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WISEfuzzyPhot.py	
  

Python	
  program	
  used	
  to	
  view	
  results	
  and	
  
interac6vely	
  refine	
  parameters	
  to	
  rerun	
  

•  Controls	
  “ds9”	
  through	
  pysao	
  (or	
  pyds9)	
  
•  View	
  processed	
  images	
  (stamps)	
  &	
  SB	
  profiles	
  

•  Refine	
  source	
  subtracQon,	
  masking	
  and	
  shape/
size	
  constraints	
  

•  Re-­‐process	
  source	
  using	
  refinements	
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The	
  Basics	
  
about	
  WISE	
  Photometry	
  and	
  Ancillary	
  Files	
  

•  Pipeline	
  designed	
  for	
  special-­‐constructed	
  mosaics	
  (aka	
  drizzle	
  images);	
  	
  these	
  mosaics	
  maintain	
  the	
  
original	
  (naQve)	
  angular	
  resoluQon	
  of	
  WISE	
  imaging	
  (enhanced	
  resoluQon	
  detailed	
  in	
  Jarre:	
  et	
  al.	
  2012)	
  

•  Pixel	
  scale:	
  	
  1	
  arcsec	
  	
  (remember	
  that	
  naQve	
  is	
  2.75	
  arcsec);	
  	
  FWHM	
  =	
  6	
  arcsec	
  (W1,W2,W3)	
  
•  Most	
  important	
  aspect	
  (task)	
  of	
  measuring	
  resolved	
  galaxies	
  is	
  to	
  idenQfy	
  and	
  remove	
  the	
  foreground	
  

stars;	
  	
  the	
  pipeline	
  does	
  this	
  automaQcally,	
  but	
  typically	
  needs	
  further	
  help	
  to	
  remove	
  addiQonal	
  stars	
  and/
or	
  masking	
  and/or	
  iniQal	
  source	
  shape	
  constraints.	
  	
  This	
  is	
  a	
  big	
  part	
  of	
  the	
  interacQve	
  python	
  program.	
  

•  Source	
  characterizaQon	
  consists	
  of:	
  	
  	
  	
  
–  Source	
  posiQon	
  (centroid)	
  
–  Shape	
  	
  (ellipQcal	
  fit	
  to	
  the	
  3-­‐sigma	
  isophote:	
  axis	
  raQo	
  and	
  posiQon	
  angle;	
  	
  	
  this	
  shape	
  is	
  carried	
  throughout	
  the	
  analysis)	
  
–  Size	
  	
  (ellipQcal	
  fit	
  to	
  the	
  1-­‐sigma	
  isophote;	
  other	
  size	
  metrics:	
  	
  convergence,	
  half-­‐light,	
  total)	
  

–  Surface	
  Brightness	
  (means	
  and	
  radial-­‐axi-­‐symmetry)	
  
–  Double	
  Sersic	
  Fits	
  to	
  the	
  1-­‐D	
  SB:	
  	
  (1)	
  bulge,	
  (2)	
  disk	
  

–  Photometry:	
  	
  isophotal,	
  convergence	
  and	
  curve	
  of	
  growth	
  
–  Colors	
  	
  (opQmal,	
  based	
  on	
  matched	
  apertures	
  with:	
  	
  W1	
  matched	
  to	
  W2;	
  	
  W4	
  matched	
  to	
  W3)	
  

•  Outputs:	
  
–  Photometry	
  (table)	
  
–  Curve	
  of	
  Growth	
  (table)	
  
–  Axi-­‐symmetric	
  Surface	
  Brightness	
  

–  Foreground	
  WISE	
  sources	
  removed	
  	
  
–  IdenQfied	
  addiQonal	
  (not-­‐catalogue)	
  sources	
  removed	
  

–  FITS	
  images	
  –	
  stamps	
  centered	
  on	
  the	
  measured	
  resolved	
  source	
  :	
  	
  	
  original,	
  cleaned,	
  model	
  and	
  uncertainty	
  images	
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The	
  Basics	
  –	
  2	
  
Output	
  WISE	
  Photometry	
  and	
  Ancillary	
  Files	
  

Example:	
  	
