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November	15,	2016.	Tuesday	15:00	–	17:30	

Julia	de	León	
InsAtuto	de	AstroDsica	de	Canarias	-	IAC	



The	composiAon	of	asteroids	is	inferred	by	the	study	of	the	reflectance	spectra	of		
their	surfaces,	mainly	in	the	UV-VIS-NIR	wavelength	range	(0.3-2.5	microns)	
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ReducAon	of	ground-based	spectra	–	Julia	de	León	 November	15,	2016.	Tuesday	15:00	–	17:30	

Spectra	have	been	obtained	using	the	10.4m	Gran	Telescopio	Canarias	–	GTC,	located	at	the	“El	
Roque	 de	 los	 Muchachos”	 Observatory	 (La	 Palma,	 Spain).	 We	 used	 the	 OSIRIS	 camera-
spectrograph	that	works	in	visible	wavelengths.	
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OSIRIS	has	2	CCDs	(1049	x	2051)	
Science	data	is	located	commonly	at	CCD_2	
Total	FOV	of	7.8	x	8.5	arcmin	
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IRAF:	Image	Reduc&on	and	Analysis	Facility	
Wrifen	and	supported	by	the	NaAonal	OpAcal	Astronomy	ObservaAons	(NOAO)	

ReducAon	of	ground-based	spectra	–	Julia	de	León	 November	15,	2016.	Tuesday	15:00	–	17:30	



IRAF:	Image	Reduc&on	and	Analysis	Facility	
Wrifen	and	supported	by	the	NaAonal	OpAcal	Astronomy	ObservaAons	(NOAO)	
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IRAF:	Image	Reduc&on	and	Analysis	Facility	



CREATE	A	DIRECTORY	TO	STORE	YOUR	DATA:	
>	mkdir		/scratch/WSTuesday15	
>	cd		/scratch/WSTuesday15	
>	cp		–r		/home/jmlc/WS2016/Spectra		.	
	
EXECUTE	IRAF	
>	cd	
>	mkdir		iraf	
>	cd		iraf	
>	mkiraf	(select	xgterm	when	requested	for	a	terminal)	
	
NOW	TYPE	ON	YOUR	TERMINAL:	
>	xgterm		–sb		&	
	
ON	YOUR	XGTERM:	
>	cd		iraf	
>	ecl	
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Open	the	text	file	“Nightlog.txt”:	
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Know	your	data:	
cl>	imhead	Obj1.fits	

	Obj1.fits[901,751][real]: 49859 
cl>	imhead	Obj1.fits	l+	

	Obj1.fits[901,751][real]: 49859 
 No bad pixels, min=0., max=0. (old) 
 Line storage mode, physdim [901,751], length of user area 7047 s.u. 
 Pixel file "Obj1.fits" [ok] 
 EXTEND  =                    F / File may contain extensions   
 DATE    = '2016-11-10T18:26:39' / Date FITS file was generated 
 IRAF-TLM= '2016-11-10T18:26:39' / Time of last modification 
 OBJECT  = '49859   '           / Name of the object observed 
 ORIGFILE= 'May04_233047.fits'  / Filename 
 INSTRUME= 'OSIRIS  '           / Instrument Name 
	DETECTOR= 'E2V CCD44_82_BI'    / Detectors Model 
 DETSIZE = '[1:4096,1:4102]'    / Maximum Imaging Pixel Area 
 ....	

cl>	hselect		Obj1		AIRMASS		yes	
								1.30028967312208 
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GO	BACK	TO	YOUR	WORKING	DIRECTORY:	
	
cl>	cd		/scratch/WSTuesday15/Spectra/	
cl>	!ds9	&	

Any	Linux	command	can	be	
executed	from	IRAF	using	the	!	symbol	
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GO	BACK	TO	YOUR	WORKING	DIRECTORY:	
	
cl>	cd		/scratch/WSTuesday15/Spectra/	
cl>	!ds9	&	
cl>	display	Obj1.fits	1	
cl>	epar	display	
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GO	BACK	TO	YOUR	WORKING	DIRECTORY:	
	
cl>	cd		/scratch/WSTuesday15/Spectra/	
cl>	!ds9	&	
cl>	display	Obj1.fits	1	
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GO	BACK	TO	YOUR	WORKING	DIRECTORY:	
	
cl>	cd		/scratch/WSTuesday15/Spectra/	
cl>	!ds9	&	
cl>	display	Obj1.fits	1	
cl>	epar	display	

