
A	photo	of	Cassiopeia	A	(CAS-A)	from	the
Chandra	X-Ray	Observatory	viewed	in	the
JS9	interface,	showing	various	controls	and
the	color	map
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The	File	Menu

The	"Exposure"	column	is	key.	This	tells	you	how	long	the	telescope	looked	at	the	object	in	kiloseconds.	As	a	general
rule	of	thumb,	the	higher	the	exposure,	the	better	your	light	analysis	of	the	object	will	be	(that	is,	the	energy	spectrum,
light	curve,	etc.	of	the	object).	Images	with	an	exposure	of	less	than	20ks	generally	aren't	observed	for	long	enough	to
easily	discern	the	object,	and	analysis	tends	to	be	noisy.	An	exposure	of	too	high	(generally	over	100,	although	this	is
heavily	dependent	on	the	object)	will	probably	get	you	an	excellent	light	analysis	of	the	object,	but	you	probably	won't
be	able	to	see	much	of	the	object	itself,	it	will	just	appear	as	a	bright	circle.
Take	a	look	at	the	information	in	the	"Target"	column.	Sometimes	you	might	find	observations	that	are	observing
nearby	objects,	but	not	the	object	of	interest	for	you.	Additionally,	if	you	know	what	the	object	looks	like,	you	can	use
the	map	at	the	top	of	the	page	to	help	you	pick	out	an	observation	that	covers	the	field	of	view	you	are	interested	in
observing.

https://cxc.cfa.harvard.edu/cdaftp/byobsid/LASTDIGIT/OBSID/primary/
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JS9	Panner	Window

NRAO	Science	Data	Archive	(https://archive.nrao.edu/archive/advquery.jsp)	(Wavelength:	Radio)
You	can	search	for	an	object	in	this	archive,	select	the	images	that	you	want	to	open	in	JS9,	and	get	a	temporary	link
to	the	file	sent	to	an	email	of	your	choice.
When	looking	through	the	images,	only	the	.uvfits	can	be	opened	by	JS9.
The	only	analysis	you	can	do	on	this	file	is	"Counts	in	Regions".	That	said,	you	can	still	make	measurements	and	look
at	the	object,	so	it	is	still	useful.

1.	 The	first	step	is	to	put	each	image	in	a	red,	green,	or	blue	colormap.	Only	images	in	these	colormaps	can	be	overlaid.
2.	 Adjust	each	different	image	as	you	see	fit.	This	may	require	zooming	out	or	panning	to	make	all	of	them	aligned,	or
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Example	RGB	overlay	using	three	different
images

adjusting	contrast	and	bias.	You	can	switch	between	images	in	the	"File"	menu.
3.	 Select	"rgb	mode"	from	the	"Color"	menu	to	overlay	images	in	the	red,	green,	and	blue	colormaps	on	top	of	each	other.

analysis	uploadfits

Regions

Annulus
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Default	Annulus	Configuration	Menu
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Client-Side	Analysis
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Analysis Location	in	Menu JS9	Console
Command Description/Use Screenshots

Coordinate
Grid

Analysis	>	Coordinate
Grid N/A This	displays	a	coordinate	grid	over	the	image.

Client-Side	Analysis
Coordinate	Grid

Counts	in
Regions

Analysis	>	Counts	in
Regions

Note:	 This	 is	 the
one	 under	 the
Client-side	 analysis
heading.

analysis
counts

The	main	purpose	of	this	function	is	to	count	the
photons	(counts)	in	all	of	the	regions	in	the	image.
However,	it	also	tells	you	how	many	arcseconds	are	in
each	pixel	on	the	image	(arcseconds/pixel)	which	is	a
very	useful	conversion	factor	for	getting	between
arcseconds	and	pixels.	Additionally,	this	function	give
you	information	about	the	area	of	the	region(s)	you
are	using.

Counts	in	Regions	Analysis

Radial
Profile

Analysis	>	Radial	Profile

Note:	 This	 is	 the
one	 under	 the
Client-side	 analysis
heading.

analysis
radialprofile

Radial	Profile	requires	an	annulus.	This	determines
the	flux	in	each	region	(in	photons/square	arcsecond)
and	plot	the	value	for	each	region	in	the	annulus	on	a
graph	of	the	surface	brightness	vs.	the	radius.	This	is
identical	to	the	Server-side	analysis	version. Radial	Profile	graph.	The

bump	in	the	center
corresponds	to	the	increase
in	brightness	of	the	image
near	the	bottom-left	of	the
annulus.

