University
< of Glasgow

SSW, Radio, Xa
~claia analysis

CESRA Summer School, Glasgow, August 2015



Umversuy
ofG ASTOW
Pre-school installation guide for IDL, SSW and Perl ( )

To upgrade SSW (requires Perl installation) (extensive FAQ )

IDL> ssw_upgrade,/loud,/spawn,/passive_ftp

To check your installation open RHESSI GUI

IDL> hessi

To add new instrument (e.g. Nancay which is a part of radio package):
IDL> setssw_windows, /nrh

* Following instruments selected:

radio/nrh

* Mission level setup files

* Instrument level setup files

* Personal startup files

Executing: C:\ssw\site\setup\PERSONAL_STARTUP_WINDOWS.pro



http://www.astro.gla.ac.uk/users/eduard/lectures/cesra/install_ssw.htm
http://hesperia.gsfc.nasa.gov/ssw/hessi/doc/faq/faq_ssw.htm
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Plotting dynamic radio spectrum
To analyse and plot the radio spectrum, use IDL based solar software SSW with ‘radio’ package
required (documentation is available here). As an example, one can use this simple code

IDL> radio_spectro_fits read, 'GLASGOW 20150416 114500 59.fit',data,time,freq
IDL> loadct,5

% LOADCT: Loading table STD GAMMA-II

IDL> spectro_plot,data,time,freq

% Compiled module: SPECTRO _PLOT.

% IDLO - e -
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IDL> trange='2015-Apr-16 '+['11:55:20','11:56:00"]
IDL> spectro_plot2,data,time,freq,timerange=trange,
yrange=[50,80]

IDL> data bg = constbacksub(data,/auto)
% Compiled module: CONSTBACKSUB.
Running Constant Backsub algorithm Version 2.1

®IDLO -




Ef%ﬁigétwy Problem: Estimate Brightness Temperature

. - r = — ——— = )
I Ind the brl htneSS 0] Main Window - RHESS! Data Analysis Dev. Version, 23-Aug-2015 1541 " - - O
g File Plot_Control Window_Control Show_HESSI Help
Observation Time Interval: 16-Apr-2015 11:55:00 to 16-Apr-201511:56:00 Flare: 15041612
t t f Current Window: aia.levl.131A_2015-04-16T11_55_20.62Z.image_lev1 fits SDO AlA_1 131 16-Apr-2015 11:55:20.620 (16:14:28)
emperature 1rom e.qg.
-
LOFAR images at ~40
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For info: the Intensity at
low frequencies can be
written
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Find the thermal energy of a solar flare (e.g. 06-Jan-04
7:30)7?

For info:
Energy = 3*N*kB*T
where N=n*V, n — number density, V — volume
Using the observable parameters:
EM=n2V




Rotating Modulating Collimators

(g RHESSI detectors look at the source through
xravsouce g pair of grids called Rotating Modulating

Collimator (RMC)
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Spacecraft spins about once every ~4 sec =>
artificial modulation of incoming X-ray flux
N Point source

Time
Sun

Amplitude

spin period
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RHESSI imaging

{1 of &) Radiator

SASCCD . |
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+ ) Sunpower
Coolar

Spectrometer

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)




gj;ré\;%lé%twy RHESSI: ideal modulated lightcurves

Modulation profiles for various ideal sources

IDEAL RMC PROFILES OF GAUSSIAN SOURCES

OMIT FLUX, FUHM=O, (R, )=(81F.0) (P=PITCH=65) for a grid of pitch P with equal slits and slats
Point source
HALF—URNIT FLUX, FWHM=0, (R,¢)=(8+P,0)
2 ) Half flux from the point source => note half
) amplitude
t,MT FLUX, FWHM=0, (R =(8+P, /4) -
S DA ML ~ ] o 45 degrees angle => note change of phase
UNIT l-;LU:-(, FWHM=0, 'iﬁ.;*)=(12*P.G} | ~
4 I A L \ Source further from the axis => note change of
'- | I modulation frequency
g W R PR RRRR TR ATRN Y o U MR RTrTRNTIrrenRriarey v /‘:
UNIT FLUX, FWHM=F /2, (R,¢)=(8+F,0) N
Sl e e ) Source size=P/2 =>note change of the amplitude
UNIT FLUX, FWHM=F, (E,#)=(8+F,0) Ny
6 N - Source size=P => note change of modulation depth
SO (no modulation for source size >> P)
/
UNKENOWN SOURCE DISTREIBUTION = . . . .
- oy - PN Modulation encodes spatial source information:
/ " Phase of the modulation => position angle
Distance from the centre => modulation frequency
<

