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MFS (mnohokameroTv erupl n2) spek:
ConstructedbyWa | n2 | ek, Gvesid9%&a, L

230 mm/1350 cm, Grating 600l/mm,

in the 21 order,
photographic-plates  (film
inear, dispersion 1
N H=alpha, k= beta, 7
H- gamma, D-lines, Ca H &
(simultaneous)

0 the Balmer i




Optical Schemas of the MFS

E H-alpha

H-beta

H-gamma

4 H, K (Call)

é rainally 2"9right order,5 cameras, photographic plate3x 18cm then
2 other cameras addedH-delta and Balmer higher linehen
a photocamera taking-Blpha slitjawvges added 800 s, t hen

5 plate cameras replaced byilm cameras plus slit jaw, photoghraphy became expensi

thenin 900 svideo cameras inthe left orders with a high cade?syrames/s (however
in 8 bits only,therefore concentration on bright amdiptive events)



MFS parameters, comparision

Two strips of flare spectrum from
TR IR A a S Rl JRY 2 ) ‘ the photoplate era Of the MFS

£ 1 S ' S

Large detectors, 13 x 18 cm
Large field of view of 80 0 120
SRINE {131 §F I JAETHIEIRENRS | s Exposure times tenths of sec
i :.‘; TR T R R T 1 I £ Maximum 12 spectra in a series
Then developing of photoemulsion

ntermezzo : Film strips & maximum of 50 spectra
a series, then developing, digitization, 12 3 16 bits

Composed videosignal from 4
videocameras,
alogue medium, cheap (important in

90ies)
mall detectors, 1/30 , s mal | ob
aberrations, small field of view ~ il

-

oIt exposure times < 40ms, low signal
but a

requent saturation, small S/N
Digitization grame grabber, 8 bits,
complicated and tedious calibration,

J898:09-23 i, 06:46:55| UT, 05

Sh / -jnw



Video Spectra and HUfiltergrams

2000-07-07 JSxU#;| 05:11:39 UT.23 2000-05-01 POL 07:48:52 UT 28

HU+ Hb, Ca8542 A infle elc |e§cent prominences,
HUIlinear polarization, archive asu.cas.cz/~pkotrc/index5.html



MES advantagex disadvantages

A good luminosity (lens rapidity) 0.17, compare to 0.14 for the HSFA,
A large team of users and observers at the beginning,
the main instrument of the department
A fast accessibility and rapid connection to the the patrol allerts

but:

Horizontal system, seeing |
Pillars for optics connected to the stroi GUfIO0F and the building, vibrations,

€. dustsavirations;
peratngext o e IRIgSEope focus, i.e. heating & dust.
Sjall Catency 8 SPeti<yin the series,
NO Exact eteCUa -ORt ki (8 OTTAE Abservation data

ndamental limits



Multichanel Flare Spectrograph - studied topics

- photographic era:

é flares: asymmetry of spectral line profiles (plasma flows during flares) ¥&stka
1962

e from intensity i1 n wiopticalsdepthfinfldrimgywlasma;Ba |l m
from width and shape of higher Balmer lines- electron density of flares

e pr omi hiew a gasma, rotation

- CCD video-cameras @5 frames/s) era.:

é ldresT fast processes: velocity fields, line
asymmetry, diagnostics of accelarated
particle beams(Heinzel 1994 Proseck € )

é 1ight prominences/filaments, surges: velocity
fields and their kinematic models( Ka r | i c R0DJ)

MFS participated in join international observing campaigns

June 2004- MFS reduced to oneway experimental spectrograph
Observation of solar optical spectrw INt0 modernizellSFA2 spectrograph



SETCERCIUEEREWAE

Left: Composed spectrograms, of U (right), H @ (left) lines
and H\) slit -jaw filtergrarn (center) taken by MFS at
07:23:42 UT (the seeond-riare.phase). Right: The ratios of
the H ) to H @ intensity profiles. A color corresponds to a
scan position as marked on the spectra panéels.




Flare spectra x accelerated particles

We found at leasttwo other flare spectrawhere the ratio of the HUHb line profiles
coincidesin time and position nearby HXR sourcesand resembleshe predicted shape

Shapeof the profile ratio is almostsymmetric accordingto ay
-Bumps were found at position a, N0O.5j , while predicted at 8, N0.7 j

-Profile ration with bumps were not found at other positionsanadtimesthen
thoseconnectedto the HXR sourcesoccurrence

-When the causalconnectionwould be confirmed then this effect can be usedfor
diagnosticsof the acceleratedparticle beams

1alysisof the effect

To understandthis effectweneedto,usenumerical simulations.
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Recent work on 2002 August 8 limb flare

Kot r | N B8 r t andKipryakob¥uhAvar t z P.