Gaussian
Blur

Analysis	>	Blur,
equivalent	sigma N/A

This	blurs	the	image	pixel	values	together	using	a
Gaussian	function.	You	will	specify	a	radius	(sigma)	in
the	text	field	and	the	pixels	will	blur	based	on	that
radius.	The	lower	the	sigma	that	you	enter,	the	less
the	pixels	are	blurred.	To	run	this	analysis,	open	the
"Analysis"	menu	in	the	menu	bar,	and	enter	a	value	in
the	text	field	under	the	"Blur,	equivalent	sigma"
heading,	under	the	"Client-Side	Analysis"	heading.
Then,	push	enter	to	blur	the	image.	Bluring	the	image
can	be	useful	to	pick	out	areas	of	relatively	higher
brightness	that	may	not	have	stood	out	in	the
pixelated	version	originally. Gaussian	Blur	with	sigma	of	5

Analysis Location	in	Menu JS9	Console
Command Description/Use Screenshots

Displays	all	the	headers	in	the	FITS	file.	This	can	be

Server-Side	Analysis
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FITS
Headers Analysis	>	FITS	Headers analysis

fitshead

Displays	all	the	headers	in	the	FITS	file.	This	can	be
useful	for	finding	documentation	of	the	FITS	file,	such
as	the	name	of	the	object	being	observed,	the
telescope	and	instrument,	or	the	observation	date,	for
example.	Additionally,	it	does	list	the	FITS	headers	that
can	be	used	in	the	Histogram	Plot	analysis. A	section	of	the	FITS	headers

of	Cas-A,	with	the	object	field
highlighted.

Counts	in
Regions

Analysis	>	Counts	in
Regions

Note:	 This	 is	 the
one	 under	 the
Server-side
analysis	heading.

analysis
counts

The	main	purpose	of	this	function	is	to	count	the
photons	(counts)	in	all	of	the	regions	in	the	image.
However,	it	also	tells	you	how	many	arcseconds	are	in
each	pixel	on	the	image	(arcseconds/pixel)	which	is	a
very	useful	conversion	factor	for	getting	between
arcseconds	and	pixels.	Additionally,	this	function	give
you	information	about	the	area	of	the	region(s)	you
are	using.	This	is	identical	to	the	Client-side	analysis
version.

Counts	in	Regions	Analysis

Radial
Profile

Analysis	>	Radial	Profile

Note:	 This	 is	 the
one	 under	 the
Server-side
analysis	heading.

analysis
radialprofile

Radial	Profile	requires	an	annulus.	This	determines	the
flux	in	each	region	(in	photons/square	arcsecond)	and
plot	the	value	for	each	region	in	the	annulus	on	a
graph	of	the	surface	brightness	vs.	the	radius.	This	is
identical	to	the	Client-side	analysis	version. Radial	Profile	graph.	The

bump	in	the	center
corresponds	to	the	increase
in	brightness	of	the	image
near	the	bottom-left	of	the
annulus.

Energy
Spectrum

Analysis	>	Energy
Spectrum

analysis
energyplot

This	generates	an	energy	spectrum	of	all	regions.	It
displays	a	graph	with	energy	(electron	volts)	on	the	x-
axis	and	counts	(photons)	on	the	y-axis.	This	spectrum
is	extremely	useful	in	an	analysis,	as	it	displays	X-Ray
spectral	emission	lines	of	the	object.	You	can	then
match	these	spectral	lines	to	their	corresponding
element	(a	table	of	some	common	lines	can	be	found
here	(https://webhome.phy.duke.edu/~kolena/strongxl
ines.html))	and	determine	what	elements	are	present
in	the	object.	This	is	very	useful	for	classifying
supernovae,	as	each	class	will	have	some	specific
spectral	lines	that	appear	for	the	specific	elements	it
produces.

An	energy	spectrum	from
Cas-A.	Each	peak	is	a	spectral
line,	the	tallest	of	which	most
likely	corresponds	to	the
element	silicon.

Light
Curve

Analysis	>	Light	Curve

Note:	 This	 is	 the
Light	 Curve	 under
the	 Server-side
analysis	heading.

analysis
timeplot

This	generates	a	light	curve	of	all	selected	regions.	It
returns	a	plot	display	of	the	time	(in	seconds)	on	the	x-
axis	and	counts	(photons)	on	the	y-axis.	There	has	also
been	some	processing	done	to	this	plot,	it	is	not	the
raw	light	curve.	This	is	not	the	same	as	the	light	curve
in	NSO	analysis.

The	JS9	server-side	light
curve	for	Cas-A.

