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\The Third XMM-Newton catalog

wDR4 Automated analysis of observations before 2013:
AN source detection & characterization

/427 obser tions
1.9% sky cov Srage

L
Wk

031261 sources
372728 unique srcs

- Basic timing analysis of brlah“t\sources in_low background
- No sistematic search for periodicity

- No dedicated analysis of weakflaring sources

O analysis of year-timescale vor;EGb1l|ty

Astrosiegta 02/02/201/ . M. Marelli - EXTraS group



x%periodic Short-Term Variability
N\ Y Y Y

We\discribe irregular .within a single XMM-
“\ariations.. Newton exposure..

.of rates and spectra..

..o&ﬁch source already detected into the third XMM-Newton catalog

"‘%\ +

Periodic Short Aperiodic Long
Term Variability Term Variability
(IAPS Roma) (Leicester)

Search for new = T
transient sources ;
IUSS Pavia ~
Astrosiegta 02/02/201/ o ( ) Prgs M. Marelli - EXTraS group
e
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number of sources

24000

22000

20000

18000

16000

14000

12000

10000

2000

G000

4000

2000

Methods & Improvements

- We did time analysis of most of 3XMM sources

3XMM -DR4 catalog has 531261
sources

-

Il 3ama

e-4 S5e-4 0.001 0.002 0.005 001 002

0.05 0.1 a.z 0.5 1 z 5 10 20 50 100 200
count rate

500 1000
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Methods & Improvements

- We did time analysis of most of 3XMM sources

24000 Mporeike
We did not analyzed 44990/531261
extended sources (8%)
,«rﬁm HﬁHﬂH‘H‘H‘W—M‘A!!uu ------- —
Ze-4 Se-4 0,001 0.002 0,005 001 002 0,05 01 0.2 0.5 1 2 5 10 20 50 100 200 500 1000

count rate

> M. Marelli - EXTraS group



-\ Methods & Improvements

| - We did time analysis of most of 3XMM sources

| Hoamse
| J Hanalyzed
| 22000 .
We did not analyzed 44990/531261
20000 extended sources (8%)
13000
16000
. We did not analyzed 67884/53261
£ @)
; too weak sources (13%)
S 12000
= 10000
2000
G000
4000
2000
¢ Se-4 0,001 0.002 0,005 001 0.02 0,05 01 0.2 0.5 1 ..-----___--_ 1CI 20 50 100 200 500 1000
t rate
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| Methods & Improvements

| - We did time analysis of most of 3XMM sources

'l analyzed
| We analyzed 41838//531261 sources (/9%) som
20:3XMM analyzed light curves of 123860/531261 sources (23%)
% 12000

M. Marelli - EXTraS group



H

\ Methods & Improvements

- We do not rely on SAS

‘H

N
o

Beforex'iiAS v.14 (2014), for about 2/% of PN observations time of arrivals were not
correctly reconstructed and artificially shifted by 10s-10000s at least in one quadrant

%
bt

' quadrant

The Erob[em is critical when:
- source & background-are not on the same CCD
- we want to know‘t\h-%?xoct TOA of events
- we-search fer periodicity

We created new, SAS-indipeRaé“__rjt:%OOlS!

ta 02/02/201/ H“-H M M. Marelli - EXTraS group
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Methods & Improvements

- We use optimized regions

\‘u
“Sourceﬁ\\ot

a were extracted from a circular aperture of fixed radius (28"),
centred on the detection position” (3XMM web site)

k

Bin time: 820.0 5

i 3XMM
| source 1
. B
i
& st
T e e
oo e

0.1

Count/sec

0.05

Background-s

ubtracted source time series

1 Jr+ £ +++++ 4

EXTraS
ng source 1

(500 s)

o.05 |- + '_E_. ]

wo| prtiget 2 +++£ £++

g Background—s:':t(:::;:;TLsc::R:ce time series
EXTraS
source 2
(500 s) 4.

