Homework 2:
IRAF version

Install IRAF: these clear instructions work well

https://taculty1.coloradocollege.edu/~sburns/courses/ 18-
19/pc362/Anaconda_IRAF _install.html

Note that for every session you need to activate Python 2.7:

$ source activate iraf27


https://faculty1.coloradocollege.edu/~sburns/courses/18-19/pc362/Anaconda_IRAF_install.html

ecl> imhead lris0305 lo+

1ris0305[2248,2048][real]; M2 B 180s

Mo bad pixels, min=0,, max=E5535,

Line storage mode, physdim [2248,2048], length of user area 4131 =,u.

Created Thu 10:47:20 21-Jan-2019, Last modified Wed 13:48:45 Z1-Har-2004

PY Pixel file "lris0305,fits" [ok]
I I l e ‘ N } I EXTEND = F / File may contain extenzionz
O O ORIGIN = 'MOAD-IRAF FITS Image Kernel December 2001' # FITS file originator
o DATE = "2004-03-31T21:48:45" / Date FITS file was generated

IRAF-TLH= '13:48:45 (31/03/2004)' / Time of last modification
DATAMIN = 0,000000E0 4 Hinimum data value
DATARAY = B,553500E4 / Maximum data wvalue

e OBJECT = 'M32 B 180s' / Mame of the object obszerved
IRAF-HAX= E.503500E4 /4 DATA HAX
IRAF-MIN= 0,000000E0 /4 DATA HIN
TRAPDOOR= 'open ;

SLITHNAME= 'direct ' j

SLITHASK= 1/

GRAMAME = 'mirror ' /

GRATING = 1/

GRAMGLE = 13.54401779 /

REIFILT = 'B ! !

REDFHUM = 2/

. . . REDFDEUSf ) 2059.84228518 /

Start IRAF 1n the 1raf directory e 2000
TVAFPOS = ) 259.5}8811450 7

< h h €€ l » ﬂkmssz 14:42:40{?30850332 zf

you set up with the ‘¢ TERGNAME= 'na2 ;
RA = "17:15:31, 40" 7

d EEBINDK z '43:05:1363050000000 ff
comiman wo - e
HA = "+()2:37:13,89" 7

b * EETMUDE z igs?ilii:igle zf

Go to the directory with the worroa L st /
TELFOCUS= 000123932 /

i : i S )
lmages . SIMILATE= ’ F o/
TELESCOP= 'Keck II ' /

PMFH £l 0, 00000000/

l 4 h d l PONAME f 'LRIS ! 7
ct>immnea fmmename o+ FRAEND - %5/
gHg%kE z 'lris ! /

' fadata203/ 1ri=8/maylhsys "/
240

will list the full header for one
frame. GRANAME="mirror’ is
direct imaging mode,
REDFILT=B’ means the B filter
was selected and in the beam B, b

COMMENT = '* Spectrograph

COMMENT = 'RUM-SPECIFIC COMMENTS FOLLOW
COMMENT = '
COMMENT
HISTORY '15/05/97" /




Homework 2: IRAF version

hselect can be used to
pull out the fields you
are interested in

cl>epar hselect

This selection lists the
file name, title, grating
selection and filter

Note the title
incorrectly stated the R

filter for some of the
frames

xgterm

Image Reduction and Analysiz Facility
PACKAGE = imutil
TASK = hselect

I images = E-Fire—i i ion iz to be drawn
ields = %I.title,GEANAME,REDFILT fields to be extracted
Expr = yes  hoole ‘ Fhing selection

(mizsing= INDEF)} Value for missing keywords
{ mode al)

eclr hzelect

images from which selection is to be drawn (*,fits):
fields to be extracted ($I,title,GRANAME,RETFILT):
boolean expression governing selection [yes):

lri=003l, fits  “"twilight B some clouds" mirtor B
lriz0071l,fits  "Draco B 152" mirror B

lri=008h,fits "B twilightz" mirror B

lris0232,fits "B dflats" mirtor B
lri=0306,fits  "M92-B-180=" pirror B

lris0i2n, fits C "R twilights near M32") mirror
erls 1




These are the fields asked for in the homework: $1, title,
EXPOSURE, EL, ROTPPOSN

you can have the information written out to a text file using
the Unix redirect command

cl> hselect * fits >Irisheader .txt

ecls hzelect *fits

fields to be extracted ($I,title,exp): $I,title, EXPOSURE,EL,ROTPPOSH
boolean expression governing selection (yes):

