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[ (quick) overview of the telescope and instrument
capabilities (Chandra/ACIS);

[l data acquisition & architecture: archive, file format;

] data reduction & manipulation: reprocessing, filtering,
binning;

[] obtain the science products for your analysis: images,
spectra, lightcurves;
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Strengths...

™ Best spatial resolution of any X-ray satellite: ~1" (Hubble
~0.17, next best X-ray satellite, XMM-Newton ~10”, ROSAT
~97);

& good energy range (300 eV — 9 keV) & resolution (E/AE ~5 —
40);

™ best energy resolution (Gratings) of any X-ray satellite: E/
AE~1400 - 200 (Radio & Hubble ~20,000, next best X-ray
satellite, XMM-Newton ~ 500 — 40);

& largest dynamic flux range of any satellite ever flown: 11
orders of magnitude; 10-18 — 107 erg cm=2 s-1
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ldeal to study extended X-ray sources:

IC 1531 seen by XMM and by Chandra
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Advance CCD Imaging Spectrometer (ACIS)

- ACIS simultaneously acquire high-resolution images and
moderate resolution spectra

« ACIS-l is comprised of front-illuminated (FI) CCDs.
ACIS-S is comprised of 4 Fl and 2 back-illuminated (Bl)
CCDs

« ACIS-I is better when wider field (16'x16') and/or higher
energy response is needed; ACIS-S imaging is better
when low energy response is preferred and a smaller
(8'x8") field of view is sufficient

The Bl S3 chip is at the best focus position and is
normally used for ACIS-S imaging observations.




[ (quick) overview of the telescope and instrument
capabilities (Chandra/ACIS);

M data acquisition & architecture: archive, file format;

] data reduction & manipulation: reprocessing, filtering,
binning;

[] obtain the science products for your analysis: images,
spectra, lightcurves;



How/Where to get the data:
Chandra X-ray Archive

One call for observing time per year
(deadline around March 15, depending on weather conditions..):
submit your proposall
...and wait...

Proposals are evaluated by panels (divided by topic: AGN, clusters,
stars..) at the end of June

...and walit...
results are released between July and August

...nope, my proposal has been rejected this time:
what do | do?

http://cxc.cfa.harvard.edu/proposer/



How/Where to get the data:
Chandra X-ray Archive

http://cxc.harvard.edu/ —» http://cxc.harvard.edu/cda/
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Chandra Data Archive
ChaSeR
Chandra Source Catalog ¢ CSCview
Chandra Footprint Service
Request for Acknowledgement

SEARCH CXC.HARVARD.EDU
» The Archive
w Search and Retrieve Data

Byrorseal Joo!

Chandra Fast Image

» Advanced Data Services

» Archive User Services

» Chandra Aggregated Datasets

» Publishing Chandra Results
Data Analysis Links

N LY I A

CXC - CDA

WEeLcome TO THE CHANDRA DATA ARCHIVE

The Chandra Data Archive (CDA) plays a central role in the operation of the Chandra X-ray Center (CXC) by
providing support to the astronomical community in accessing Chandra data. The CDA offers access to digital
archives through powerful query engines, including VO-compliant interfaces and also serves as a permanent
storage repository of contributed data products by authors who have processed images or other pertinent and
valuable datasets that are essential to their publications.

Access the Chandra Data Archive

« ChaSeR: Search & Retrieval interface for scientists, allowing specification of detailed selection
criteria. Chandra Fast Image is a simplified quick search tool for Chandra X-ray images and other
data for the general public.

e FTP: Direct FTP access to the primary and secondary data products for all observations that are
publicly released.

« Footprint Service: A search by position or object name overlays the footprints of Chandra
Observations on Digital Sky Survey images, allowing further selection and retrieval of observations.

¢ Chandra MOCs: Multi-Order Coverage maps (MOCs) for public Chandra observations, that can be
used to visualize and analyze the global Chandra footprint.

« Chandra Source Catalog: The most comprehensive catalog of sources detected in public Chandra
Observations. The catalog can be accessed through CSCview.

¢ CIAO Tools: There are command-line scripts for finding and downloading publicly-available Chandra
data from the Archive. Please note that proprietary data can only be accessed using ChaSeR.

« find_chandra_obsid: The tool will find publicly available Chandra data that covers a circular
region of sky (a point search can be used by setting the search radius to 0).
o download_chandra_obsid: The tool will download public data by Obsld from the Chandra
archive.

« SDSS Cross-Match Catalog: A cross-matching service linking Chandra and SDSS sources.

« Bibliography Search: Simultaneous browsing of the archive and the literature with a large repertoire
of selection criteria.

o Processing Status: Information on the processing status of Chandra observations.

« Special Requests: Requests for services not available through standard interfaces such as
requesting a custom dataset identifier; requesting a custom database query; and many others.

This page maintained by the Chandra Data Archive (arcops@ head.cla.harvard.edu).

INSTRUMENTS & CALIBRATION For THE PuBLiC

CDA Starus

The archive is fully functional.

Reprocessing Starus

Reprocessing has been completed for
Phase |: 2005-11-13 to 2011-12-31
Phase |I: 2000-01-30 to 2005-11-13

Cunnent Sorrware RELEASES

ASCDSVER: 10.7
CALDBVER: 4.8.0.1

ANNOUNCEMENTS

Chandra Footprint Service

2018-05~14

The new secure Footprint Service can
be found here

Global Chandra Coverage
2018-02-14
Check out the new Chandra MOC

page.

Browsers security warnings
2017-12-22

Are Chandra Data Archive pages
safe? See full announcement.

Past Notices

gstmodﬂod: 2016-11-
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How/Where to get the data:
Chandra X-ray Archive

Observation Search

Retrieval List Help

\jg;g;{/ X-ray Center New Scarch

—— - —

Chandrg Data Archive

Search | Reset |
File Uplozd ( Coordinates %) Chaoserile no fle selected
( Cone Search ¢
Targzt Name Resolve Name | RA/Long] Dec/Lavb
Name Resolver SIMBAD/NED + Coord System [ Equatorial J2000 % | Equinox 2000 Radiss 10 arcmin
Observation 1D Sequenze Number Proposzl Number
Proposal Title PIName Observer Name
Start Date Public Release Date
Exposure Time (ks) Approved Time (ks) Avg. Count Rate (1z)
- ER e
Archived Solar System GO 00
Observed Stars and WD GTO 01
Status |Schaduled Science Catzgory | WD Binaries and CV Type TO0 Observing Cycle |02

Unobserved BH and NS Binaries DDT 03

Untriggered SN, SNR and Isolated NS CAL 04

ACIS None ACIS TE :g’: g?