. . Amplitude => source size
spin period




Modulated lightcurves
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Sun .
- Incoming photon flux from
plxel m of the source
. / Time interval =
o observation time — dead
time
Point source
Detector area \
1
=AY P F.Atl

i

Modulated Lightcurve Probability to find a photon
from m-th pixel ini-th time
bin (basically the

| response of the
Y L[{w [ At |Jr=.'1- % instrument)

i—1 Photons (counts) in i-th time bin

To find an |mage |s to find the solution:




ofG oo RHESSI imaging
The fundamental problem of RHESSI imaging is to find the spatial photon

distribution knowing the modulated time profile or visibilities
(solve an inverse problem! ;():

—L Ci | Ati] Pirn.

1=
To accomplish this task various imaging algorithms to solve this inverse
problem exist:

Back Projection
CLEAN

Maximum Entropy Method MEM based (e.g. MEM NJIT)
PIXON

Forward Fit
Interpolated (smooth) FFT

You method could be here!




g}gﬁigg\g RHESSI imaging: Back Projection

Back projection (Mertz, Nakano, and Kilner, 1986) is the most basic method of image
reconstruction (roughly 2D Fourier transforms(Kilner and Nakano, 1989)), leads to so-

called ‘dirty map’ or ‘dirty image’.
Reconstructed HESSI Image

1000
20-Feb-2002 09:57:30.000 o 09:56:30.000

N
1 § : D Deteciors: 7F 8F 9F
— seciors; 7
lrJ*i"i' = T [Ef){&'rf]FE'm': Energy Range. 12.0- 25.0 keV
A 1 Back !Xroiechon Total counts: 7.31E+05
=

Advantages: spin axis

- Very fast
- Linear and simple

Disadvantages:

0
Helocentre X (arcsec)

500 1000

- poor quality images
- no reliable source sizes

Mirror image Flare




QD ey RHESSI imaging: CLEAN

Clean assumes that the image is a superposition of point sources convolved with
Point Spread Function (PSF) and iteratively cleans the initial back-projected image
until either negative residuals or max number of iterations Hogbom (1974).

L ] s L L L) ' A L) L . I . T L L l Y- LJ L) v ] L L

| 21=Jun=2001 10:00:00.000 1o 10:00:04.000
Advantages: Detectors: 4F 5F 6F 7F &F

Energy Range: 12.0 — 25.0 keV

Clean Total counts: 3.66E+03

- Relatively fast
- Positive fluxes

Disadvantages:

- Nonlinear F ' 9
- Overestimates source sizes - !
- Likely to misinterpret extended ’ |

sources ™ 1

CLEAN

r
A l A A » e A l A ' . A A l A A A A l A A A ' l 'S A

Hurford et al, 2002




QD ey RHESSI imaging: MEM

Maximum Entropy Methods (MEM) algorithm looks for the map that is both consistent
with the data and contains the least information about the source (i.e. maximum
entropy). (Hurford et al, 2002) O —

21=Jun=2001 10:00:00.000 to 10:00:04.CQ0
(C; — 8\,3 | Datactors: 4F &F €F 7F &F K|
}{3 — E ;‘ H = — E Fm I'D'g Fm- | Energy Range: 12.0 — 25.0 keV ]

2 MEM VIS  Tolal counts: 5.64E£403

i o m I N
consistency with Maximising entropy -
data E 3
Advantages:

- Relatively fast
- Positive fluxes

Disadvantages:

- Nonlinear B MEM-VIS A

- Underestimates source sizes [Biis panestanag. fin cosiim s oTaue - Sias ool
Hurford et al, 2002
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Forward Fit assumes that the source can be presented as a prescribed functional
form with a number of free parameters (for example, two circular Gaussian sources)
and looks for the parameters which produce a map that is consistent with the data.
(Aschwanden et al, 2002; Hurford et al, 2002\——F————F————F————1+——7—