 PACKAGE = tv 
     TASK = display 
     

  image   =            Obj1.fits  image to be displayed 
  frame   =                    1  frame to be written into 
  (bpmask =                  BPM) bad pixel mask 
  (bpdispl=                 none) bad pixel display (none|overlay|interpolate) 
  (bpcolor=                  red) bad pixel colors 
  (overlay=                     ) overlay mask 
  (ocolors=                green) overlay colors 
  (erase  =                  yes) erase frame 
  (border_=                   no) erase unfilled area of window 
  (select_=                  yes) display frame being loaded 
  (repeat =                   no) repeat previous display parameters 
  (fill   =                   no) scale image to fit display window 
  (zscale =                  yes) display range of greylevels near median 
  (contras=                 0.25) contrast adjustment for zscale algorithm 
  (zrange =                  yes) display full image intensity range 
  (zmask  =                     ) sample mask 
  (nsample=                 1000) maximum number of sample pixels to use 

To	exit	from	epar,	you	can	type	
:q		à	Exit	without	saving	changes	
:wq	à	Save	changes	and	exit	
:go	à	Save	changes	and	execute	
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If	you	have	doubts	on	any	specific	task,	type	help	and	then	the	name	of	the	task:	
cl>	help	display	
DISPLAY (Mar97)                 images.tv                DISPLAY (Mar97) 
 
NAME 
    display -- Load and display images in an image display 
         
USAGE 
    display image frame 
     
PARAMETERS 
     
    image 
        Image to be loaded. 
     
    frame 
        Display frame to be loaded. 
         
    bpmask = "BPM" 
        Bad  pixel  mask.   The  bad  pixel  mask is used to exclude bad 

																	pixels from the automatic intensity mapping algorithm.   It  may 
        also  be  displayed  as  an  overlay or to interpolate the input 
        image as selected by the bpdisplay  parameter.   The  bad  pixel 
        mask  is  specified  by a pixel list image (.pl extension) or an... 
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Basics	on	data	reducAon:	
	
-	Bias	subtrac&on:	the	bias	level	is	an	electronic	offset	added	to	the	signal	from	the	CCD	
that	makes	sure	that	the	Analogue-to-Digital	Converter	(ADC)	always	receives	a	posiAve	
value.		

A	bias	frame	is	obtained	with	the	shufer	closed	and	0	seconds	exposure	Ame		
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-	 Flat	 field	 correc&on:	 the	 sensiAvity	 of	 CCDs	
varies	 from	 point	 to	 point	 (i.e.	 the	 recorded	
signal	per	unit	of	incident	flux	–	photons	–	is	not	
uniform).		

A	flat	frame	is	obtained	using	a		
photometrically	flat	source.		

In	spectroscopy,	we	use	a	source	of	“white”	light	
(same	brightness	at	all	wavelengths).	In	pracAce,	
halogen	 lamps	 used	 sAll	 has	 some	wavelength-
dependent	 va r i aAon	 that	 has	 to	 be	
characterized	and	removed.		
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cl>	twodspec	
cl>	longslit	
cl>	epar	response	
PACKAGE = longslit 
   TASK = response 
 
calibrat=                 Flat  Longslit calibration images 
normaliz=                 Flat  Normalization spectrum images 
response=                nFlat  Response function images 
(interac=                  yes) Fit normalization spectrum interactively? 
(thresho=                INDEF) Response threshold 
(sample =                    *) Sample of points to use in fit 
(naverag=                    1) Number of points in sample averaging 
(functio=              spline3) Fitting function 
(order  =                    5) Order of fitting function 
(low_rej=                   0.) Low rejection in sigma of fit 
(high_re=                   0.) High rejection in sigma of fit 
(niterat=                    1) Number of rejection iterations 
(grow   =                   0.) Rejection growing radius 
(graphic=             stdgraph) Graphics output device 
(cursor =                     ) Graphics cursor input 
(mode   =                   ql) 

