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Motivation

ÅWhat are the properties of small (micro) solar flares?

ïEspecially the characteristics of heating and particle acceleration in these 

low-level energy releases

ÅWhat is the flare frequency distribution?

ï Is there enough energy available to heat the solar corona?

ÅRHESSI is uniquely sensitive to these events,  providing imaging 

and spectroscopy >3 keV

ïObserves non-thermal emission to lower energies than before

ÅBetter estimate of Non-thermal energy

ïObserves and images high temperature thermal emission

ÅEstimate of Thermal energy 

ÅAutomated analysis of nearly 25,000 flares
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Outline

ÅX-ray emission from large and microflare

ÅCoronal Heating and Flare frequency Distributions

ÅOverview of RHESSI

ÅFinding RHESSI microflares

Å Imaging with visibilities

ïRecover thermal volume information

ÅSpectroscopy 

ïRecover Thermal and Non-thermal Parameters

ÅRHESSI flare frequency distribution

ÅConclusions

ÅTrying to observe even smaller events with RHESSI
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Microflares

ÅMiniature version of a large flare:

ïFlare is the observed multiwavelength atmospheric response to a rapid 

transient release of magnetic energy from the coronal fields

ÅEnergy about 10-6 to 10-3 of large flare  (~1026 - 1029 ergs)
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Flare X -ray Emission >3 keV
Å Thermal  (soft x-rays)

ïElectron bremsstrahlung  

continuum, (free-free and free-

bound) and line features

ï10s MK

ïLoop structures

Å Non-thermal  (hard x-rays)

ïaccelerated out of the thermal 

distribution

ï thick target bremsstrahlung

ïCoulomb collisions in higher 

density plasma

ï footpoints (generally)

Å Non-thermal dominates

ï> 7 keV RHESSI microflares

ï> 25 keV large flares
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Microflare X -ray Spectrum

ÅRHESSI has better resolution and extends to lower energies 

than previous

6

First hard x-ray microflares

Balloon-borne instrument,

Lin et al. 1984

RHESSI

Krucker & Hudson, 2004
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Microflare X -ray RHESSI Images
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Krucker et al. 2002
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the higher energy precedes

the lower energy
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Non -thermal or Hotter Component ? 

ÅRelated radio & microwave observations to RHESSI microflares
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Other Small Transient Events

1. X-ray Bright points ðSoft X-ray

ïNon Active Region associated and possible non-thermal emission

ÅNitta et al. 1992,  Kunduet al. 1994 Krucker et al. 1997

2. Active Region Transient Brightenings ðSoft X-rays

ïActive region associated, possibly microflare related

ïSmall hot loops (4-8 MK) seen with SXT on Yohkoh, Shimizu 1995+

ïSome show radio and hard x-ray signatures

ÅGopalswamy et al. 1997+, White et al. 1995, Gary et al. 1997

3. òNano-flaresó ðEUV Transient Brightenings

ïabout 10-9 to 10-6 of large flare  (~1024 to 1027 ergs)

ïTemperature 1-2 MK

ÅSOHO/EIT: Krucker & Benz 1998+

ÅTRACE: Parnell & Jupp2000, Aschwandenet al. 2000+,     

Aschwanden& Parnell 2002
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Energy Calculation

Thermal Energy

Å Temperature, density and Volume (implied from area)

Non-thermal Energy

Å Assuming thick target: power-law electron spectrum analytically 

results in photon power-law spectrum, = 1 (Brown 1971)

Å Flattens at low energies but no                                               

analytic expression for B to EC

Å Requires numerical integration

ï to investigate flattening

ï use more realistic cross-section 

ï Holman 2003 10
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Energy Distributions pre -RHESSI
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Nanoflares

Thermal Energy

Microflares

Non-thermal Energy

Need index >2 

for enough small 

events to heat 

the corona 

(Hudson 1991)
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the distribution


