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What is RHESSI?

Front Grids
[ ~<— Solar Panels (1 of 4)

Spectroscopic
| mager

IS a NASA-led mission launched in February 2002

RHESSI is designed to investigate particle acceleration and energy
release in solar flares through imaging and spectroscopy of hard X-ray
and gamma-rays in the range from 3 keV upto 17 MeV (Lin et a 2002).



What is RHESSI?

X-Ray Sourca
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Spectroscopy: 9 Ge detectors with
energy resolution around 1
keV,

| maging: rotating modulating
collimators allowing angular
resolution down to 2.3 arcsec;

G 7 T & LT &7 LT & & & T

lmaging spectroscopy: spectral w
Information in various
locations Incoming X-ray flux is modulated by a

pair of grids — modulated lightcurves
are used later to recover spatial
iInformation




Rotating Modulating Collimators
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- RHESSI detectors look at the source through
xravsoauce 3 pair of grids called Rotating Modulating
Collimator (RMC)

Spacecraft spins about once every ~4 sec =>
artificial modulation of incoming X-ray flux
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Unuversity RHESSI imaging
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RHESSI has 9 RMCs for 9 detectors

Slats/Slits spacing growing with detector

(RMC) number
= angular resolution from ~2.3” (RMC #1)

to 180” (RMC #9)




g}%ﬁig&% RHESSI: ideal modulated lightcurves

Modulation profiles for various ideal sources

IDEAL RMC PROFILES OF GAUSSIAN SOURCES

UNIT FLUX, FWHM=0, (R,?)=(8:P.0) (P=PITCH=58") ‘ for a grid of pitch P with equal slits and slats
Point source

.H.-'-".LF—I_iMlT FLJP{ FWHM=0, {I-d,_:"}:=.{l5|ll-‘l,c.j ~

2| PO Half flux from the point source => note half
" amplitude

NI FLUX, FWHM=0, (R, .'.j="8-l-.F,-".f4) )
UMMM A2 AR [ IS 45 degrees angle => note change of phase

UNIT FLUX, PWHM=0, (R,#)=(124F,0)
’ TN L Ao L E YTTTTITIE, -. Source further from the axis => note change of

| ' ¢ [ ' modulation frequency

! (MARRARRAA AR EH NN N WOV vl

UMIT FLUX, FWHM=P /2, (R,#)=(84P,0) ~
5| Source size=P/2 => note change of the amplitude

UNIT FLUX, FWHM=F, (R,7)=(8+F,0) _
6| . - Source size=P => note change of modulation depth
e . (no modulation for source size >> P)

HENOWN SOURCE DISTRIBUTICON . . . .
) o g Modulation encodes spatial source information:

ZHL s _ fVw - Phase of the modulation => position angle
WIE el Distance from the centre => modulation frequency
Amplitude => source size

spin period
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RHESSI imaging




X-ray visibilities

MOCULATED COUMNTS, 3C=E6, 3 ROTATIONS -
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X-ray Visibilities are two dimensional

Ispatial Fourier components of X-ray source [RMASESUEERE: ey \\,

Viu,v;q)dg= / /

fap o =g

/ R D(q, &)I(z,y; €)e*™ Wt dedady 2.
-

Visibilities amplitude

o WISIBILITY AMPLITUDES AND FHASES
: 120 I Arg[V(u,v;q)]

o 30 B0 =14 120 150 180 210 240 ST70 no 330 380 O

Visibilities phase

Note 9 circles (nine RMCs) in U,V

(spatial frequencies) plane

Prato et al, 2008
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HXR footpoints

HXR footpoints
‘Standard’ flare model picture in 2D (Shibata, 1996)

Standard fare geometry

Soft X-ray emission up to
~10 - 20 keV

/ RHESSI spectrum
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Hard X-ray sources
above ~20 keV



University X-ray emission from limb flares
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UmV@fSltY X-rays and flare accelerated electrons
of Glasgow
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Observed X-rays  Unknown electron distribution Emission cross-sections

e \ —

I(e, €2, 1) _jf f ?EQI]F[E Q'r. ) L2, 0 e E}qulQ dr.

