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Adventages	
  of	
  SBCS	
  (SMM	
  BCS)	
  

•  Extremely	
  high	
  sensiHvity	
  (Ca	
  XIX	
  -­‐10	
  MK+	
  &	
  
Fe	
  XXV	
  15	
  MK+	
  plasmas)	
  

•  Overlapping	
  channels:	
  indepednent	
  detectors	
  
&	
  electronicsà	
  cross	
  check	
  possible	
  

•  The	
  2D	
  collimator	
  present	
  if	
  front	
  6	
  x	
  6	
  arcmin	
  
•  Sufficient	
  DGI	
  ~30	
  sec-­‐	
  may	
  allow	
  for	
  non-­‐
equilibrium	
  studies	
  

•  Preserved	
  data	
  set	
  ~	
  1000	
  flares	
  x	
  200	
  spectra	
  



Dis-­‐adventages	
  of	
  SBCS	
  

•  Poor/non-­‐existent	
  instrument	
  documentaHon	
  
(instrument	
  paper	
  not	
  wriben-­‐	
  hand	
  wriben	
  
pages	
  available	
  from	
  Chris	
  Rapley)	
  

•  Sodware	
  missing	
  in	
  IDL	
  to	
  interpret	
  spectra	
  
(VMS	
  FORTRAN	
  spectral	
  fihng	
  package	
  SPCFIT	
  
rediscovered	
  –	
  Andrzej	
  Fludra)	
  

•  PoinHng	
  of	
  ROI	
  areas	
  yet	
  un-­‐discovered	
  
•  Catalogue	
  of	
  measurements	
  is	
  missing.	
  



OUR	
  revitalizaHon	
  project-­‐	
  subject	
  to	
  
grant	
  applicaHon?	
  

•  Recover	
  the	
  sodware	
  to	
  read	
  &	
  understand	
  the	
  
measurements	
  (based	
  on	
  Dominic	
  Zarro	
  rouHne	
  to	
  
access	
  the	
  “bda”	
  spectral	
  files)	
  

•  Recover	
  and	
  use	
  the	
  HXRBS	
  hard	
  X-­‐ray	
  intensity	
  
profiles	
  with	
  0.1s	
  Hme	
  resoluHon-­‐	
  not	
  available	
  for	
  
RHESSI	
  

•  Create	
  a	
  catalogue	
  of	
  ~	
  1000	
  spectral	
  events-­‐	
  all	
  
present	
  on	
  NASA	
  SBCS	
  data	
  base	
  (Zaneta	
  &	
  Ania)	
  

•  Create	
  algorithm	
  to	
  „isolate”	
  overlapping	
  lines	
  
•  Provide	
  the	
  community	
  with	
  light-­‐curves	
  of	
  selected	
  
line	
  emissions	
  due	
  to	
  resonance,	
  DE,	
  IE,	
  II	
  lines	
  of	
  ions	
  
of	
  interest	
  Fe	
  XXVI-­‐XIX-­‐Ka	
  



BCS	
  characterisHcs	
  



Problems	
  
•  Dispersion	
  never	
  accounted	
  for	
  properly	
  (non-­‐linearity	
  of	
  

crystal	
  reflecHons)	
  
•  For	
  1984-­‐1989	
  period	
  channels	
  are	
  missing	
  
•  We	
  expect	
  atomic	
  data	
  (CHIANTI	
  new	
  release)	
  can	
  be	
  used	
  to	
  

interpret	
  the	
  observed	
  spectra,	
  also	
  for	
  n	
  or	
  k	
  distribuHons.	
  
•  Previous	
  fihng	
  codes	
  are	
  „uneasy	
  to	
  use”,	
  but	
  available	
  



The	
  observaHons:	
  example	
  flare	
  
SOL1980-­‐Jul-­‐01	
  impulsive	
  3B	
  white	
  light	
  &	
  

gamma	
  event,	
  all	
  8	
  SBCS	
  channels	
  

SAA	
  



Projected	
  width	
  of	
  collimator	
  FWHM	
  



Spectra	
  evoluHon:	
  normalized	
  to	
  total	
  No.	
  
of	
  counts	
  in	
  the	
  spectrum	
  



Spectra	
  evoluHon:	
  normalized	
  to	
  total	
  No.	
  
