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Introduction – flare model of X-ray emissions 

 • Looptop – HXR from 
acceleration region 

• Footpoints – HXR from 
bremsstrahlung 

• Whole loop – SXR from 
chromospheric 
evaporation + direct 
heating 

Credit: K. Shibata, K., S. Masuda, M. Shimojo, H. Hara, T. Yokoyama, S. Tsuneta, T. Kosugi, and Y. Ogawara, "Hot-Plasma Ejections Associated with 
Compact-Loop Solar Flares," ApJ 451, L83, 1995.  



Introduction – footpoint emission to nonthermal 
electron properties 

HXR photon spectrum 
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Nonthermal electron spectrum 
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Thick-target model 

Nonthermal electron energy spectrum 
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Introduction – the importance of accurate nonthermal 
HXR source size measurements 

• Nonthermal electron flux – threshold exists for chromospheric 
evaporaion? (Fisher et al. 1985; Milligan et al. 2006a, 2006b) 

• Source size vs. photon energy on limb flares → density & 
length of the acceleration regions (Xu. Et al 2008), 
subarcsecond vertical variation of the magnetic flux tube size 
& neutral gas density (Kontar et al. 2008) 



Introduction – aim of this paper 

• Despite small sizes (~1’’ level) of the observed footpoints of 
magnetic loop in UV/EUV, only few RHESSI HXR footpoint 
sources were seen in such small sizes 

• This paper tried to examine if such mismatch was due to some 
limitations of the instrument/reconstruction algorithm in 
some cases 



RHESSI imaging method 

• A pair of grids act as a collimator to modulate 
the transmission of the incident X-ray flux 

• Germanium detectors record the deposited 
energy and arrival time of each photon that 
reaches them 

• Spacecraft spin axis oriented to within a few 
arcminutes of Sun-center 

Credit: Hurford, G. J., et al. 2002, Sol. Phys., 210, 61 



RHESSI imaging method 

• The counting rate variations from a 
single detector in a given energy 
range for one modulation period 
(4s) ≈ amplitude and phase of a 
single spatial Fourier component of 
all the X-ray sources on the Sun at 
that time 

• It is the task of the imaging 
software to determine the intensity 
and structure of the X-ray sources 
on the Sun that produced the 
modulated count rates in each 
detector in each energy range 
(inverse problem) 

Credit: Hurford, G. J., et al. 2002, Sol. Phys., 210, 61 



Image reconstruction techniques – Back projection 

• Projects each detected photon back from the detector 
through the slits of the grid pairs to all possible locations for 
its origin on the Sun 

• The probability maps for each photons are summed to be 
called “dirty map” 

• The dirty map shows the sources convolved with PSF (how a 
single point source on the Sun will end up as a dirty image, 
approximately Gaussian of which its FWHM depends on the 
detectors and the type of weighting that are used) 



Image reconstruction techniques – CLEAN 

• Determine what set of point sources could have produced the 
dirty map obtained from the back projection routine given the 
instrument PSF 

• Finds the highest flux pixel, subtract [a certain fraction of that 
flux * PSF centered on that pixel] from the image, 
repeat…until the “residual” becomes negative 

• Note about the default setup – final image is the CLEAN pixels 
convolved with instrument PSF + residuals…sometimes 
causes size overestimation  



Image reconstruction techniques – CLEAN 

• Default version with det. 3-9 came out to be larger than det. 
1-9 components only by a factor of ~3 in some cases 

• Only components images are considered for this study 

Credit: Dennis & Pernak (2009) 

Det. 3-9 default 
(natural weighting, 
convolved with 
PSF, with residuals) 

Det. 1-9 default Det. 1-9 
components only 



Image reconstruction techniques – PIXON 

• Seeks a superposition of circular sources of different sizes and 
parabolic profiles hat best reproduces the measured 
modulation from the different detectors 

• Aims to obtain the χ2 → 1 with the fewest degrees of freedom 

• Generally thought to be the most accurate, but VERY time-
consuming, and sometimes causes the most compact sources 
breaking up when the finest grids are used 



Image reconstruction techniques – MEM 

• It assumes that each pixel of the image is an independent 
source 

• Iteratively searches for that image where the flux in each pixel 
is constrained by the requirements that the entropy is 
maximized while the value of χ2 is acceptable (the image is 
“the flattest” possible consistent with the observations) 

• MEM_NJIT – uses “visibility” (a measure of a single spatial 
Fourier component of the image) instead of count-rate 
modulation profiles, fast & closer to PIXON, but still subject to 
source break-up 



Image reconstruction techniques – Forward-fit 

• Starts with the assumption that there are a very limited 
number of individual sources (usually one or two) 

• The parameters describing each source are adjusted until the 
model-predicted count rates agree best with the measured 
count rates in a χ2 sense 

• It is critical that the assumptions concerning the number of 
sources and their shapes match reality 



Data analysis 

• Aim – to determine the spatial extent of the most compact 
HXR sources 

• 18 flares from the list of Schmahl et al. (2007): ~1 min interval, 
double (footpoint) sources, >104 counts over all nine 
detectors above 25 keV 

• Modified versions of each of the four image reconstruction 
methods (ex. CLEAN components for CLEAN source size) to 
optimize their abilities to provide the information about the 
most compact sources 

• Parameters of elliptical Gaussians determined for each image 
reconstruction methods are compared with each other 

Credit: Dennis & Pernak (2009) 



Results 

Credit: Dennis & Pernak (2009) 



Comparison of elliptical parameters 

• CLEAN fluxes are systematically larger than MEM_NJIT and PIXON (a 
surprise) – reasons not known 

• VFF fluxes are systematically larger than other algorithms – presence of 
more than two compact HXR sources? 

• Major axes among all but VFF are in good correlation (<0.71 with VFF) 

• Minor axes among all but VFF vs. MEM_NJIT are poor, <0.51 (VFF vs. 
MEM_NJIT has 0.70) 

• The source orientation angles are in excellent agreement among all (≥ 
0.80) 

Credit: Dennis & Pernak (2009) 



Distributions of source sizes 

• The mean length of the major axis ~6-7’’ 

• The mean length of the minor axis ~3-4’’ 

Credit: Dennis & Pernak (2009) 



Conclusions 
• Source fluxes are generally strongly correlated among all four algorithms, 

but VFF systematically overestimates the flux compared to other 
algorithms and the CLEAN fluxes were systematically higher than both 
PIXON and MEM_NJIT 

• Source sizes are generally well correlated, but the correlation coefficient 
for minor axis was as low as 0.25 – PIXON and MEM_NJIT correlates much 
better 

• Source orientation angles correlate really well – alignment of the elliptical 
X-Ray sources on the Sun is reliable 

• The ellipse major axis, orientation angle, and its alignment with solar 
features seem to be reliable, but the smallest dimension (minor axis)  of 
the sources are not well measured (MEM can help alleviate the problem) 

• Mean source sizes: 7 ± 1’’ for major axis & 3 ± 0.4’’ for minor axis – 
MEM_NJIT may have super-resolution ability 

• The assumption of two elliptical Gaussians may be inadequate – most 
evident in VFF 

• The smallest dimension of many of the sources in this study are upper 
limits at ~ 4’’ 



Provisos for each algorithms 
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