A User’s Guide to CCD Reductions with IRAF

Philip Massey

F ebruary 5, 1989

Abstract

This do cumen t is in tended to guide y ou through the basic stages of reducing y our

CCD data with IRAF, b e it sp ectroscopic or direct imaging. It will tak e y ou through the

remo v al of the “instrumen tal signature”, after whic h y ou should b e ready to extract y our

sp ectra or to do y our photometry .

Con ten ts

1 In tro duction 2

2 Ho w Man y and What Calibration F rames Do Y ou Need? 2

3 Wh y Y our Data Needs W ork And What W e In tend to Do Ab out It 4

4 Ho w to Do It 6

4.1 Reading in y our data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

4.1.1 T ransferring Data from the CCD Computer . . . . . . . . . . . . . . . 6

4.1.2 T ransferring Data F rom T ap e . . . . . . . . . . . . . . . . . . . . . . . 6

4.2 Setting things up: “setinstrumen t” and “ccdlist” . . . . . . . . . . . . . . . . 7

4.3 Com bining bias frames and flats . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.4 T aking a Lo ok at Y our Data: Pic king a TRIMSEC and BIASSEC. . . . . . . 13

4.5 Pro cessing Y our Data: P ass 1. . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.6 Flat-fielding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.7 Fitting Y our Flats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.8 CCDPR OC: the Next P ass . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.9 So Ho w Go o d W ere Those Flats? . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.10 Dealing with F ringes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.11 Cleaning Up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.12 A Long Last W ord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

1 In tro duction

This do cumen t is in tended to guide y ou through the basic stages of reducing y our CCD data

with IRAF, b e it sp ectroscopic or direct imaging. It will tak e y ou through the remo v al of the

“instrumen tal signature”, after whic h y ou should b e ready to extract y our sp ectra or to do

y our photometry . It assumes that y ou are using IRAF V ersion 2.7 or later.

If y ou are a brand-new IRAF user I strongly recommend first reading the do cumen t “A

User’s In tro duction to the IRAF Command Language” b y Shames and T o dy , whic h can b e

found in V olume 1A of the 4 blue binders that comp ose the IRAF do cumen tation.

2 Ho w Man y and What Calibration F rames Do Y ou Need?

The answ er to this dep ends to some exten t on what it is that y ou are doing. The goal is to not

let the qualit y of the calibration data degrade y our signal-to-noise in an y w a y . If y ou are in

the regime where the read-noise of the c hip is the dominan t source of noise on y our program

ob jects, then subtracting a single “bias frame” from y our data w ould increase the noise b y

√

2 . Ho w ev er, if y ou instead use the a v erage of 25 bias frames, the noise will b e increased b y

only 10%. Of course, if y ou are in to high signal-to-noise sp ectroscop y , so y ou ha v e lots and

lots of signal compared to read-noise, or if y ou ha v e high sky bac kground on direct images, so

that read-noise is again immaterial, then the signal-to-noise will b e little affected b y whether

y ou ha v e only a few bias frames. Ho w ev er, in this regime the qualit y of y our flat fielding is

all imp ortan t if y ou w an t to get the most out of y our data.

The follo wing list con tains the t yp e of calibration images y ou ma y need, and pro vides

some guide to the consideration of ho w man y y ou ma y w an t to ha v e.

bias frames. These are zero second in tegration exp osures obtained with the same pre-flash

(if an y) y ou are using on y our program ob jects. If read-noise will sometimes dominate

y our source of error on the program ob jects, tak e 25 bias fr ames p er nigh t. T ak e them

o v er dinner and y ou’ll nev er notice it. Y ou will w an t to ha v e a new sequence of these

eac h da y .

dark frames. These are long exp osures tak en with the sh utter closed. If y our longest exp o-

sure time is o v er 15 min utes y ou ma y w an t to tak e an equal length dark fr ame , subtract

a bias frame from it, and decide if y ou are w orried ab out ho w m uc h dark curren t is

left. F ew of the Kitt P eak or T ololo c hips suffer from significan t dark curren t, but it

w on’t h urt y ou to c hec k once or t wice during y our run. Mostly I tak e them but nev er

use them. Applications where dark curren t wil l matter are long-slit sp ectroscop y and

surface brigh tness studies — cases where the bac kground is not remo v ed lo cally . If y ou

do find that y ou need to tak e care of dark curren t, then y ou should tak e at least 3 and

preferably 5 to 10 dark frames during y our run, eac h with an in tegration time equal

to y our longest exp osure. Y ou had b etter mak e sure that y our system is sufficien tly

ligh t-tigh t to p ermit these to b e done during the da y—if not, hop e for a few cloudy

nigh ts!

flat field exp osures. A t a minim um, flat field exp osures are used to remo v e pixel-to-pixel

v ariations across the c hip. Usually dome flats (exp osures of an illuminated white sp ot)

or pr oje ctor flats (exp osures of a quartz lamp illuminating the sp ectrograph slit) will

suffice to remo v e the pixel-to-pixel stuff. Y ou will w an t to exp ose the dome or pro jector

flats so that y ou get sufficien t coun ts to not degrade the signal-to-noise of the final

images. If y ou are after 1% photometry p er pixel then y ou will need to ha v e sev eral

times more than 10,000 electrons accum ulated in y our flats, but y ou need to b e careful

not to exceed the go o d linearit y limit in an y single flat exp osure. Generally if y ou ha v e

5 or more flats eac h with 10,000 electrons p er pixel y ou are probably fine. Y ou will need

a set lik e this for ev ery filter or ev ery grating tilt, and y ou probably will w an t to do a

new sequence ev ery da y .