  ZOA151548.734-­‐600409.37	
  

Photometry	
  file:	
  	
  ZOA151548.734-­‐600409.37.phot.tbl	
  

Curve	
  of	
  Growth	
  Tables:	
  	
  ZOA151548.734-­‐600409.37.W?.growth.tbl	
  

Surface	
  brightness	
  profiles	
  (including	
  Sersic	
  fits):	
  	
  ZOA151548.734-­‐600409.37.profile.w?.txt	
  

Stars:	
  	
  	
  ZOA151548.734-­‐600409.37.stars.txt	
  	
  and	
  	
  	
  ZOA151548.734-­‐600409.37.LOKIstars.tbl	
  

Fits	
  stamp-­‐images:	
  	
  	
  
	
  ZOA151548.734-­‐600409.37.W?.fits	
  	
  	
  (original	
  images)	
  
	
  ZOA151548.734-­‐600409.37.W?.clean.fits	
  	
  (stars	
  removed,	
  objects	
  masked)	
  
	
  ZOA151548.734-­‐600409.37.W?.unc.fits	
  	
  (uncertainty	
  image,	
  used	
  for	
  modeling	
  photometric	
  errors)	
  
	
  ZOA151548.734-­‐600409.37.W?.model.fits	
  	
  (axi-­‐symmetric	
  model	
  of	
  the	
  galaxy;	
  used	
  for	
  deblending	
  purposes)	
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The	
  Basics	
  –	
  3a	
  
Output	
  Photometry	
  Table	
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The	
  Basics	
  –	
  3b	
  
Output	
  Photometry	
  Table	
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The	
  Basics	
  –	
  3c	
  
Output	
  Photometry	
  Table	
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The	
  Basics	
  –	
  3d	
  
Output	
  Photometry	
  Table	
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The	
  Basics	
  –	
  3e	
  
Output	
  Photometry	
  Table	
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execute	
  WISEfuzzyPhot.py	
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python	
  /Users/jarre:/python/WISEfuzzyPhot.py	
  	
  galaxyname	
  WERGA	
  
e.g.	
  
python	
  /Users/jarre:/python/WISEfuzzyPhot.py	
  	
  ZOA141933.720-­‐580850.19	
  WERGA	
  

For	
  the	
  MAC	
  desktop,	
  some	
  setup	
  logisQcs	
  for	
  the	
  .cshrc	
  file	
  in	
  
order	
  for	
  python	
  to	
  run	
  correctly:	
  



Examples	
  

•  Processing	
  of	
  Coma	
  Cluster	
  galaxies	
  
•  Processing	
  of	
  nearby	
  large	
  galaxies	
  
•  Processing	
  of	
  galaxies	
  in	
  the	
  ZoA	
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Example	
  1:	
  	
  	
  Small	
  Galaxy	
  in	
  the	
  Coma	
  Cluster	
  
	
  python	
  /home/jarre:/wise/resolved/python/WISEfuzzyPhot.py	
  master.phot.tbl	
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Example	
  1:	
  	
  	
  Small	
  Galaxy	
  in	
  the	
  Coma	
  Cluster	
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Example	
  1:	
  	
  	
  Small	
  Galaxy	
  in	
  the	
  Coma	
  Cluster	
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The	
  processing	
  was	
  just	
  fine	
  for	
  this	
  galaxy,	
  	
  
no	
  need	
  to	
  refine.	
  	
  All	
  Done	
  

Example	
  1:	
  	
  	
  Small	
  Galaxy	
  in	
  the	
  Coma	
  Cluster	
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Example	
  2:	
  	
  	
  NGC2903	
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Example	
  2:	
  	
  	
  NGC2903	
  

This	
  looks	
  pre:y	
  good	
  so	
  far;	
  	
  let’s	
  zoom	
  in	
  
on	
  W1	
  and	
  have	
  a	
  look	
  for	
  addiQonal	
  stars	
  
that	
  need	
  to	
  be	
  subtracted	
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Example	
  2:	
  	
  	
  NGC2903	
  

Star	
  subtracQon	
  was	
  
pre:y	
  good,	
  but	
  a	
  
few	
  sQll	
  remain.	
  	