of	
  counts	
  in	
  the	
  spectrum	
  



evoluHon	
  in	
  high-­‐spectral	
  resoluHon	
  



Spectra	
  evoluHon:	
  early	
  few	
  min	
  



Spectra	
  evoluHon:	
  very	
  early	
  min	
  



Impulsive	
  vs	
  decay	
  phase	
  spectra	
  Ca	
  



Impulsive	
  vs	
  decay	
  phase	
  spectra	
  Fe	
  



Impulsive	
  vs	
  decay	
  phase	
  spectra	
  Fe	
  Ka	
  



Early	
  (1980)	
  and	
  late	
  (1989)	
  observaHons	
  

Uncorrected	
  wavelengths	
  



Early	
  (1980)	
  and	
  late	
  (1989)	
  observaHons	
  

Uncorrect	
  wavelengths	
  



InteresHng	
  Channel	
  #7:	
  Fe	
  XXV	
  w	
  



New	
  crystal	
  &	
  SBCS	
  eff.	
  Areas	
  (Zaneta)	
  
based	
  on	
  ChemiX	
  algorithms	
  (XOP)	
  



However	
  some	
  lines	
  are	
  blended	
  
we	
  developed	
  DEM-­‐	
  based	
  approach	
  to	
  remove	
  the	
  instrumental	
  broadening	
  

•  We	
  use	
  W-­‐S	
  deconvoluHon	
  
•  Emission	
  funcHons	
  are	
  the	
  instrument	
  Voigt	
  
profile	
  

•  Input	
  data	
  (observed	
  fluxes)	
  are	
  the	
  fluxes	
  in	
  
bins	
  

•  We	
  assume	
  constant	
  first	
  approximaHon	
  for	
  
DEM	
  deconvoved	
  spectra	
  



Voigt	
  profile	
  
SolarSoC	
  mvoigt(xx,a,pder)
•  a=replicate(0,7)  ; set-

up a-vector
•      ; 

a[0,1,2]=coefficients of 
quadratic background, 
taken zero

•      a[3]=1.e6   ; line 
intensity

•      a[4]=255    ; line 
center

•      ; setting defaults
•      a[5]=3.0    ; 1/e 

Doppler width in units 
of bin

•      a[6]=1.5    ; 
rocking width (1/e 
units)

•      if keyword_set(a5) 
then a[5]=a5

•      if keyword_set(a6) 
then a[6]=a6

•      
nor_lor=mvoigt(xx,a,pder
)   ; calculates profile

•      nor_lor=nor_lor/
total(nor_lor)  ; 
normalize line profile 
to unit integral	
  



How	
  line	
  deconvoluHon	
  works	
  

•  SoluHons	
  always	
  posiHve,	
  Bayesianà	
  „detect”	
  lines	
  from	
  spectra,	
  
collecHng	
  the	
  flux	
  and	
  determining	
  the	
  posiHon.	
  

Single	
  bin	
  on	
  input,	
  
1000	
  iter	
  

Inclined	
  cont.	
  on	
  
input,	
  1000	
  iter	
  

Cont+	
  Single	
  bin	
  on	
  
input,	
  1000	
  iter	
  



Comparison	
  of	
  original,	
  cleaned	
  &	
  deconvolved	
  

•  Effects	
  removed	
  for	
  cleaned	
  spectra:	
  	
  
–  orbital	
  background	
  through	
  analysis	
  of	
  hidden	
  bins,	
  we	
  interpolate	
  background	
  for	
  every	
  bin	
  
–  ConHnuum	
  established	
  	
  

•  On	
  deconvolved:	
  
–  conHnuum	
  subtracted	
  	
  
–  Add1	
  for	
  the	
  posiHve	
  result	
  
–  Start	
  always	
  with	
  	
  „flat	
  spectrum”	
  

•  On	
  result:	
  return	
  the	
  conHnuum,	
  normalize	
  for	
  the	
  total	
  flux	
  



What	
  we	
  see	
  on	
  deconvolved	
  spectra	
  
•  Why	
  it	
  is	
  so	
  

consistent?	
  