t wiligh t flats. If y ou are in terested in go o d photometry of ob jects across y our field, or in

long-slit sp ectroscopic w ork, y ou need to kno w if the sky lo oks differen t to y our CCD

than the pro jector lamp or dome flat. It is not un usual to find 5-10% gradien ts in

the illumination resp onse b et w een a dome flat and a sky exp osure, and this difference

will translate directly in to a 5-10% error in y our photometry . F or most applications,

exp osures of brigh t t wiligh t sky (either for direct imaging or sp ectroscop y) will cure

this problem. With direct imaging this requires y ou to b e v ery quic k on y our feet to

obtain a go o d lev el of sky exp osure in eac h of y our filters while the sky is getting dark er

and dark er. (Only the truly desp erate w ould tak e t wiligh t flats in the morning!) F or

direct imaging I w ould recommend 3 to 5 exp osures in eac h filter, stepping the telescop e

sligh tly in b et w een the exp osures so that an y fain t stars can b e effectiv ely cleaned out.

F or long-slit sp ectroscop y tak e a few exp osures of the the t wiligh t sky , stepping the

telescop e p erp endicular to the slit orien tation. In b oth cases y ou should mak e sure

that trac king is on and that the dome is enabled! Y ou will find that y ou need to k eep

increasing the exp osure time to main tain an illumination lev el of ≈ 10,000 electrons.

blank dark sky exp osures. Some observ ers doing sky-limited direct imaging ma y wish to

try exp osures of blank sky fields rather than t wiligh t sky , as the color of t wiligh t and

the color the dark sky do differ considerably . Obtain at least three, and preferably

four, long exp osures through eac h filter of some region relativ ely free from stars (“blank

sky” co ordinates can b e found at Kitt P eak and T ololo), stepping the telescop e 10-15

arcseconds b et w een eac h exp osure. The tric k here, of course, is to get enough coun ts

in the sky exp osures to mak e this w orth y our while. Unless y ou are willing to dev ote

a great deal of telescop e time to this, y ou will ha v e to smo oth these blank dark sky

exp osures to reduce noise, but the assumption in suc h a smo othing pro cess is that the

color resp onse of the c hip do es not v ary o v er the area y ou are smo othing. Y ou migh t

try dividing a U dome flat b y a V dome flat and seeing ho w reasonable an assumption

this migh t b e. Also, if the cosmetics are v ery bad the smo othing pro cess will wreak

ha v o c with y our data if y ou are not successful in cleaning out bad columns and pixels.

fringe frames. Some CCD’s pro duce an in terference fringe pattern when they are illumi-

nated b y mono c hromatic ligh t. F or sp ectroscop y or narro w-band imaging this w on’t matter, as the fringe pattern will come out nicely with the dome flats, but if y ou are

doing deep exp osures in V , R , or I with an R CA c hip then the nigh t sky lines ma y

cause a fringe pattern. The only CCD data I’v e had to defringe w as that tak en with the

T ololo prime fo cus R CA c hip, no w honorably retired. Ev en here the fringes seldom had

amplitudes greater than a few p ercen t of the nigh t sky . If y ou are after equally fain t

ob jects of small spatial scale, then y ou ma y find y ourself ha ving to defringe. F or this

y ou will need v ery , v ery long blank sky frames obtained as ab o v e, but y ou will not b e

able to smo oth them without destro ying the fringe information. Prev en tion is the b est

cure for fringes: a v oid using an R CA c hip, a v oid making long V R I exp osures within

an hour of t wiligh t (as the nigh t sky lines are strongest then), and a v oid letting y our

ob jects fall on the part of the c hip where the fringing is the most serv ere.

3 Wh y Y our Data Needs W ork And What W e In tend to Do

Ab out It

This section will briefly outline what w e will do with the calibration images.

Most of the calibration data is in tended to remo v e “additiv e” effects: the electronic

p edestal lev el (measured from the o v erscan region on eac h of y our frames), the pre-flash lev el

(measured from y our bias frames), and, if necessary , the dark curren t. The flat-field data

(dome or pro jector flats and t wiligh t sky exp osures) will remo v e the m ultiplicativ e gain and

illumination v ariations across the c hip. F ringes are an additiv e effect that m ust b e remo v ed

last.

When y ou obtained y our frames at the telescop e, the output signal w as “biased” b y

adding a p edestal lev el of sev eral h undred ADU’s. W e need to determine this bias lev el for

eac h frame individually , as it is not stabilized, and will v ary sligh tly ( ≈ 5-30 ADU’s) with

telescop e p osition, temp erature, and who kno ws what else. F urthermore, the bias lev el is

usually a sligh t function of p osition on the c hip, v arying primarily along columns. W e can

remo v e this bias lev el to first-order b y using the data in the oversc an r e gion , the (t ypically)

32 columns at the righ t edge of y our frames.

data o

v

e

r

s

c

a

n c

o

l

u

m

n line (ro w)

W e will a v erage the data o v er all the columns in the o v erscan region, and fit these v alues

as a function of line-n um b er (i.e., a v erage in the “x” direction within the o v erscan region, and

fit these as a function of “y”). This fit will b e subtracted from eac h column in y our frame;

this “fit” ma y b e a simple constan t. A t this p oin t w e will c hop off the o v erscan region, and

k eep only the part of the image con taining useful data. This latter step usually trims off not

only the o v erscan region but the first and last few ro ws and columns of y our data.

