ROSAT X-Ray Analysis of Galaxy Clusters

|. Obtain your ROSAT data

Aileen A. O’'Donoghue
2013

Go to HEASARC Browse page (http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl)
Under number 1 enter coordinates,
Under number 2 click “ROSAT”

Click “Start Search”

A Browse Query Results page will pop up:

[ Main Search Form

Browse Query Results |acimee| (D) viee

] Query Information

Images generated by SkyView

DSS Optical image, 2.83

RASS X-ray image, 75.0°

] Query Results

Click on image to see full SkyView image

Images centered on requested position

Data Products Retrieval | Help

Search was based on:

’ . 14024891940 ( =
Object/Coordinates: . Redisplay | 8s HTML Table -
e corainstes resolved byto[ 14 02 48.00, +09 19 40.0] e

Coord. System Equatorial, equinox 2000 | Printer-Friendly Version

Maximum Rows: 1000 | Save All Objects To File |
Search Radius: Default arc minutes | Reset

Save Query To File

@ Browse Tip: Do you know how to plot Browse results? Learn more on this topic or See all tips
Table Name/Row Count Summary: 79 tables queried. A total of 13 rows returned. | WATCH TO SEE WHEN THE QUERY IS FINISHED

Click on “Query Results” tab at top

Query Inlr.\rmatlonl ‘ Query Results

| rosat

Data Products Retrieval Help

‘ rosmaster rassmaster = wgacat | rospspc  rospspelotal wicpoint | rosaliog

Click mission tabs (middle tab level) to display table tabs. Move cursor over tabs to see more information.

Table Legend:
&L Display all parameters for a row

& Sort by a column in order- 1,23 {F Sort by column in reverse order: 32,1 #/4 Current table sort
Senvices links: O: Digitized Sky Survey image, R: ROSAT All-Sky Survey image, N: NED objects near coordinates,
3: SIMBAD objects near coordinates, D: get list of data products, B: ADS bibliegraphy holdings, F: FOV plot for observation

Data Products: Click checkbox to add row to Data Product Retrieval List

ROSAT Archival Data (rosmaster|
Search radius used: 60.00"

Belated Links | Services

Select| i
CLICK ROW

seq id instrument exposure| ¢ | gec Lame Search Offset
44 | 60 Ofy| o0 | 00 o0 11 from (target)
DlllgIID

m n XXMM BXTE ASCA Absiract Obslog |D B N 5 D B [RP700345N00|PSPCB 7498 |14 04 09.5(409 37 48 E1401+4098[27 087 (14 02 48, 919 40

ieved from rosmaster

Mote: The standard Dataset ID used in referring to this data in journals and other publications is the content of this column prefixed with the string “ads/sa rosatd™

Data Product Retrieval

= Select the checkboxes for the rows of interest above.

1| Ancillary ROSAT Dats Products (snaillsry)
.. :BMIQRUSAT Data Products (basich
1= calitration ROSAT Dats Products (calibration)

"l nosar pestsarist Files (pessserict)
ROSAT Source Lists (results)

Show cument tows selecied for Dats Products Retrieval

« Un-check any data products below you are not interested in DO You wantto [ Piot ] your tosmaster results? [help)
= Select the Data Product Retrieval tab for retrieval options

ucts available for resmaster
" n
l. m Unctick “All
AT Proposal Abstracts {sbstracts)

Flewived rosar em-mmm«eﬁ] CLick “Derived ROSAT Data Products”

Further Actions:

Do you want In[ Cross-comelate | your rosmaster results with another catalog or table? [help)
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Click on “Data Products Retrieval” tab at top
Click “Preview and Retrieve”

A new tab will open, click the images, background images and exposure image

AOD 7/22/2013

Archive Data Products for selected rows

Tip
Archive HEEP|

Choose Tables > Choose Data Products - Reirieve Data Products

= Do you want to view a data product? Click on its hyperlinked data format.