+

Time

M Morelll

EXTroS gQroup



Methods & Improvements

- We use optimized olobal background

60" and 180%, respectively. Other sources that lay within or overlapped the

backgroundiregion were masked during the processing” (Rosen et al. 2016)

5
“For eachisource .. a co-centred annular region with inner and outer radii of
8

3IXMM
“..howeyﬁ% some cases,
the background region
could comprise very
O _little usable background.”
\H}>\ y (Rosen et al. 2016)
— I | | I -\-a"-\-._
3 8 19 41 84 170 342 689 1374 /7‘

Astr;;Zse 02/02/2017 \ N M. Marelli - EXTra$S group
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Methods & Improvements

- We use optimized olobal background

b

“We build
entire FoV .:
the need to

ckground region by carefully excising all 3XMM sources from the
inimizing the error bar on the background estimate, balancing

inimize leakage and increase statistics” (WP2 deliverable D2.3)

x20 cts! EXTraS

— - Always background counts >10% of total
689 1374 - Always sources residual counts <7% of background

Astr:N 02/02/2017 \ . S M. Marelli - EXTra$S group

3 8 19 41 84 170 342




Methods & Improvements

- We use optimized olobal background

p Y
“ Instead of dealing with a background that looks just the some as where the
source isywe prefer to model the background ... and obtain an accurate
estimate wherever the source is.” (WP2 deliverable D2. 3)

Bin time:  500.0

simulated

Count/sec

observed

10t 1.5x10* 2x1o‘ 25x10" 3x10‘

Time (g)

Astroéeg 02/02/207 >~ M. Marelli - EXTraS group




M

Methods & Improvements
- We are able to treat high background periods

Tipically “h|% -background periods” are discarded.
As defined by SAS tools, -

Count rate (counts/sec)

% (164 Ms) of 3AXMM-4 time is offected, and therefore
. never onolyzed by outomotlc/llteroture analysis

Background-subtracted source time series

Count rate (counts/sec)




Methods & Improvements
- We are able to treat high background periods

Thanks to our modelization of the two components of the background we are able
to consider the different vignetting of the quiescent component and the variable

component
o,
%
J ™ : :
. . BaCk.ground time serjes . Backglround—sqbtracteld source time series
= EXTra$ EXTraS !
Background Source i

Count rate (counts/sec)

Count rate (counts/sec)

000000000000000000000000000000000000000000000000000000
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A

“Adaptive
binning ...
that finds the
optimal
segmentation
of the data in
the
observation
interval”

| -l(Scorgle 2013)

- We make use of Bayesian Blocks

Methods & Improvements

Our newly-

implemente

d technique
is perfect

for testing

0 10 20 30
Time (ksec) - TSTART

the
variability of

a0

sources

with a priori
unknown
behaviour

Counts/sec

o 10 20 30
Time (ksec) - TSTART
Background Subtracted Light Curve

40

>N sigmas

el !

20
Time (ksec) - TSTART
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Methods & Improvements

N

- We make use of Bayesian Blocks

Our newly-implemented technique is perfect for testing the variability of sources
with a priori unknown behaviour

R
light curve simu lation Background subtracted time series
|
\ _I
L liels ;
\
\
b . |
N
) 0.6 c/s R
;,\\
= Background time series with 172 blocks
S —
uuuuuuuuuu 607 0 10 E 2 =
e T T e e R I ISR R D= BB = coEEmet st S8 S TS SN (SUREH CHSEUSCITETR eEISS S RS SUSSEIS S HIW SSC CESES S BISSSE TSI NSNS e ESUSSSnr RNISISE (T RSt S ESIEL NS eEs FOSE S 1ES St s SHSHISISES USSEIS 85 LR Liiin maii i iAr i s 41 A AN RS AT A (ksec) - TSTART
light curve simu lation Background subtracted time series
- 50
®\25 c/s h T
N \ 8 40 020
\ w
s i a i
‘: \ o
z \ =
g ‘\ g 30
b

16000 15000 20000

ountrate (cfs)

17

G

Astroéﬁ\tcz

b

aaaaaaaaaa

5 10 15
Time (ksec) - TSTART

b T

10 1 20 25
TTTTT (ksec) - TSTART

Background subtracted time seriii

b

[ &

1

3
&

10 15 20 25
TTTTT (ksec) - TSTART
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Results