lris003l,fits  "twilight B zome clouds" A0 /8. 73476196 L3,87342
154

lriz007l,fits  "Draco B 1Bs" 30 48, 00023107 -145, 02545135
lriz00ah,fits "B twilights" 20 40, 21095264 =119, 44008007
lris0232,.fits "B dflats" 10 45, 00000101 0, QOO0

lriz0305,fits  "M92 B 180s" 2410 49, 78864653 -113,12925537

IrisO320,fits "R twilights near M32° 2 43,93964 353 -105, 16307077



Image statistics: imstat

xgterm

Image Reduction and Analysis Facility

PACKAGE = imutil
TRSK = imstatistics

: i = * fitz List of input Im
(?l:>’£317(1’” imstat (fields = [mage.mean,.mode,stddev) Fields to be printed
— 0,) Lower limit f j values

(upper = EobELO, J Upper limit for pixel walues
(nclip = 0) Mumber of clipping iterations
(lzigma = 3.) Lower side clipping factor in sigma
(uzigma = 32.) Upper =side clipping factor in sigma
(binwidt= 0,1) Bin width of histogram in sigma
(format = yes) Format output and print column labels 7
(cache = ho) Cache image in memory 7
(mode = al)
# IHMAGE MEAM MODE STDDEY
' * f4 lriz003l, fits 10045, 12663, 5319,
cl>imstat * fits lris0071.fits 1101, 1103, 968,
lri=008h, fits 43976, E5258, 27812,
Note the saturated Iris0232,fits 8211, 1062, 4245,
frame 0085 lriz0305, fits 3897, 4680, 2895,

lris0320,fits 10343, 13806, ha40,



Bias correction

cl> display lris0232 (default zscale and zrange)

SAOImag

File Edit View Frame Zoom Color Region WCS Analysis Help r

File Iris0232 |

Obiject B dflats ]

Value

WwcCs

Physical X Y

Image X Y

Frame 1 X 0.250 0.000 -
file ‘ edit ‘ view ‘ frame ‘ bin ‘ zoom color region ‘ wcs ‘ help ‘
linear log power square root squared histogram min max zscale

66 87 109 131 152 174 195



Bias correction
cl> display lris0232 zs- zr- z1=9500 z2=11700

SAOImage ds9

File Edit View Frame Zoom Color Region WCS Analysis Help
File Iris0232 |
Object. B dflats |
Value 10300.1
wes b b
A T [ eI ten 1t 1S useiu
Image X| 1088.552 |Y| 395932
Frame 1 x 0.250 0.000 |°
file \ edit view | frame bin \ zoom \ scale color \ region \ wes \ help

linear log power square root

e~ to turn off the
auto grayscale
and set z1 (pixel
value set to white
and z2 (pixel
value set to black
by hand after
looking at the
image levels




cl>implot lris0232

tektronix(Tek)

NOROAIRAF V2 .16 mjboltePfPomilu.ucolick.org Wed 10:54:02 06-Feh-2019

This 1s a cut across ATErae of 1ines 1335 to rses or irisn:

the flat field in the T T e
previous page o amp] |
averaging 10 lines. ) amp2 esoc
You can see the

prescan, the active i oo
areas of the CCD

read from two eool oo
amplifiers and the — .
overscan for each : - - .

amp Column {(pixels)



Colbias (ran script Iblue_2amp.cl)

This is the resulting image with .

both overscans fit along

columns and subtracted then
the 1image trimmed to active
area.

I usually output a new fits file
renamed to indicate the
reduction status, e.g.:

IrisO086 fits -> bt0086 fits

1 1

raw bias corrected and trimmed

195




Cut through btxxx.fits

Average of lines 626 to B45 of bt0o2zZ3Z2
BBBBBBB

00000

Difference here due to
amplifier gain
difference rather than
bias offset (offset
should be corrected)

00000




% SAOImage ds9

File Edit View Frame Zoom Color Region WCS Analysis Help :;J
File bt0232 . ge
Object B dflats
Value
WCs
Physical X Y
Image X Y
Frame 1 X 0.208 0.000
file ‘ edit | view ‘ frame ‘ bin | zoom ‘ scale | color ‘ region | wcs ‘ help
+ to fit ‘ zoom 1/8 ‘ Zoom 1/4 , zoom 1/2 | zoom 1 | zoom 2 ‘ zoom 4 ‘ Zoom 8
This 1s a dome flat
after bias correction
and timming. Can
SEC.
e amplifier gain
difference,
*  LRIS vignetting,
* out-of-focus dust,
* in-focus dust on
CCD,
e thickness variations
e dust on tertiary
2I3 4I4