—|AcCIS-I . |LETG ... |AcIsce . . . . .
Lastrument Grating Eapusure Mode _ Juin, Observatories INOAO Propusal Cycle (02 Gric v |

ACIS-S HETG HRC Timing NRAO 03

L NUSTAR 04
Customize Output:
Sort Order ( Status * ) gascerding  descending
Row Limit 50 H
Coord System ( Equatorial J2000 %) Equinox 2000 Forma: [ Sexagesimal (hh/dd mm ss.ss) 4 )
Save As ( ?)

For online suaport please contact the CXC Halpdesk.



Chandra

How/Where to get the data:
Chandra X-ray Archive

Scarch Results

N X-ray Center New Scarch

View Observation Information

Select all | Unselect all

@ Primery package

Add Products to Fetrieval L st | Sccoedary package
Custcm selection

Secarch Results Retrieval List Help A

[Sctect +[Raw  [5sq Num +[ObsID <[Instrument +[Grating +[ApprExp +[Expasurs +[Taceet Nams +[PINams o] RA o[ D& +[Stams +DataMode +[Exp Meds <[AveCntRats «[ExtCnt o[  StartDate  +[Public Releass Dats +[Propasal +[Type
a 1700132 827 ACIS- S NONE 200 18.76 |3C 219 Brinetti I092l 03.60 |-45 38 S8.00 Jarchived  VFAINT TE 220 41236 12000-10-11 10:36:13 | 2001-10-13 10:45:00 [01700398 |GO
1 observation found
Positicn=cosc of ndius 10 arcmin aound RA: (9 21 (8.63,Dec: +45 33 5735 (frame=j2)00 ecuinox=2000)
Matus=archwed; cbserved; schodulod; uncbserved; uninggered
Type=G0; CTO; TOO; DDT; CAL
Suet Ovdor=Status asconding
For caline support pleate coniact the CXC Helpdesk.
A=\ Chandra Observation Viewer
I‘:‘C’ﬁ;" x, ll‘y Center New Secwch Seel Ress Regwevad [y Help )
A4 Shandig Dala Archive
NecJogead in Logn
Observation ID: 827
Obscrvation 10z 427 Sequence Nomber: 00122 Status: achived
#0z 1o Ratreve List I Obscrvation 1D: 827 Proposal Nunsber: 01700296
£ Primary pwkze Type oo Propassl Cyele: 0 - - = — e —
[« mmnum: PI Nume: Brumeid Olwerver: Broowiti 1 . . .
Cston eletica Seience Casegory ACTIVE GALAXIES AND QUASARS Joim Otservatorics:  one - the archive prowdes important
|
: : [ . .
T 1 Namr: 9 o il ™o e !
gy 1m0 B informations on the observations
Deails »
oV Dee UJ2000u +15 38 SEX0 . .
e ) (instrument settings/date of the
Imazes Instrament: ACIS-S Data Mode: VFAINT
Publizton : 1 "
o Greke o observation & exposure time/last
Prmscy ,
Secondury Start Date: 20001011 13:36:13 Obserying Cyeks 0 ‘ .
B'M‘iﬂl l_l:kl Approved Time: 2000 Pablic Release Nate: 0011018 10:45:00 d ata p rOC e S S I n g d ate . )
Bl Siaton Exposure Thme: 18761 _ o
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Relaid Ohserveriomes
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How/Where to get the data:
Chandra X-ray Archive

! "'tf?:' cmdr‘ &ll‘dl Results
oo, X-ray Center New Scarch Scurch Results Retiieval _ist Help

ssmnmass  to download the data

Add Products to Retrieval Lst |s Secoedary package
Custcm selection

View Observation Information

Select all | Unselect all

Twgst Nams +[PINams +| RA o D o[Stams +DataMods +|ExpMsds +|AvgCntRate +[EvtCnt +| StartDate  +[Public Relase Duts +|Propesal +[Type

200 18.76 |3C 219 IBnncni IO92I 03.60 |-45 38 S8.00 |archived  VFAINT TE 220 41236 |2000-10-11 10:36:l3| 2001-10-13 10:45:00 (01700398 |GO

1 observaticon found

Positicn=cose of ndius 10 arcmin aound RA: (9 21 (8.63,Dec: +45 38 5735 (frame=j2)00 ecuinox=2000)
Matus=archwved; cbserved; schodulad; uncbserved; uninggered

Type=G0; CTO; TOO; DDT; CAL

St Ovdor < Status ascondiug

For oaline support pleate coniact the CXC Helpdesk.

pra Chandra Retrieval List
;‘;xx-ray Centergs Search Results Retrieval List Help

Not logged in_Login |

Browse Produd
Remove All
é -
1/700132 827 ACIS.S 3C219 Brunetti archivec 2001-10.18 10:45:00 primary all Remore
21700132 827 ACIS-S 3C219 Brunetti archives 2001-10-18 10.45:00 scoondary all Remore

3) 725 Chandra Retrieval Results

<’\ ‘
W<
A 4

/m\f’ x-l'ay Center New Search

Search Resul's Rorieval List Help

Chondra Data Archive |

Your requested daa will be available ar hups:¥cda’tp.c’a sarvard edw/pab/stage/rI2FVigw/ |
[t may take severa! minutes before your data are ready for retrieval.

Would you like "0 view (e SLLE retrizval?

