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RHESSI

- launched: February 2002

- 9 large germanium detectors

- energy resolution ~1 keV

- spatial resolution depends
on detector selection:

~2.5" (maximal)
~7" (in practice)

=¥ .- - - temporal resolution for

\NAORY = imaging depends on photon
i statistic, but must be equal

S at least ~2 s (half of the

.| RHESSI rotation)
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- Electrons are accelerated
high in the corona

- After escaping outside the
acceleration site they
propagate along magnetic
field lines

- Reaching the chromosphere
they collide with ambient
plasma and produce HXR

- More energetic electrons
are able to reach denser,
low-lying levels of the
chromosphere — we should
observe the relation between
the energy of HXR sources
and their height
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Energy — height relation

(footpoint sources)

Theory:
Brown,J., 1971, Sol. Phys., 18, 489
Brown, J. and McClymont,A.N. 1976, Sol. Phys., 49, 329
Brown, J et al., 2002, Sol. Phys., 210, 373

Modelling:
Fletcher, L. 1996, A&A, 310, 661

Observations:
Matsushita et al. 1992, PASJ, 44, L89

Aschwanden et al. 2002, Sol. Phys., 210, 383
Mrozek, T. 2006, Adv. In Space. Res., in press
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RHESSI (Ashwanden et al. 2002

2 02 20, 11:06:00 — 11:06:40

12

14 kel

14-

16 keV

16

18 keV

N~
<
\ ]
HESS! Cbserving Summary Count Rates, Corrected
{14168 I, N I I S ) O Y [N B B O B B
- Ll Detacters Dacim 1, AH 1 -
- 3 — 6 ke — o
- g — 12 kev
12 — 25 ke —
B 23— 50 kew ——
S0 — 100 ke —
- 100 — 300 key —
300 — H00 ket
200G — FO00 ke ——
— FOO0 — 20000 kew
o0 - —
% L q"’J__:'Lr\_m\H ]
o =
i
=l
T B r 1
2 hl' LG
2 —
EE B nlII1 II .
t
2
2 i
s
el
[l
E
E 10 —
& N _
v v v v v v by e by e e v v v v by gy
11:04 11:06 11:08 11:10 11:12 1114
Start Tima {20—Feb—02 11:02:10)
158—mWir-XEM 20150
Mrozek&Kotomanski Hvar 27.09.06

24—26 key

22=34 keV

26—30 ke 30-80 keV

8" Astrophysical Colloquium


file:///C:/work/seminaria_wyklady/hvar2006/index.cgi.htm

#  RHESSI (Ashwanden et al. 2002)

- E-H relation is observed by

hfz .*:F? [E)Tg=ha' (/20 ke 'R

i yvrahis RHESSI

a =-0.57

= 120 : :

- It can be estimated with

the power-law function

E
]
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- Gives possibilty for
calculating density
structure in

20 the chromosphere

Enaerngy zhkeaV]
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E-H relation (our results)

- we investigated first two years of RHESSI
observations

- 17 flares showing the E-H relation observed in at
least one footpoint were found

- for 4 flares we were able to investigate
temporal evolution of the E-H relation

- for this time, one event - 3 Aug 2002 flare is
Investigated in details
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03 Aug 2002

strong flare (X1.5)
located near the west limb (S15W70)
observed by several instruments:

- TRACE (171 A, 30 s cadence)
- RESIK (2.05 - 3.65 keV)

- RHESSI (entire event)

- images from SOHO, BigBear
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03 Aug 2002 (E-H relation)

We chose time
interval covering
the strongest HXR burst

Images were made in
several energy ranges
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Centroids
were
calculated
for each

of observed
HXR source

8" Astrophysical Colloquium


file:///C:/work/seminaria_wyklady/hvar2006/index.cgi.htm

e
s \Q\/r :
Ty

Mrozek&Kotomanski

03 Aug 2002

890 835 300 905 %10 915

¥ (arcsecs)

Hvar 27.09.06

A reference level was defined
by centroids obtained
for the highest energy.

Height above the reference

level for each source
was calculated
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03 Aug 2002

Clearly seen power-law
shape above 20 keV
reflects location of
non-thermal sources

Low energy part of the
curve is purely thermal
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03 Aug 2002
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Temporal evolution of the E-H
relation

Low-energy, thermal
part moves
downward. This can
be driven by electron
beam momentum.

Non-thermal,
power-law curve
changes its shape
showing systematical
upward flows

Consecutive E-H
relations were used
for velocity
estimation
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Temporal evolution of the E-H

relation
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This is not velocity
of plasma blobs!

It is the velocity of
changes of density
structure in

the chromosphere and
transition region

Simultaneous upflows
and downflows without
signifant evaporation
above the transition
region.
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No significant
JECINERIQE
above the
transition region

What does
happen when
we have no
significant beam
of electrons?
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Chromospheric evaporation
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Chromospheric evaporation
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Velocity is

about

230 km/s — it is
typical value of the
chromospheric
evaporation
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Mass estimation

Hvar 27.09.06

Two E-H relations obtained
at the begining and the
end of the main peak

N(h)~E?

We took only purely
non-thermal sources
and calculated
difference in the column
density at several levels

8" Astrophysical Colloquium


file:///C:/work/seminaria_wyklady/hvar2006/index.cgi.htm

Mrozek&Kotomanski

Mass estimation
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Hvar 27.09.06

Two curves taken at the
begining and the end of
the main peak

N(h)~E?

We took only purely
non-thermal sources
and calculated
difference in the column
density at several levels
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Mass estimation

2x10%  4x10% Bx10% Bx10%
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Hvar 27.09.06

Two curves taken at the
begining and the end of
the main peak

N(h)~E?

We took only purely
non-thermal sources
and calculated
difference in the column
density at several levels
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Mass estimation

Hvar 27.09.06

Difference between
column densities can be
transferred to
difference of masses

Additional mass above
1000 km is about 5x10" g

Comparing EM in the
loop-top kernel before
the peak and during the
maximum of the flare we
obtained: 8x10" g
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Conclusions

Using non-thermal electrons as a tool we can obtain useful
information about plasma distribution inside the flare loop.

The E-H relation reflects column density. Its evolution with time
gives significant information about very first stage of the
chromospheric evaporation.

During the HXR burst we observe simultaneous upflows and
downflows in the chromosphere and transition region.

There was no detectable emission of plasma that moves above
the transition region.

Moving feature was observed just after the HXR burst. Estimated
velocity is equal to 230 km/s.
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Conclusions

Mass evaporated from one footpoint is almost equal to
additional mass which was detected inside the loop-top kernel.

This kind of analysis gives a possibility for detailed analysis of
the plasma flows in the chromosphere during the impulsive phase
of solar flares.

Obtained results should be verified with the usage of observations
made in different wavelengts. Ha observations seems to be
very useful in such analysis.

Detailed modelling is strongly required!
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