If y ou pre-flashed the c hip with ligh t b efore eac h exp osure, there will still b e a non-zero

amoun t of coun ts that ha v e b een sup erimp osed on eac h image. This extra signal is also an

additiv e amoun t, and needs to b e subtracted from y our data. In addition, there ma y b e

column-to-column v ariation in the structure of the bias lev el, and this w ould not ha v e b een

remo v ed b y the ab o v e pro cedure. T o remo v e b oth the pre-flash (if an y) and the residual

v ariation in the bias lev el (if an y) w e will mak e use of frames that y ou ha v e obtained with a

zero in tegration time. These are referred to in IRAF as “zero frames” but are called “bias

frames” in KPNO and CTIO lingo. W e need to a v erage man y of these (tak en with pre-flash

if y ou w ere using pre-flash on y our ob ject frames), pro cess the a v erage as describ ed ab o v e,

and subtract this frame from all the other frames.

“Dark curren t” is also additiv e. On some CCD’s there is a non-negligible amoun t of

bac kground added during long exp osures. If necessary , y ou can remo v e the dark curren t to

first-order b y taking “ dark” exp osures (long in tegrations with the sh utter closed), pro cess-

ing these frames as ab o v e, and then scaling to the exp osure time of y our program frames.

Ho w ev er, it’s b een m y exp erience that the dark curren t seldom scales linearly , so y ou need

to b e careful. F urthermore, y ou will need at least 3 dark frames in order to remo v e radiation

ev en ts (“cosmic ra ys”), and unless y ou ha v e a v ast n um b er of dark exp osures to a v erage y ou

ma y decrease y our signal-to-noise; see the discussion ab o v e in Section 2. The b ottom line of

all this is that unless y ou really need to remo v e the dark curren t, don’t b other.

The next step in remo ving the instrumen tal signature is to flat-field y our data. This

will remo v e the pixel-to-pixel gain v ariations, and (in the case of long-slit sp ectroscop y and

direct imaging) the larger-scale spatial v ariations. If y ou are doing direct imaging, or plan

to flux calibrate y our sp ectroscopic data, then y ou are probably happ y b y normalizing the

flat-field exp osures to some a v erage v alue, but if y ou are in terested in preserving coun ts for

the purp oses of statistics in sp ectroscopic data w e ma y w an t to first fit a function to remo v e

the color of the lamp. The final step in the flat-fielding pro cess is to see if y our t wiligh t sky

exp osures ha v e b een w ell flattened b y this pro cedure—if not, w e ma y ha v e to correct for this.

Finally , if y ou ha v e broadband direct images and absolutely m ust remo v e fringes, then

this will b e y our last step, but it will b e a long and lonely one—IRAF curren tly do esn’t

pro vide m uc h help. The fringe pattern is an additiv e effect, and m ust b e subtracted from

eac h program frame that is affected. This means that y ou will first ha v e to construct master

“fringe frames” for eac h filter y ou are planning to defringe, and then y ou are going to ha v e

to determine a scaling factor to m ultiply the appropriate fringe frame b y in order to prop erly

repro duce the amplitude of the fringes for eac h and ev ery affected program frame.

4 Ho w to Do It

Throughout this section I will assume that y ou kno w ho w to examine the “hidden parameters”

in an IRAF task, ho w to c hange these parameters, and ho w to execute the task. If y ou don’t

kno w this already , read the Shames and T o dy guide men tioned ab o v e, and sit do wn with

someone who kno ws all this stuff and ha v e him or her giv e y ou a crash course. Ev ery one

seems to ha v e their o wn st yle of doing these things: I alw a ys lik e to start out b y in v oking the

task parameter editor epar taskname , setting all the parameters, and exiting with a :go in

order to mak e darn sure that I ha v e ev erything set the w a y I though t I did.

A t the end of this guide y ou will find a complete example of a common reduction pro cedure:

reducing direct imaging. Throughout the follo wing discussion I will dra w on this example as

w ell as illustrating the steps with the case of reducing sp ectroscopic data.

4.1 Reading in y our data.

The first step is to transfer y our CCD frames in to “IRAF images”. These will consist of IRAF

“header files” with the extension “.imh”, and IRAF “pixel files” with the extension “.pix”.

The later will b e found in y our image directory ( sho w imdir will sho w y ou where this is),

while the headers will reside in whatev er directory y ou happ en to b e in when y ou create the

pictures. The header files con tain the information ab out where the pixel data resides on disk,

and when y ou refer to an image b y its name without the extension, the “.imh” is assumed.

Most of this is supp osed to b e “in visible to the user”, but it w on’t h urt y ou to kno w what is

going on.

4.1.1 T ransferring Data from the CCD Computer

If y ou are on the moun tain and y our data resides on one of the CCD systems y ou can transfer

the data directly o v er to the SUN. Ho w ev er, to a v oid confusion, I strongly recommend that

y ou k eep eac h nigh t’s data in its o wn sub directory . Therefore I w ould b egin b y making a new

sub directory mkdir nite1 and then mo ving o v er to that directory b y doing a cd nite1 .

A sequence of picture n um b ers n1 through n2 can b e transfered b y t yping getpix n1-n2 .

Note that this has to b e done in the IRAF windo w or the pictures will wind up somewhere

else! ( getpix is not an IRAF command but an alias for a Unix routine.) If the pictures y ou

w an t to transfer are not all consecutiv e n um b ers then y ou can instead t yp e getpix 1-15 203

301-305 210-215 898 or somesuc h. Note that the sets are not separated b y commas.

When the data comes across y ou can examine it in the usual w a y; i.e., dir *.imh or

imhead *.imh . Y ou will find that all the “bias” frames are lab eled “biasXXX.imh”, where

XXX is the original CCD picture n um b er. Similarly there ma y b e names lik e “pflatXXX.imh”,

“dflatXXX.imh”, and, hop efully , “ob jXXX.imh”.