  We	
  
will	
  “mark”	
  them	
  for	
  
subtracQon	
  using	
  
opQon	
  “m2”	
  	
  

But	
  first,	
  look	
  at	
  the	
  
zoomed	
  image	
  of	
  the	
  
3-­‐color	
  panel.	
  	
  
Foreground	
  stars	
  
appear	
  “blue”	
  

Tip:	
  change	
  the	
  
stretch	
  to	
  see	
  closer	
  
into	
  the	
  galaxy	
  –	
  that	
  
is	
  where	
  bogies	
  live!	
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Example	
  2:	
  	
  	
  NGC2903	
  

Foreground	
  stars	
  
appear	
  “blue”	
  

Now,	
  using	
  opQon	
  
“m2”,	
  mark	
  the	
  
foreground	
  stars	
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Example	
  2:	
  	
  	
  NGC2903	
  

The	
  green	
  circles	
  
show	
  the	
  stars	
  that	
  
you	
  have	
  marked	
  for	
  
subtracQon.	
  

Next	
  we	
  might	
  want	
  
to	
  mask	
  some	
  
imperfecQons,	
  poor	
  
subtracQons	
  (bright	
  
stars)	
  or	
  complex	
  
blobs	
  (not	
  easily	
  
subtracted).	
  	
  Use	
  
opQon	
  “ma”	
  

20	
  Jarre:	
  



Example	
  2:	
  	
  	
  NGC2903	
  

The	
  large	
  green	
  
circles	
  show	
  the	
  stars	
  
that	
  you	
  have	
  
marked	
  for	
  masking	
  
using	
  opQon	
  “ma”.	
  

Nearly	
  done.	
  	
  Now	
  
we	
  may	
  want	
  to	
  
refine	
  the	
  shape	
  of	
  
the	
  isophotes	
  and	
  at	
  
the	
  same	
  Qme	
  
constrain	
  the	
  size	
  of	
  
the	
  working	
  area.	
  

OpQon	
  “s”	
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Example	
  2:	
  	
  	
  NGC2903	
  

OpQon	
  “s”	
  
Zooming	
  out	
  a	
  bit,	
  
we	
  see	
  the	
  larger	
  
area.	
  	
  We	
  want	
  to	
  
contrain	
  the	
  
“working	
  area”	
  so	
  
that	
  the	
  annulus	
  for	
  
background	
  
esQmaQon	
  is	
  just	
  
outside	
  of	
  this.	
  	
  The	
  
big	
  arrow	
  marks	
  
where	
  we	
  want	
  to	
  
constraint	
  the	
  max	
  
radius.	
  	
  It	
  is	
  placed	
  
on	
  the	
  major	
  axis	
  (!)	
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Example	
  2:	
  	
  	
  NGC2903	
  

Aoer	
  clicking	
  on	
  the	
  
major	
  axis,	
  maximum	
  
radius	
  (contraining	
  
the	
  fipng	
  area),	
  next	
  
step	
  is	
  to	
  *specify*	
  
the	
  axis	
  raQo.	
  	
  Here	
  
you	
  need	
  to	
  esQmate	
  
it.	
  	
  For	
  this	
  example,	
  
the	
  processing	
  found	
  
0.546	
  for	
  the	
  raQo.	
  	
  
But	
  that	
  looks	
  a	
  bit	
  
wide.	
  	
  Let’s	
  try	
  0.489.	
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Example	
  2:	
  	
  	
  NGC2903	
  

The	
  resulQng	
  ellipse	
  
shape	
  that	
  will	
  
constrain	
  the	
  fipng	
  
region.	
  	
  The	
  
background	
  annulus	
  
will	
  lie	
  just	
  outside	
  
this	
  ellipse;	
  	
  while	
  
the	
  actual	
  1-­‐sigma	
  
isophote	
  will	
  lie	
  
within.	
  	
  

Remember	
  you	
  can	
  
do	
  this	
  step	
  again	
  if	
  
you	
  do	
  not	
  like	
  the	
  
red	
  ellipse	
  result.	
  Just	
  
click	
  opQon	
  “s”	
  or	
  
opQon	
  “rc”	
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Example	
  2:	
  	
  	
  NGC2903	
  

Looking	
  good	
  !	
  	
