
    Table 2. 

Parameters used for the variability computation, with good time ratio rGT = 1.0.




	TW (s)
	3
	10
	30
	100





	DL
	5
	6
	7
	6
	7
	8
	7
	8
	9
	8
	9
	10



	




	b (pixels)
	3
	5






Notes. For each time window (TW), the three respective detection levels (DL) were used, whereas the two given box sizes b were used for all the TW-DL combinations.




  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
Properties of the sources detected by EXOD. Test observations with the detection parameters listed in Table 2: empty markers. All observations with the parameters in Table 3: filled markers. Left: number of detected sources as a function of DL. Right: fraction of sources confirmed to be variable through the χ2 and KS tests among the detected ones as a function of DL. The colors correspond to different TW: light green for TW = 3 s, light blue for TW = 10 s, medium blue for TW = 30 s and dark blue for TW = 100 s. The shapes represent the box size: triangles for b = 3 × 3 pixels and circles for b = 5 × 5 pixels.



    

  
    Table 4. 

Source category classification.




	Category
	Description
	Number of sources





	Compact binaries
	Cataclysmic variables, X-ray binaries, ULXs, novae.
	153



	Stars
	Stars, pulsars
	515



	Stellar binaries
	Binary stellar systems
	66



	ISM
	Interstellar medium
	66



	Galaxies
	Galaxies, AGNs, QSOs
	504



	Multiple objects
	Galaxy clusters, groups of galaxies, stellar clusters or associations.
	80



	Extended sources
	The angular distance d to the catalogued source satisfies 10″ ≤ d ≤ 15″ and it belongs to the category ISM, galaxies or multiple objects.
	430



	No identification
	Previously known source of unknown type.
	668



	Without counterpart
	No association has been found within 15″.
	425






Notes. Naming of the categories used in Fig. 4, with a description of the objects included in each category and the number of sources detected for each.




  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
Example of light curves of sources with different types of variability detected by EXOD. The light curves are plotted in black with cyan shaded regions representing the 1σ error bars. In each plot we give the OBSID where it was detected and the 3XMM name of the source. The dashed purple line represents [image: equation], the median number of counts. The dotted purple line represents 𝒞max, the maximal number of counts. The gray vertical shaded regions represent the bad time intervals. (1) RX J1914.4+2456, ultra compact binary showing periodic oscillations (Steeghs et al. 2006). (2) WISEA J051237.57-161925.2, high proper motion star showing a stellar flare (Kirkpatrick et al. 2016). (3) IGR J16418-4532, flares from a supergiant fast X-ray transient (Sidoli et al. 2012). (4) V* V1129 Cen, eclipsing binary of beta Lyr type (Bruch 2017). (5) LSQ J172554.8-643839, magnetic cataclysmic binary showing periodic eclipses (Fuchs et al. 2016). (6) AX J1745.6-2901, LMXB showing a type I X-ray burst (in’t Zand et al. 2019).



    

  
    Table 5. 

Computation time fit parameters.




	
	EXOD
	Light curve



	
	




	TW(s)
	a
	b
	c
	a
	b
	c





	100
	0.151
	0.054
	0.836
	158.204
	0.002
	1.125



	30
	12.614
	0.012
	0.975
	83.171
	0.001
	1.170



	10
	5.210
	0.012
	1.013
	121.960
	0.040
	0.876



	3
	36.822
	0.005
	1.156
	89.109
	0.091
	0.866






Notes. Parameters of the fit to the computation time for the expression (4) for EXOD and the light curve generation.




  
    Table 6. 

New variable EXOD sources.




	ID
	Name
	OBSID
	RA
	Dec
	Burst
	Var.
	Comments



	
	
	
	(J2000)
	(J2000)
	dur. (s)
	
	





	1
	J173046.7+521846
	0021750201
	17:30:46.7
	+52:18:46
	
	PN
	AGN candidate.



