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File Edit

No imager is perfect

Background noise

Differences in illumination of the field of view
“Sky concentration” | zoonn
Fringes
Cosmic rays

edit

(on the right a raw image from HST/WFPC2)

Every time you touch data, you affect them -> noise
increases!

Data reduction is painful and everybody makes
mistakes.

“Standard” data reduction is a myth.

0.500

Zoom




| will now guide you through a full reduction of an image (the IRAF way)
If you have the VM, ds9 and IRAF in the xgterm should open easily.

If you are not running the VM (but have ds9 and IRAF installed on your computer
remember):

- Launch ds?9 first

- Go to the directory where your 1ogin.cl is (you probably have run mkiraf
there)

- Openthe xgterm; ldo xgterm -sb &

- Make your xgterm big (but not too big)

- Start IRAF typing c1



My screen looks like this

& XQuartz Applications Edit Window Help = 3N%@) Wed 18:41 Alessandro Ederoclite Q @
%/ SAOImage ds9 X xgterm

Edlt View Frame z Color Region WCS  &nalysis Help P:fmq‘fe;“ml type to xagterm
zetting terminal type to xg

r_sciZ_Rfits
07

Space Telescope Science Data fnalysis System
STSDAS Version 3,18,3

011423 0 &

edit ‘ vigw ‘ frame | hin ‘ zootm scale ‘ color regian ‘ WCS ‘ analysis

zoom out zaam 1/4 zoam 1 zoom 2 NOAD/ TRAF PC-TRAF Revision 2,16 EXPORT Thu May 24 15:41:17 HST 24

This iz the EXPORT version of IRAF W2,1E supporting PC >U|stems‘

Welcome to IRAF, To list the available commands, type ?or 77, To get
detailed information about a command, type “help <comma Torun a
conmand or load a package, tuype its name, il ' to exit a
package, or ‘logout' to get out of the CL, Type ne to find out
what iz new in the we n of the tem you are using,

Visit httpid/iraf,net if you have que or to report problems,

The following commands or pa re currently defineds

(Updated on 2013-12-13)
adcodrom, dbnis, gmisec, meml), obzolete, stecf utilities,
cfhl2k, deitab, quiapps. macdb, plot, = a vo,
cirred, esowfi, imag macred, protao, & wdimaum,
ctio, finder, kepler, to ] & Xrad,

cutoutpkg,  fitsutil, language., fexte 2 ucsclris
dataio, gemini, li a = upsqiid,




login.cl

This is the configuration file of IRAF
A couple of important tips

- stdimage is the maximum size of image that IRAF will handle, my setting is:
set stdimage = 1imt4096
- To make sure you can use fits:

set imtype = "fits"

set imextn = "oif:imh fxf:fits,fit fxb:fxb plf:pl gpf:gp stf:hhh, ?2?h"



Before you start, check your data

Always important: go to the directory where your data are and check them out:

ecl> pud
flzerzsaleszandroederoclitediraf
ecl> cd .. /Desktop/USP/Lectures/UndergraduateCourses/ lectures_20200/12_datareduction/work |

A good thing is to get a list of the content of your directory
ecl> ls
biasl,fits biaz,fits biaz3,fits fFlat_R_1,fits flat_R_2,fits flat_R_3,.fits =ciZ R,.fits

Pixels x axis
You can use the headers :-)

ecly imhead *fits Pixels y axis
biasl,fits[1030; =\
bias2,fit=[1030,1030TTushort]: BIAS

bias3,fits[1030,1030] [ushort ] Format of data (unsigned 16 bits)

flat_R_1,fits[1030,1030] [ushort]: SKY,FLAT
flat_R_2,fits[1030,1030] [ushort]: SKY,FLAT
flat_R_Z,fits[1030,1030] [ushort]: SKY,FLAT OBJECT
sci? R, Fits[1030,1030] [ushort]: SA95-107




Let's do some statistics!

Let’s check the properties of the images:

ecls imstat *fits

# IMAGE
biasl,fits
bias?,fits
biass,.fits

flat_E_1,fits
flat_E_2,.fits
flat_E_3,.fits

=ci2_K,.fits

Imstat is one of my favourite commands! It’s very powerful but...