  Now	
  we	
  are	
  
ready	
  to	
  reprocess;	
  
Click	
  opQon	
  “x”	
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Example	
  2:	
  	
  	
  NGC2903	
  
For	
  large	
  galaxies,	
  we	
  do	
  have	
  to	
  decide	
  whether	
  to	
  lock	
  
W2	
  to	
  W1,	
  W3	
  to	
  W2,	
  W4	
  to	
  W3,	
  etc.	
  	
  	
  You	
  must	
  look	
  at	
  
the	
  W3	
  and	
  W4	
  signal	
  for	
  the	
  answer.	
  	
  Usually	
  W3	
  is	
  
faint	
  and	
  not	
  well	
  matched	
  to	
  W2	
  (or	
  W1).	
  	
  	
  I	
  generally	
  
prefer	
  to	
  lock	
  W4	
  to	
  W3.	
  	
  For	
  this	
  example,	
  I	
  will	
  lock	
  W3	
  
to	
  W2	
  and	
  W4	
  to	
  W3.	
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Example	
  2:	
  	
  	
  NGC2903	
  

Here	
  is	
  the	
  result	
  aoer	
  re-­‐processing.	
  	
  Looks	
  good!	
  
We	
  are	
  done	
  with	
  this	
  galaxy.	
  

27	
  Jarre:	
  



Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Galaxies	
  in	
  the	
  ZoA	
  are	
  especially	
  tricky	
  because	
  of	
  the	
  
stellar	
  confusion.	
  

This	
  means	
  the	
  iniQal	
  processing	
  is	
  likely	
  to	
  miss	
  stars	
  
and	
  blends	
  that	
  are	
  close	
  to	
  the	
  galaxy.	
  	
  Who	
  are	
  you	
  
gonna	
  call?	
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Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Inspect	
  W1	
  (below),	
  noQce	
  the	
  lumps	
  due	
  to	
  
foreground	
  star	
  contaminaQon;	
  	
  zoom	
  in	
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Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Remember,	
  foreground	
  stars	
  are	
  “blue”	
  
compared	
  to	
  the	
  galaxy	
  or	
  the	
  bits	
  of	
  the	
  galaxy	
  
that	
  are	
  lumpy	
  (HII	
  regions)	
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Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Always	
  a	
  good	
  idea	
  to	
  change	
  the	
  stretch	
  of	
  the	
  
W1	
  image	
  so	
  that	
  you	
  improve	
  the	
  contrast,	
  
peer	
  deep	
  to	
  find	
  hidden	
  stars.	
  	
  This	
  one	
  has	
  a	
  
star	
  hiding	
  near	
  the	
  top	
  of	
  the	
  disk.	
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Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Using	
  opQon	
  “m2”,	
  mark	
  stars	
  to	
  be	
  mask.	
  	
  
Below	
  the	
  green	
  circles	
  denotes	
  the	
  stars	
  you	
  
have	
  marked.	
  

The	
  preliminary	
  isophote	
  shapes	
  look	
  good.	
  	
  This	
  
galaxy	
  is	
  ready	
  to	
  be	
  re-­‐processed.	
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Example	
  3:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

The	
  re-­‐processed	
  image	
  looks	
  quite	
  good.	
  	
  All	
  
done.	
  

That	
  was	
  easy!	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

In	
  this	
  example,	
  the	
  processing	
  has	
  two	
  
problems.	
  	
  The	
  shape	
  is	
  wrong	
  (too	
  wide)	
  and	
  
there	
  are	
  stars	
  unsubtracted.	
  	
  Let’s	
  correct	
  them.	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Change	
  the	
  W1	
  stretch	
  to	
  see	
  be:er,	
  note	
  the	
  lumpy	
  
stars	
  popping.	
  	
  Be	
  careful,	
  do	
  not	
  subtract	
  real	
  galaxy	
  !	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Here	
  we	
  used	
  opQon	
  “m2”	
  to	
  mark	
  stars	
  for	
  subtracQon.	
  