Histogram
Plot

Analysis	>	Histogram
Plot

analysis
histplot

This	generates	a	plot	of	a	user-specified	column	in	the
FITS	file	of	all	regions.	A	FITS	file	is	made	up	of	several
columns,	each	containing	different	data.	To	find	a
complete	list	of	columns	for	a	FITS	file,	go	to	File	>
display	>	FITS	HDUs.	The	list	item	that	says	"EVENTS"
(assuming	you're	using	Chandra	data)	will	have	a	list
of	cols,	or	columns.	To	generate	a	histogram	plot,	run
the	analysis.	You	should	see	a	box.	Enter	the	name	of
the	column	that	you	wish	to	be	on	the	y-axis.	Click
"run"	to	generate	the	plot.	A	histogram	of	the	"time"
column	will	do	the	same	thing	as	the	Server-side

A	histogram	plot	of	the	pi
column.	The	upper	left	hand
box	is	where	you	would	enter
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analysis	Light	Curve	function.	A	histogram	of	the
"energy"	column	will	generate	an	energy	spectrum.
The	pi	and	pha	columns	will	also	generate	an	energy
spectrum,	although	they	do	not	contain	the	same	scale
as	an	energy	spectrum.

box	is	where	you	would	enter
the	column	you	would	like	to
plot,	the	lower	right	plot	is
the	resulting	plot.

Event
Filter Analysis	>	Event	Filter analysis

evfilter

This	function	will	generate	a	new	FITS	file	based	on
specified	criteria.	To	generate	the	new	FITS	file,	run
the	event	filter	analysis.	You	will	be	prompted	to	enter
your	criteria.	To	do	this,	you	will	have	to	specify	a
column	name	(see	the	above	row	for	information	on
columns)	and	a	range	in	that	column	to	display	in	the
format	column=lower:upper.	For	example,
pi=500:1500	will	result	in	an	image	that	only	displays
pixels	that	are	between	a	pi	value	of	500	and	1500.
You	are	able	to	analyze	this	image	as	you	would	any
other	image.	You	can	switch	back	and	forth	between
this	image	and	the	original	image	using	the	File	menu.
You	can	pair	this	function	with	the	overlay	function	to
get	an	image	that	shows	different	ranges	in	different
colors.

Server-Side	Analysis	Example
Event	Filter

NSO	Analysis
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The	output	of	NSO	Analysis
Flux	in	Regions	for	Cas-A.

Analysis Location	in	Menu
JS9

Console
Command

Description/Use Screenshots

Light
Curve

Analysis	>	Light	Curve

Note:	 This	 is	 the
Light	 Curve	 under
the	 NSO	 Analysis
heading.

analysis
lcurve

This	generates	a	light	curve	of	a	selected	region,	with
time	on	the	x-axis	and	counts/second	on	the	y-axis.	This
gives	you	a	raw	light	curve	of	the	region.	This	light	curve
can	be	useful	to	see	obvious	outbursts	or	periodicity,	but
tends	to	be	more	difficult	to	look	for	more	subtle
periodicity,	which	is	where	the	next	couple	of	NSO
Analysis	functions	come	in.	Note	that	this	is	not	the	same
light	curve	as	the	Server-side	analysis	version.

Power
Spectrum

Analysis	>	Power
Spectrum

analysis
powspec

A	power	spectrum	is	a	spectrum	that	tests	waves	of
many	different	frequencies	overlaid	onto	the	light	curve
plot.	This	analysis	generates	a	spectrum	of	a	selected
region,	with	the	frequency	of	the	tested	wave	on	the	x-
axis	and	power	on	the	(or	how	well	it	fits)	y-axis.	This
analysis	function	can	be	very	useful	for	determining
periodicity.	If	the	power	spectrum	has	an	obvious	peak
and	little	noise	(unlike	the	shown	period	spectrum),	it	is
likely	that	the	period	of	the	object	is	[math]\frac{1}
{frequency}[/math]	in	seconds.	This	is	because	Hertz	is
defined	as	[math]\frac{1}{seconds}[/math],	so	flipping	it
would	give	you	seconds.	However,	you	will	want	to	verify
this	period	(likely	using	the	period	folding	technique
described	below).	Note	that	you	can	only	run	this
analysis	if	you	have	already	run	the	NSO	Analysis	version
of	Light	Curve.

The	 system	 generates	 a	 power	 spectrum
essentially	 by	 overlaying	 a	 wave	 of	 different
frequencies	 over	 the	 light	 curve,	 and	 then
measuring	 how	 well	 the	 wave	 that	 was
overlayed	 matches	 the	 light	 curve,	 and
plotting	 that.	 The	 peaks	 show	 a	 wave
frequency	that	appeared	to	 fit	 the	 light	curve
well.

NSO	Analysis	Power
Spectrum	of	Cas-A.	It	is	fairly
noisy,	so	there	is	probably	no
significant	periodicity.