Kinematic model

2002-08-04 [ifEy 08:49:43 UT. 13 |




MFS data archivés

Photographic era: glass plate$ digitilization
films 1 digitilization

lgital. Archive at:

Video, both analog an
. s/archive mfs.html

http://www.asu.c



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

A test of LFS & HR 4000spectrometer

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.

Slit jaw in H- U A detail in H Urange
Condensing lens Exposure time-~ 50 8 100 ms esstio]l ut i on 5
Fiber cable

Spectrometer



HSFA2T modernized recently

1 0 Jensch coelostat, 2 0 main objective,
3 0 flat mirror, 4 d collimator,5 0
grating,

6 O thermal filter, 7 d slit - jaw

objective,

8 0 HU filter, 9 6 CCD camera
Cle. . &) spectral camera
- objectives + CCD cameras,

a,b,c;d,e 0 folded optical system of
cameras, correction of astigmatism and
coma

Jensch type coelostat4 o 6 m
above ground, sliding shelter,
¢ of mirrors, - 60 cm,

M1 & 50 cm, f 35:-m.




S In the telescope and spectrograph



Main missiors ofthe HSFA2
Advantages: flexibility and availability
The only limitations:

weather and season
Solar active phenomemdservationgflares, prominences,
filaments,spicules, dark mottlestc.)

Cooperation with other gr based telescopes (optical
and radio)

Support o
Spectral di
Educatio

g of phenomena
tudents



Results

2 Papers published (ApJorominenceps
SPT1 oscillations in prominencggominences
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MFS history

Main Objective$230mm/1350 cm
Grating  600l/mm, 90 x 100

mma, D-lines; CaH & K
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What is doing the Sun ? What is the Solar Wind ?

Different states for the matter:
1.Solid

2. Liquid

3. Gas

4. Plasma (the atoms are cut into
electrons and protons)

SOHO /LASCO—C2
D003/ 10/2 el 54



Our daily Sun as we like it !




How is generated the magnetic field?
Differential rotation
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How Is generated the magnetic field?
Differential rotation

SoHO / MD1



Formation of the loops in the corona




Consequences on the EARTH of the
solar explosions

Expulsions of electrons and protons

ELECTROMAGNETIC HIGH ENERGY LOW-MEDIUM ENERGY
RADIATION PARTICLES PARTICLES
ARRIVAL: IMMEDIATEL ¥ ARRIVAL: 15 MIN TO FEW HOURS ARRIVAL: 2-4 DAYS
DURATION: 1-2 HOURS DURATION: DAYS DURATION: DAYS
X-RAYS, EUV, PROTON EVENTS GEOMAGNETIC STORMS
RADIO BURSTS
SATELLITE DISORIENTATION SPACECRAFT CHARGING & DRAG
SATCOM INTERFERENCE FALSE SENSOR READINGS SPACETRACK ERRORS
RADAR INTERFERENCE SPACECRAFT DAMAGE LAUNCH TRAJECTORY ERRORS
SHORTWAVE RADIO FADES LAUNCH PAYLOAD FAILURE RADAR INTERFERENCE

HIGH ALTITUDE AIRCRAFT RADIATION RADIO PROPAGATION ANMOMALIES
SHORTWAVE RADIO FADES POWER ELACKOUTS



A coronal mass ejection (CME)

Coronal Mass Ejections IS an observable change in coronal
structure that occurs on a time

& scale of a few minutes and several

ngh energy Particles hours and involves the appearance

(and outward motion, RS) of a new,
discrete, bright, white -light feature
In the coronagraph field of view."

SoHO /LASCO /C3

SoHO / LLASCO / C2

2003/10/24 14:06 2003/10/28 00:18

28 oct 03




2. High energy particles from flares and CME shocks

Electrons, protons and other ions with energies
of few 100 MeV, at times several GeV

Effects: * Hedting and ignization of the Baitbh's e alono SHFe IR S o o -
* Electrification of the upper stratosphere.
Impacts: * Radio communications disturbed,

* Damage to solid state devices, leading to malfunctions, single
event upsets, latch -ups etc. in satellite electronics,
* Blinding of CCD cameras in Earth orbit,

* Enhanced radiation doses for astronauts
Lol .

GPS NAVIGATION INTERFERENCE

IONOSPHERE
\
\
\
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Arrival of the magnetic clouds close to the Earth

It is generally accepted that CMEs involve fluxrope
structures with strong non radial fields

The Earth : a magnet