Would you like o receive email notification when your data are recdy’
Email: myemallaccount@gmall.com Notfy Me




[ (quick) overview of the telescope and instrument
capabilities (Chandra/ACIS);

[l data acquisition & architecture: archive, file format;

[ data reduction & manipulation: reprocessing, filtering,
binning;

[] obtain the science products for your analysis: images,
spectra, lightcurves;



How to reduce and analyzed Chandra data:
CIAO software

http://cxc.harvard.edu/ciao/

CXC Home Proroser ARcHVE Dala ANALyss

CHANDRA - & INSTRUMENTS & CALBRATION FCR THE PUELIC

X*RAY OBSERVATUORY

Search htipJfexc.harvard edu/'cao/

< Custom Scarch Q
contact the CXC HelpDeek

CHANDRA INTERACTIVE ANALYSIS OF OBSERVATIONS C I A 0

from “s'sciave™, "1 am your servant® in Venetian dialect

CIAO s lhe softweare package develoved Ly the Chand a X-Ray Cenler for analysing date from the Chancra X-ray Telescope, ILcan also be used wilth data
from other Astronomical ohservator es, whather grourd or space based

Useful links ‘or those people who have never For anyane having trouble using CIAO or
used CIAQ befare. analysing Chandra data.

Weicome 10 CIAC CIAQ Scftware Help Pages

Introduction tc the Tools & ications
Frequently Asked Questions (FAQ)
Read the CIAO 4.10 release notes for detalled Cuick Start Guide

infermation on this release, including How T Known CIAO Bugs and Tool Caveals
CALDB 4.8.1 Affects Your Analysis. nlo .
Installing CIAO 4.10 thread If the above links do not help you, then please
Dues CIAO ru1 on my vperaling system? contact the CXC Helpdesk. To helo us nelp you,
Introduciory Sciencz Threads please inciude, where approonate: the CIAD
What ere the requiraments for running CIAO? Al CAO Threads version (ciaoves -v), cperating system, screen
, output (in a text format where possible), and
Note: CIAO 4 10 defaults to using Fython 3.5, Analysis Guidas information on what you wera trying to dc.

as support for Python 2.7 in the scientific-

software ecosystem is comirg to an end. Please  Sherpa: Modeling and Fting

read about the CXC's plan to only support ChIPS: Plotting and Imaging )
Python 3.5 in tha nex: release of CIAO. DS9: Interactive image display and analysis




How to reduce and analyzed Chandra data:
CIAO software

http://cxc.harvard.edu/ciao/
CXC How

e Image viewer and quick Calibration DataBase
CHANDRA (CALDB): Chandra calibration

data used by CIAO to process the
observation files. Constantly

updated (http://cxc.harvard.edu/
caldb/)

X-RAY OBSERVATORY analysis

Plotting package

CIAQ CHANDRA INTERACTIVE[ANALYSIS OF OBSERVATIONS

servant® in Venetian dialect”

YJCTIC from “s'sciave™, "f am ; :

CIAO is Lhe soltware packaCONigveloved Ly the Chand @ X-Ray Cenler for anzlysing dala fr

. g Claancra X-ray Telesvope. ILcan also be used wilh dala
from other Astronomical observatd whather grourd dr space based

Sherpa | ChiIPS 1 DS9 1 ChaF"ITI MARX ICALDB Il CSC 1.1 1 CSC 21 TGCat

Useful
used

5 ‘or those people who have ne
0 befare.

For anyang having trouble using CIAO or
alvaing Chandra data.

Modeling&Fitting of 1-D and weiglli 10 CIAC g

2-D datasets (spectra and images), Intrgiiifiion tc the Tools & Applicatiore

similar to Xspec tes for detalled  CyBMtart Guide simulate the on-orbit
+ Including [ow

Bour Analysis g0 performance of Chandra
Dues CIAO ru on my g ‘
What are the reg

Note: CIAO 4 1 _ {
as support for spread function depending on

software ecosysté .
read about the OX energy and off-axis angle

Python 3.5 in tha nex: I

Chandra Ray Tracer: vorsion (c- R e

. - i wmut(lnanemormtre ble) and
simulates the best available point Dicomathonon il ot veer Ak ot

prand analysis


http://cxc.harvard.edu/caldb/
http://cxc.harvard.edu/caldb/

DATA ACQUISITION WITH CIAO

1) Initialize CIAQ:
O 3 "™ gmiglior — -bash — 80x24

Last login: Sun Nov 18 18:22:33 on ttys@06

sapmcml27:~ gmiglior§ ciao

CIAO configuration is complete...

CIAOD 4.10 Thursday, April 12, 2018
bindir : /Users/gmiglior/AnalysisSoftwares/ciao-4.19/bin
CALDB : 4.7.9

sapmcml27:~ gmigliors [

2) search for data (alternative to go to the Chandra archive):
sapmcml2/:~ gmiglior$ find_chandra_obsid "3C 219"

# obsid sepn inst grat time obsdate piname target
g27 8.8 ACIS-S NONE 18.8 2000-10-11 Brunetti "3C 219"
6803 11.8 ACIS-S NONE 10.1 2006-83-05 Strauss SDSSJ0920+4531

sapmcml27:~ gmiglior$ I

3) create your working directory and download the data:

sapmcml27:Chandra_tutorial gmiglior$ mkdir 3C219
sapmcml27:Chandra_tutorial gmiglior$ cd 3C219
sapmcml27:3C219 gmiglior$ download_chandra_obsid 827
Downloading files for ObsId B27, total size is 55 Mb.

Type Format Size @.....ss.Hivuvvvv.1l Download Time Average Rate
readme  asciil 10 Kb  #HHHHHRAHHHRARNHHH <1s 20.4 kb/s
oif fits 23 Kb #HEHHHRERSRBRURAR RS <1 s 37.2 kb/s
AY pdf 32 Kb #EHHHRHRBRRBRRAHER Y <1s 51.9 kb/s
cntr_img fits 05 Kb  #HHFEHFHHFHRHRAR <1s 87.3 kb/s



http://cxc.cfa.harvard.edu/ciao/data_products_guide/

'sapmcm127:3C219 gmiglior$ ls 827/

data are stored in two

@OREADME primary directories:
axaff00827N002_VVOQ 1_VV2 N pdf Seconda ry Scientific & housekeeping
oif.fits files
'sapmcml127:3C219 gmiglior$ ls 827/primary/

acisf@B827NBB3_cntr_img2.fits.gz acisf@v827_0BONOO3_bpixl.fits.gz
acisf@B827N003_cntr_img2. jpg acisfee827_00ON00O3_fovl.fits.gz
acisf@B827N003_evt2.fits.gz orbitf@87566700N001_ephl.fits.gz
acisf@@827N003_full_img2.fits.gz pcadf@87648241IN003_asoll. fits.gz

acisf@@827N@a3_full_img2. jpg

primary:
evt2.fits : Level 2 event file, fully calibrated, fully filtered primary science

product.
.asol1.fits : Level 1 aspect solution file(s). Time resolved pointing information.
.bpix1.fits : Level 1 bad pixel file
.fov1.fits : Level 1 field-of-view file.