Combine dome flats and twilight
flats separately

I usually create some cols . Bt
files that list frames of iiizgggi
[

1 lris0235
the difterent types. For ot
example, Bdome.txt is a :Cl} et @Edu?ﬁﬁéét HEAN MODE ~ STODEY
: lri . . ‘
ist of the dome flats. In i w10, 7]
list of the d flats. I

nod opwone o

IRAF you can use the - Iric0Z36  E089,  1odo, 4156,

“@” symbol to act on
all the frames in the list



Five dome flats combined
using averaging with min-max
rejection for each (i,)) pixel
and scaling each frame by the

Image Reduction and Analysiz Facility

mode of the counts. —
The scaling in this case

corrects for small changes in
the flat-field lamp brightness

In this case, reject only the
highest pixel value for the 5-
frame stack (with dome flats
this will only be cosmic rays)

PACKAGE = immatch
TASK = imcombine

input = @Bdome,txt List of images to combine
soutput = Bdomeflat List of output images

(headers= ) List of header files (optional)
(bpmasks= } List of bad pixel masks (optional)
(rejmask= ) List of rejection masks {(optional)
(nrejmas= J List of number rejected masks (optional)
(expmask= ) List of exposure masks (optional)
(signas = } List of sigma images (optional)

(imcmb = 1 Keyword for IMCHMB keywords

(logfile= STOOUT) Log file

{combine= average) Type of combine operation

(reject = mirmax) Type of rejection

i no) Project highest dimenzion of input images?

outtype= real) Output image pixel datatype

{outlimi= ) Output limits (x1 x2 yl y2 ...}
(offsets= none) Input image offsets

(masktyp= none) Mask tupe

(maskval= 0) Mask value

(blark = 0,) Yalue if there are no pixels

(scale = a mode) Image scaling

1 Image zero point offset

(weight = none) Image weights

(statsec= ) Image section for computing statistics
{exphame= ) Image header exposure time keyword
{1thresh= -100,) Lower threshold

(hthresh= EG000, ) Upper threshold

(nlow = 0) minmax: Mumber of low pixels to reject
(nhigh = 1) mirmax: Mumber of high pixels to reject
(nkeep = 1) Minimum to keep (pos) or maximum to reject (neg)
(mclip = yes) Use median in sigma clipping algorithms?
(lzigma = 3,) Lower sigma clipping factor

(haigma = 3.) Upper sigma clipping factor

3.5) ccdelip: CCD readout noise (electrons)
21 codelips CCD gain {electrons/IN)
0,) codelip: Sensitivity noise (fraction)
0,1) Tolerance for sigma clipping scaling corrections

-0,5) pclip: Percentile clipping parameter
(grow 0,) Radius {pixels) for neighbor rejection
(mode qll

Feb 7 10:24: IMCOMEIME

combine = average, scale = mode, zero = , weight = none

reject = minmax, nlow = 0, nhigh = 1

lthreshold = -100,, hthreshold = B5000,

blank = 0,
Images Mode Scale
lris0232 10637, 1,000
lri=0233 10475, 1,015
lris0234 10485, 1,014
lris0235 10377, 1,025
lris0236 10439, 1,019

QytEut image = Bdomeflat, ncombine = 5



Combining twilight flats I

* make a file with list of twilight flats (Btwi.txt)

* check headers for spectrometer mode (“mirror”)
and filter (“B”")

* check count levels and discard from list
saturated objects or those with mode >45000
where linearity may be a problem

* Note — would usually do with the bias corrected
and trimmed images

ecl> hzelect EBtwi,txt

fields to be extracted (-"$I.title.GRNAME,REDFILT):

boolean expression governing selection (yes):
"twilight B zome clouds"
"twilight B zome clouds"
"twilight B some clouds"
"twilight B zome clouds"