Period
Folding

Analysis	>	Period
Folding

analysis
efold

This	is	a	method	of	testing	a	potential	period	of	a	light
curve	of	a	region.	It	is	done	by	taking	the	a	certain	period
of	a	light	curve	and	"folding"	it	over	the	rest	of	the	light
curve	several	times.	If	the	period	is	correct,	the	light
curve	will	constructively	interfere	and	the	form	of	the
light	curve	will	be	apparent.	If	the	period	is	incorrect,	the
light	curve	will	destructively	interfere	and	a	periodic
wave	won't	be	apparent.	This	analysis	requires	you	to
enter	a	possible	period,	and	it	will	generate	a	light	curve
of	that	period	with	the	number	of	stacks	you	specify	(the
number	of	times	the	period	is	"folded").	When	you	run
this	analysis,	you	will	be	prompted	to	enter	the	period	to
be	tested,	and	modify	the	number	of	stacks,	if	you	so
desire.	Note	that	you	can	only	run	this	analysis	if	you
have	already	run	the	NSO	Analysis	version	of	Light
Curve.

NSO	Analysis	Period	Folding
of	Cas-A.	A	time	of	11.79
seconds	was	used,	obtained
from	finding	the	reciprocal	of
the	highest-peak	frequency
(to	get	the	period	in
seconds).	A	wave	is	seen,	but
it	is	probably	not	significant.

Flux	in
Regions

Analysis	>	Flux	in
Regions

analysis
flux

This	generates	a	window	that	gives	you	the	flux	in
regions	(in	photons/arcsec2/sec).	It	also	returns	the
telescope,	raw	counts,	the	raw	area,	the	regions,	and	the
exposure	of	the	image.

ImExam	Plugins
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Analysis Location	in	Menu
JS9

Console
Command

Description/Use Screenshots

3dPlot Analysis	>	3dPlot N/A Generates	a	3D	Plot	of	the	data	in	a	region,	to	visualize
data	in	a	three-dimensional	chart.

JS9	3dPlot	of	a	region	of	Cas-
A

Encircled
Energy

Analysis	>	Encircled
Energy N/A

This	generates	a	plot	of	the	fraction	of	the	total	intensity	of
the	region	that	has	been	accounted	for	as	a	function	of
distance	from	the	center.	In	other	words,	as	you	move	out
from	the	center,	what	fraction	of	the	total	counts	are	within
that	radius?

JS9	Encircled	Energy	plot	of	a
region	of	Cas-A

Histogram Analysis	>	Histogram N/A
This	generates	a	plot	of	the	pixels	in	a	region	that	are	in
the	same	250th	percentile	of	their	value.	Note	that	this	is
not	the	same	function	as	the	Server-side	Histogram	Plot
function.

An	ImExam	Plugin	Histogram
on	the	Cas-A	image.

Radial
Proj Analysis	>	Radial	Proj N/A

This	generates	a	scatterplot	of	pixel	values	at	their
respective	radii.	A	Gaussian	fit	is	overlaid	on	the
scatterplot.

A	plot	of	the	radial	proj	for
Cas-A.

Region
Stats Analysis	>	Region	Stats N/A

This	returns	the	statistics	of	the	region,	including	(but	not
limited	to)	the	total	counts,	the	x	and	y	position,	and	width
and	height	of	the	region.	The	region	is	still	treated	as	a
rectangular	region	for	this	analysis,	as	well.
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rectangular	region	for	this	analysis,	as	well.

X	&	Y
Projection

Analysis	>	X	Projection

Analysis	 >	 Y
Projection

N/A
This	returns	the	sum,	average,	or	median	(depending	on
which	is	selected)	of	the	values	of	the	vertical	(X)	or
horizontal	(Y)	pixels	along	the	width	(X)	or	height	(Y)	of	a
region.

The	X	and	Y	projections	of	a
region	of	Cas-A.

NSO	JS9	(https://js9.si.edu/nso/nso.html)
Unofficial	Chandra	Archive	(https://www.cfa.harvard.edu/archive/chandra/search)
JS9	Guide	Part	I	(PDF)	(https://www.soinc.org/sites/default/files/uploaded_files/ScienceOlympiad_GUIDE_FOR_USING_JS
9_Part_1.pdf)
JS9	Guide	Part	II	(PDF)	(https://www.soinc.org/sites/default/files/uploaded_files/ScienceOlympiad_GUIDE_FOR_USING_JS
9_Part_2.pdf)
Common	X-Ray	Spectral	Lines	(https://webhome.phy.duke.edu/~kolena/strongxlines.html)
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