	

Our	images	are	already	bias-subtracted.	So	let’s	flat-field	correct	them:	

First,	we	have	to	normalize	
our	flat-field,	to	remove	the	
wavelength	dependence	that		
our	“white”	light	is	showing	

A	cubic	spline	with	
a	low	order	(10-25)	
will	work	
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Fit the normalization spectrum for Flat interactively (yes):  
Dispersion axis (1=along lines, 2=along columns, 3=along z) (1:3) (2): 2 

Now	you	are	in	the		
interacAve	interface.		
You	can	change	the		
funcAon	or	the	order	doing	
	
:funcRon		legendre		(enter)	
:order		25		(enter)	
	
and	then	type	f	to	execute	
the	changes	
	
Type	q	to	exit	
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Now	we	divide	our	images	(not	the	arcs!!!!)	by	the	normalized	flat.	Make	a	list	with	your	
images	(list.txt):	
	

	Obj1.fits	
	Obj2.fits	
	SA1.fits	
	SA2.fits	

	
cl>	imarith		@list.txt		/		nFlat		f//@list.txt	
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Now	we	divide	our	images	(not	the	arcs!!!!)	by	the	normalized	flat.	Make	a	list	with	your	
images	(list.txt):	
	

	Obj1.fits	
	Obj2.fits	
	SA1.fits	
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cl>	imarith		@list.txt		/		nFlat		f//@list.txt	

Once	the	images	have	been	bias	and	flat-field	corrected,	the	next	step	is	to	EXTRACT		
your	spectra	and	collapse	them	from	2D	to	1D.	This	is	done	using	the	apall	task:	

cl>	twodspec	
cl>	apextract	
		apall         apedit        apflatten     apnormalize   apscatter 
 apdefault@    apfind        apmask        aprecenter    apsum 
 apdemos.      apfit         apnoise       apresize      aptrace 
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Select	an	
aperture	size	

Define	two	regions	to	subtract	
background	signal	
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And	trace	the	center	of	the	profile	through	the	spaAal	axis	
to	properly	sum	the	columns	and	collapse	the	spectrum.	
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cl>	epar	apall	
input   =            fSA1.fits  List of input images 
(output =                     ) List of output spectra 
(apertur=                     ) Apertures 
(format =            multispec) Extracted spectra format 
(referen=                     ) List of aperture reference images 
(profile=                     ) List of aperture profile images 
 
(interac=                  yes) Run task interactively? 
(find   =                  yes) Find apertures? 
(recente=                  yes) Recenter apertures? 
(resize =                  yes) Resize apertures? 
(edit   =                  yes) Edit apertures? 
(trace  =                  yes) Trace apertures? 
(fittrac=                  yes) Fit the traced points   
                                interactively? 
(extract=                  yes) Extract spectra? 
(extras =                  yes) Extract sky, sigma, etc.? 
(review =                  yes) Review extractions? 
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# DEFAULT BACKGROUND PARAMETERS 
 
(b_funct=             legendre) Background function 
(b_order=                    2) Background function order 
(b_sampl=                    *) Background sample regions 
(b_naver=                   -3) Background average or median 
(b_niter=                    2) Background rejection iterations 
(b_low_r=                   3.) Background lower rejection sigma 
(b_high_=                   3.) Background upper rejection sigma 
(b_grow =                   0.) Background rejection growing radius 
  
# TRACING PARAMETERS 
 
(t_nsum =                   25) Number of dispersion lines to sum 
(t_step =                   25) Tracing step 
(t_funct=             legendre) Trace fitting function 
(t_order=                    4) Trace fitting function order 
 
(backgro=                  fit) Background to subtract 
 Type	:go	to	execute	the	task	
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Find apertures for SA2?  (yes):yes  
Number of apertures to be found automatically (1):1  
Resize apertures for SA2?  (yes): yes 
Edit apertures for SA2?  (yes): yes 
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If	you	want	to	zoom	in,	type	w	and	then	
place	the	cursor	on	the	lower	leu	corner	
	and	type	e	