21=Jun=2001 10:00:00.000 1o 10:00: 04, A0
Detactars: 4F 5F 6F 7F &F

| Emergy Range: 12.0 — 25.0 keV
Farward Fit Tetal counts: S.66E4035

Advantages:

- Fast

- Positive fluxes
- Source sizes and errors on : .
parameters

Disadvantages:

- Does not work well for complex [ 4
sources [

Hurford et al, 2002




gj;ré\g%lé%twy RHESSI imaging: PIXON

Pixon looks for the simplest model for the image that is consistent with the data
(suitable CHI2) (Puetter, 1995; Metcalf et al., 1996). Pixon simultaneously minimises
smoothes the image locally (minimisation of independent patches) and
simultaneously consistent with the data.

21=Jdun=2001 10:00:00.000 1o 10:00:04, 000
Detactors: 4F SF 6F 7F &8F

| Energy Range: 12.0 — 25.0 keV
Pixan Total counts: Z.6SE4+03

Advantages:

- Photometric accuracy B ". i
- no spurious features i r ]

Disadvantages: - ]

- Very slow (too orders of
magnitude)

Hurford et al, 2002




Comparing imaging algorithms

18-22 keV
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06 - January, 2004 flare
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A Main window - RHESSI Data Analysis D — |EI |i|
1 File: Flot Control  Window_Confrol  Shiow |pas i - i
1) Start G U I |nte rface _ i {Main Window - RHESSI Data Analysis C
Ohbservation Time Interval: 19-Jul-2004 20:56:50 to 19-Jul-2004 21:04:20  Flare: 40719354

Current Window:

IDL>hessi

/ HESSI DATA ANALYSIS
2) You will see this

Use the buttons under File to:

1. Select Observation Time Interval
2. Retrieve and process new data

3) Let us select a flare

January 06, 2004 ~06:20 UT e o ot e e

Date of last documented change: ?-May-2009
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= |0 x|
=1 1) Select time interval
Urve Objects by,
-|0] x|
File: Flot_Contral  Window_Control  Show_HESSD  Help
.......... Observation Time Interval: B-Jan-2004 06:00:00 to 6-Jan-2004 07:00:00  Flare: 4010604

Start.. || f-Jan-2004 06:00:00.000 Reset i - | 300.000 :

2 ‘ _eset | Duration (s) CurrentWindow: HESS! Count Rate B-Jan-2004 05:00:00 (10:58:58)
..... End... ‘ B-Jan-2004 07:00:00.000 Feset

Settimes to start/end of flare;  [4010604 Flare Selection... |

| Flare 4010604 6-Jan-2004 06:13:12.000 to 06:31:28.000 Peak: 06:25:30.000, 2288.00 cfs |

£
Expand Tirmes by |2 J minutes before 2 j minutes after flare
1gco
Select Data To Plot. [CountPate [ .|Show Flags: S, M. F.FDn RDn An  Change

|r_'I 1

PIDtObser\xlngSummaryData[ l;
Set Ohs Tlme‘SetObsTlmetDPIDt Limits ‘ ................................ Ti 100
Help Cancel (Unda amy Set Obs Time) | Just Close * ““““ Set Okhs Time and Close '. ‘u-':—_
// ........................ o I_E:
2) Plot observing summary data % hapw
3) Set obs time & close | owio 080 e hess

Jan—04

4=lun—ZI08 11907
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In the mane window select
File ->Retrieve/Process data-> Imaging

¢ Imaging - RHESSI Data Analysis Dev. Version, 4-Jun-2009 - |EI |i|

IMAGING - changing these parameters forces reprocessing and takes longer)

Select Input. | Piaw Data ~] IE-Jan-EDD4 06:00:00.000 to 07:00:00.000 Change... |

Selected Time Range: 6-Jan-2004 06:00:00 to B-Jan-2004 07:00:00
Flare 4010604: 6-Jan-2004 06:13:12.000 to 06:31:28.000 Peak: 06:25:30.000, 2285.00 ¢/