'sapmcml27:3C219 gmiglior$ 1s 827/secondary/
acisf0827_00ONOO3_evtl.fits.gz acisfe87647802N003_1_bias@.fits.gz
acisf0827_00ONO03_fltl.fits.gz acisfe87648408N003_pbkd.fits.gz
acistRo827_@0BNOB3_mskl.fits.gz aspect

acisfle827_00PNOR3 mtll.fits.gz axaffae827Nee2_vveel_vvref2.pdf.gz
acisf@0827 BOBNOB3 statl.fits.gz ephem




FILE FORMAT

f=flight file revision format
acl1stO0827/N003 evt2.f1its

instrument  opservation 1D content (=event)
& level

The event file is in FITS (flexible image transport system) format;

A single Chandra file can contain multiple “datasets” (e.g. data, Good
Time Intervals, weight map, regions) which are stored in “blocks”.

Blocks can contain image or table data.

the event file can be though as a 4-D array which stores for each event
the informations about energy, position and time;

however In practice it is more complicate and there are more
parameters (multiple coordinate systems, times, channels/energy);

CIAQ tools to explore FITS files (dmlist, dmstat..) or fv ( an heasarc
package)



DATA REDUCTION & ANALYSIS WITH CIAO

dmlist event_file.evt opt=subspace(/header/blocks/cols/data)

sapmcml27:repro gmiglior$ plist dmlist

Parameters for /Users/gmiglior/cxcds_param4/dmlist.par

infile = acisf@0827N003_evt2.fits Input dataset/block specification
opt = header Option
(outfile = ) Output file (optional)
(rows =) Range of table rows to print (min:max)
(cells =) Range of array indices to print (min:max)
(verbose = 0) Debug Level(0-5)
(mode = ql)

sapmch127:primary gniglior$ dnlist acisfO@82/N0@3_evtz.fits cols

Columns for Table Blcck EVENTS

ColNo MName Unit Type Range
1 Lime S Real8 87647837.57€6280€23: 87667996.7588890046 S/C TT corresponding Lo mid-exposure
2 ccd_id Int2 0:9 CCD reporting event
3  node_id Int? A:3 CCDh ser:al readout amplifier node
4  expno Int4 0:2147483647 Exposure number of CCD frame containing event
5 chip(chigx, chipy) pixel Int2 1:1024 Chip coords
6 tdet(tdetx,tdety) pixel Int2 1:8192 ACIS tiled detector coordinates
7 det (detx,dety) pixel Reald 0.50: 8102.5@ ACIS detector coordinates
8 sky(x,y) pixel Real4 0.50: 8192.5€ sky coordinates
9 pha adu Intd 0:36855 total pulse height of event
10 pha ro adu Intd 0:36855 total read-out pulse height of event
11 enerqy eV Reald @: 1200002.0 nominal enerqy of event (eV)
12 pi chan Intd 1:1024 pulse invariant energy of event
13 fltgrade Int2 0:255 event grade, ftlLight system
14 grade Int2 0:7 binned event grade
15 status[4] Bit(4) event status bits

World Coord Transfarms for Columns in Tahle Block EVENTS



Data reprocessing: chandra_repro

sapmcml27:3C219 gmiglior$ chandra_repro

Input directory (./): 827
Output directory (default = $indir/repro) ():

Running acis_build_badpix and acis_find_afterglow to create a new bad pixel
file...

Running acis_process_events to reprocess the evtl.fits file...
Filtering the evtl.fits file by grade and status and time...
Applying the good time intervals from the fltl.fits file...
The new evt2.fits file 1is

- removal of hot pixels or afterglows acis_run_hotpix

- creation of a new event file acis_process_events

- run destreak in case the ACIS-S4 chip (ccd_id=8) has been used

- filtering for bad grades and application of Good Time Intervals (GTI) creation the background light curve

http://cxc.cfa.harvard.edu/ciao/ahelp/chandra_repro.html



Filtering & Binning

Energy filter:

punlearn dmcopy
dmcopy '"acisf@0827_repro_evt2.fits[energy=300:7000]" evt_repro_0.3_7.0keV.fits

full energy band 0.3-7 keV

0.043 0.14 0.34 0.72 1.5 3 6.1 12 24

http://cxc.cfa.harvard.edu/ciao/threads/filter/
http://cxc.cfa.harvard.edu/ciao/download/doc/dmuser1.ps



Filtering & Binning

Spatial binning:

dmcopy "evt_repro_0.3_7.0keV.fits[bin x=::4,y=::4]" evt_repro_0.3_7.0keV_binsz4.img

hixel size=2.068'

0.084 0.25 0.59 1.3 2.6 5.3 11 21 43

http://cxc.cfa.harvard.edu/ciao/threads/filter/
http://cxc.cfa.harvard.edu/ciao/download/doc/dmuser1.ps




[ (quick) overview of the telescope and instrument
capabilities (Chandra/ACIS);

[l data acquisition & architecture: archive, file format;

] data reduction & manipulation: reprocessing, filtering,
binning;

[ obtain the science products for your analysis: images,
spectra, lightcurves;



Imaging with ds9

ds9 evt_repro_0.3_7.0keV.fits &

s AOIMmage ¢s9

File Edit View Frame Hin Zoom Scale Color Regon WIS Anayss Help

Flle evt_repro_0.3_7.0keV.fits'EVENTS] '

Cbject 3C 219 i

value 0 pixel value P

fks a | 9:21:05.0886 | 5 [+45:38:57.720 SKY coord

Physical X 4218 Y 4041 Detector/| '

Image X 634 Y 457 cooreina i

Frame 1 X 1 0 o i
file adit view frame bin Zoom sczle color region WCS znalysis wElp

grey 4 b Lo e I ips0 heal Lo ‘anbow

filtering/binning can be done going to:
bin=>binning parameters

@) \. Bnning Parameters

File Edit Method Bin Euffer

Bin Columns
Column Rin Min Max
X 1 0.5 81925
y 1 0.5 81092 5
Bin Center
4096.5 4096.5 or center of data
Bin Filter

(energy filter in eV)

Bin 3rd Column

Column Depth Min Max

1 0 4]

] Apply Update Filter Clear Filter Clese

c.2 0.5 1.2 2.6 5.5 11.0 22.1 14.6 a8.9

' http://cxc.cfa.harvard.edu/ciao/threads/ds9/



File Edit

File
Object
Value
wcs
Physical
Image
Frame 1

file

Zoom In

View Fram2 Ein Zoom Scale Color

Imaging

evt repro 0.3 _7.0keV.fits|[EVENTS]

3C 219
X
X
'Y 1
adit view frame
zoom out zoom fit

bin

zoom 1/8

Zoom sczle

zoom 1/4

Region WCS Analysis Help

o N/ Analys's
Pixel Tanle...