\\ From 3XMM 3696 variable unique sources to ..
L0}
Te]
o
-
)
o
g explored in
S ] 3IXMM
— v //
7]
S’ O g -
o S F 4 3XMM:too
e - few counts -
% O \.. st # !
g variability
=
o ' .
2t impossible (pn time resolution)
O i tllll..ll"l 'l L i ikl i ]Iilllll i Illlllil i lllllill i Illlllll i AL b iiidl
| = 1073  0.01 0.1 1 10 100 1000
count rate credit: A. De Luca

Astrosiegta 02/02/201/ \ 4 ¥ ,.é"’fr M. Marelli - EXTraS group




Results

From 3XMM 3696 variable unique sources to EXTraS 9180 variable unique sources

W
Te]
o
]
-*
o
o
o |
=
0
w—
o ©
— |
©
O
=
g
S
o
3t impossible (pn time resolution)
o i Illlull i L iiii i Il Ill]i][ i litil“l_l._ llllll.ll 'l ll.lllll.' i b biiii
= 107  0.01 0.1 1 10 100 1000
count rate credit: A. De Luca
Astrosiegta 02/02/2017 \ A / M. Marelli - EXTraS group
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Products

\\ For each observation, camera, exposure, source
Standard Light Curve Uniform Bin Light Curve Bayesian Blocks Light Curve

N\

/‘ M. Marelli

."---

Astrosiegta 02/02/201/ - EXTraS group



stdXX_obs_exp_src_odt.fit

StandardLight Curve

\

©
(=

Products

Uniform Bin Light Curve

Bayesian Blocks Light Curve

Bintime: 500.0 s
v T v

0.4

Count/sec

0.2

+

o

_|_

++ 4

Ty Rt

=) 1
2000

Astr03|;to 02/02/2017 e

1 A 1 A 1
4000 6000 8000
Time (s)

[
10

/ M. Marelli - EXTraS group



Products

UbXX_obs_exp_src_dt.fit
Stondoré%\ight Curve Bayesian Blocks Light Curve
i,

+ ; - S Background-su btrated source time series

3

585 +

| g + 08}
Sg-—l_ -|-‘|‘+ ++‘|' _|_‘|'_|_‘|‘+-{ [ } ] I I

Count rate (counts/sec)

0.2

Pt
.E.E.’r'! j..l.iﬁfi.*hiu..

0 2000 4000 6000 8000 10000 :?-"'

Time (sec) since TLCSTART >
)/ M. Marelli - EXTraS group
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Products

bbXX_obs_exp_src_sig.fit

Light Curve - Uniform Bin Light Curve

Bintime: 500.0 s
T

Filename: bblc_0109500101_M2_S007_1
Obs. ID: 0109500101
Exp. ID: M2 S007

'4 0.6 E
- -
3

Q

I 1o

o]

Source no.: 1 Date observation: 2003-11-09722:31:00.197
Source RA: 19:14:26.0 Time series start: 184804318 sec
= Source Dec: +24:56:42.5 Number of blocks: 35

Background Subtracted Light Curve

Count/sec

_|_
TR
it +

0.2

Counts/sec

7 3
Time (ksec) - TSTART

Deviation from the Average Rate

8 B - r

.......... pnd iy (] lpesed g bagel b boped B | opmpnpuima = e | il — W smopepeeqansiaf v st e s e (5

Deviation (sigma units)

-4 e

Time (ksec) - TSTART

Fractional Exposure in the Source Region

// /)' M. Marelli - EXTraS group
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Products

UbXX_obs_exp_src_dt.fit bbXX_obs_exp_src_sig.fit

L —

T il hf; Hog by R

| g b oA e U e
#"%1_ » E TR -fi i.!.f!iiii.*{j;!.._ ] Sl L I | ]
1;. R o

Voriable \a 5005

(sec) since

i
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Products

R —

~ i t |
++ + e }f{{ i HI- {}{ }{,
-. t :
‘ s Ny | =4 Ef.. IR T PWY T

_ ﬁ"‘ 500 S Vorloble
022 | 02 2-12
keV keV | keV keV

12

keV

XXSL.fit , XX LOfl 0212 | 021

XX_HI fit S .:

o
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Products

L sercamsoseuonane

Background-subtracted source time series

T | P
o it {{E{H}H{HE{ SRETRTATIN AT
§ . ‘l‘ _I_-I_—I_ +++ _|_+_|_+‘|__|_+ gu— } { } { { ; Hiiﬁi?lhiiii -1- —ﬂuﬂ HH’H’H
++ + S 0 e e 8T i LR JHUETHEE
e \ Lt | T