1) Selecttime interval —— | e

-|*1Image Time Interval: IE—Jan—EIJM 06:25:30.000 to 06:25:34.000 'v.' * Change.. | 45 at peak |
2) Select energy range —> 1 ErereyBond (o) [1200250 ¥]  Chengs. | Bining Cose: [Nene ¥ StowBinring Coves |
.GDItirﬁafc'fr"snéﬁaﬁgtgéu;r Front/Fear Segments Seleu:t;:.:i': .......................................
1FER. 2FE. 3FR. 4FF. BFE. BFFE. 7FE. 8FFE. 9FR Change :

3) SeleCt detectors ///-V zu...."""Automatic'l'imeBinCaIcuIatiDn:Enabled Digital Cuality: 0.95

g ~PixEl Bize (arcsec): 40 x 40 Image Dimensions (pixels): 64 x 84 e
1 H oy -‘.'.'“ Dftset of Map Center from Sun Center (arcsec): X -973.36 ' 74.63 Change... I
4) SeIeCt Image detal IS . /> o {mage Size = 256 x 256 arcsec Xrange =-1101 to 845 arcsec ' range =-b3to 203 arcsec —

size, pixel size, xy offset

5) Select image algorithm _——

:

6) Do not mess with this
(unless you know what you are dOing)::.--v-"

7) ChOOSG OUtpUt N Fefresh | Resetto Defaults | Set Params Manuallyl Help | Close_,l .................
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Selecting time interval....

1) Define time interval here

Good practice:

a) Time interval is a multiple of
spin period (or a half)

b) The weaker the flare the longer t
time (20-40 seconds => good imagges
for a medium class flare)

Imaging time interval

Al Select Time Interval(s) = |EI |i|

Select Time Interval(s)

Choose one or multiple time intervals to create image for.

“ [
DEIEtE/Z:IEdEdimENa' | Celete all | Edit selected interval... | Editintersals... |

/ Select from pre-defined list of intervals: or Define intervals to add below.

E}éfine intervals graphically... | Fead Intervals from File | Restore Previous Intervals |

Highlight one or more interval(s) to add or replace to current list:

Select All |
Add to List |
Replace List |

Maone

P ..Start.. I E-Jan-2004 06:22:20.000 Reset Duration (s): | 40.000
...... ; End. . I G-Jan-2004 06:23:00.000 Eeseat # Fotations: I 10000

Create multiple {max=10000] intervals:

— — - - Add to List |
IDIVIdE this time range into N equal intervals LI

MN: |1 D sy !1 — Feplace List

2) Always press replace list
(note the change at the top)

3) Press accept

Drawe Current | Sawe Current Intervals to File | Cancel | & Accept
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Selecting energy interval....

1) Define energy range here

Good practice:

a) Time interval is more than a few
keV

b) The weaker the flare the longer the
energy range (5-20 of keV is OK))

c) The higher the energy the longe
the energy range (recall X-ray
spectrum) (~100 of keV at 200 keV)

#l| Select Energy Interval(s)
Select Energy Interval(s)

Choose one or multiple energy bands to create image for.

Imaging energy range

Delete selected interval | Delete all | Edit selected interval.. | Edit intervals... |

Select from pre-defined list of intervals: ar Define intervals to add below.

Define intervals graphically. . | Read Intervals fram File | Restore Fresvious Intervals |

Highlight one ar more interval(s) to add or replace to current list:

Mone
Select All

Add to List

[

Replace List

jn]:ﬂtandard: j

Divide this energy range into N equal bands

M: |1 D (kev): |1.

2) Always press replace list
(note the change at the top)

3) Press accept

Draw Current | Sawve Current Intervals to File | Cancel | Accept |
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Selecting Collimators/Detectors ...