+ Do you want to retrieve data products in a tarfile? Check the boxes beside each product and click one of the buttons at the bottom of the page

[”] select all products for all rows

ROSAT Archival Data (rosmaster) FTOOLS ROSAT FTOOLS

seq_id instrument exposure ra dec name _link_ror _link_rday_begin _link_rday_end _link_proposal_number
RP700345N00 PSPCB 7454 14 04 09.6 =09 37 48 E1401+098 700245 604 605 602

[[] select all products in this row
Derived ROSAT Data Products

[7] Energy-Coded Image (rp700345n00_ime fits Z) FITS 106 kB updated:
Exposure Map Image (rp700345n00_mex fits.Z) FITS 240 kB updated:
[¥] Hard Band Background Image (rp700345n00_bk2 fits. Z) FITS 82 kB updated:
[¥] Hard Band Image (rp700345n00_im2 fits.Z) FITS 32 kB updated:
[[] Lightcurve (rp700345n00_ltc.fits.Z) FITS 25 kB updated:

[] Screened Source List (rp700345n00_gsrc. fits.gz)
[¥] Soft Band Background Image (rp700345n00_bk3. fits.Z)

i

Soft Band Image (rp700345n00_im3 fits.Z) FITS 43 kB updated:
[¥] Total Band Background Image (rp700345n00_bk1 fits.Z) FITS 103 kB updated:
[¥] Total Band Image (rp700345n00_im1 fits Z) FITS 52 kB updated:

TS 54 kB updated:
ITS 96 kB updated:

1996/05/09 18:00:23
1996/05/09 18:00:26
1996/05/09 18:00:07
1996/05/09 18:00:17
1996/05/09 18:00:24
2001/07/18 00:18.34
1996/05/09 18:00:09
1996/05/09 18:00:20
1996/05/09 18:00:05
1996/05/09 18:00:14

| 7aR selected products || Create Downiosd seript | Reset | CLICK “TAR Selected Products”

Click “TAR Selected Products”

Download the TAR ball, unTAR it and unzip the files.
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Il. Analysis using ds9 (aka SAOimage)
Load an image, its background image and the exposure image into ds9 and tile the frames

File Edt View Frame Zoom Scale Cokor Region WCS Analysis Help
™ 1700345000 b fits

Object E1401 4098

Value

wes

Prysical x ¥

image x ¥

Fame?  Zoom 1664 Angle 2,000

0.079 0.16 024 0.32 0.4 0.48 0.56 0.64 0.712
File Edit Font | File Edit Font
# source 41 # source i .
# data file: /home/aod/X-Ray/ZN1400/700345/rp700345n00 inl. fits # data file: /home/aod/X-Ray/2W1400/700345/rp700345n00 bk1. fits
# arcsec/pixel: 15 :b;j‘muﬂ’ 15
# background .
#  constant_value: 0.000000 £ st ant el e §9; decond
# column units #  area: arcsect*2
# area:  arcsect2 BROAD BAND % i bt B e caechtD BROAD BAND
# surf bri:  cnts/arcsech*2 e

# surf err: cnts/arcsecw2
# surf err: cts/arcseck*2 =

# background-subtracted results
# background-subtracted results

o reg net_counts error  background berror area surf bri surf err
reg net_counts error  background berror L T T T T I P i e o,
““““““““““““““““““““““““““““““““““““““ 1 20 0 B.25 0.000 0,000 281925.03 0.003 0.000
1 821.000 28.653 0.000 0.000 282605.03 0.003 0.000 2 805.105 28.374 0.000 0.000 282825.03 0.003 0.000

2 916.000 30.265 0.000 0.000 28195.03 0.003 0,000

# source_region(s):

# source_region(s): # physical ;circlel10111.141, 5520, 6406, 599. 99994) ; circle(5803. 1009, 4674. 1489, 599, 99994)

# physic?l ;circle(S803.1009, 4674.1483, 559, 99994) ; circlel10111.141, 5520, 6406, 559, 99504) " dat
source a

# source_data reg counts ixels
reg ______ cw"ts m“ls 1 797.220 1253 ON SOURCE
7 821,000 1257 OFF SOURCE 2 805,16 1257 OFF SOURCE
2 516,000 1253 ON SOURCE
File Edit Font _|
;# source