Namea Resolution. ..

Mack Paramezers...
Graph Parameaters. ..
Crosshair Paramelers. ..

-

color rﬂ Contours

] contour Parameters...
zoom 1,2 zoorn

Courdinale Giid

Block
Rlack Parameters

v Smooth
Smooth Pzramezers...

Imzge Servers
Archves
Catalogs

Catalog Tool...
Line Plot Tool...
Bar Flot Too...
Scatter Plot Toal. ..

Virtual Observatory...
\Web Browser ..

Anzlysis Command Log

Load Analysis Commands...
Cl2ar Anzlysis Commands

Clan

Coordinate Grid Parametears...

smoothing:
e means to substitute the value
of each pixel for the value
obtained by weighting the

pixels nearby with a given
function (generally a Gaussian);

¢ useful to identify extended
emission.



How to obtain the spectrum of the source (and
background): selection of the extraction region

SACImaze dss

File Fdit View Frame Bin Zoom Scale (‘n(‘% Anavsis Help

File evl_repro_0.3_7.0keV.fits[EVENTS]

Objpect 3C218

Value

YIcs

Physical X Y

Imag# X Y b A Region

Frame 1 X 3 5 7 Get Information...

file eclit viFw frams bin 2 Shape
Composile Region
Instraument FIWV

Zoom in zoom out zoom fit zoom 118

Taemplzle

Color
width
Properties
Font

Cenlrod
Maveta l ont
Muve Lu Back

Seect None
Invart Selaction

Del=te Select=d Regans
Delzte All Reg ons

New Group
Groups...

List Regions...
Load Rzgions...
Save Rzgions..

Region Paramelers

Taxt
Paint

Seect Al Contro-A Ru «r

Compass

AnnuJlus
Elliptical Annulus
Box AnnJ us

Panda
Fliphical Pandz
Box Panda

® O \| Circle
File Edit Color Width Property Font Analysis
Number 1
Text
Center |9:21:08.6311 +45:38:56.990 fk5
Radius |2.500 arcsec
i L’ .— ‘\ : r\ J‘/ ; I M " .Apply ........... § Close
.+ drcle z00m U : .
Ellipse =
Box
Palygon
I ne
Veclor
Project.on
Seygimer.

0.2 0.5 1.2 2.6 5.5 11.0 2.1

44.6 8.9

http://cxc.cfa.harvard.edu/ciao/threads/pointlike/



http://cxc.cfa.harvard.edu/ciao/PSFs/psf_central.html

-- ‘ The Point Spread Function varies
‘ with the source’s spectral energy

distribution and the position in the
telescope field of view

IIRMA On-—axls PSY
L

—

» Off-axis angle . .

-llllllllIllIllI"/?/.‘i;-l..!llI:--.I.f{i—l.'l.-l-.:‘:-:l'..ll-,..I?I-i_l.!_l;_l;l ll—:
Encircled Energy Fraction: sl [ T T :
- the fraction of flux from a point source A
contained within a given radius at a ] : :
given energy (~90% of photons of a :E:-f'”'s_ g _
point source fall within a 1” radius); 3 fr O 1106 1w
¢ L / ¥ - 4.510 keV )
- gives an indication on the dimension I . e G638 koV|  —
. : o . — — — 0.200 keV
of the source extraction region for a - fa : :
spectrum. | f E _
0.2 ,"Q,"" ? o
e ' - -
ff } n
t‘” .
0.0 —: ) r g 1 E PR B | ]
0.0 0.5 1.0 1.5 2.0

Radius (ercscc)



SAOImzce dsC
File Edit View Fram2 Ein Zoom Scale Color Region WCS Analysis Help

File evt repro 0.3 7.0keV.fits|EVENTS] O N Analyss

Object 3C219 Pixel Taole..

Value Name Resolution...

wce l

Physical X v :jja:h"p::‘rfj;s P Pile-up: when the source’s

LT;:\: - : - L = . Crosshair Paramelers... count rate is hlgh, two photons
:| ! .

file adit view frame bin zoom sczle color rf Contours or more phOtonS falllng on the

z00m in | zoom out | zoomfit | zoom 1/8 | zoem 1/8 | zoom 172 | zoont contour Farameters. same pixel may be read as one
| Courdinale Giid single event (with energy equal

Coordinate Grid Parametars...

— to the sum of the two photons).

Rlafk Parameters

v Smooth
Smooth Pzramezers...

Imzge Servers
Archves
Catalogs

Catalog Tool...
Line Plot Tool...
Bar Flot Too...
Scatter Plot Tool

Virtual Observatory...

Web Browser .. Read-out streak: the streak
Analysis Comman photons are clocked out in the
| > wrong row and so have incorrect
Load Analysis Commands...
Cl2ar Anzlysis Commands CHIPY values (http//
s cxc.cfa.harvard.edu/ciao/threads/
acisreadcorr/)
2.0 b 10

http://cxc.cfa.harvard.edu/ciao/download/doc/pileup_abc.pdf



Effects of the Pile-up:

- distortion of the source spectrum: the source spectrum will appear harder/flatter than in reality;

* pulse saturation: if the energy of the summed photon is higher than a certain threshold (~13 keV),
the event is rejected => may generate “holes” in the images;

 underestimate of the actual count rate.