	2
	J160502.1+430401
	0025740101
	16:05:02.1
	+43:04:01
	
	PN
	Short observation.



	3
	J191515.1+044348
	0075140501
	19:15:15.1
	+04:43:48
	
	PN
	No SIMBAD object associated.



	4
	J083941.3+192901
	0101440401
	08:39:41.3
	+19:29:01
	3000
	PN
	Star in cluster.



	5
	J182929.4−092530
	0135744801
	18:29:29.4
	−09:25:30
	
	PN
	Stellar flare. Off-axis detection.



	6
	J015709.1+373739
	0149780101
	01:57:09.1
	+37:37:39
	800
	PN
	Stellar flare.



	7
	J070509.8−112940
	0201390201
	07:05:09.8
	−11:29:40
	
	PN
	Short observation. Star.



	8
	J174610.8−290021
	0202670701
	17:46:10.8
	−29:00:21
	100
	PN
	Type I X-ray burst candidate.



	9
	J010909.2+132337
	0203280301
	01:09:09.2
	+13:23:37
	
	PN
	AGN candidate.



	10
	J015727.2−004041
	0303110101
	01:57:27.2
	−00:40:41
	200
	PN
	Short observation, off-axis detection.



	11
	J092927.6+504810
	0556210401
	09:29:27.6
	+50:48:10
	
	PN
	Quasar candidate.



	12
	J233504.9−534751
	0604870332
	23:35:04.9
	−53:47:51
	
	PN
	AGN.



	13
	J183658.4−072119
	0606420101
	18:36:58.4
	−07:21:19
	3000
	PN
	Close to CCD gap. Star.



	14
	J090150.9−015815
	0655340159
	09:01:50.9
	−01:58:15
	600
	PN
	Short observation. Blue ctp.



	15
	J081907.9−384302
	0655650201
	08:19:07.9
	−38:43:02
	2500
	PN
	IR-optical ctp. Star.



	16
	J221448.2+002707
	0673000136
	22:14:48.2
	+00:27:07
	400
	MOS
	QSO.



	17
	J090629.9−000911
	0725300150
	09:06:29.9
	−00:09:11
	
	MOS
	Short observation. Star.



	18
	J090335.4+013224
	0725300157
	09:03:35.4
	+01:32:24
	
	PN
	Short observation. Seyfert 1.



	19
	J011552.2−003058
	0747400134
	01:15:52.2
	−00:30:58
	300
	PN
	No SIMBAD object associated.



	20
	J012517.1−001829
	0747410134
	01:25:17.1
	−00:18:29
	300
	PN
	QSO.



	21
	J012351.6+000831
	0747410144
	01:23:51.6
	+00:08:31
	
	MOS
	Short observation, highly contamined.



	22
	J014150.5+000754
	0747430146
	01:41:50.5
	+00:07:54
	400
	PN
	Optical-UV ctp.



	23
	J144506.2+685817
	0763640601
	14:45:06.2
	+68:58:17
	200
	PN
	Contamined observation. Blue ctp.



	24
	J175131.6−401533
	0763700301
	17:51:31.6
	−40:15:33
	1000
	PN
	var_flag=True. Optical ctp. Star.



	25
	J113407.5+005223
	0770380401
	11:34:07.5
	+00:52:23
	200
	PN
	No SIMBAD ctp.



	26
	J022133.7−042346
	0785101401
	02:21:33.7
	−04:23:46
	1000
	PN
	NIR-blue ctp. Star.



	




	M 31



	