; % = File Color Width Property Font I
{# data_file: /home/aod/X-Ray/2N1400/700845/rp700345n00 mex. fits

|# arcsec/pixel: 15

ethehimil ON THE EXPOSURE MAP, “COUNTS” ARE Number IH ON SOURCE |
I . Text
5 coronstant_value: 0.000000 gFcONDS OF EXPOSURE IN THE ENTIRE REGION:

. Center [14:02:48.000 09:19:40.00  fkS
e e 2 cn2 €Xposure seconds 7184525 s . S = |
|# surfierr: cnts/arcsect2 . = . = pixel SRLE Sl

pixel 1253 pixel :
|# background-subtracted results Apply Close
reg net_counts error background  berror area surf bri surf err =
1 718455.30 2690356 0.000  0.000 26195.03 25.484  0.010
2 GI6105.69 2631.749 0.000 0.000 282855.03 24.489  0.009
File Color Width Property Font
|# source regionis):
l# physical;circlel10111.141, 5520, 6406, 599, 99994) ; ci rel (5803, 1009, 4674, 1480, 599, 99954) o 2y OFF SOURCE
[
|# source_data : :
reg counts pixels Center :]4'05:13,50{1 +09:12:37.00 kS |

1 7184525.350 1253 ON SOURCE padis s Saanain |
2 6826103.659 1257 OFF SOURCE

Apply Close
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File Edit Font

# source

# data_file:
# arcsec/pixel: 15

# background

# constant_value: O.000000
# column umts

# area: arcsec 2
# surf bri: cnts/arcsec2
# surf err: conts/arcsec*2

# background-subtracted results

reg net_counts error  background
1 322,000 17.944 0.000
2 254,000 15.937 0.000

# source_region(s):

# source_data

reg counts  pixels
1253 ON SOURCE
1257 OFF SOURCE

File Edit Font

/home faod )/ X-Ray /2N 400/ 700345/ rp700345n00_im2. fits

HARD BAND
berror area surf bri surf_err
0.000 281925.03 0.000 0.000
0.000 282825.03 0.001 0.000

# physical ;circle(10111.141, 5520, 6406, 599. 99994) ; circle(S803. 1008, 4674. 1489, 599. 99594)

AOD 7/22/2013

File Edit Font

# source

# data file: /home/aod/X-Ray/2W1400/700345/rp700345n00 bk2. fits
# arcsec/pixel: 15

# background

# constanmt_value: O,000000

# column units HARD BAND

# area: arcsech+2

# surf bri: cnts/arcsect2

# surf err: onts/arcsect¥2

# background-subtracted results

reg net_counts error  background berror area surf _bri surf_err

1 Z3.18 14.99 0.000 0.000 281925.03 0.001 0.000
2 243.020 15.589 0,000 0.000 282625.03 0.00L 0.000

# source_region(s):
# physical ;circle(10111.141,5520. 6406,559.99994) ; circle(5803.1009, 4574.1489,559. 95504)

# source_data

reg counts pixels
1 223,181 1253 ON SOURCE
2 243,020 1257 OFF SOURCE

File Edit Font

=

|# source

i# data file:
I: arcsec/pixel: 15

|# background

{# constant_value: 0,000000
[# column units
& area:

|# surf bri:
#  surf err:
!# background-subt racted results
reg net_counts error

arcsec*+2
cnts/arcsect+2
cnts/arcsect*2

# source_region(s):

|# source data

reg counts  pixels
1 540,000 1257 OFF SOURCE
2 555,000 1253 ON SOURCE

background

SOFT BAND

/home /aod/X-Ray/2N1400/ 700345/ rp700345n00_im3. fits

0.002

[# physical ;circle(S808.1009, 4674.1488, 599, 99994) ; circle(10111,141, 5520, 6406, 599, 99994)

=

# source
# data file: /home/aod/X-Ray/ZnN1400/700345/rp700845n00 bk3. fits
# arcsec/pixel: 15

# background

# constant_value: 0.000000
# column units

s area: arcsect2 SOFT BAND

# surf bri: cnts/arcsectt2

# surf err: cnts/arcsect*2

# background-subtracted results

reg net_counts error  background berror area surf bri surf err
2 527.130 22,928 0,000 0.000 268195.03 0. 002 0.000
2 S11.024 2.606 0,000 0.000 282605.03 0.002 0.000