1 no pileup ]
. i
§
i3f E
' pileup
grade migration
parameter a=0.5
9 ] " 1 1 " 1 1 1 " " 1 Illl.
0.5 | 2 5

Energy (keV)

How to avoid or limit pile-up issues:

 before the observation: 1-reduce the frame read-out time by selecting sub-arrays; 2- reduce the
source effective area by using the diffraction gratings; 3- place the source off-axis;

- after the observation: 1- extract the spectrum from an annulus region (excluding the inner region
of the source); 2- include a pile-up model in your spectral model (included in XSPEC); 3- extract
the spectrum from the read-out streak

http://cxc.cfa.harvard.edu/ciao/download/doc/pileup_abc.pdf



Pile-up estimation with PIMMS

http://cxc.cfa.harvard.edu/toolkit/pimms.jsp

Proposal Planning Toolkit ' Main

Proposer Page

o
CHANDRA & » PIMMS Colden Precess Dates

X-RAY DOBSERVATORY

PIMMS v4.8¢: with ACIS Pike up and Background Count Estimation

I
© Count Ratc [lux [lux Density © Count Rate [fux [lux Density:
Mission: Detector/Grating/Filter: Mission: Detector/Grating/Filter:

CHANDRA-Cycle 2C |4  ACIS-I/None/None v CHANDRA-Cycle 20 ¢  AC 5-I;None/None k9
Input Energy: default to default keV Qutput Energy: default to default
Madel: Galactic NH: Redshifi(z): Redshifted NH: Photon Index: Count Rate:
Power Law &
cm#**.2 cm*#.2 N=AE¥**.3 Cls/'s
Source: Frame Time:
pointsource o]  Specify g 32 sec

PINMMS Prediction:  Pileup: Predicted piled count rate:  Backermumnd Count Rate:

cIs/sec oount rate S cis/frame CLS/SeC cis/sec



How to obtain the spectrum of the source (and
background): source extraction region

SACImace dss

File Fdit View Frame Bin Zoom Scale fn('g Ana'ysis Help

File evl_repro 0.3 _7.0keV.fils[EVENTS]
Object 3C21%8

Value

YIcs

Physical X Y
Image X Y
Framec 1 X 3

_ N\ Region
0 = Get Information...

file edit view frame bin 2 Shape I ® & x| Shape | heln

zoomin | zoomout | zoomfit | zoom 153 | SOMEUsite Region |+ drcle

Instrament IV Ellipse

Tamplzle | BoX
Polygon

Color

width . I ne

Procerties ¢ Vedlor

Font «  Projecton
Seygmer.

CerLioid

Mave ta | ont Taxt

Muve Lu Back Paint

Select Al Conzro-A  Ruer

Scect None Compass
Invart Selaction
Anndlus
Del=te Select=d Regans Elliptical Aqnulus
Delzte All Regons Box Annuus

New Group Panda
Groups... Eliphical Pandz

Box Panda

List Regions...

Region Pararmelers

2.1 44.6 £8.9

O O X\  Circle
File Edit Color Width Property Font Analysis
Number 1
Text
Center (9:21:08.6311 +45:38:56.990 fk5
Radius |2.500 arcsec

Apply ........... o

save the region as src.reg
N.B. the format & coordinate system

Format clao

Coordinate Systen\  physical

QK Cancel

http://cxc.cfa.harvard.edu/ciao/threads/regions/



How to obtain the spectrum of the source (and
background): bkg extraction region

file edit view frame bin zZoom scae color region WwCS analysis help

700mM in 7oom auk zoom fit 7oom 1/9 room 1,4 zoom 1/7 room 1 7o0Mm 2 7oom 4 7oom 8

e one or multiple region(s) in
the field;

e On the same ccd:
e free from field sources:

e save it as bkg.reg
(remember: format=CIAQO:;
coord. system=physical)

sapmcml27:repro gmiglior$ more src.reg
circle(4142.5,4039.501,6.0975609)
sapmcml27:repro gmiglior$ more bkg.reg
circle(4310.5,4040.501,36.462573)
circle(3968,4030,43.488126)



How to obtain the spectrum of the source (and
background): specextract for a point source

e run the script “specextract”:

sapmcml27:repro gmiglior$ punlearn specextract

sapmcml27:repro gmiglior$ pset

specextract

infile="acisf00827 repro_evt2.fits[sky=region(src.reg)]"

sapmcml27:repro gmiglior$ pset

bkgfile="acisf00827_repro_evt2.

sapmcml27:repro gmiglior$ pset
sapmcml27:repro gmiglior$ pset
sapmcml27:repro gmiglior$ pset

specextract
fits[sky=region(bkg.reg)]"

specextract weight=no
specextract correctpsf:yes__>
specextract asp=pcadf087648241N003_asoll.fits

for point-like sources

sapmcml27:repro gmiglior$ specextract

e “specextract” runs all the following steps:

e dmextract: to extract source and (optionally) background spectra. This tool also creates the WMAP

used as input to mkacisrmf.
® mkarf: to create ARF(s).

e arfcorr:to apply an energy-dependent point-source aperture correction to the source ARF file.
e mkrmf or mkacisrmf: to build the RMF(s), depending on which is appropriate for the data and the
calibration; see the Creating ACIS RMFs why topic for details.

® dmgroup: to group the source spectrum and/or background spectrum.
® dmhedit:to update the BACKFILE, RESPFILE and ANCRFILE keys in the source and background

spectrum files.

http://cxc.cfa.harvard.edu/ciao/threads/pointlike/


http://cxc.cfa.harvard.edu/ciao/ahelp/dmextract.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkarf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/arfcorr.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/why/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmgroup.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmhedit.html

Response function= RMF x ARF

1. The Redistribution Matrix File (RMF): encapsulates the mapping between the physical properties of
incoming photons (such as their energy) and their detected properties (such as detector pulse heights
or PHA) for a given detector. For X-ray spectral analysis, the RMF encodes the probability R(E,p) that a
detected photon of energy E will be assigned to a given channel value (PHA or Pl) of p.