4.1.2 T ransferring Data F rom T ap e

The first step in reading in y our tap e is to find an a v ailable tap e driv e, and figure out what

its IRAF name is. Usually the names are something lik e m ta , m tb , etc., but if y ou are on a

Figure 1: P arameters for rfits

net w ork y ou ma y also need to refer to the mac hine that the tap e driv e is attac hed to, suc h

as orion!m ta , tucana!m ta , and so on. T o allo cate the tap e driv e t yp e all tucana!m ta or

somesuc h. Next, put the tap e on (y ou migh t w an t to remo v e the write-ring first!) and fiddle

with the tap e driv e un til the tap e is on-line and at the load-p oin t. If y our tap e is in FITS

format w e will use rfits in the dataio pac k age, so t yp e dataio and then lpar rfits to see

what the parameters are. Mo dify the parameters using epar rfits un til they resem ble those

sho wn in Figure 1. This will read in all the files on y our tap e and giv e them names nite1001,

nite1002, nite1003, nite1004.... . If y ou ha v e data from more than one nigh t on tap e (e.g.,

y our calibration frames ma y b e differen t) then y ou migh t consider reading the tap e in pieces

and giving the second nigh t’s data names lik e nite2... . A few seconds of though t at this

stage ma y sa v e y ou some hassle later on. If data from one nigh t tak es up more than one tap e,

then y ou can rewind tucana!m ta when y ou are done, exc hange the second tap e for the first

(note that this w a y y ou don’t run the risk of losing y our tap e driv e!), and then execute rfits

again this time inserting the curren t picture n um b er for the “offset” parameter. When y ou

are done, do a deallo cate tucana!m ta to get rid of the tap e driv e, and a b y e to get rid

of the “dataio” pac k age. If y our tap e is in “CAMERA” format rather than “FITS” format,

then y ou will need to load noao and m tlo cal and use rcamera ; the syn tax is similar to that

of rfits .

4.2 Setting things up: “setinstrumen t” and “ccdlist”

When w e actually reduce our CCD data w e will use the “ccdpro c” task within the “ccdred”

pac k age, and this task will dep end up on the image headers to get ev erything righ t. So our first

op eration has to b e to set up the translation table b et w een the header information and things

that “ccdred” will w an t to kno w, suc h as what a “zero frame” is called, what distinguishes a U

filter flat-field from a R filter flat-field, and so on. The command for setting up this translation

file is setinstrumen t in the ccdred pac k age. So load noao , imred , and ccdred , and then

t yp e setinstrumen t . If y ou t yp e a ? y ou will get the list sho wn in Figure 2. In this case w e

Figure 2: P ossible answ ers to setinstrumen t

are trying to reduce sp ectroscopic data tak en with one of the GEC c hips on the CTIO 1.5-m

sp ectrograph, and for lac k of an ything b etter to answ er w e will answ er setinstrumen t with

sp ecphot . This will at least set the picture t yp es correctly , although w e will find that w e

will ha v e to c hange some of the defaults that are automatically set in ccdpro c as a result of

this op eration.

As so on as y ou do this y ou will find y ourself in the parameter editor staring at the page

for the en tire pac k age ccdred . The only thing to c hec k at this p oin t is that “pixelt y=real”;

doubtless it will b e. Getting out of this with a CNTL-Z will put us in the the parameter

editor for ccdpro c itself. Rather than set the parameters at this p oin t (b efore w e’v e ev en

lo ok ed at an ything!) let’s exit with another CNTL-Z and come bac k to this stuff later.

Did it w ork? W e can run ccdlist on our images to see if IRAF is going to successfully rec-

ognize the t yp e of image (ob ject, comp, flat, zero) and the filter n um b er (for direct imaging).

So w e will w an t to sa y ccdlist *.imh at this p oin t to get a list lik e that sho wn in Figure 3.

Note that in the case of the sp ectroscop y example sho wn here the filter n um b ers are all “[0]”,

but in the case of direct imaging the filter n um b ers corresp ond to the filter b olt p ositions.

The image t yp e (“zero”, “flat”, “ob ject”, “comp”) are also sho wn. These m ust b e righ t if

“ccdred” is to succeed. In new er v ersions of ccdlist it is p ossible to pull out the exp osure

information, whic h has to b e discernible to ccdpro c if y ou are going to b e subtracting darks.

The things y ou should c hec k at this p oin t are whether the filter n um b ers are correct (that

n um b er in square brac k ets), and whether the ob ject t yp es mak e sense. If they don’t, y ou are

going to ha v e to c ho ose a differen t answ er from the setinstrumen t list. T o me, this alw a ys

seems the most obscure part of CCDRED; if y ou are going to ha v e trouble, it will b e here. If

y ou are stuc k, ask someone, and if that gets y ou no where, try lo oking at a long v ersion of y our

headers imhead *.imh l+ | page and then nose around b y doing a dir ccddb$kpno/*

un til y ou find a file that will pro vide an appropriate translation.

If y ou are reducing non-KPNO/CTIO data and ha v e differen t k ey-w ords for flats and

Figure 3: Sample outputs from ccdlist .

bias’s and so on, y ou will need to set up y our o wn translation file; just follo w the example of

one of the files y ou find in “ccddb$kpno”. If y ou don’t ha v e the necessary information (really

just the image t yp e and filter n um b ers) y ou can add this information using ccdhedit ; the b est

w a y w ould b e to put the names of all the biases in a file biasfile , sa y , and then do a ccdhedit

@biasfile imaget yp e zero ; other examples can b e found b y doing a help ccdhedit . If y ou

are going to b e subtracting darks y ou are also going to need to translate some exp osure time

in to the w ord “exptime” so that ccdpro c can scale the darks.

