Solar Observations at Ondrejov

Pavel Kotrc, Jurij A. Kuprjakov, Alena Zemanova, Jozef Lesko and Tomas Blaha

AT AS CR, Ondrejov

A brief list of solar telescopes that have been used in the Ondrejov observatory is
given. Currently, solar observation is concentrated to the following devices:
Chromospheric anf photospheric telescopes of the solar patrol, horizontal
spectrograph HSFA2, laboratory spectrograph SLS and the robotic telescope
SORT which is S'|'I|| under' finishing.

We give also a concise list of the C fl..dﬁzjr,l ysolar radiotelescopes.

We describe the main technical parameiers of the telescopes, properties of the
detectors used, organization of observafions, data archives and usage of the data
in the solar research.
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Ondrejov Observatory - Brief History

Location: 50° N, 15° E ...
35 km SE to capital Prague ...
Altitude: 528- 548 m

Prague

L
OndFejov

Founded in 1898 by Josef (& Jan)
Fri¢ as a private observatory
(astrometry, geodesy)




Ondrejov Observatory founded by J.J. Fri¢ in 1898
Remains main astronomical base for Czech astronomy
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First solar observations during the WWII

Since foundation of the Ondrejov observatory in 1898 until WWIT only
2 (nonsolar) research programs (classical astronomy):

1. Photographing/mapping of the Northern Hemisphere Sky

2. Study of the Earth-axis vector components
During the WWII Frantisek Link and Walter Schaube started solar
observations
Both dlrec‘r (solar 5pec'rr'ohe||osco pe )

about cur'r'e‘n status if err,urjr, e ;rl1 2 1o radio connection.
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Roots of Ondrejov solar spectroscopy:
(Hurbanovo, Stara Dala => Ondrejov)

A In 1938 Bohumila Bedndrova Novdkova
"0"'*-@ - (*1904 -1985) constructed in Stara Dala
objektiv T (now Hurbanovo) a Hale-type
"">)]A spectrohelioscope with two Anderson
prismas, a Mt Wilson grating with 600"/mm,
a line shifter, fed by 8/600 cm refractor.
Bohumil Sternberk moved the
spectrohelioscope to Ondrejov before the
war.

vstupni $térbina

During the war the instrument was usedfby W. Schaube and F. Link for solar

observations for German Luftwaffe for fiorecasts organized by K.-O. Kiepenheuer.

The recording of solar activity was supposed to enable the most accurate forecast
possible of the optimal frequencies used for military communications. Extremely
fast building of several high' mo ' observatories Wendelstein, Kanzelhohe,

Schauinsland, Skalnate Pleso'duri IT for the same purposes.



After the WWTI - a new generation
A start of solar physics in Ondrejov

In 1945 new summer practise students, later on, students of
Charles University appeared in Ondrejov. They formed a
new generation of astronomers, most of them became solar
physicists (V. Bumba, Z. Blaha, Z. Seidl, V. Letfus, Z.
Svestka, J. Kleczek, Z. Ceplecha, L. Krivsky, M. Kopecky, B.
Valni¢ek, A. Tlamicha, L. Neuzil, B. Topolovad).

Leadership of Frantisek Link, revolution against him, Link left
solar research and later o to France.

V. Guth and later on B. J became directors of AsU.

New plans a r Laboratory with
telescope r radiotelescopes.




Old Observatory Solar Telescopes

Solar department building ~1955

Solar double refractor - solar patrol

\ _ (Clark 8"/280 cm, white light

& Zeiss 21cm/341 cm - Ha fllTZf‘)
Former solar patrol - photographic

Multichannel Flare Spectrograph

1959 - 2004, since then: only
‘one-way experimental spectrograph

~700m to N, meadows pa -k woods & S .- A L
; T R R o W
forest ... Tl ek N TNA TR A




SOLAR DEPARTMENT

Active ground-based
instruments in Ondrejov :

1.Patrol observations in
white-light and H-alpha
2.Horizontal spectrograph in
optical region

3.Radio spectrograph in the
0.8-4.5 GHz range

4 Radio flux at 3 6Hz and
30-600 MHz

5. Solar Robotical
Telescope SORT
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A list of Ondrejov ,historical solar telescopes”