NF LA
10B0S00
10B0F00
1060300
10E0F00
10B0S00
10B0F00
1060300

MEAN
219. 5
222,56
225:5

10315,
27472,
A7207,
230, 2

STODEY
11 .23
13,06

3,46
14588,
D403,
haED,

23,0




...with great power, comes great responsibility

We can check the parameters that a
command accepts with Ipar

If you want to modify the ones in
parenthesis, you will have to do it

explicitly ecls lpar imstat
. images "*Eits" List of input images
We will see how (fields = "image,npix,mean,stddev,min,max") Fields to be printed

IMIEF ) Lower limit for pixel walues

IMIEF ) Upper limit for pixel walues

0} Mumber of clipping iterations

2. Lower =ide clipping factor in sigma

3,) Upper zide clipping factor in sigma
1) Bin width of histogram in sigma

yes ) Format output and print column labels 7
hio ) Cache image in memory 7

Ilq].II:I

{ lower
{Lupper
(hclip

(lzigma
(uzigma
(birwidth
{ format
{cache

{ mode




Help!
help i1mstat

Will give you a more complete insight
on the command

(needless to say, this applies to any
IRAF command)

x| xgterm
images, imutil IMSTATISTIC

and print image

= INDEF
The minimum od data limit,
lue of INIEF,

= IMDEF
data limit, All

midpt

the

i




Last on imstat

| hate that “NPIX” and | think mode and median are useful.
Here’'s something | find more useful:

ecl> imztat *fits fieldsz="image,mean,mode. midpt,stddev, min, max"
[MAGE MEAM MODE MIDPT STODEY MAX
biasl,.fits 219.6 219.5 219 .5 11,23 i 3190,
biasZ,fits 222,b 222,B 2227 13,06 L0324,
biazd,.fits 225.5 222, 2255 3,46 ; BE(,

flat_RE_1.fits 10315, 10517, 10516, 1488, : 248,
flat_R_Z2,fits 27472, 38171, 28182, h403, B503h,
flat_RE_3.fits 27207, 37345, 37909, h3aBh, : Bohih,

sciZ2_R,fits 230,2 251,39 230.4 25,8 : 6320,




display

To display an image in ds9 from IRAF,
we use the command “display”

Ds9 has several “frames” we can use
(we can show several images at the
same time)

| also like to “fill” the frame (so | see the
full image)

(mode =

number
window
window
window
window

of zample
harizonta

pixels to use
1 center

vertical center

harizonta

vertical

ined look uﬁ table




X\ SAOImage ds8

Analy

display

The “complete” way to use display is:

analysis | help

zoom in | zoom out | zoom fit | zoom zoom & | zoom 4

The numbers underneath are the minimum and
maximum which are shown in the image

Friends invoke display like:

“=yes” can be replaced by “+”
You can replace complete names with
abbreviations if it's unambiguous




First time, it is a good practice to look at everything!

File Edit ame Calor




Background Noise



File Edit

The “bias’

What happens if you take a “0 seconds raney  x|_oieen |
eXposure”? znnr-n in _mﬂm DmA ‘znclrnﬂf zoom 174 zfjn.m1.-'z »ﬁzamm1A .zr Im?

Wait a second! What do you mean by “0
seconds”?

A “bias” is the readout of a CCD without
collecting photons.




3 % SAOImage ds9
File Edit g m Color

The “overscan’

A region “on the side” of the image,
where “empty” readouts of the e | o | vw | _ ot | rogon | ves | an
electronics are made.

(these are cuts along lines)

X/ irafterm
/IRAF V2,16 alessandrosderoclite@Alessandros-MacBook.local Tue 10:05:58 03-Apr—
Line 1026 of 0001760460-20180903-0SIRIS-OsirislongSlitSpectroscopy. fits[2]
J-CV-41
1} I I I 2000

2000

1500
6000

1000
4000

2000 B9

| | 1 |
250 500 750 1000

Column (pixels)




The “overscan’

® [ ) %| irafterm

~IRAF V2,16 aless

Line 1026 of 1760460-20180903-0¢ IS-0OsirislongSlitSpectroscopy, fits[2]
J-Cy-d1
| | | ] ] 2000
8000~
L
6000 =
1000
4000 [~
1500
2000
| | | | |

0 EE 50 715 100

Column {pixels?

androederoclitel@Alessandros-MacBook, local Tue 10:07:21 09-Apr-

AIRAF W2,16 alessandroed
Line 1026 of 00017604

1200

1000

800

iteBAlessandros-Mar
80903-0SIRIS-0siri

zook, local Tue 10:07:
izlongSlitSpectroscopy, fit=[2]

9 09-Apr-

J-Cv-d1
' ! ' ' 2000
[ 1500
<1000
{500
L 1 I |
5 10 15 20

Column {pixels?



Bias vs Overscan

e Bias takes into account the 2D variations of noise
e (QOverscan measures the noise of your image

Not all CCDs have overscan (or prescan) regions.