4.3 Com bining bias frames and flats

F or our next act w e w an t to com bine the bias frames and flat field exp osures obtained with

a giv en filter. T o com bine the bias frames w e will use zero com bine with the parameters

sho wn in Figure 4. This will result in all the images with t yp e “zero” b eing a v eraged to-

gether, but with the highest v alue b eing ignored when forming the a v erage for an y giv en

pixel (“com bine=maxreject”). In other w ords, if y ou ha v e 30 bias frames, 29 will b e a v eraged

in pro ducing the v alue for eac h pixel in the image “Zero”, with the ignored one b eing the

one that w ould ha v e giv en the highest v alue for that pixel. This seems to do a go o d job of

k eeping radiation ev en ts out of y our a v erage bias frame. Note that ev en though the images

w ere “short in teger” (16-bit) to start out with, the a v eraging will b e done as “reals” (32-bit)

and that y our final image, Zer o , will b e a 32-bit real image. The output will lo ok lik e that

sho wn in Figure 4, in whic h w e see that zero com bine has successfully pic k ed up all the righ t

Figure 4: P arameters and Output of zero com bine .

Figure 5: P arameters and Output for flatcom bine .

images and a v eraged them together using the “maxreject” option.

W e no w w an t to do the same thing with our dome or pro jector flats. Here w e do an epar

flatcom bine and mak e it lo ok lik e that of Figure 5, with the “com bine” option no w set to

“a vsigclip”. This will a v erage together all the frames, compute the standard deviation σ of

the a v erage at eac h pixel, and recompute the a v erage excluding all those that deviated b y

3 σ or more. This do es a v ery credible job of getting rid of radiation ev en ts. W e use the

“a vsigclip” option here rather than the “maxreject” used ab o v e, as the c hances are greater

that y ou will ha v e a radiation ev en t in a pixel on more than one frame, giv en the finite length

of y our flat field exp osures. As the GEC c hips are notorious for cosmic ra y ev en ts, and since

these are 30 min ute exp osures, this option for com bining is probably the absolute b est. If w e

had had man y more frames ( > 10, sa y) w e migh t ha v e c hosen to set “com bine=median”.

In this case flatcom bine pro duced an image with name Flat0.imh . If w e had a n um b er

of flats tak en through differen t filters, then flatcom bine w ould ha v e pro duced a separate

output image for eac h filter: Flat0.imh, Flat1.imh, Flat2.imh, Flat3.imh . . . .

Ho w w ell did w e do? W e migh t w an t to examine the results b efore w e go an y further. If

Figure 6: Cosmic Ra y remo v al in flats using “a vsigclip” option in flatcom bine .

y ou are using a SUN y ou can load the tv pac k age and then sa y displa y Flat0.imh 1 to get a

picture of y our final flat. T o see the en tire frame y ou ma y ha v e to do a set stdimage=im t800

first and then “clic k the mouse” on “FitF rame”; if y ou ha v en’t used the SUN b efore I w ould

grab someone who will sho w y ou ho w to do this kind of stuff. If y ou are not using a SUN,

y ou will ha v e to ask someone where the nearest image displa y is. Compare the final flat field

with one of the individual flats to see if y ou are happ y with y our com bining op eration. In the

example sho wn in Figure 6 w e see that w e just couldn’t ha v e done m uc h b etter: “a vsigclip”

did its job and the m ultitude of cosmic ra ys ha v e all v anished.

This w ould b e a reasonable time for y ou to get rid of y our individual bias and flat-

field exp osures that y ou ha v e carefully com bined. One relativ ely painless w a y is to put the

names of all the individual calibration frames in to a file b y doing something lik e ccdlist

nite1*.imh names+ ccdt yp e=“zero” > tempfile follo w ed b y a ccdlist nite1*.imh

names+ ccdt yp e=“flat” >> tempfile . Do an imhead @tempfile to mak e sure that

y ou don’t ha v e something in there that y ou w an t to sa v e! (If w e had executed those t w o

ccdlist commands using *.imh as the argumen t w e w ould ha v e gotten our com bined frames

Zer o.imh and Flat*.imh as w ell; w e w ould then ha v e to delete those en tries using the editor.)

If y ou are sure, then do an imdelete @tempfile .

Figure 7: A sample of a long header from some T ololo data. Note the v alues for TRIMSEC

and BIASSEC.

4.4 T aking a Lo ok at Y our Data: Pic king a TRIMSEC and BIASSEC.

The next step is to decide what part of the c hip con tains useful data, and exactly where the

o v erscan region is and what part of it y ou w an t to use for determining the fit to the bias-lev el.

“CCDRED” kno ws these t w o regions as “trimsec”, the section of the ra w image that will b e

sa v ed, and “biassec”, the section of the ra w image that will b e used to fit the bias-lev el. As a

reminder, IRAF uses the notation imagename[x1:x2,y1:y2] to describ e that part of the image

that go es from column “x1” to column “x2”, and from ro w “y1” to ro w “y2”.

If y ou are using one of the Kitt P eak or T ololo c hips, and ha v e relativ ely recen t data,

y ou will find image sections listed for TRIMSEC and BIASSEC in y our headers. Pic k an

image and do an imhead imagename l+ | lprin t to get a prin ted listing of ev erything in

the header. An example is sho wn in Figure 7. If y ou are doing direct imaging and y ou ha v e

these things in y our header, y ou probably can ignore the rest of this section. Still, it w ouldn’t

h urt y ou to mak e a few plots of y our flat-field data to mak e sure that no one w as b eing wildly

conserv ativ e when they assigned a TRIMSEC to y our c hip.

