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Flares in Ha



Possibilities of diagnostic:

1) H-alpha line ïexcellent for morphology, evolution, ......

2) H-alpha line used for determination of the flaring atmosphere model
(both thermal and with non -thermal particles, static and dynamical);
other lines are welcome;

(Berlicki et al. 2008)
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but:

Modeling of the flaring atmosphere within the sunspot penumbra: 
one-component model of the flare

Using the Hai Ca II observations it is not possible to construct one -component model of this flare



TR zone (T = 34000 K, d = 0.3 km)

Idea from:
Hinode/SOT Ca II H
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3) Interpretation of the H -alpha line asymmetries ïgood tool (line formation
heights ïwide range); other lines are welcome; 

flows in flares, chromospheric evaporation, heating mechanisms

VO = - 8 km/s
log tm = 0 .1:   . . . . . . . 
log tm = 1 .0:   - - - - - -
log tm = 10 .0:  ðððð

(Berlicki et al. 2005)



4) H-alpha as a good indicator of the nonthermal beams (Kasparova, Heinzel.... 2009   

Haintensities from the atmosphere heated by nonthermal electrons. Different dand Cnt

Almost no such observations !



High time observations of the flare in Haline
(Radziszewski et al. 2005)



The time-series of the RHESSI 
X-ray and LC-MSDP-SECIS Ha
fluxes of the flaring kernels K1, 
K2, K3 recorded during the 
C1.2 flare on 2003 July 16. 
The Hadata are shown for 
line centre and Ñ0.6 ¡ using
a linear scale. The integration 
times are equal to 4 s, 0.25 s, 
and 0.05 s in top, middle and 
bottom panels respectively.



RHESSI 20-50 keV (Dt=4 s);                           H alight curves (Dt = 50 ms, 20 images/s)

July 16, 2003 NOAA 10410 C1.2 flare - correlation

MSDP: HŬline centre

Correlation between Haand X-ray: thermal and nonthermal effects (When, where?)

General agreement with the theoretical calculations: fast modulations  



Three types 
of correlations

Limb

But...



Problems:

? 1) Real comparison of the observed Haline profiles with the theoretical
ones; particularly during the impulsive phase.

? 2) No direct comparison of time evolving observed and theoretical
Haline profiles ïvelocity pattern, complex model of plasma flows
within flares, chromospheric evaporation

UPFLOW ïhot plasma

DOWNFLOW ïcool chromospheric plasma

Layer (?), where the nonthermal particles

depozit their energy with maximum  efficiency

nonthermal particles

Ha
(Del Zanna et al. 2006)

CDS raster: 15:18 - 15:43 UT



? 3) Heating mechanisms during the gradual phase ïHaline allows us
to distinguish different mechanisms (Kasparova, Heinzel, Karlicky....)
(thermal conduction, nonthermal particles, SXR and EUV irradiation)

SXR energy deposition
(erg cm-3 s-1)

NRCR (erg cm-3 s-1)

(e.g. Berlicki & Heinzel 2004)

The energy deposited in the analyzed areas 
of solar flares by SXR radiation within the
1ï300 ¡ spectral range is typically much lower 
than the radiative losses calculated in these areas.



? 3B) The role of the non-thermal particles during gradual phase of flares 
Hadata may help but the X-ray spectra from isolated areas are necessary

An agreement between the observed and theoretical line profiles would 
strongly support the validity of our models

(e.g. Li, Berlicki & Schmieder 2005)



???

Interpretation

? 4) Response of the chromosphere to the nonthermal beams heating
(+ return current ïobservations)



? 5) Interpretation of the asymmetric H a(and other) line profiles observed during 
the impulsive phase of solar flares.

Most important ï? ïfor me:

Many observations......

?

And new data could be obtained.

How to interpret ?



... and many theoretical simulations ......

Canfield & Gayley 1987
Abbett & Hawley 1999

Abbett & Hawley 1999

Allred et al. 2005

Nejezchleba 1998



..... but no direct comparison, no model of the particular event !

They exist, but for the gradual phase ïthe modeling is easier (see previous slajds)

Problems with the impulsive phase modeling:

ÅStrong velocities and gradients ïRT+HD codes are necessary: not yet finalized (?)

ÅRadiative transfer in moving atmospheres (?)

ÅStrong non-thermal beams: including Cnt in R(M)HD codes ïeasy ?



Other topics.....

Oscillations in the Haline (??)

James McAteer et al. (2005): 40 ï80 s oscillations from wavelet analysis in flare ribbons (Ha-0.3¡) 
during the impulsive phase ïT is longer than in simulations