"B twilights"
"B twilights"
"B twilights"
"B twilights"
"B twilights"
"B tflat”
"B tflat”
"B tflat”
"B tflat"
"B tflat”
"B tflat”
"B tflat"
"R twilights
"R twilights
"R twilights
"R twilights
"R twilights
"R twilights
"R twilights
"R twilights
"R twilights

o bd b o bd bd bl b b el e e

near
near
near
near
near
near
near
near
near

ecl> imstat @Btwi
ERROR: Cannot open file (Btwi)
ecl> imstat @Btwi,txt

IMAGE
lriz0031
lri=0032
lris0033
lriz0034
Iri=0085
lriz0036
Iri=0087
Iri=0038
lriz0039
Iri=0254
lris0Zhh
lriz0256
Iris0257
lriz0258
Iri=0259
lris0Z60
lriz0316
lri=0317
lriz0318
Iri=0319
Iri=0320
lriz0321
lris0322
lris0323
lriz0324

#

M32"
M32"
M32"
M32"
M32"
M32"
M32"
M32"
M32"

ot od bd od o bl d e e

HEAM
10045,
16550,
20032,
28537,
48976,
24836,
15549,
11863,
17621,
22479,
21371,
15549,
12071,

8363,

3473,

3718,
18911,
14233,
15317,
14566,
10343,
15380,
23829,
158235,
27330,

MODE
12663,
1372,
31973,
36036,
Eh30a,
21462,
1284,
15053,
1456,
29835,
27058,
1285,
16704,
1172,
1222,
12836,
20621,
1170,
1263,
1198,
13806,
1221,
20276,
22936,
72,9

STODEW
5319,
9143,

14127,

16185,

27812,

12571,
ahd40,
6373,
3758,

12189,

11953,
8539,
087,
4680,
4380,
5125,

10532,
7780,
2405,
7963,
5340,
8733,

12399,

10154,

15453,



Combine twilight flats II

Average with minmax rejection set
asymmetrically to preferentially reject
high counts in the pixel stack to eliminate

Image Reduction and Analysis Facility

PACKAGE = immatch
TASK = imcombine

(logfile=

{combine=

(outlimi=
(offsets=
(masktyp=
(maskval=
(blank =

(scale =
(zero =
(weight =
(statsec=
{exphane=

stars and galaxies in the combined image ~—

For this case where the mean counts vary
significantly between frames it is very
important to scale images to the mode of
the counts before doing the average and
minmax rejection. Otherwise frames with
high counts would be completely
rejected.

(nlow =
(nhigh =

el
hii

twi,txt List of images to combine

itwiflat List of output images
) List of header files (optional)
) List of bad pixel masks {optional)
1 List of rejection masks {optional)
1 List of number rejected masks (optional)
1 List of exposure masks (optional)
) List of sigma images (optional)
) Keyword for IMCHME keywords

STOOUT) Log file

average) Type of combine operation
minmax) Type of rejection
na) Project highest dimension of input images?
real) Output image pixel datatype
) Output limits (x1 x2 yl w2 ...}
none) Input image offsets
none) Mask type
0) Mask value
0,) Value if there are no pixels

mode) Image scaling
) Image zero point offset

none) Image weights
) Image section for computing statistics
) Image header exposure time keyword

-100,} Lower threshold
65000, ) Upper threshold
2) minmax: Mumber of low pixels to reject
B) minmax: Mumber of high pixels to reject
1) Minimum to keep (pos) or maximum to reject (neg)
yes) Use median in sigma clipping algorithms?
3.) Lower sigma clipping factor
3.) Upper sigma clipping factor
3.5) ccdelips CCD readout noise (electrons)
2) codelipt CCD gain (electrons/IN}
0,) cedelip: Sensitivity noise (fraction)
0,1} Tolerance for sigma clipping scaling corrections
-0,5) pclips Percentile clipping parameter
0.; Radius (pixels) for neighbor rejection
ql

Feb 7 10:58: IMCOMBINE
combine = average, scale = mode, zero = ., weight = none
reject = minmax, nlow = 2, nhigh =
lthreshold = =100, . hthreshold = B5000,

blank = 0,

Images
btoo31
btoo32
btoo33
btoo34
btO0BE
btO087
btoosg
btooeg
bt0254
bt0255
bt0256
bto257
bt0258
bt0259
btO2E0
btO316
btO317
bt0318
btO313
bto320
bto321
bto322
bt0323
bto324

Mode Scale
11768, 1,000
20243, 0,581
31332, 0,376
35893, 0,328
30753, 0,383
18945, 0,621
14168, 0,831
21647, 0,544
29268, 0,402
26585, 0,443
18937, 0,621
15730, 0,748
10336, 1,132
11050, 1,065
11383, 1,034
23233, 0,508
17184, 0,685
18533, 0,633
17637, 0,667
12896, 0,913
19473, 0,604
29777, 0,395
22487, 0,523
34317, 0,343