Spectrohelioscope - till 1976, donated to Valasské Meziri¢i Observatory.
Double telescope of solar patrol, ended with photographic era

Rotating horizontal solar spectrograph used for photoeletric/photographic
measurement of magnetic and velocity fields (ended with HSFA, museum)
Prominence coronograph - ended with photographic era, in depositum

RT1 radiotelescope (Wurtzburg type radar), given to Army museum
Measurement of atmospherics ended with Dr. L. Krivsky retirement
Cosmic experiments-X ray photometers (Interkosmos) launched, museums

Solar Archives:
Radio data - www.asu.cas.cz/~radio/

X-ray data - wwwl.asu.cas.cz/HXRS/

Solar Optical Spectroscopy - wwwkasu.cas.cz/~sos/

Solar patrol an activity forecast"="www.asu.cas.cz/~sunwatch/index.htw
Solar magnetograph - www.asu:cas.cz/~solmag/data/
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MFS VHS observed flare catalogue

Stapt Mlax Finl Srant OFS
Liate WH Teare HESIE LR S | )
MOAA  NOAA  NOAA DIFS MIFS HHESKI

mozogod 03z 095z 1035 QE0L J00 HEZEsY
Ioo2040° 0214 nazd 0330 D214 0332 E
mo2odd 0730 0735 0744 OF35 0737 G913
0020430 1706 1118 1135 1118 1133 F%14
monsol o 120z 1242 127 1231 9932
Ioo2osnT 0346 085z 0855 DE3I0 0356

loo2osns 1258 1327 1359 1217 1323

rooioson 0712 0720 OF7 0720 9537
0Insld 053% a0 0331 054% g
roo2nsls o 0200 i 0224 0234

oninsle 0451 1 0316 0508

M0Ele 0624 2 5 DEXT 0643

Available at:
WWW.asUu.cas.cz/s0s
[flare_archive.html

+

Created by
Kupryakov et al., 2009

I R R S S S

+

Ho2os1T 0516 ! 0516 0525

noiosr 1021 0z 1028 1029
020601 1044 ( 1053 1055
ooioeris o 081% 0220 08:7
oioere 0624 S DE2ZE 0840

« @ _ data parhally processed at publkeations bellow
B - data e processiag
AL Actwe Fegon #2215 11000
E op and Tiace Data Center
E(20010230- 20030425

Yolkol Flare Catalomue BT (1998 2001)

GOES BHESSI20020212 - 2009)

Solar Actnaty Blemtorme and Forecastme (Chdvejov ) chok mumber of AR = images chromosphers o He
s CME CATALC G

oLt on data



http://www.asu.cas.cz/sos

MFS parameters, comparision

Two strips of MFS flare spectra
i ) L UL R G DRI L 1] L R R ' W :::;:l.l::':: P Ii Large de"'eCTor's 13 X 18 cm

LU P T Y Y TTI0 T T AT ae Y T

L T e I | N i Large field of view of 80-120 A

'—J
cc'nm : Exposure times tenths of sec

T S menee ol Maximum 12 spectra in a series
M m ml-lu m T TR ! - 01 y T ,
LR I!IIIIII | xlll I

Intermezzo: Film strips - max. of 50 spectra
in a series, developing, digitization, 12 - 16 bits.

Composed videosignal from 4
videocameras,
Analogue medium,
cheap (impor'fan'r in 90ies)
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Video Spectra and Ha filtergrams
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Multichannel Flare Spectrograph

Constructed by Valnicek, Svestka, Letfus et. al in 1958
Copied twice in Nanjing, China

Main Objective 2
Grating 8501/mm, 90 x 100 mm
Resolution 170000 in the 2 order,
rr_,l?'*,f;-'if}-f_;r“f_l:i..l ;,.Jl“it'ff'%»’»;l ffl]‘f S)
inear dispersion1 A/ mm
n'H-alpha, H-beta, H-gamma,
D-lines, Ca Hand K (simultaneous
uo to the Balmer limit .