And	then	place	the	cursor	on		
upper	right	corner	and	type	e	

To	zoom	out	type	w	and	then	a	
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Your	can	change	the	
size	of	the	aperture		
by	placing	the	cursor		
on	the	right	side	and	
typing	u	

Repeat	the	process	on	the	
leu	side	typing	l	

Now	type	b	to	fit	
the	background	
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Zoom	in	and	out	unAl	you	have	a		
closer	view	of	the	background	level	
	
To	select	the	regions,	just	place	the	
cursor	on	the	desired	posiAon	and		
type	s.	To	make	a	new	fit	type	f	
	
Type	q	to	exit	and	q	again	to	enter	
the	trace	interface	

s	 s	 s	 s	
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A	typical	thing	is	to	loose	some	
sensiAvity	on	the	edges	of	the		
detector...	So	you	are	not		
interested	in	fiwng	this	region	

Again	you	can	select	your	fiwng	
region	by	typing	s.	Then	type	f	for	
fiwng	s	 s	
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When	you	finish	just	
type	q	and	answer	yes	
to	the	rest	of	the	quesAons.	

This	is	your	extracted	1D	spectrum.	
The	file	is	called	fSA1.ms.fits	
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A	new	directory	has	been	created,	called	database.	There	you	will	find	informaAon		
on	the	extracAons,	the	wavelength	calibraAon,	etc.	

cl>	ls		database/	
 
apfSA1   aparcHgAr   aparcNe    aparcXe    aplast 
 

aperture	



A	new	directory	has	been	created,	called	database.	There	you	will	find	informaAon		
on	the	extracAons,	the	wavelength	calibraAon,	etc.	

cl>	ls		database/	
 
apSA1   aparcHgAr   aparcNe    aparcXe    aplast 
 

aperture	
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Now	extract	the	arc	lamps	using	the	extracAon	of	one	object	as	a	reference:	input   =           arcNe.fits  List of input images 
(output =                     ) List of output spectra 
(apertur=                     ) Apertures 
(format =            multispec) Extracted spectra format 
(referen=                 fSA1) List of aperture reference images 
(profile=                     ) List of aperture profile images 
 
(interac=                  no) Run task interactively? 
(find   =                  no) Find apertures? 
(recente=                  no) Recenter apertures? 
(resize =                  no) Resize apertures? 
(edit   =                  no) Edit apertures? 
(trace  =                  no) Trace apertures? 
(fittrac=                  no) Fit the traced points     
                               interactively? 
(extract=                 yes) Extract spectra? 
(extras =                  no) Extract sky, sigma, etc.? 
(review =                 yes) Review extractions? 
 
(backgro=                none) Background to subtract 
 

Now	extract	the	arc	lamps	using	the	extracAon	of	one	object	as	a	reference:	
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Add	all	the	arcs	to	create	the	calibraAon	file	we	are	going	to	use	to	do	the	wavelength	
calibraAon:	
	
cl>	imexpr		“a+b+c”		arc.ms		arcHgAr.ms		arcNe.ms		arcXe.ms	
cl>	implot	arc.ms		
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To	perform	the	wavelength	calibraAon	we	use	the	task	iden&fy:	
	

cl>	onedspec	
cl>	epar	idenAfy	
images  =               arc.ms  Images containing features to be identified 
(section=          middle line) Section to apply to two dimensional images 
(databas=             database) Database in which to record feature data 
(coordli= linelists$idhenear.dat) User coordinate list 
(units  =                     ) Coordinate units 
(nsum   =                   10) Number of lines/columns/bands to sum in 2D image 
(match  =                  -3.) Coordinate list matching limit 
(maxfeat=                   50) Maximum number of features for automatic identif 
(zwidth =                 100.) Zoom graph width in user units 
(ftype  =             emission) Feature type 
(fwidth =                   4.) Feature width in pixels 
(cradius=                   5.) Centering radius in pixels 
(thresho=                   0.) Feature threshold for centering 
(minsep =                   2.) Minimum pixel separation 
(functio=             legendre) Coordinate function 
(order  =                    2) Order of coordinate function 
(sample =                    *) Coordinate sample regions 