_ ”‘* 5005 [ Voricble
0.2-12 021 2-12 ’
o e &
“ e ---i
(Xlc_obs_exp_src_dt fit keV kev keV [ keV

) gt
XXcof_obs_exp_src_dt.fit NI [ e ‘ Hardness
) ] Curve Distribution Ratio

XXhr_obs_exp_src_dt.fit Function [ gy

o
17 oo,oo .

M. Marelli - EXTraS group
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Catalog

*; All the results from headers are stored in a single catalog file
W\
v MAIN CATALOG FILE LIGHT CATALOG FILE
2.3 GB 0.6 GB
802,075 rows 802,075 rows

/94 columns 194 columns

. W Source ID
UB (S00&Opt)/BB (3s&4s M Available prod
Averoge W UB Curve 500s
Standard Deviation W UB Curve Opt
Median B UB Curve FFT
Fractional Excess Variance W UB Curve HR
Skewness m BB Curve 3s
Kurtosis ® BB Curve 4s
Amplitude Flags
B [nstrument

Model fitting

Constant UBR SOO&Ot
Linearl HR Constant
Quadraticl Model
Exponential HR Linear Model
Flarel =\
Eclipse
Cumulative
Time Fraction <3s
Time Fraction >3s
Central 90% raonge
Central 20% asymmetry

Aistros agta 02/02/2017
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Some Examples (fragm)..

LMXB : EXO 0748-676

3123500101 _PN_S001_1

Filename: bblc_0119710201_PN_S009_1
Obs. ID: 0119710201 = ==J01

R EXD S PN iooj. D b i 2000-04-21T04:00:13.140
Source no.: 1 Date observation: 2000-03-05T20:39:03.300 otiEceno- Ak Obecn ation. i He b
Source RA: 07:48:33.8 Time series start: 68676005 sec Source RA: 07:48:33.7 Time series start: 72676876 sec

Source Dec: -67:45:07.2 Number of blocks: 379 Source Dec: -67:45:07.7 Number of blocks: 248

Background Subtracted Light Curve

Background Subtracted Light Curve

80

60

Counts/sec
5
8

Counts/sec
N
8

10
Time (ksec) - TSTART

° B ) 15 26 35
Time (ksec) - TSTART
HMXB : X P '
. ersel
. £_0600980101_M2_S002_1
Filename: bblc_0151380101_PN_S002_1 980101
Obs. ID: 0151380101 A o e 5002
Exp. ID: PN S002 Source no.: 1 Date observation: 2010-02-23T15:12:40.067
Source no.: 1 Date observation: 2003-02-25T17:27:08.269 Source RA: 03:55:22.9 Time series start: 383325222 sec
Source RA: 03:55:22.9 Time series start: 162581291 sec Source Dec: +31:02:45.2 Number of blocks: 1293
Source Dec: +31:02:44.9 Number of blocks: 497

Background Subtracted Light Curve

Background Subtracted Light Curve

1200

1000

Counts/sec

Counts/sec
5
]
3

60
Time (ksec) - TSTART

s
Time (ksec) - TSTART

HMXB:LSV +44 1/ ~_ LMXB : CRTS
\\“m

. Dereme e oerasooion J135716.8-093238

- Exp. ID: M1 U002

Filename: bblc_065366010]
Obs. ID: 0653660101
Exp. ID: PN S003

Source no.: 1 Date observation: 2011-03-18T10:57:43.629 Source no.: 1 Date OUSErvVation. ZULi-UZ=U5 T 1500 5%.013
Source RA: 04:40:59.3 Time series start: 416833128 sec - Source RA: 13:57:16.8 Time series start: 413308656 sec
Source Dec: +44:31:50.8 Number of blocks: 211 - Source Dec: -09:32:38.3 Number of blocks: 739

| Background Subtracted Light Curve Background Subtracted Light Curve

20

15

o
o

w
-]

N
]

w
Counts/sec

Counts/sec

Astr = o 6TirnE (ksec) ~‘%I'5TART = - - . Tirll'ISE (ksec) - TST;ORT 2 = = )S group




\ Some Examples (steady)..