	1
	J004307.5+412019
	0109270101
	00:43:07.5
	+41:20:19
	400
	PN
	Type I X-ray burst. NS-LMXB.



	2
	J004242.5+411657
	0405320701
	00:42:42.5
	+41:16:57
	
	PN
	



	3
	J004215.6+411720
	0650560201
	00:42:15.6
	+41:17:20
	300
	PN
	Type I X-ray burst. NS-LMXB.



	4
	J004252.4+411648
	0650560501
	00:42:52.4
	+41:16:48
	
	PN
	



	5
	J004209.5+411745
	0674210201
	00:42:09.5
	+41:17:45
	
	PN
	



	6
	J004210.9+411248
	0674210201
	00:42:10.9
	+41:12:48
	500
	PN
	Type I X-ray burst. NS-LMXB.



	7
	J004215.1+411234
	0674210301
	00:42:15.1
	+41:12:34
	
	PN
	



	8
	J004212.1+411758
	0727960401
	00:42:12.1
	+41:17:58
	500
	MOS
	Type-I X-ray burst. NS-LMXB.



	9
	J004231.2+411938
	0727960401
	00:42:31.2
	+41:19:38
	
	PN
	






Notes. Newly variable sources detected by EXOD with TW = 100 s. Column 1 gives the source ID in this paper. Column 2 the name of the source in 3XMM-DR8. Column 3 the observation ID in which the source was detected, Cols. 4 and 5 the RA and Dec respectively. Column 6 the duration of the burst if there is one, Col. 7 in which instrument the light curve is variable (PN or MOS), and Col. 8 some comments, including the presence of a counterpart (ctp.). The top 30 are the general survey, the bottom 9 are in the direction of M 31.




  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
Light curves of sources detected with EXOD, present in 3XMM-DR8, but not classified as variable by the automatic pipeline. The light curves are plotted in black with cyan shaded regions representing the 1σ error bars. The dashed purple line represents [image: equation], the median number of counts. The dotted purple line represents 𝒞max, the maximal number of counts. The gray vertical shaded regions represent the bad time intervals. Each plot gives the source ID, the OBSID in which it was detected and the 3XMM name of the source.



    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
Variability of observation 0112570101 of M 31’s central region. Computed with TW = 3 s (top left), 10 s (top right), 30 s (bottom left) and 100 s (bottom right). The colorbar is the same for all the plots and represents the variability divided by the detection level used for each time window, from less variable (𝒱/DL = 0.1, darker) to more variable (𝒱/DL = 1, lighter). The detected variable sources are marked by white circles. One of the sources that is detected with TW = 100 s, TW = 30 s and TW = 10 s in this observation was reported in Pietsch & Haberl (2005) as a type I X-ray burst, and is it marked here with white arrows.



    

  
    
      Fig. D.1. 

      
        [image: thumbnail]
      

      
EPIC-pn fitted spectra in the 0.2–10 keV band. Beginning by first pair of rows and then second pair of rows, from left to right: (1) J015709.1+373739 fitted with a tbabs*bbody model. (2) J113407.5+005223 fitted with a tbabs*bbody model. (3) and (4) respectively: J174610.8−290021 fitted with a tbabs*bbody model and persistent emission fitted to a tbabs*(bbody + gauss) model. (5) and (6) J004307.5+412019 burst and persistent emission fitted with a tbabs*pow model. (7) and (8) J004215.6+411720 burst and persistent emission fitted with a tbabs*pow model. (9) and (10) J004210.9+411248 burst and persistent emission fitted with a tbabs*pow model. (11) and (12) J004212.1+411758 burst and persistent emission fitted with a tbabs*pow model.



    

  
    Table D.1. 

Results from fitting different models to the pn spectra.




	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)



	Object
	Time
	nH
	kT
	Γ
	C-stat (d.o.f.)
	Fabs
	Funabs



	
	selection
	(×1022 at. cm−2)
	(keV)
	
	
	(10−13 erg cm−2 s−1)





	6 J015709.1+373739
	A
	< 0.12
	0.16 [image: equation]
	...
	19.79 (19)
	0.16 [image: equation]
	0.26 [image: equation]



	
	
	< 1.14
	...
	2.95 [image: equation]
	14.83 (19)
	0.20 [image: equation]
	0.41 [image: equation]



	