Bias vs Overscan

Pros Cons
Bias 2D mapping of the noise of the Not simultaneous with
CCD observations
Overscan Obtained together with It is a 1D approximation to the

observations

noise of the CCD.
Not all CCDs allow for an
overscan region.




Make a “masterbias’

To get a good measure of the bias, we take several bias frames and we combine
them.

For this, we need to load the imred package (if you see a “.”, it's a sub-package; if
you see an ‘@, it's a parameter file; if you see nothing else, it's a command)

ecl> noao

; astutil, imred, nproto, ohedspec, twodspec,
aztcat, digiphot, mtlocal, obzervatory rv,
astrometry, focas, nobzolete,  obsutil, surfphot.,

imred

argus., crutil, echelle, iids, kprocoude,  specred,
bias, ctioslit, qeneric, irred, kpnoslit, vtel,
codred, dtoi, hydra, irs, quadred,

codred

badpiximage ccdinstrument  cocdproc darkcombine mk.i 1 1umcor mkzkyflat
codgroups cocdlist cocdtest, flatcombine mkillumflat zetinztrument
codhedit cocdmask combine mkfringecor mk.zkycor zerocombine




We want to combine bias frames

In IRAF, a bias is called “zero” (guess
why?)

Hence we want to use the zerocombine
command.

List of zero level images to combine
Qutput. z y

Type of i eration

Type of rejection

CCD image ty to combine

nput. i
ing output image?

Let’'s get to know it:

4
prllp. Percentile clipping parametﬁr
I_I:nl-mk VMalue if there are no pixe

[ mode




Let’'s run zerocombine

cocdredr zerocombine bias*fits output=masterbias,fits cocdtype=""

cedred: |

(the ccdtype = “” is a sad story)

It looks pretty dull, eh?

Let’'s see what it did:

cocdredr imstat *ias* fields="image,mean,mode,midpt . stddev . min, max"
# IMAGE MEAN MOIE MIDPT STODEY MIM
biazl,.fits 219.6 219..5 219.5 125 ¥

biasZ,.fits 222 b 222 .6 2227 13,06 i,
biaza,.fits 225.5 222, 223, 3 9,46 0,
mazterbias,fits 217 .8 218.4 2177 6,196 0,




[

The flat field

It is related with the difference of
response across the field of view.

Famous example: dust particles on
filters.

Corrected by observing a “flat field”
(hence the name): sky vs. dome.

It is a multiplicative effect.

Mind the division by zero!

(happens often at the borders)

X/ SAQImage dsS

0.349

0.953




\VELCEINER Gl

Check the flats:

codreds: imstat *lat* fields="image,mean,mode,midpt ,stddev,min, max"
# [MAGE MEAM MOIDE MIDPT STODEY M
flat_RB_1,.fits 10315, 10517, 10516, 1488,

flat_R_2,.fits A7472, 38171, 38182, hda,
flat_R_3.fits AF207, 37345, 37953, hakh,

You normally want a flat to have counts of about the half well (~35,000); in this
case, only 2 fulfill this criteria. Let's make a list (the “@” lets you access a list of

files.

cocdredr ls flat_B_2,fits flat_RB_3.fits > flats,lis
codredr imstat Bflats,lis fields="image,mean,.mode,midpt ,stddev, min, max"
# IMAGE MEAN MODE MIDPT STODEY MIM

flat_E_Z.fits 37472, 28171, 28182, Loz, 0,
flat.R.5.Ff1t=s 37207, 37345, Sraod. hakh, 0,




Subtract the bias

Mind you: a flat has a bias

You want to subtract it before combining (iarkoor
_Qi}lumcnr
the ﬂatS |:.‘Fr‘ll’|'3l3C:|:|r‘

We use the almighty ccdproc

(the longer the parameter list, the more
powerful the task)

_R.fits"

Illumination cor ion ima
Fringe correction images
Minimum flat field value
Scan type

Humber of shol

Humber o
Sample poi




codreds cocdproc @Bflats,lis output=b_//Bflats,liz zerocor+ zero=masterbias,fits

The “/[" allows you to add some text before the name of the files in the list.

Let’'s check what happened:

codredr imstat *lat* fields="image.mean,.mode,midpt,stddev. min, max"

# IMAGE MEAM
b_flat_R.2.fits P20,
B_flat. R 5.fits AB354,

flat_RB_1,fits 10315

flat_E_2.fits 7472,

flat_R_3,.fits 37207,
Erraor reading image flats,lis ...