2. The Auxiliary Response File (ARF): includes information on the effective area, filter transmission and
any additional energy-dependent efficiencies, i.e. the efficiency of the instrument in revealing

photons
core.rmf (ENERG EI _1-10701 Core.corr.arZ(SsCRESF_1-1070)
ENERG HI (kaV) SPECRESP (om**2)
7 | | | | | L L 1 1 1 |
/
//
- yd 600 — / /L\ u
74
7
/'/
7
8 — ,/'/ - l
//
S
7 300 — _
S
6 — / L {("p\
/ \
/'/‘/ \
\
1-— y - \
200 — \ —
/'/ \
7
//
) 7/
\.
N
O : (-v = R“‘a—_ -
| | | | | | | | | | | |
0 200 400 60D 800 1000 0 2 4 6 8 10

ElementNunbar N ENERG LU ikeV) N



How to obtain the spectrum of the source (and
background): specextract for a, extended source

e run the script “specextract”:

sapmcml27:repro gmiglior$ punlearn specextract
sapmcml27:repro gmiglior$ pset specextract
infile="acisf00827 repro_evt2.fits[sky=region(jet.reg)]"
sapmcml27:repro gmiglior$ pset specextract
bkgfile="acisf00827 repro_evt2.fits[sky=region(bkg.reg)]1"
sapmcml27:repro gmiglior$ pset specextract weight=yes

sapmcml27:repro gmiglior$ pset specextract correctpsf=no
sapmcml27:repro gmiglior$ pset specextract asp=pcadf087648241N003_asoll.fits

sapmcml27:repro gmiglior$ specextract for extended sources the ARF
iIs weighted depending on how

| much flux fell onto bad pixels/
e “specextract” runs all the following steps: columns etc

e dmextract: to extract source and (optionally) background spectra. This tool also creates the WMAP
used as input to mkacisrmf.

® sky2tdet:to create the WMAP input for mkwar£.

® mkwarf:to create weighted ARF(s).

e mkrmf or mkacisrmf: to build the RMF(s), depending on which is appropriate for the data and the
calibration; see the Creating ACIS RMFs why topic for details.

® dmgroup: to group the source spectrum and/or background spectrum.

® dmhedit:to update the BACKFILE, RESPFILE and ANCRFILE keys in the source and background
spectrum files.

http://cxc.cfa.harvard.edu/ciao/threads/extended/


http://cxc.cfa.harvard.edu/ciao/ahelp/dmextract.html
http://cxc.cfa.harvard.edu/ciao/ahelp/sky2tdet.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkwarf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/why/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmgroup.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmhedit.html

How to combine multiple spectra

e if you have multiple observations of the same target, you can: 1- co-add the spectra
obtained from the single observations or.. 2- simultaneously fit the spectra (in Xspec):

> punlearn combine spectra

-> pset combine_spectra src_spectra=obs1843.pi,0bs1842.pi

-> pset combine_spectra outroot=spec_combined

-> pset combine_spectra src_arfs=...

-> pset combine_spectra src_rmfs=...

-> pset combine_spectra bkg_spectra=...(optional)

-> pset combine_spectra bkg_arfs=...(optional)

-> pset combine_spectra bkg rmfs=... (optional)

-> pset combine_spectra bscale _method=... options: asca/time/counts
-> combine_spectra verbose 2

In case of long list of files to be summed up: @namefile
Example: pset combine spectra src_spectra=@list_spectra

http://cxc.cfa.harvard.edu/ciao/threads/coadding/



How to compare the X-ray and radio morphology

https://ned.ipac.caltech.edu/classic

For neéws and featured updates, please see News on the new interface.
. L yE.3 '

2 TOOLS

L{] LITERATURE

? INFO

Near Name

Images by
Object Name

Region

Photometry & SEDs

References by
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References by
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Coordinate Iransformation &

Extinction Calculator

Velocity Calculator

Introduction
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Features
FAQ
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Spectra

Text Search

Cosmology Calculators

Brochure (pdf)
Best Practices (pdf)
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Redshifts

Knowledgebase
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N
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By Parameters
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How to compare the X-ray and radio morphology

ASAMPAC | ' XTRAGALACTIC | JATABASE

Datz and Time of lthuc‘;: 2018-11-19 T11:00:57 PST ‘ .
& Help | Comment FNED Home

>

= A » ] &, : '
You have selected the following parameters to search on:

S . -~
Paramcters for Distances and Cosmology: Hy=73.0; O vier = 0275 Qupcmm = 0.73:
Derived Quanities use a Regshift corrected towa Reflererice Frame defined by the 3K CMB

. N ) . “a ]

1 objects found in NED,

SOURCE LIST

Object Neame EquJd2000.0 Object Veloolity/Redshift Mag./ Seper. Fumber of

Row
(* => Esscatial Note) R DEC DType /o 2 Rual Piltox aremin Refs Notecs Phet Posa Vel/s Diam Assoc Images Spectra No.
T 219 N9h21mNR. A +45438nS7a QS0 >10000 0.174732 17.8%¢ S 152 13 _147 16 14 10 | Eatriave Ratriave 1
" Figal , i s v 8 . " %)
Detailed information for each object
-~ .
bject No.1-3C219 *- ‘ o Lt ®
INDEX for 3C 219
Essential Data (jump o sub-section of this query report): Detailed Deta (NED queries):

Spectra
Redshift Independent Distances

Essent al Note

Cross-1Ds 352 Referenca(s)
Coordinaes 15 Position data point(s)
Basic Dama

14 Redshift data pointis)
10 Dnameter dzta poin'(s) .
13 Nate(s)

167 Photometsr < data point(s) and SED 1L Associaticn(s)

Quantitizs Derived from Kedshill
Redshilt-Ixdeperxdent Distances
Quick-Loos Photometry and Luminositics
Quick-Loos Angu.ar and Physical Sizes
Classifications

Forcground Galactic Extinction

Extemal Scrvices

- - . - = - -
- \ A 3 -




How to compare the X-ray and radio morholo

Images and. maps-in NED archive for abject 3C 219

Preview FITS/IPG File More Information | View & Overlay \Va?:ll::l’l;;th Image Size (arcmin) | Res. (arcsec) Telescope Refcode
"}‘0 20K ~ Y ) 103aE . o - ) = )
. OKB FITS image Retricve Display FITS Header 6450A 20 x 2.0 ChangeSize | 1.70 Palomar43-inchSchmidt | 1994DSS...1...0000:
. ‘. P »
— : - — = 1.4GHz , . . - : . g "
\ S3KB JPG image Retricve Display Caption NA 21em N/A N'A OneMile 1968 MINRAS.138.259M
-
o "; . . 1.5GHz , . . )
e | Display FITS Headzr @ 20cm 26x2.6 3.00 VLA 1995A2JS...99..349N