	



Put	the	cursor	over	a	line	and	press	m	

Enter	the	wavelength	value	
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You	can	find	the	informaAon	on	the	calibraAon	lamps	on	the	webpage	of	the	telescope:	
hfp://www.gtc.iac.es/instruments/osiris/osiris.php	

click	here	
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You	can	find	the	informaAon	on	the	calibraAon	lamps	on	the	webpage	of	the	telescope:	
hfp://www.gtc.iac.es/instruments/osiris/osiris.php	

click	here	
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Once	you	finish,	type	f	
	
Change	the	funcAon	typing		
				:funcAon	spline3	
	



Place	the	cursor	over	a	point	and	type	c	
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Place	the	cursor	over	a	point		
and	type	d	to	delete	it	

<	10%	of	wavelength	
dispersion	(7.74	A/pixel)	

Once	you	are	saAsfied	type	q	
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cl>	ls		database/	
 
apSA1   aparcHgAr   aparcNe   aparcXe   aplast  idarc.ms 
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cl>	ls		database/	
 
apSA1   aparcHgAr   aparcNe   aparcXe   aplast  idarc.ms 
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Add	the	informaAon	on	the	wavelength	calibraAon	to	the	header	of	the	image	using	
hedit,	and	then	apply	the	wavelength	calibraAon	using	dispcor:	

cl>	hedit	fSA1.ms	REFSPEC1	“arc.ms”	add+	up+	
cl>	dispcor	fSA1.ms	cfSA1.ms		
cfSA1.ms: ap = 1, w1 = 4809.904, w2 =  10653.7, dw = 7.791727, nw = 751 

This	value	should	be	similar	to	the	dispersion	of	your	grism,	
in	this	case	the	R300R	grism	has	a	dispersion	of	7.74	A/pix	
so	our	wavelength	calibraAon	is	saAsfactory.	
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Add	the	informaAon	on	the	wavelength	calibraAon	to	the	header	of	the	image	using	
hedit,	and	then	apply	the	wavelength	calibraAon	using	dispcor:	

cl>	hedit	fSA1.ms	REFSPEC1	“arc.ms”	add+	up+	
cl>	dispcor	fSA1.ms	cfSA1.ms		
cfSA1.ms: ap = 1, w1 = 4809.904, w2 =  10653.7, dw = 7.791727, nw = 751 

Have	a	look	at	the	result		
using	splot:	



ReducAon	of	ground-based	spectra	–	Julia	de	León	 November	15,	2016.	Tuesday	15:00	–	17:30	

We	do	not	have	to	do	any	flux	calibraAon,	as	we	are	interested	in	the	reflectance	spectrum	
of	the	asteroid.	So,	to	obtain	it	and	to	“remove”	the	contribuAon	of	the	reflected	light	from	
the	 Sun,	 we	 simply	 divide	 the	 spectrum	 of	 the	 asteroid	 by	 the	 spectrum	 of	 the	 solar	
analogue	star:	

cl>	sarith		cfObj1.ms		/		cfSA1.ms		asteroid1		
cl>	splot		asteroid	1	



ReducAon	of	ground-based	spectra	–	Julia	de	León	 November	15,	2016.	Tuesday	15:00	–	17:30	

We	do	not	have	to	do	any	flux	calibraAon,	as	we	are	interested	in	the	reflectance	spectrum	
of	the	asteroid.	So,	to	obtain	it	and	to	“remove”	the	contribuAon	of	the	reflected	light	from	
the	 Sun,	 we	 simply	 divide	 the	 spectrum	 of	 the	 asteroid	 by	 the	 spectrum	 of	 the	 solar	
analogue	star:	

cl>	sarith		cfObj1.ms		/		cfSA1.ms		asteroid1		
cl>	splot		asteroid	1	

“heartbeats”	



You	can	download	the	lectures	from	the	Winter	School	in	PDF	format	here:	
h?p://www.iac.es/winterschool/2016/pages/about-the-school/program.php	

Click	here	