MODE
57926,
576395,
10517,
a1/,
47345,

MIDPT
SPHas
7708,
10516,
20182,
57954,

STODEY
b403,
h3kBE,
1438,
h403,

hakh,

MIN
-229.5
=229,.5

0,
0,
0,



Let’s combine flats

cocdredr lpar flatcombine

input @flats,lis" List of flat field i
[ Output flat field r
Type of lclrllblrlP ape
Type of reject
CCD i

You can probably guess, by now, that
we will need a command called

flatcombine
ing output
ing
on for computing statis
Here are the parameters -> : i
¢t Humber Hi' hlqh P
leulmum to ke :
lze MHdlan in

codelip: L
pclip: Percentile Lllpplnr parameter
lblank Yalue if there are no pixels

mode

Let’s run it!

codreds flatcombine b_//@flats,lis output=masterflat_R.fits




As usual... let’s check

codreds imstat *lat®* fields="image.mean,mode,midpt,stddey min, max"

# IMAGE MEAM MODE MIDPT STODEY MIM
b_flat_RE_2.fits 372hh, ar3:26, a7933, G403, —223.5
b_flat_RE_3a.fits 26983, A7B95, 27708, L3EE, -229.5

fFlat_R_1.fits 10315, 10517, 10516, 1488, 0,
Flat_E_Z,fits 3fdie, 28171, 28182, G403,
flat_R_3,.fits F207, 27345, 37909, L2Eh,
Error reading image flats,lis ...
masterflat_R,.fits arlz22. 27710, a7683, G383,

Of course, flats.1lis is not an image, hence you get an error

We have few flats, so we don’t get a very very good flat.

MR
Bo3k4,
Bhabd,
Az24a,
B5535,
b5ha5;

B53EA,



% SAOImage ds9

Color

Reduce the science frame!

We are finally there!

Let’'s check our science frame (it's
actually the field of a photometric
standard star; we will see what these
are soon)

tddew,.min,max
TIDE H¥H

0,

We will use our old friend ccdproc




codredr cocdproc sci?_R,fits output=r_szciZ_R.fits zerocor+ flatcor+
srr zero=mazterbiaz,fits flat=masterflat_R,.fits

EERORE: floating point inwvalid operation

What do you mean “error”? Do you know who | am?
2 things:

1) The “\” is used to go to a new line
2) Remember | said that you may get a zero at the edges of the image? It is
exactly what happened! We need to “trim” the image.



First delete the reduced image that IRAF tried to create.
r_scld_R,.tits

codreds: cﬁdpruc scid_R,fits output=r_sci?_R,fits zerocor+ flatcor+ %
zero=masterbias,fits flat=masterflat_R.fits trim+ trimsec=[100:1000, 10021000 ]
Then do the right thing and say that you want to trim the image and define the

“trim section”;

[x of lower left corner : x lower right corner , y upper left corner : y upper right corner]



[ NON % SAOImage ds9
File Edit View Frame Zoam

Let’'s see our masterpiece

z="image ,mean,mode ,midpt ,stddev,
HEHH MODE MIDPT wTDDE
37926, ’7933,
37694, 7708,
219.5 219+5
2226 2227 13,06
3.5 222, 223.3 9,46
10315, 10517, 1051E, 1488,
*'4'° 38171, 38182, 12
?’943 37959,
218,
37927
12,3
230,4

file | edit | view | frame | hin | zoom "I_':‘.|E' color | region

+
.,-

Congratulations! You have redvced your firet /mage./




Some more steps



Fringing

This is due to the interaction of light with  [S=SEE.

file ‘ et |

the coating of the CCD. =

It only affects the reddest filters (and not
always).

It may vary across the night.

It is (yet) another additive effect.

X/ SAOImage ds9

‘ hin ‘ Zoom

zoom 1/4

color ‘ region ‘ W

oom 1 ‘

help ‘

oom 4




File Edit

Cosmic Rays

These are high energy particles which
interact with our silicon.

m in

It gets worse out of the atmosphere
(e.g. HST).

They are normally removed by
“averaging” several images.

There are some programs (e.g. LACo0s)
which use statistics to get rid of them.

0.500

Zoom



http://www.astro.yale.edu/dokkum/lacosmic/

Bad pixels / columns

Some pixels do not respond linearly ->
hot/cold pixels.

Some pixels actually block the movement of
charge -> bad columns

Fix it by

-) “dithering” the telescope
-) align the images

-) combine

It is also what the IRAF fixpix in ccdproc
promises.

File Edit Wiew

X! SAOImage

3974

10120



That's all for today

Can you do the same for the other filters?
(0] 3

Can you do it in Python?

Next time: we will see how to measure the characteristics of a CCD (gain and
readout noise) and we will learn to do some basic photometry (finally speaking
about noise)