If w e do an implot Flat0 w e will get a plot across the middle line. An “:a 10” command

will tell it to a v erage 10 ro ws or columns (whic hev er it is ab out to plot); a “:c 250” w ould then

plot 10 columns cen tered on column 250. Similarly a “:l 300” w ould plot 10 lines cen tered on

line n um b er 300. Y ou can expand b y placing the cursor on the lo w er-left corner of the region

y ou w an t to expand and hitting “e” (that’s a lo w er-case “e”), and then placing the cursor in

the upp er-righ t corner of the region y ou wish to expand and hitting an y k ey . A “C” will tell

y ou the cursor p osition—if y ou are willing to t yp e it t wice for ev ery time y ou w an t to kno w

this! Y ou can also expand with an “E” (upp er-case “E”) but y ou will then ha v e to follo w this

with an “A” to get a scale.

After lo oking at our implots (Figure 8) w e decide to k eep the data that runs from column

122 to 270, and from line 4 all the w a y through 576, the top of the image. Th us w e c ho ose

Figure 8: Ro w and Column plots through a flat-field exp osure.

to ha v e TRIMSEC=[122:270,4:576]. The bias region lo oks clean from column 388 through

417, and so w e decide to ha v e BIASSEC=[388:417,4:576]. Note that this differs v ery substan-

tially from the “default” v alues listed in the headers (Figure 7). This is not uncommon in

sp ectroscopic applications, but usually the defaults w ork just fine for direct imaging.

4.5 Pro cessing Y our Data: P ass 1.

Believ e it or not, w e are no w ready to mak e our first pass through ccdpro c , the task whic h

will actually do the pro cessing. A t this stage w e will get rid of only the “additiv e” effects

discussed ab o v e in Section 2; ho w w e do the flat fielding dep ends up on what sort of data w e

ha v e.

W e first m ust edit the parameter file for ccdpro c so it resem bles that of Figure 9. If

y ou are happ y with the default BIASSEC and TRIMSEC, then the en try for these could

simply sa y “image”; this will tell “CCDPR OC” to get the v alues from the header. If y ou

are going to b e subtracting an a v erage dark exp osure, then go ahead and turn that switc h

on (“dark cor=y es”), and put in the name of the a v eraged dark exp osure (“dark=Dark”); in

this case y ou had b etter b e sure that ccdlist rep orts the exp osure times correctly (a feature

only a v ailable in v ersion 2.8 and later). In the example sho wn at the end of the man ual the

observ er has in fact not sa v ed the individual bias frames but has a v eraged the biases at the

telescop e and the a v erage bias is not called Zer o.imh or an ything sp ecial. In this case lea v e

zero=“” in the parameter file, and ccdpro c will just pic k out the first input image that

happ ens to ha v e t yp e “zero”.

OK, no w let’s run ccdpro c . (See Figure 10.) The first thing that will happ en is that it

will ask if w e w an t to fit the o v erscan region of the first image in teractiv ely or not; go ahead

and sa y y es and tak e a lo ok at the plot. W e ha v e started out with the defaults fitting a simple

constan t to the o v erscan region after rejecting an y p oin ts 3 σ ab o v e or b elo w the a v erage, but

Figure 9: P arameters for the first pass through ccdpro c

.

Figure 10: Doing the initial pro cessing with ccdpro c .

if y ou w an t to go to a higher order, b e m y guest: doing a “:o 50” follo w ed b y a “f” will fit

a 50th order equation to the data. Once y ou are happ y with the fit and exit with a “q” the

function and order that y ou last used will b e used with all subsequen t images. If y ou answ er

“NO” the next time it asks if y ou wish to fit the o v erscan in teractiv ely , it will tak e this as a

firm decision and just go ahead and pro cess all y our data.

If y ou did do a bunc h of dark exp osures and plan to use them (or at least see if y ou

w an t to use them) this is the time to com bine them, no w that they ha v e gone through

the initial pro cessing. Use dark com bine with “com bine=a vsigclip”, “ccdt yp e=dark”, and

“exp osure=y es” (but see note ab o v e under Section 3).

4.6 Flat-fielding

Ho w w e pro ceed from this p oin t dep ends up on what kind of data y ou ha v e, and what y ou

plan to do with it.

In man y applications (direct imaging, flux-calibrated sp ectroscop y) y ou can simply nor-

malize y our flat-fields to some a v erage v alue and divide these in to all y our frames. In this

case, skip to the section en titled “CCDPR OC: The Next P ass”. In the case that y ou are

doing sp ectroscop y and w an t to preserv e coun ts a little bit b etter than that, y ou will w an t to

normalize the flat-fields b y a lo w-order fit along the disp ersion axis.

In some sp ectroscopic applications y our flat fields will co v er only a few pixels, as in the

case of Ec helle data or data obtained with fib ers. Another example w ould b e if y ou observ e

b oth stars and flat-fields through a skinn y dec k er for some reason. In these cases y ou will

need to extract all y our sp ectra and then w orry ab out flat-fielding. A t least y ou are no w done

with this man ual! Similarly , if y ou are dealing with slitlet data or some suc h, there are other

flat fielding complications, and y ou should go from here to the “Multi-ob ject Guide”.

4.7 Fitting Y our Flats

If y ou ha v e elected to fit y our flat fields along the disp ersion axis, then w e m ust first tell

the system whether y our sp ectra run along columns or ro ws. Load t w o dsp ec and then do a

setdisp *.imh disp=2 if y our sp ectra run along columns, or a setdisp *.imh disp=1 if

y our sp ectra run along lines.

Next load longslit and do an epar resp onse un til it resem bles that of Figure 11. In this

example the input image is Flat0.imh and the output image will b e nFlat0.imh .

When y ou run resp onse it will sum up all the columns in y our flat-field (assuming the

disp ersion axis runs along columns) and do a fit on this sum. The “fit” sho wn in Figure 11

lo oks a wful, but in fact w e do not w an t to go to an y higher order. After all, the whole p oin t in

dividing b y a flat-field is to tak e out the gain v ariations, and if y ou w ere to fit lo w-frequency

gain v ariations, then the flat-fields just w on’t b e doing their job. So, do y ourself a fa v or: stic k

to a straigh t line (or at least a v ery lo w order).