•  We	
  actually	
  detect	
  

presence	
  of	
  spectral	
  
features	
  since	
  the	
  
W-­‐S	
  deconvoluHon	
  
is	
  always	
  posiHve	
  
and	
  finds	
  opHmal	
  
soluHon	
  (Bayesian	
  
approach)	
  from	
  
exisHng	
  data,	
  even	
  
single	
  counts	
  

•  No	
  a	
  priori	
  
assumpHons	
  on	
  
spectral	
  feature	
  
locaHon	
  on	
  bin	
  
scale	
  



Enlarged	
  deconvolved	
  
•  vibraHng,	
  
but	
  Stable	
  
posiHon	
  of	
  
lines	
  at	
  low	
  
intensiHes	
  

•  If	
  correlated	
  
may	
  have	
  
some	
  
physical	
  
meaning	
  

image_c,spectrum_lc1[*,3:*]^0.05	
  



Deconvolved	
  low	
  level	
  „enhanced”	
  
•  Clearly	
  seen	
  is	
  
Hming	
  of	
  flare	
  
emission	
  arrival	
  

•  The	
  spectral	
  
image	
  is	
  
normalized	
  to	
  
the	
  total	
  
intensity	
  over	
  
the	
  instant	
  
spectrum	
  

image_c,spectrum_lc1[*,3:3+49]^0.05	
  



deconvolved	
  very	
  early	
  phase	
  DGI=17s	
  
•  	
  w,	
  x,	
  y	
  &	
  z	
  first	
  
•  	
  q	
  &	
  r	
  somewhat	
  
delyed	
  

•  Slight	
  bias?	
  of	
  DE	
  
against	
  direct	
  
excitaHon	
  and/or	
  
innershell	
  exitaHon	
  

•  Electron	
  spectra	
  
too	
  hard?	
  Not	
  
enough	
  soder	
  
electrons	
  at	
  the	
  
resonance	
  
energies?	
  

image_c,spectrum_lc1[*,3:3+49]^0.05	
  





Deconvolved	
  Spectra	
  at	
  different	
  Hmes	
  during	
  the	
  event	
  

•  Yellow:	
  very	
  
early	
  rise	
  
[0:9]	
  

•  White:	
  main	
  
phase	
  
[10:19]	
  

•  Isolated	
  
Doppler	
  
components	
  
seen	
  



Deconvolved	
  normalized	
  spectra	
  at	
  different	
  
Hmes	
  during	
  the	
  event	
  

•  White:	
  
spectra	
  
[10:19]	
  

•  Blue	
  
spectra	
  
[20:29]	
  



Example	
  lightcurves	
  

•  Excellent	
  
coincidence	
  
during	
  rise	
  
phase	
  

•  Led	
  and	
  right	
  	
  
BCS	
  chan1	
  
conHnua	
  
overlap	
  but	
  
fluctuate!!	
  

HXRBS	
  
30-­‐300	
  keV	
  

BCS	
  at	
  
3.94	
  	
  &	
  3.87	
  keV	
  



Line	
  lightcurves	
  

w	
  

k	
  



EvoluHon	
  of	
  deconvolved	
  spectra	
  during	
  the	
  peak	
  

•  Bobom,	
  
average	
  from	
  
spectra	
  2:12	
  
just	
  before,	
  
then	
  every	
  
spectrum	
  
towards	
  the	
  
peak	
  of	
  HXR	
  



Channel	
  4	
  



Conclusions	
  
•  Our	
  small	
  team	
  is	
  capable	
  &	
  ready	
  to	
  re-­‐establish	
  
reducHon	
  of	
  SBCS-­‐	
  thanks	
  to	
  ISSI	
  

•  We	
  slowly	
  will	
  reduce	
  SBCS	
  enHre	
  database	
  starHng	
  
from	
  the	
  most	
  interesHng	
  impulsive	
  flares	
  

•  Will	
  produce	
  lightcurves	
  in	
  selected	
  transiHons	
  ~30	
  in	
  
Fe	
  and	
  Ca	
  

•  We	
  will	
  perform	
  deconvoluHon	
  of	
  instrumental	
  profile	
  
•  By	
  comparing	
  many	
  events	
  we	
  possibly	
  can	
  „place	
  
every”	
  flare	
  within	
  the	
  collimator	
  FOV	
  

•  Data	
  will	
  be	
  put	
  to	
  public	
  domain	
  
	
  	
  



Fe	
  j/k	
  

plot_ut,dgi_mean_jd,alog10(chan4_k+1)-­‐
alog10(chan4_j+1)	
  	
  ;	
  the	
  slope	
  of	
  PDF	
  
between	
  k	
  &	
  j	
  satellites	
  
if	
  keyword_set(HXRBS)	
  then	
  oplot,
(Hme_HXRBS_jd-­‐
dgi_mean_jd[0])*86400.,alog10(yplo_ed[0,*])
/15.-­‐0.1,color=195	
  