A solar flare
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Multichanel Flare Spectrograph - studied topics

- photographic era:

... flares: asymmetry of spectral line profiles (plasma flows during flares), (Svestka
1962)

... from intensity in wings of lower Balmer lines - optical depth in flaring plasma;
from width and shape of higher Balmer lines - electron density of flares

... prominences — flow of plasma, rotation

- CCD video-cameras (25 frames/s) era:
... flares — fast processes: velocity fields, line
asymmetry, diagnostics of accelarated
particle beams (Heinzel 1994, Prosecky...)
... bright prominences/filaments, surges: velocity
fields and their kinematic models (Karlicky et al., 2001)

MFES participated in join international observing campaigns

June 2004 - MFS reduced to one-way experimental spectrograph
Observation of solar optical spectra nto modernized HSFA2 spectrograph



HXR and H-alpha

e O

Solar X (arcsed)




Flare kernel analysis

=il 0\°53:¢S pl'o?

fhe /—b fo Hp in fensn‘y profiles. A color carrespands fo a
scan position as marked on the spectra panels.



Recent observations of the ,MFS*

20101 07-08 06:21:29 UT .48

2010-06-12

09:16:50 UT.08




Recent work on 2002 August 8 limb flare

Kotr¢ P., Barta M., Schwartz P. and Kupryakov Yu. A.

Kinematic model

simulation of the Ha spectrum
observed at 09:00:33 UT

L

2002-08-0
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Observation -> MHD model

Ebat A L T ¢ o e L L al o R R

Hp slit-jaw Ha

Slit position S ———




MFES data archiVes

Photographic era: glass plates — digitilization
films — digitilization

igital. Archive at:
.archive mfs.html
t the server

Video, both analog and
http://www.asu.cas.c



http://www.asu.cas.cz/~sos/archive_mfs.html

Examples of the latest SLS data




HSFA2 — modernized recently

1 - Jensch coelostat, 2 - main objective,
3 - flat mirror, 4 - collimator, 5 -

)
i
— 3
3 2
L | A e
3 d o
S 3 .’

. == i grating,
Ry T et 6 - thermal filter, 7 - slit-jaw
Jensch type coelostat 4 - 6 m objective,

above ground, sliding shelter,
& of mirrors 60 cm,
M1 50 cm, f 35 m.

8 - Ha filter, 9 - CCD camera
Cl....C4 (- C5) spectral camera

objectives + CCD cameras,
a,b,c,d,e - folded optical system of
I cameras, correction of astigmatism and
coma



Horizontalni dalekohled HSFA2 v Ondfejové
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Main missions of the HSFA2
Advantages: flexibility and availability
The only limitations:

weather and season
Solar active phenomena observations (flares, prominences,
filaments, spicules, dark mottles etc.)

Cooperation with other grour sed telescopes (optical
and radio)

Support of
Spectral

phenomena
dents



Examples of the latest HSFA2 data
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A test of LFS & HR4000 spectrometer

The HR4000 Spectrometer is a high-resolution
spectrometer with a 3648-element CCD-array detector
from Toshiba that enables optical resolution as precise as
0.02 nm (FWHM). It is responsive from 200-1100 nm, but
the specific range and resolution depends on the grating
and entrance slit choices.

2011-07-01 09:00:11 UT.17

Slit jaw in Ha Solar gig‘e rum along the slit A detail in Ha range

Condensing lens Exposdrg‘ time ~ 50 - 100 ms resolution 5 px/

Fiber cable
Spectrometer



Ondrejoyvsky roboticky slunecni dalekohled SORT

N

\!l

kopule Astro Haven @ 3660 m
hmotnost: ~ 200 kg,ovlédén‘i/ PC

Fll’l'r' DayStar: iuzkog
" Ha® IFWHM 3
Ca I H = FWHM:

A

= W Reflektor s otéeviienym tubusem
nemecka montaz M1 d=280 mm(opt.) a f=1400
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A new optical instrument under development
Solar Robotic Telescope (SORT)

*Full disk camera in white light
High resolution camera in H-alpha and Ca
' *High temporal resolution



A life with the SORT - various birth pangs




Measurement of spectral profile after the H-alpha filter
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Transmitted profiles are substantially
broader then declared by producer.
They are different in various positions
Spectral line has different tilt when
rotating filter while the optical systém
remains szmmetrical along optical axis.
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Transmission (Percentage)
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Thank you for attention

an annual solardepartmentsemina