PSR: Vela AGN : M86

Filename: bblc_0200920101_M2_S002 |

Filename: bblc_0111080101_M1_S001 |

Obs. ID: 0111080101 Obs. ID: 0200920101
Exp. ID: M1 S001 Exp. ID: M2 S002
Source no.: 1 Date observation: 2000-12-01T723:50:05.223 Source no.: 1 Date observation: 2005-01-10T02:48:09.209
Source RA: 08:35:20.6 Time series start: 92101866 sec Source RA: 12:30:49.4 Time series start: 221712549 sec
Source Dec: -45:10:34.3 Number of blocks: 1 Source Dec: +12:23:29.4 Number of blocks: 11
Background Subtracted Light Curve Background Subtracted Light Curve
10} ——
sl
6l
g4 2
c =
=1
8 8
s
0
0 5 10 15 20 25 30 35 o 20 40 60 80
Time (ksec) - TSTART Time (ksec) - TSTART
! 1 o, o
Filename: bblc_0300430101_M1_S001_| y Filename: bblc_0670120201_M1_S001_1 y y
Obs. ID: 0300430101 NGC 3256 Obs. ID: 0670120201 225]—]78
Exp. ID: M1 S001 Exp. ID: M1 S001
Source no.: 1 Date opbservation: 2005-12-06 12071052, 777 Source no.: 1 Date opbservation: 20L1-11-11118753709.843
Source RA: 10:27:51.3 Time series start: 250287113 sec Source RA: 22:54:05.9 Time series start: 437424852 sec
Source Dec: -43:54:13.4 Number of blocks: 1 Source Dec: -17:34:55.4 Number of blocks: 2
Background Subtracted Light Curve Background Subtracted Light Curve
7
6l
0.15
sl
4 al
0.10
E N2
3005t 3
(&) (&)
1l
Ty
R 0.00 o]
6 ZIO 4‘0 ﬁb Sb 160 léO 6 2b 4‘0 Gb Sb 160 12‘0 =
- Time (ksec) - TSTART Time (ksec) - TSTART
i I
-
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\ Some Examples (DOU time)..

Filename: bblc_0200530501_M2_5002_1
Obs. ID: 0200530501

Star: Unassociated

Exp. ID: M2 S002

Source no.: 1

Source RA: 10:56:27.2
Source Dec: +07:00:36.1

Date observation: 2006-05-19722:26:12.602
Time series start: 264464830 sec
Number of blocks: 23

Background Subtracted Light Curve

10

Counts/sec
&~ (2] o

N

{h

0 I

0 5 10

15 20

Time (ksec) - TSTART

W

25

Filename: bblc_0402430301_M2_S003
Obs. ID: 0402430301

Exp. ID: M2 S003

Source no.: 2

LMXB: 2XMM

J174502.1-285450

Source RA: 17:45:02.3
Source Dec: -28:54:50.0

Time series start: 291826123 sec

Number of blocks: 10

Background Subtracted Light Curve

w 5 o
o 5 o o

Counts/sec
N
o

10

.
w;\ oI I
—

0 20 40

-
Astrosiagta 02/02/201/

60 80

Time (ksec) - TSTART
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\ Some Examp

Filename: bblc_0206100101_PN_U002

Obs. ID: 0206100101
Exp. ID: PN UOO2

Source no.: 1

Source RA: 08:06:22.9
Source Dec: +15:27:31.1

X-ray Binary: RX
J0806.3+1527

Ddale opservaturorr. UU&4-11-UDT17.10.093.0£0
Time series start: 216062282 sec
Number of blocks: 446

Background Subtracted Light Curve

3.0

2.5

201

1.

)

1.

Counts/sec
O

0.

