FUSE window

90 110 nm

120 140 nm Far UV avoiding geocoronal Ly-alpha

uv3 140-180 nm GALEX FUV
uv4 180-210 nm Continuum shortward of the UV bump

uv5 210-230 nm UV bump

(UAV/S 230-280 nm Near UV continuum, Fe bands
uv7 280-350 nm Ozone cut-off window

+ GALEX NUV
+ ASTROSAT/UVIT Filters
+ CASTOR Filters

And your suggestions!l!



UVSPEX

UV spectrograph for Exoplanets
(UVSPEX) « 10-20 Earth-size exoplanets

Slit+ Concave (Toroidal) grating+ Detector Oxygen <-> Ocean
(MCP)

Spectral range : 117-144 nm

Spectral resolution : ~0.3 nm @130 nm » Model for upper atmosphere
Slit ¢ 2.5° (= 200 um)

Grating : Toroidal blazed grating, Al+MgF2 e St

coating, ¢ 30 mm, 2400 gr/mm, f = 250 mm A,

) » it
Detector : Image Intensifier (Csl W0.2 mm (2.4%

photocathode + Funnel-type Microchannel AR

Plate (MCP)

y
y

Detector f

15 mm(]

Flux, 107" erg/cm?/s/nm

[P R——

1 " 1 " 1

130 130.2 1304 130.6 130.8 131

wavelength, nm



HayuHbie nporpammsr BKO-Y2

Basoeaa (Core Program, CP): HayuHbIA kKOoMUTeT
BKO-Y&

Oviperran (Open Program, OP): 3asexku ot
MeXAYHApPOAHOTO aCTPOHOMUYECKOrro
coobujectea, Hay4HbIU komuteT BKO-YE

HaumoHaneHan (Funding Bodies Program, FBP):

HauuoHaJ1bHbIE HAy4YHbIE KOMUTETLHL

32



TTonutuka pacnpeaeneHus spemeHu
(cornaweHue o Time sharing policy)

- TlepebIA U BTOpPOU ropa Ha opbute: 48% ana CP,
50% ana FBP, 2% ana DDT (Director
Discretionary Time, Bpems peakumm 30 muHyT)

- C TpeTtbero ropa: 60% ana FBP, 38% OT, 2%
DDT.
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WSO-UV core program

WSO - UV

Chemical Accretion Star and (exo)
evolution of processes and planetary planetary
the Universe stellar physics system atmospheres

formation




The first Core Program Call
TAC meeting: April 08, 2019

Institution

Proposal title

Centro de Astrobiologia (INTA-CSIC)

Magnetospheric accretion or bounday layer? Understanding the formation of intermediate-mass
Herbig Ae/Be stars from UV-spectra with the World Space Observatory

Institute of astronomy of the Russian Academy
of Sciences

Accretion processes in magnetic cataclysmic variables

Institute of astronomy of the Russian Academy
of Sciences

The WS0-UV survey of exoplanet atmospheres

Institute of astronomy of the Russian Academy
of Sciences

UV spectroscopy of star-grazing comets

Institute of astronomy of the Russian Academy
of Sciences

Studies of stellar activity of Sun-like stars and the stellar age-activity relation

Institute of astronomy of the Russian Academy
of Sciences

UV spectroscopy of fast and ultra-fast late type rotators

Institute of astronomy of the Russian Academy
of Sciences

Interstellar elemental depletions VS atypical extinction curves

Special Astrophysical Observatory

Relations between interstellar lines observed in UV and diffuse bands

Universidad Complutense de Madrid

Ultraviolet spectroscopy survey of T Tauri stars to understand planet formation

Universidad Complutense de Madrid

Observation of the Lyman-alpha variability in high velocity cool stars

Universidad Complutense de Madrid

Determination of the distribution of diffuse gas in the solar neighborhood

Universidad Complutense de Madrid

The UV counterpart to strong X-ray flares int he solar neighborhood

Universidad Complutense de Madrid

Detection of comet swarms around young stars

Universidad Complutense de Madrid

Pre-main sequence close binaries and its role in young planetary disk evolution




UNIVERSIDAD

INASAN COMPLUTENSE

MADRID
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Cnacubo 3a sHUMaHue!

Anpenb 2023
Bcepoccuiickaa koHgpepeHUus
«YneTpagpuonerosas BceneHHaa -2023»
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