If y ou are using one of the older v ersions of “resp onse” then y ou are going to ha v e to

mo dify the header at this p oin t. T o see if y ou ha v e a problem do an hselect nFlat0.imh

Figure 11: P arameters for resp onse and sample fit.

Figure 12: P arameters for com bining skies.

“CCDMEAN” y es and see if it finds CCDMEAN set equal to 1.0. If not, edit this infor-

mation in to the normalized flat(s) b y doing an hedit nFlat0.imh CCDMEAN 1.0 add+

up+ v er+ .

4.8 CCDPR OC: the Next P ass

A t this p oin t w e w an t to divide b y our flat-fields, and this is so simple y ou shouldn’t ev en

ha v e to epar ccdpro c . Instead, just t yp e ccdpro c *.imh flatcor+ flat=” imagename ” ,

where imagename is “Flat*.imh” in the case that y ou ha v en’t fit y our flats, and imagename

is “nFlat0.imh” in the case that y ou ha v e fit y our flat.

The astute among y ou will ha v e caugh t on that if y ou don’t in tend to run y our flat(s)

through resp onse then y ou could ha v e done the flat field correction in the first pass through

ccdpro c b y simply setting “flatcor=y es” and “flat=Flat*.imh” along with ev erything else in

Figure 10. F eel free to do it that w a y the next time!

Remem b er, to o, that if y ou did not ha v e to flatcom bine y our flats b ecause y ou did all

this at the telescop e, and these a v erage flats are just inconspicuously sitting around with y our

other images, y ou needn’t sp ecify the names of these flats (e.g., ccpro c *.imh flatcor+ ). In

this case ccdpro c will just seize the first thing it comes up on with t yp e “flat” and the righ t

filter n um b er. This is what happ ens in the example giv en at the end of the man ual.

4.9 So Ho w Go o d W ere Those Flats?

The momen t of truth has arriv ed: ho w flat is the division of sky b y y our flat? If y ou ha v e

sev eral sky exp osures through eac h filter y ou will w an t to com bine them b efore making this

comparison. First put the names of all y our sky exp osures in to a single text file b y using files

nite1005.imh,nite1006.imh,nite1007.imh,nite1008.imh > allskies ; then epar com-

bine un til it lo oks lik e that of Figure 12. Note that this will do the com bining filter-b y-filter,

and that it will scale b y the mo de b efore a v eraging (with clipping) so the fact that the sky

lev els are not all the same in eac h exp osure will not cause a problem.

Figure 13: Sky and dome flat agree to 5% from one side of the slit to the other.

F or eac h filter that y ou used y ou will ha v e an image Sky0.imh, Sky1.imh, Sky2.imh ...

whic h sho ws what the sky lo oks lik e when divided b y the appropriate dome flat. Examine

these using displa y and implot and see ho w w ell y our domes did.

In Figure 13 w e see a t ypical sp ectroscopic example. I’v e a v eraged 100 lines in order to

b etter see the matc h. A t the left edge of the slit w e ha v e ≈ 1370 coun ts; at the righ t, ≈ 1450.

Th us the from one side of the slit to the other our dome flats matc h the sky to 80/1410, or

ab out 5%. If y ou are doing long-slit w ork y ou ma y w an t to do b etter than this, but if y ou

are going to b e extracting the sp ectra of stars that are sitting in the middle of the slit, and

y ou are merely concerned that sky on either side is tak en out, then y ou need not do more.

What if y ou did w an t to correct y our data for this disagreemen t? In the case of sp ec-

troscop y w e couldn’t v ery w ell just divide b y the sky exp osures— not unless y ou w an t the

sp ectra of y our program stars to lo ok lik e the in v erse of a G2V star. Instead, w e will use

illum (also in the t w o dsp ec longslit pac k age) to collapse the sky sp ectrum along the dis-

p ersion axis and fit a smo oth function in the spatial direction. Edit the parameters of illum

un til they resem ble that of Figure 14. It is p ossible to set “n bins” to a larger v alue than

1, whic h w ould result in more than one fit—i.e., the correction function w ould dep end up on

w a v elength. Since this is ph ysically unrealistic, y ou migh t w an t to b e certain that “n bins=1”.

The simplest w a y to apply this correction to y our data w ould b e to write the names of

y our images in to a file ( files *.imh > ev erything ) and then do an imarith @ev erything

/ rSky0 cor//@ev erything v erb+ . This will create a new image for eac h input image,

with the image name ha ving “cor” app ended to the b eginning of the old name.

What ab out the direct imaging case? If y ou ha v e access to an image displa y , use it to

Figure 14: P arameters and output of illum .

Figure 15: P arameters for mkskycor .

displa y eac h of the sky images. Use this to guide y ou when y ou implot them. If y ou don’t

ha v e an image displa y , y ou will just ha v e to h un t around plotting (a v eraged) columns and

ro ws to see what sort of v ariations y ou ha v e.

In the example giv en in the bac k of the man ual w e find that although the dome flats did

a go o d job of flattening the skies, the U sky is decidedly non-flat, with an amplitude of some

4%. In this case w e will not use our sky flats to correct our program frames except for U .

No w the question is do w e w an t to smo oth the sky exp osures b efore w e use them, or use

them straigh t? The CCDRED tasks are set up with the assumption that y ou will alw a ys w an t

to smo oth, but there are w a ys around this and reasons w e migh t w an t to tak e this sligh tly

tortuous path.