Ln

‘ v |‘I|: ‘ . .,lug v
\

0.0

0 10 20

Filename: bblc_0503750301_M2_S007
Obs. ID: 0503750301

Exp. ID: M2 S007

Source no.: 1

Source RA: 19:21:14.1

Source Dec: -58:40:12.8

Backgroun

30 40 50 60 70
Time (ksec) - TSTART

i

Seyfert | Galaxy: ESO
141-55

DalT uUusSTIvalivull, ZUuUr7r-1u-UIZ1ZL£0.90.00.Z27 &
Time series start: 308360858 sec
Number of blocks: 13

d Subtracted Light Curve

Counts/sec
N w B (5] [=)]
3

-

1£7

\

Astrosiagta 02/02/201/

15 20 25 30
Time (ksec) - TSTART

les (HAL time)..
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b
\

N

Filename: bblc_0109060101_PN_S004_3

Obs. ID: 0109060101
Exp. ID: PN S004
Source no.: 3

Source RA: 16:25:56.2

T-Tauri Star: EM SR 4

Date observation: 2000-09-11721:10:19.898
Time series start: 85093882 sec

Source Dec: -24:20:48.2 Number of blocks: 9

Background Subtracted Light Curve

251

151

Counts/sec
=
o

=]
w

[ bt

Filename: bblc_0560191401_M2_S003|

Obs. ID: 0560191401
Exp. ID: M2 S003
Source no.: 1

Source RA: 11:47:20.0

20 30 40
Time (ksec) - TSTART

W

Gamma-ray Burst;
GRB 080/723B

Ualc UUSCIivaliuil., ZUUO-U7-ZJ 1 1O.40.10.040

Time series start: 333226157 sec

Source Dec: -60:14:27.8 Number of blocks: 10

Background Subtracted Light Curve

1.0

0.8 +

o
o

Counts/sec
o
a

I
N

0.0

17

i

20 30 40 50 60
Time (ksec) - TSTART

Astrosiagta 02/02/201/

Counts/sec

o
o
T

Obs. ID: 0109060201

Filename: bblc_0109060201_M1_S002| J'|6'|4O]73—2258487

Exp. ID: M1 S002
Source no.: 3

Source RA: 16:14:01.6
Source Dec: -22:58:46.2

Background Subtracted Light Curve

Some Examples (exponential)..

Brown Dwarf:

Ualc upscivauull. ZUUUUO LS4 1 LV . £0.94. 01
Time series start: 83535880 sec
Number of blocks: 5

0.5 |

0.4

o
Y]
T

_I_

0.0

0 10 20 30 a0 50
Time (ksec) - TSTART
o
L
g
" .-'"'
i
""-\-\_\__\_\_\_\_\--‘-‘_
-—
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\ Some Examples (eclipse)..

Filename: bblc_040532090
Obs. ID: 0405320901

Exp. ID: PN S001

Source no.: 23

Source RA: 00:42:32.2
Source Dec: +41:13:14.0

X-ray Binary

Candidate in

M3T:

HPH2013 75

Background Subtracted Light Curve

0.10

Counts/sec

0.00

2]

e

e

6 8
Time (ksec) - TSTART

Deviation from the Average Rate

Deviation (sigma units)
I
N

6 8 12
Time (ksec) - TSTART

Fractional Exposure in the Source Region

10f =

FRACEXP

Astrosiagta 02/02/201/

6 8
Time (ksec) - TSTART

Counts/sec

Deviation (sigma units)

FRACEXP

0.10

0.05

0.00

Filename: bblc_0555460201_|
Obs. ID: 0555460201

Exp. ID: PN S003

Source no.: 3

Source RA: 06:48:04.7
Source Dec: -44:18:58.4

HMXB: HD 49798

Date observation: 2008-05-10T21:29:03.453
Time series start: 326842206 sec
Number of blocks: 5

Background Subtracted Light Curve

¥ 3
T
] +
3
3
0 10 20 30 40
Time (ksec) - TSTART
Deviation from the Average Rate
0 lb Zb 3b 40
Time (ksec) - TSTART
Fractional Exposure in the Source Region
10 £ 40

20
Time (ksec) - TSTART
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