	8 J174610.8−290021
	A
	22.71 [image: equation]
	1.92 [image: equation]
	...
	88.88 (90)
	1.81 [image: equation]
	4.10 [image: equation]



	
	
	30.38 [image: equation]
	...
	1.74 [image: equation]
	88.69 (90)
	1.86 [image: equation]
	9.17 [image: equation]



	




	25 J113407.5+005223
	A
	< 0.18
	0.30 [image: equation]
	...
	36.30 (20)
	0.15 [image: equation]
	0.17 [image: equation]



	
	
	0.31 [image: equation]
	...
	3.55 [image: equation]
	35.56 (20)
	1.89 [image: equation]
	0.18 [image: equation]



	




	M 31-1 J004307.5+412019
	B
	< 0.50
	0.32 [image: equation]
	...
	1.72 (2)
	0.83 [image: equation]
	1.15 [image: equation]



	
	
	< 0.12
	...
	1.91 [image: equation]
	0.68 (2)
	1.91 [image: equation]
	2.68 [image: equation]



	
	P
	< 0.16
	0.22 [image: equation]
	...
	73.23 (51)
	0.23 [image: equation]
	0.39 [image: equation]



	
	
	0.23 [image: equation]
	...
	3.31 [image: equation]
	56.71 (51)
	0.32 [image: equation]
	2.03 [image: equation]



	




	M 31-3 J004215.6+411720
	B
	< 0.39
	0.68 [image: equation]
	...
	2.72 (3)
	1.33 [image: equation]
	1.47 [image: equation]



	
	
	< 0.54
	...
	0.74 [image: equation]
	0.48 (3)
	3.55 [image: equation]
	3.60 [image: equation]



	
	P
	< 0.19
	0.65 [image: equation]
	...
	50.42 (50)
	0.56 [image: equation]
	0.61 [image: equation]



	
	
	0.25 [image: equation]
	...
	1.64 [image: equation]
	36.78 (50)
	0.96 [image: equation]
	1.32 [image: equation]



	




	M 31-6 J004210.9+411248
	B
	< 3.86
	0.71 [image: equation]
	...
	7.23 (2)
	3.22 [image: equation]
	3.50 [image: equation]



	
	
	< 3.55
	...
	1.15 [image: equation]
	5.87 (2)
	5.18 [image: equation]
	5.18 [image: equation]



	
	P
	0.12( * )
	0.23 [image: equation]
	...
	18.59 (23)
	0.13 [image: equation]
	0.23 [image: equation]



	
	
	0.12( * )
	...
	2.38 [image: equation]
	21.39 (23)
	0.25 [image: equation]
	0.47 [image: equation]



	




	M 31-8 J004212.1+411758
	B
	0.12( * )
	0.43 [image: equation]
	...
	0.28 (2)
	1.75 [image: equation]
	2.15 [image: equation]



	
	
	0.32( * )
	...
	2.34 [image: equation]
	1.18 (2)
	2.51 [image: equation]
	6.15 [image: equation]



	
	P
	< 0.19
	0.73 [image: equation]
	...
	31.21 (23)
	1.37 [image: equation]
	1.48 [image: equation]



	
	
	0.32 [image: equation]
	...
	1.55 [image: equation]
	24.69 (23)
	2.27 [image: equation]
	3.06 [image: equation]






Notes. Column (1) gives the name of the object in this paper and in 3XMM, (2) time selection of the fit refers to all photons of the observation (A), the burst (B) or persistent (P) emission. Column (3) gives the interstellar absorption; Cols. (4) and (5) give the black-body temperature (kT) or the power law index (Γ) respectively; Col. (6) the goodness of fit measured using the C-statistic and the number of degrees of freedom; Cols. (7) and (8) give an estimate of the absorbed (Fabs) and unabsorbed (Funabs) fluxes in the 0.2–10.0 keV band, respectively. All the errors are given for 90% confidence for one interesting parameter. For the fluxes, the errors are at 68% confidence. ( * ) Values frozen for the fit.
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