4| collimator /Detector Options - RHESS1 Data Analysis Dey. Version, 4 il
ffullimatur."-(F\fVHM) Harmaonics Time Bin(=bus)  Floor (bus)

1) Define RMC here Iriem  wig e P2

Enable all collimators |

Dizable all collimators |

u select harmonics...
Good practice: [ 2 (3-9215 123 [ <] [ ey P — |

- 3 (5-79'&% 123 = - e [ - I, {:_.'FFrunt [~ Bear
) Front for energies s A G

<~300keV, Rear for higher /—1*4 m.a")% 123 [ =] o Blewse F ) Time Bininimum (ous) 1924 7|
energies (Det#l up to 100 keV)

: [v & (20.4“)% 123 [+1 =] Ia—j(=8192) Ig—j
b) Det #3-8 is a common Il Pz rmalipiiers =0

. [v B (35'3”)55 123 IE Iﬁ—j —a1apy |° j time_kin_min to powers of two

choice e51%0) |

Digital Clualll},.rlD 95 J
My sEE e P _
v 8 (105_;8'5“) 123 [ =] ITJHE?EB) Iﬂ—j Cancell ACCEptl

[v Calculate time hins automatically

c) Det#2 above 20-25 keV only

d) Det#9 for scales >~180"

2) Press accept




Image/pixel sizes
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Selecting Collimators/Detectors ... It is not bad idea to use XYoffset from flare catalog
(put tick if you want it)

&8l Image: Size and Location Options - RHESSI Data Analy i|
1) Define pixel size i T I T e e
2) Define image size A ket e [0 7| 10 | P swasmes T
o i’_USBWDﬁsatfrDmF|arecata|ug .......................................................................... ;
3) Set the Ce ntre Of the Imag e_/+ T ]! Dffset of map center from Sun center (arcsec) X WJ A IWJ ...... "'::
as Oﬁset fro m th e S un ce ntre Ir'r;;éé.é.i.é.é..;.m%yzﬁqﬁ.mcse@...-x-range.=u1-8241u-.1'ﬂaﬂiﬁ'}?ﬁé:ég"\.:.r:ange =-1024t0 1024 arcsec

Good practice: .
a) Pixel size less than RMC
FWHM
_ _ 4) As usual press ‘accept’ when finished
b) Use small image size
~64x64 or 32x32 (especially
with Pixon)

c) Keep in mind where the spin
axis is
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¢ Imaging - RHESSI Data Analysis Dev. Version, 4-Jun-200¢ - |EI |i|

Finally ...

IMAGING - changing these parameters forces reprocessing and takes longer)

Select Input. | Piaw Data ~] IE-Jan-EDD4 06:00:00.000 to 07:00:00.000 Change... |

Selected Time Range: 6-Jan-2004 06:00:00 to B-Jan-2004 07:00:00
Flare 4010604: 6-Jan-2004 06:13:12.000 to 06:31:28.000 Peak: 06:25:30.000, 2285.00 ¢/

1) Choose algorithm

“1Image Time nterval: | 6-Jan-2004 06:25:30.00010 062534000 ¥|  Change.. |  4s atpeak |

“1 Energy Band (kev): |12.DtD 20 VI Change... | Binning Code: INDne VI Show Binning Codes |

Callimators and Detector Front/Rear Segments Selected:
1FEE, 2FFE, 3FE, 4FFE, 5FE. 6FE, 7FE, BFF, GFRE

Automatic Time Bin Calculation: Enabled  Digital Quality: 0.95

Change... |

Fixel Size (arcsec): 4.0 x 4.0 Image Dimensions (pixels): 64 x &4
NOfiset of Map Center from Sun Center (arcsec): X -973.36 ' 74.63 Change... |
Image Size = 266 x 256 arcsec Xrange =-1101 to-845 arcsec ' range =-53 to 203 arcsec

AN

*Image Algorithm: IBEICkPI’DJEC’(IDnj SEt pararneters... Setwisibility params... | fdark clean hoxes... |

Flaffield: Enabled Modpat_skip:1  Fhase Stacker: Disabled  Cull: Enabled (Fraction: 0.50)

2) Output type mer:gglg?qUE?;:?LW;agi:lﬁe\ghdtg(:ﬁzir?ggrrett?;r?lg\;i[ag;gg::edd EPraj: Ensblad %'
(saveasimage asa = |[ooreoo B ou - Aeme s o e

fle or display in the ————|oen o Ao S fov [ [
main window) —
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Use synoptic data ... (almost all main solar data are accessible !!!)