Q % W% | 1091KB FITS image Retrieve

1992A0J...385..173C

Display FITS Header | DAY ot [32x25 140 VLA

1362KB FITS image Retrieve

1995A0JS...99..349N

~ " | 1088KB FITS image Retrieve | Display FITS Header | 388 a2 126x26 140 VLA
.,‘
e
L, . . . . 1.5GHz , . ,
|7 = 65KB JPG image Retrieve Display Caption NA 20em N/A N'A VLA 1995A0J8S...99..349N
3 » |
—
it A 77 N'A VLA 1995A2JS...99..349N

NA 20cm

Display Caption

] "
' & ' 61KB JPG image Retrieve




Fle Edt

File
Object
Value
WCs
Physical
Imaga
Frame 2

file

grey

edt

How to compare the X-ray and radio morphology

sapmcml27:repro gmiglior$ ds9 evt_repro_0.3_7.0keV.fits 3C_219-I-1.5GHz-1bs2003.fits.gz &

Zoom Scale Color

3C_219-1-1.5GHz-Ibs2003.fits.gz

View Frame Bin
3C219
X Y
X ‘ Y
1
view frame
a b bb

bin

Zoom

he

SAOImage ds9

Region WCS Analysis

scale

I8

color

aips)

Hzlp

region

heat

NCS

cool

anavysis

help

rzinoow

s el*} 1

Framsa
New Frame
New Frame EGB
New Frame 3D

Delete Frame
Delete All Frames

Clear Frame
Res2: Frame
Refresh Frame

Single Frame
« Tle Frames
Blink Frames

LOCK

Goto Frama
shaow/Hide Fram=
Move Frame

Frst Frame
Previous Frama
Next Frams
Last Frame

Cube. ..

3D...

~rame Parametars

Crop

Slce

Rin

Axes Order
Scale

Scalz and Limits
Colorbar

Block

Smooth

3D View

| Image
Physical
Amplifier
Deleclor

—




How to compare the X-ray and radio morphology

e in the radio image frame
go to Analysis=>contour
parameters;

e several ways of define the
contours: for ex. from the
peak of the emission or
based on the rms;

e generate the contours and
the apply them

e in File menu=> copy
contours (or save them);

e change to the X-ray frame;

e In the contour parameters:
File=>paste contours (or
load them)

File Edit View Framsg

File evt_repro_o;
Object 3C219 |
Value

w_Cs

Fhysical
Image

Frame 1 X 1 .

Apply

1 Generare
] Clez

Copy Contours

4 Paste Contours...

file edit View
gray

0.0001 -0.0000

M Load Conlours...

v2 Contours...

| Load Contour Lavass...

Sava Contour | ayals
Convert to Polygons

Close

0.0003 0.0008

~crntour Parameters
Fle Edt Color Width Scale Limits Scope Method
x| File

e

37

24

Hign

Generzte

12
S0

4
0.0643063

Clear

Levels

0.00016 -
0.000690135
0.00228054
0.00493121
0.00364216
0.0134134
0.0122448
0.02513€6
0.0340886

0.0431009
D.0531735 -l

Close

0.0038

0.0079

0.0160 0.0321



How to compare the X-ray and radio morphology

0.059 0.12 0.23 0.46 0.92 1.8 3.7 7.3 15

dmcopy "evt_repro_0.3_7.0keV. flts[bln X=: 2 y— :2]" evt repro 0.3_7.0keV_ blnSZZ img



How to extract a lightcurve
1) select a source and background region

2) identify the ccd

> punlearn dmstat
> dmstat "acisf00953N003 evt2.fits[sky=region(src1.reg)][cols ccd_id]"

3) extract the lightcurve (background subtracted)

>punlearn dmextract

>pset dmextract infile="acisf00953N003 evt2.fits
[ccd_id=3,sky=region(src2.reg <|b MIN:MAX:STEP

>pset dmextract outfile="src_sub Ic.1itS

>pset dmextract bkg="acisf00953N003 evt2.fits
[ccd_id=3,sky=region(bkg.reg)]"

>pset dmextract opt="Itc1"

>dmextract



There are several ways to visualize a light curve. Here are two examples:

Chips provided by CIAO

G21.5-0.9
120 [ 'X '
unix% chips
1 hIPS: CXC's Plotting Pack
Welcome to C : CXC's Plotting Package
......................................... % 40
CIAO 4.3 ChIPS version 1 Thursday, December 2, 2010
- . - " - - " ] . " - a_.urlza,o? a.a:?lm? a.a:rlsma? a..urlama? 6.435‘040?‘
chips> make figure("src2 sub lc.fits[cols time,net rate,err _rate]”, "line.color=red") s
Default . Bintime: 1000 s
W O % J
New Info Customize Close Execute Bookmarks
eleonora:pn eleonora$ lcurve
lcurve 1.0 (xronos5.22)
Number of time series for this task[1]
Ser. 1 filename +options (or @file of filenames +options)[lcurve_supl®@.1c]
Series 1 file 1:1lcurve_supl@.1lc
Selected FITS extensions: 1 - RATE TABLE;
Source ............ Start Time (d) .... 12931 23:33:28.493
FITS Extension .... 1 - "RATE * Stop Time (d) ..... 12932 11:11:04.570
No. of Rows ....... 419 Bin Time (s) ...... 100.0
Right Ascension ... Internal time sys.. Converted to TJD
Declination ....... Experiment ........ XMM EPN
Filter ............ Medium
Corrections applied: Vignetting - No ; Deadtime - No ; Bkgd - No ; Clock - Yes
Selected Columns: 3- Time; 1- Y-axis; 2- Y-error;
File contains binned data.
Name of the window file ('-' for default window)[-]
Expected Start ... 12931.98157977479 (days) 23:33:28:493 (h:m:s:ms) Start Time 12031 23:34:18:483 jop Time 12832 11:10:58:493
Expected Stop .... 12932.46602511985 (days) 11:11: 4:570 (h:m:s:ms)
Minimum Newbin Time 100. 00000 (s)
for Maximum Newbin No.. 419

Default Newbin Time is: 100. 00000 (s) (to have 1 Intv. of 419 Newbins)
Type INDEF to accept the default value