# source_region(s) :
# physical ;circle(10111.141,5520. 6406, 559.99654) ; circle( 5803.1009, 4674. 1489, 599, 99504)

# source data

reg counts pixels
1 527.10 1253 ON SOURCE
2 S11.024 1257 OFF SOURCE

Ill. Calculate the source flux in counts/sec/pixel in each energy band
Find the counts per second
a) Subtract the backgrounds & calculate uncertainties

Signal = On Source Counts - Off Source Counts

Uncertainty = *,/Signal

Band Region Image Counts Pixels Signal Uncertainty
on im1 | 916000 [ 1253 [ i el
Broad: Source bkl | 797.220 | 1253 On Source 1M 2off source lgha
0.1-2.4keV Off iml | 821.000 | 1257
Source bki | 805105 | 1257 | 167821=95counts 9.75
on im2 | 322000 | 1253 [ i Sienal
Hard: Source bk2 | 223.181 | 1253 On Source ~ IMZ0ff source gha
0.4-2.4keV off im2 | 254.000 | 1257
Source bk2 | 243.020 | 1257 | 22 2>4=68counts 8.25
on im3 | 555.000 | 1253 | s Signal
Soft: Source bk3 | 527130 | 1253 On source ~ M 30 source 'gna
0.1-0.4 keV off im3 | 540.000 | 1257
—-540=1 .87
Source bk3 | 511.024 | 1257 | o0 >40=15counts 38
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b) Find the exposure times from the mex image

Counts
Exposure = ———
Pixels
Band Region Image Counts Pixels Counts/pixel
All On Source mex 7184525.350 1253 5733.859
Off Source mex 6926103.659 1257 5510.027

Find the Flux Count Rate from the values in a) and b)

Signal
Source Flux = _oenal
Counts
Pixel
Band Signal Counts/Pixel Flux Count Rate

Broad: 0.1 - 2.4 keV 95 0.01657 counts/second/pixel
Hard: 0.4 — 2.4 keV 68 5733.859 0.01186 counts/second/pixel
Soft: 0.1 — 0.4 keV 15 0.00262 counts/second/pixel

IV. Find the neutral hydrogen density in the Milky Way
Select nH Column Density from the HEASARC tools (heasarc.gsfc.nasa.gov/docs/tools.html)
Enter the source coordinates & take the Leiden/Argentine/Bonn (LAB) Average

eg. 2.03 x 10%° atoms/cm? for Zwicky 1400+0949 HEDD
N

H
V. Find the Energy flux Caleulate the Total Galactic H | Column Density
Select WebPIMMS from the HEASARC tools e B

Under “Convert From”, choose

Input Equatorial coordinates:

ROSAT/PSPC Count Rate [210.7000%, 9.3278" }, equinox J2000
Under ulnton choose ”FLUX” Cone Radius: 1.00°
’
Input the energy range for each band in keV for >> Leiden/Argentine/Bonn (LAB) Survey of Galactic HI
LII , BII 345.715228 €5.490720
both “Input” and “Output” energy ranges Requested position at X and ¥ pixel  248.01  212.38
. Search nH in 4 X 4 box
Type in the Flux Count Rate (above), Zach pixel is 0.675 dag X 0.675 dag
. . . nH calculated using all peoints within
the galactic nH and redshift, leaving the 1.0000 deg from input position
RA DEC Dist nH
“Intrinsic nH” as zero. 211.3626 9.5154 0.6802  2.11E+20
210.93%% 8.1291 0.3051 2_18E+20
i 210.510% 8.7502 0.6070 1.94E+20
Choose the APEC mOdel Wlth 210.7424 10.0:32 0.7167 1.91E+20
210.3205 89.6592 0.5000 2.07E+20
0.4 Solar Abundance and e o e R

LAB AVERAGE [ LAB >> Average nH (cm**-2) 2.03E+20 |
765 | 38492 LAB >> Weighted average nH (cm™- .UbE+20