¢l sHOW SYNOP: 4-Jun-2009 =]

Dane | GOES Workbench | Caonfigure |

Search | Archives By: € Site (8 Type ( Subtype

SortBy: @ Filename  Decreasing Date ( Increasing Date
2) Choose type of data /
Dovnload | selected|archivafile(s) | Wiew | atchive file header

and press ‘search’

|FILENAME ............................. D;dx“‘r’E"tJE:S TYPE B,

Search results will appear here

3) Set your local folder

S 1e_xrays.pro
" |Ekin.dat
Ekin_e100kew.dat
Ekin_eb0keyv.dat
.. |Ekininitial.dat

“. [brr_bremcross.pro
eol BAK

4) Download the data




gj;ré\;%lé%twy Making an image from command line

Obj = hsi image() <= Defining imaging object anything instead of ‘obj’
obj-> set, det_index mask=1[0,0,1,1,1,1, 1, 1, O] <= Detectors used #3-8

obj-> set, im_energy binning= [10.0, 20.0] <= Energy range used from 10 to 20 keV

obj-> set, im_time_interval="'6-Jan-2004 '+['06:22:20', '06:23:00'] <=time interval

obj-> set, image_algorithm= 'Back Projection’ <=image algoritm; could be Clean, Pixon, etc

obj-> set, image_dim=[128, 128] <=image size in pixels

obj-> set, pixel _size=[32., 32.] <= pixel size in arcseconds
obj-> set, use flare xyoffset= 0 <=ifsetto 1 uses catalog data, if set to 0 not
obj-> set, xyoffset=[0.0, 0.0] <= sets image centre coordinates

data = obj-> getdata() ; retrieve the last image made

obj-> plot ; plot the last image
obj-> plotman ; plot the last image in plotman
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obj = hsi_image()

obj-> set, det_index mask=1[0,1,1,1,1, 1, 1, 0, O]

obj-> set, Im_time_interval= '6-Jan-2004 '+['06:22:20', '06:23:00']
obj-> set, Im_energy_binning=[25.,35.]

obj-> set, image_algorithm= 'VIS FWDFIT' <=visibilities forward fit to be used

obj-> set, xyoffset=[-970,73] <= centre of the map
obj-> set, use _phz_stacker=1 <= stacking into roll bins
;0bj-> set,PHZ radius=10. <= automatic choice of roll bins based on the characteristic scale 10”

obj-> set,image_dim=[64,64]
obj-> set,pixel_size=[1.0,1.0]
obj-> set, vi_multi=1 <= TWO SOUTCES
Obj'> Se’[,phZ_n_I‘Ol|_binS_C0ntrO|:[20,38,20,20,12,12,12,12,20] <= manual choice of roll bins
;sets the number of roll bins per detector

; useful controls when calculating the visibilities
obj-> set, vis_edit=1, vis_combine=1
; remove outliers and combine conjugates
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our_fit=obj ->get(/vf_srcout) <= gets parameters out of object
;gets visibilities parameters

fit err:obj ->get(/vf sigma) <= errors on the fit parameters
;gets visibilities parameter errors

;you can set some initial parameters for you visibility structure

our_fit.srctype=['ellipse’, 'ellipse’] <= two ellipse fit

our_fit.srcflux=[11,9] <= fluxes per ellipse

our_fit.srcfwhm=[7,6] <=FWHNMs of the sources .
our_fit.eccen=[0.7,0.7] <= ellipse eccentricities <= WO source sizes per
our_fit.srcpa=[175,-178] <= position anligles

our_fit.srcx=[907,904] <= x coordinates of the ellipse/circle centre

our_fit.srcy=[248,272] <=y coordinates of the ellipse/circle centre

obj -> set, vf_srcin=our_fit <= setting parameters as initial guess for forward fit
; sets out fit params

obj-> plot

: <= plotting the output map (image)
obj->plotman




Univel’sitY Instead of conclusions: useful URLS
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These lecture notes and example IDL scripts:
http://www.astro.gla.ac.uk/users/eduard/sodas

RHESSI imaging overview (good collection):
http://hesperia.gsfc.nasa.gov/hessi/instrumentation.htm

RHESSI imaging tutorials (from first steps to advanced level ):
http://hesperia.gsfc.nasa.gov/rhessidatacenter/imaging/overview.html

Description of all RHESSI imaging software parameters:
http://hesperia.gsfc.nasa.gov/ssw/hessi/doc/hsi_params_all.htm