HxE peak: 20-Jan-2005 0&:45:77 UT
_I I 1 1 1 I LI} 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I_
220 ’ -

H-ray flare loop ] F(E,Q,r):’)?f)

Emf_HKH (N \* 1) What is the energy distribution,
1 F(EB)?

1 2) What is the angular distribution,
1 F(E,Q)?

3) What is spatial distribution,
1 F(E.r)?
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Observed X-rays  Unknown electron distribution Emission cross-sections

e \ —

I(e, €2, 1) _jf f ?EQI]F[E Q'r. ) L2, 0 e E}qulQ dr.
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¥-ray flare loop 1 Resolution 1s > 2.3”

3¢ HR footpoints \ .

1 However, we can accurately
1 measure moments of
distribution:

1 1st moment — position

1 2" moment - size
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B University First measurements using fit to the light curves
of Glasgow J J

HESSI 20-Feb-2002 11:06:00.000 UT
L L5 T B R L R e LS e ) LI L 6 B | L PR

Aschwanden etal, 2002 , S o

14 : S
S0E e . Flarelpop model:
s o r}oop=12}6 Mm

12 % 8T e kel :
e EW:Q )3.7 arcsec ]

10 Higher energy
sources appear
lower in the
chromosphere S eobi el
(consistent with S
simple collisional 0E
transport)
=> downward

electron beaming T

X (arcsecs)

YNNG %‘E.S:afaﬁarCSEC =
\\"- i Azrmuthﬁl102 deg -
] W% inclination 3} 0 deg

270
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=> Max position with 1”” accuracy
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” If we assume collisional transport:

15 keV »

F(E,2) = FiwE(NEZ+2KNQ@) .

12

10

X-ray emission at various energies should appear
at different heights (Brown et al, 2002):

Bm . e /(€. 7) = ;f;z [ F(E, )o(e, E)dE

Indeed, nigher energy sources appear lower In the
chromosphere (consistent with simple collisional transport)
Aschwanden et al, 2002

If we can we measure not only the
positions but the sizes of X-ray

sources we can learn about the \
: transport of the electrons in the

: Hu:rr?mr.lal dksltgme :-:ih.llhfrl Chromosphere




gf%ﬁirg%% X-ray flux at different energies: theory
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Hard X-ray images
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18-22 keV
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gj%fcl}ivefsity Chromospheric field structure measurements
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The simple thick target case is inaccurate
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= Vertical size of the footpoint
/' measured in 6t January event
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OfGlasgovg Possible explanations
- Non-uniform magnetic field

- Strongly inhomogeneous chromosphere

- Strong pitch angle scattering (simple
collisions do not work)
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Constant pitch angle in the simple thick target
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gf%ﬁirg%% Strongly non-uniform atmosphere
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/ If we assume that electrons
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paths with different density
profiles we can increase the
vertical size of X-ray footpoint.
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' UmV@rSltY Electron anisotropy: individual events

.............. of Glasgow
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"t 100 distribution (e.qg.
o o Kontar&Brown, 2006)
o)
()
S Collisional scattering and return
N current effects cannot explain
E 0 T S the isotropy of electron
L o
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=> The angular distribution found is inconsistent with downward
beamed distributions




Conclusions

RHESSI X-ray imaging allows to infer the shape and the
source positions with sub-arcsecond precision.
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The characteristic vertical and horizontal sizes of X-ray
sources at various energies.

The size of footpoints decrease with energy  suggesting
expansion of the magnetic flux tube with height and the
presence of strong horizontal fields at ~900km.

The vertical variations of the magnetic field can be measured
at ~0.2” scale although, but requires reference height.

The electron transport can be collisional but strong pitch
angle scattering or multiple density profiles within the loop Is
needed