Output image = Btwiflat, ncombine = 24



[ usually do some experiments

like:

e combining evening flats and
morning flats separately to see
if dust showed up on a filter or
mirror during the night

* divide the final combined dome
flat by the final combined
twilight to see if all the stars
and galaxies were adequately
removed in the twilights

This is the result of Dome/Twilight

normalized to 1 (imdivide),
displayed with z1=0.98 z2=1.02




You can see some features:

 Difference in vignetting between
the domes and twilights (twilights
will better model the program images)

* Residuals from filter dust (small
donuts) and tertiary/secondary dust
(large donuts) due to (1) different
illuminations of dome flat and
twilight flat, (2) instrument flexure
between telescope position/instrument
rotation for the dome flat and twilight
flats

* Possibly some low-level residuals
from stars and galaxies that did not
get 100% removed when combining
twilight flats. I make a few twilight
flats using larger and larger number
for max reject and see when the flat
no longer changes

» Imperfect correction of gain
difference between amplifiers




Quantitatively: take a cut across columns averaging over lines

* Opverall trend with amplitude of ~1% 1s illumination difference dome vs
twilight

e Jump at amplifier switch is ~0.5%




Flat-field a program frame

For this case, have enough
twilight frames, 24 with
average counts of 40,000 e-
/pixel (inverse gain is 2 e-
/ADU), = 960,000 total
detected e-. So, the S/N for the
flat-field determination 1is:
SQRT(960,000)/960,000 =
0.001 =0.1%

Draco field with bias correction
and triming




Draco 600s B exposure tlat-fielded

LLooks fine, but a little hard to
evaluate with all the stars




M92 180 second B frame

Bias corrected
and trimmed




MO9?2 flat-fielded

irafterm

16 michael

1500

.l
L U\J mi
1010 T PN U Y .._.-L“ u.uw.,uj) H_.‘.nﬁ.w M Mu \J i

1
1000

Column

Cut across columns looks flat
including corners




M92

imexam and “m’”’

imfilter> imexam

# SECTION MPTx MEAWM  MEDIAW  STDLDEV MIN HAK RN
[3221326,779:703] 25 T3E3, 73EE, 104,7 7185, 777, o
[1023106,995:939] 25 73E9. 7386, 90,53 7214, 7545, £
[78:82,1083;1087] &b 7EN, 7341, 93,12 7240, 7501, . g
[E4:68,1483;1487] 2h  73hh, 7301, 16,8 7219, 7610,
[76:80,1433;1437] 2h 7407, 7406, 12,1 7280, 7E670,

[178:182,1367:1371] 2h 734, 734E, 73,16 71E6, 7832,
[418:422,113731141] 25 T3ET, 7376, 83,33 719, 7530,
[4441448,1075:1079] 25 7E70, 7374, 99,37 7146, 7hE1,
[3221326,801:805] 25 7380, 7379, 74,43 7239, 7BE3Z, Al
[302:306,777:781] 2h 7394, 7388, B9.87 7220, 7517, ;
[196:200,551:555] 2h TE, 7348, 97.21 7147, 7591,
[422:426,3251:395] 2h o 7363, 7300, 14,2 7133, 7508,
[1083112,1007:1011] 2h  T3IRZ, 7348, 7.4 T, 754E, &
[76:80,109151055] 2h 7385, 7371, 90,96 7236, 7630,
[35:42,1097:1101] 2h 7414, 7391, 112, 7230, 7609, ¢
[G6:60,1025:1029] 25 7E0, 73EE, 78,68 7185, 7510, 0
[174:178,116731171] 25 7384, 7413, 93,25 7143, 7hE7,
[1032:1036,1205:1209] 2h 7429, 7405, 1,1 7208, 7631,
[1018:1022,1195:11593] 2h 8286, 77EL, 1293, 7343, 12306,
[E82:686,1239:1243] 2h 7385, 7383, 62,16 7203, 521, O
[442:445,;}29:1133] &b TETE, 7368, 82,38 718%, 7526,

Look at the pixel count statistics
from 5x5 boxes on the “sky”.
shot noise in the sky :
~SQRT(7360)=86¢- is consistent i
with STDDEYV of the 25 pixel i
boxes so poor flat-fielding is not .
contributing to pixel-to-pixel noise ‘




