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RHESSI Science Objectives

“RHESSI's hard X-ray imaging spectroscopy 
provides spectral resolution of ~1 keV, spatial 
resolution down to ~2 arcsec, and temporal 
resolution as short as tens of milliseconds. These 
parameters are, for the first time, commensurate 
with physically relevant scales for energy loss and 
transport of the >~10 keV electrons that are 
believed to contain much of the energy released in 
the flare.”



RHESSI Science Objectives

“With RHESSI's high energy resolution, the 
photon spectrum in each spatial and temporal 
element can be directly inverted to obtain N(E,r,t), 
the X-ray producing electron number density, as a 
function of energy (E), position (r), and time (t). 
N(E,r,t), together with information on ambient 
density, magnetic field strength and topology, will 
allow the electron loss processes to be directly 
evaluated.”



Determination of Electron Flux

Hard X-ray flux =
Local Electron flux F(E) × (cross-section σ(ε,E)

for hard X-ray emission)
more accurately:

I(ε) = ∫F(E) σ(ε,E) dE
– an integral equation for F(E) given I(ε)

F(E) represents average over spatial ‘pixel”
For spatially integrated I(ε),

I(ε) = ∫Fbar(E) σ(ε,E) dE
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Real feature or not?





What do we Tell the Theorists?
(1)

We can infer subtle and/or significant features in 
the exciting emitting electron spectrum from hard 
X-ray observations
The general absence of such features in recovered 
mean source electron spectra from actual avents
implies that they do not exist
Mean source electron spectra have generally 
simple forms



Spatially Averaged Electron Flux
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But what does F(E) look like at different positions in the source?



Using Spatially Resolved Hard X-ray 
Data to Infer Physical Processes

Electron continuity equation:
∂ F(E,N)/ ∂ N + ∂ / ∂ E [F(E,N) dE/dNdE/dN] = 0

Solve for dE/dN:
dE/dNdE/dN = - [1 / F(E,N)] ∫ [∂ F(E,N)/ ∂ N] dE

So observation of F(E,N) gives direct
empirical information on physical processes 
(dE/dNdE/dN) at work
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Suppose
dE/dN ~ E-α
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Parametric Study

Suppose
dE/dN ~ E-α

Then variation of F(E) with depth is as shown

Can we recover the value of α from observations?



Parametric Study

Construct local hard X-ray spectra from F(E)
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Parametric Study

Construct local hard X-ray spectra from F(E)
Then add reasonable level of noise and invert

Then form energy loss rate from continuity equation



Results for various α



July 23 Imaging Spectroscopy



July 23 Imaging Spectroscopy

Concerned mostly with different spectra in discrete featuresConcerned mostly with different spectra in discrete features



Feature Spectra
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What do we Tell the Theorists?
(2)

Different discrete features in the same flare have 
manifestly different hard X-ray spectral forms and 
hence exciting electron spectra
Spatially averaged measurements, while useful, do 
not reveal the whole picture – spatial and temporal 
variations are a key part of a model’s predictive 
power
Spectra of discrete features can be correlated, 
implying a connectivity
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Generalization to Extended 
Sources

Can we look for “smoother” variations of 
spectral parameters with position?
Try dividing source up into subsources
Obtain photon spectra and invert to get 
‘local’ electron spectra
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Subsource Spectra

Photon

Electron
‘Middle’ region spectrum is softer



Subsource Spectra

Photon

Electron
‘Middle’ region spectrum is softer

But

dE/dN= -[1/F(E,N)] ∫ [∂ F(E,N)/ ∂ N] dE ?



What do we Tell the Theorists?
(3)

Observations are not yet capable of defining 
the variation of electron spectrum with 
position in the source to the extent 
necessary to infer transport processes 
empirically



Can a Forward-Fit Method Yield α?

Do parametric fits to images in different energy bands
Study variation of parameters with energy
Collisions: dE/ds ~ -n/E → L ~ ε2

In general, L increases with ε
(increased penetration of higher energy electrons)

General: dE/ds ~ -n/Eα → L ~ ε1+α

Thermal: T ~ To exp(-s2/2σ2) → L(ε,To,σ)
In general, L decreases with ε

(highest-energy emission near temperature peak)
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Source Size vs Energy

TToo = 10= 1088 KK



Can collisions be compatible?

Yes, if the density is not uniform
dE/ds ~ -n/E → dε/ds ~ -n/ε

n ~ -ε dε/ds

~



Previous Application of this Technique – Aschwanden, 
Brown, & Kontar 2002



Previous Application of this Technique – Aschwanden, 
Brown, & Kontar 2002



Slopes for ensemble of events



shallow slope



shallow slope
= high density



Required density profiles



Collisional or not?

Implausible density profiles



Collisional or not?

Implausible density profiles

Alternative is non-collisional
interpretation – slope ≠ 2



Histogram of Slopes

NOT compatible with slope of 2!NOT compatible with slope of 2!



Significance of Observed Slope

Collisions
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Significance of Observed Slope

Collisions
dE/ds ~ - n/Eα, α=1, slope = 1 + α = 2

Observed mean slope 1 + α ~ 0.5
α ~ -0.5

→ dE/ds ~ - nE0.5 ~ -nv (??)



What do we Tell the Theorists?
(4)

There is considerable evidence that collisional
modification to accelerated electrons in a uniform 
plasma is not the dominant mechanism driving 
energy loss processes in bremsstrahlung-
producing electrons
Either
– (a) considerable inhomogeneity in the transport region 

is required; and/or
– (b) non-collisional losses are important

Observations can define the empirical form of the 
energy loss process



Overall Energetics



What do we Tell the Theorists?
(5)

The CME and optical continua represent the bulk 
of the released energy in flares
The energy in the thermal plasma and in 
accelerated particles are comparable
One must be careful not to “double-count” in 
energetic partition studies, e.g.
– energy in accelerated electrons and the EUV/HXR 

thermal plasma
– energy in accelerated protons and optical plasma

Shock acceleration of SEPs is ~10% efficient