If the cosmetics of y our c hip are reasonably go o d (a few bad columns and a few lo w pixels,

sa y) and if the structure in y our sky exp osures is of prett y lo w frequency , then y ou can smo oth.

(If y ou ha v e tak en exp osures of the dark sky , and ha v e p o or coun ting statistics in y our frames,

then y ou are going to ha v e to smo oth in an y ev en t.) There are adv an tages to smo othing: for

one thing, exp osures of brigh t t wiligh t will often sho w fringe patterns (particularly at U ) that

disapp ear as the sky gro ws dark er, and smo othing will get rid of these.

If y ou w an t to try smo othing, then eparm mkskycor so it lo oks lik e that of Figure 15.

(If y ou w an t to do this on more than one sky frame, y ou can do a files Sky1,Sky2,Sky3

> skyfix and then set “input=@skyfix” and “output=r//@skyfix”.) After y ou run the task,

y ou should divide the new images in to y our old and examine the resultan t images ( imarith

@skyfix / r//@skyfix test//@skyfix will pro duce images with names testSky1, testSky2 ,

and so on). If y ou are happ y with these after y ou’v e examined them with displa y and implot

then skip the next paragraph.

If y ou are not going to smo oth y our sky exp osures then y ou are going to ha v e to fudge y our

headers a bit to fo ol ccdpro c . First let’s clone them so that if w e go of up w e still ha v e the

originals around: if y ou just ha v e one y ou w an t to use do a imcop y Sky1 rSky1 ; if y ou ha v e more than one than files Sky1,Sky3,Sky4,Sky6 > do em follo w ed b y imcop y @do em

r//@do em will do the sp ecific ones y ou w an t. Next w e need to edit the headers: hedit

r//@do em “MKILLUM” “fudge” add+ v er- . Next w e are going to ha v e to normalize

these sky exp osures. Load the pac k age generic and run the task normalize r//@do em .

T o b e safe let’s also do an hedit r//@do em “CCDMEAN” 1 add+ v er- . This last step

is not needed in the curren t v ersion of “CCDPR OC”, but let’s not tak e more c hances than

w e ha v e to. OK, y our “rSky” frames will no w lo ok the same to IRAF as if y ou had run them

through mkskycor .

The final step in the pro cessing will seem rather an ti-climatic: simply do an ccdpro c

*.imh illumcor+ illum=“rSky*.imh” to correct whic hev er images need correcting. If

y ou’v e created only an rSky1.imh, then only those with filter 1 will get pro cessed. (If y ou

are using an older v ersion of ccdpro c y ou ma y b om b out at this p oin t when it disco v ers

y ou don’t ha v e an illumination correction for eac h filter—in that case, just mak e up a file

con taining the names of all the “U” exp osures, for example, and feed this to ccdpro c instead

of “*.imh”).

4.10 Dealing with F ringes

As discussed earlier, y ou really don’t w an t to do this unless y ou absolutely ha v e to, but if

y ou insist I will giv e a crude outline to follo w. First, y ou m ust construct a “master flat” from

y our “blank sky” exp osures: for eac h filter create files con taining the names of y our blank sky

exp osures, and then use com bine with the “a vsigclip” option to get rid of the fain t stars and

cosmic ra ys. Determine the a v erage sky v alue on eac h of these master b y doing implot s on

them, and then using imarith subtract this v alue so that y our master fringe frames ha v e an

a v erage v alue of zero and the fringe pattern go es p ositiv e and negativ e. No w the fun b egins:

for ev ery program frame y ou m ust determine the scaling factor to use when subtracting the

appropriate master fringe frame. T ry m ultiplying the fringe frame b y .5, 1.0, 1.5, and 2.0 to

start out with, and subtract eac h of these scaled images from y our program frame. Displa y

the results on y our image displa y , and decide whic h scale factor did the b est job. Next, scale

the fringe frame b y sev eral v alues cen tered around the one that did the b est job using step

sizes of .1. If y ou are really fussy y ou can probably do this a third time using in terv als of

0.05. When y ou find the b est one, k eep it, and start on the next one.

4.11 Cleaning Up

If y ou are going to b e using y our images y ou will no doubt w an t to k eep them around on

disk for a while, but there are sev eral rather gigan tic files whic h “CCDRED” pro duces just to

sho w y ou it can do it. Y ou migh t consider doing a delete logfile,plotfile . Of course, if y ou

really w an t to lo ok at eac h and ev ery fit to y our o v erscan region y ou can do an gkimosaic

plotfile , and if y ou w an t to sa v e a record of ev erything y ou did y ou can do an lprin t logfile

(don’t try rev ersing these t w o!).

If y ou w an t to put y our data on tap e, then find and allo cate a tap e driv e (remem b er

this?) and then eparm wfits un til it lo oks lik e Figure 16. Be sure y ou ha v e a write-ring in

Figure 16: P arameters for wfits .

place! If y ou w an ted to sp ecify the densit y of the tap e then y ou need to sa y “m ta.6250” for

the “FITS filename”. On a VMS V AX y ou m ust also ha v e done an ! initialize/dens=6250

m ua0: m ydata , where “m ua0:” is the “real” name of the tap e driv e. If y ou are desparate

to sa v e tap e and are going to b e reading this with IRAF somewhere else y ou can also up the

“FITS tap e blo c king factor” to “10”. (I do not recommend setting “bitpix” to some other

v alue; this will indeed sa v e tap e but b eliev e me, y ou will regret it!)

4.12 A Long Last W ord

Because examples are sometimes the easiest thing to refer to I am going to close this man ual

with an example of reducing a nigh t of direct imaging data from the so on-to-b e-bulldozed

No. 1 0.9-m. Ev erything that I had to do to reduce these data is here.