What	
  about	
  that	
  bright	
  star	
  masking,	
  it’s	
  a	
  bit	
  sloppy.	
  
Let’s	
  make	
  a	
  bigger	
  mask	
  to	
  clean	
  it	
  up.	
  OpQon	
  “ma”	
  

36	
  Jarre:	
  



Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Here	
  we	
  used	
  opQon	
  “ma”	
  to	
  mask	
  the	
  bright	
  star	
  	
  
(already	
  masked).	
  	
  It’s	
  ok	
  to	
  remask	
  a	
  source	
  or	
  region.	
  

Next,	
  let’s	
  constrain	
  the	
  shape	
  and	
  working	
  region;	
  opQon	
  “s”	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

The	
  preliminary	
  processing	
  finds	
  an	
  axis	
  raQo	
  of	
  0.503,	
  which	
  
is	
  clearly	
  too	
  wide	
  (this	
  source	
  is	
  edge-­‐on).	
  	
  Looks	
  more	
  like	
  
0.3.	
  	
  Let’s	
  use	
  opQon	
  “s”,	
  click	
  on	
  the	
  major	
  axis	
  where	
  you	
  
want	
  the	
  maximum	
  working	
  area.	
  	
  Note	
  the	
  arrow	
  above,	
  that	
  
is	
  where	
  I	
  want	
  it	
  to	
  go.	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

This	
  is	
  the	
  result	
  of	
  using	
  opQon	
  “s”.	
  	
  The	
  processing	
  will	
  not	
  use	
  
this	
  shape	
  to	
  constrain	
  the	
  measurements	
  and	
  the	
  acQve	
  region	
  
(the	
  background	
  annulus	
  will	
  be	
  just	
  outside	
  the	
  ellipse).	
  

Ready	
  to	
  reprocess:	
  	
  opQon	
  “x”	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Here	
  is	
  the	
  reprocessed	
  result.	
  	
  Looks	
  pre:y	
  good,	
  but	
  I	
  
can	
  see	
  one	
  star	
  sQll	
  needs	
  to	
  be	
  subtracted	
  and	
  a	
  mask	
  
is	
  needed	
  for	
  a	
  bright	
  star	
  that	
  was	
  subtracted.	
  	
  Back	
  to	
  
opQons	
  “m2”	
  and	
  “ma”,	
  respecQvely.	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

So	
  we	
  are	
  going	
  to	
  subtract	
  the	
  li:le	
  star	
  at	
  the	
  top	
  of	
  
the	
  disk,	
  and	
  mask	
  the	
  previously-­‐subtracted	
  bright	
  
stars;	
  opQons	
  “m2”	
  and	
  “ma”	
  	
  	
  	
  

Ready	
  to	
  reprocess,	
  opQon	
  “x”	
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Example	
  4:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

Re-­‐processed	
  and	
  looking	
  clean.	
  	
  This	
  galaxy	
  is	
  done.	
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Example	
  5:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

The	
  galaxy	
  has	
  a	
  bright	
  star	
  next	
  to	
  it,	
  but	
  the	
  subracQon	
  is	
  over-­‐
zealous,	
  eaQng	
  (too	
  much)	
  into	
  the	
  galaxy.	
  	
  This	
  is	
  a	
  train-­‐wreck!	
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Example	
  5:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

The	
  soluQon	
  is	
  to	
  tell	
  the	
  processing	
  program	
  to	
  not	
  mask	
  the	
  
offending	
  star.	
  	
  This	
  is	
  done	
  with	
  opQon	
  “u”	
  
Here	
  we	
  marked	
  the	
  bright	
  star	
  (yellow	
  circle)	
  with	
  opQon	
  “u”.	
  
We	
  then	
  “mask”	
  this	
  star	
  using	
  our	
  own	
  radius.	
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Example	
  5:	
  	
  	
  Galaxy	
  in	
  the	
  ZoA	
  

With	
  re-­‐processing	
  the	
  problem	
  is	
  solved,	
  the	
  star	
  is	
  now	
  masked	
  
more	
  gently.	
  	
  	
  	
  This	
  galaxy	
  is	
  done.	
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