Click “Estimate Count Rate” to get the flux

ELP
WebPIMMS
|(ergremiis)
A Wission Count Rate Simulator Source: Flux / Count Rate 0.01657 Tountsis)
Powered by PIMME v4 6b
[Gatactic nt [Redshift [intrinsic nH
Access the multiple component model interface 2.03e20 cm =) 0.02 | none (em )
[ Lonvert From; Into: [Model of Source: | Model Parameters
[ [rosAT/PSPC Count Rate | \ [rLux |
‘ Power Law | Photon index
ROSAT 0.1-2 keV 6.2-124 A -
[© BackBosy | kev:
ﬁ @ kev
Input Eneray Range (low-high):{0.1-2.4 s | Units [ Therm. Bremas. | iT
Angstroms
—)}o APEC 0.4 Solar Abundance ~ll 7.65]3.8492 |
# @ kev
Output Energy Range (low-high):§0.1-2.4 Units
Angstroms [ Estimate CountRate | [ Reset |
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The output page gives a measured flux (FLUX) and a
calculated value of what the flux would be if there
were no neutral hydrogen absorption by the Milky Way

galaxy
Band Flux Count Rate Flux
Broad: 0.1 - 2.4 keV 0.01657 cts/sec/pix 1.976x 10 erg/cmz/s
Hard: 0.4—2.4keV | 0.01186 cts/sec/pix | 1.652x 107 erg/cm’/s

Soft: 0.1 — 0.4 keV

0.00262 cts/sec/pix

1.334x 10™ erg/cm?/s

Band Flux Count Rate Unabsorbed Flux
Broad: 0.1-2.4keV | 0.01657 cts/sec/pix | 2.461x 107 erg/cm’/s
Hard: 0.4—2.4keV | 0.01186 cts/sec/pix | 1.756 x 10 erg/cm’/s

Soft: 0.1 — 0.4 keV

0.00262 cts/sec/pix

4.022 x 10 erg/cm?/s

FLUX Output from PIMMS

Input Parameters:

Model #1: apec04_765 Model #2: Model #3: Model #4.
P_VkeV #1: apec04_765 P_VkeV #2: P_lkeV #3:

Galactic ng 2.03e20 em?

Intrinsic m,; 0.0 1/ et

Redshift: 0.02

From: rosat pspc open 0.1-2.4

Output Flux energy range: 0.1-2.4 keV;

Count Rate; 0.01657 cps

Internal model normalization = 2.608E-04

Redshifted with z= 0.0200 and a Galactic Nh= 2.030E+20

Useful mission related information may be found at;

hitp:iheasarc. gsfc.nasa.govidocs/rosat/rosatd htmi

BROAD BAND FLUX

VI. Calculate the Luminosity
Using the flux and the distance (r) in km
Luminosity = 47r? (Flux)
To find the distance from the recessional velocity use

locit
r= vegﬂ’ H, =72 km/s/Mpc

0

For 6000 km/s (z = 0.02)

r= @: 83.3 Mpc
72

=272 million ly = 2.57 x 10*® cm

Band Unabsorbed Flux Luminosity

Broad: 0.1—-2.4keV | 2.461x 10" erg/cm?/s 2.045 x 10" erg/s

Hard:0.4—2.4keV | 1.756 x 10" erg/cm®/s 1.459 x 10" erg/s

Soft: 0.1-0.4keV | 4.022 x 10™ erg/cm?/s 3.342 x 10° erg/s

PIMMS predicts a flux ( 0.100- 2.400keV) of 1.976E-13 ergsicm/cmis

Unabsorbed FLUX

PIMMS predicts an unabsorbed flux ( 0.100- 2.400keV) of 2.461E-13 ergs/cmicm/s

FLUX

HARD BAND
PIMMS predicts a flux ( 0.400- 2.400keV) of 1.652E-13 ergsicm/cmis

Unabsorbed FLUX

PIMMS predicts an unabsorbed flux ( 0.400- 2.400keV) of 1.756E-13 ergs/cmicm/s

FLUX

SOFT BAND
PIMMS predicts a flux ( 0.100- 0.400keV) of 1.334E-14 ergsicmicm/s

Unabsorbed FLUX

PIMMS predicts an unabsorbed flux { 0.100- 0.400KkeV) of 4.022E-14 ergs/cmicm/s
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