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Stellar flares X-ray Binaries Active galactic nuclei

Tidal Disruption Events

Systematic study provides information to uncover their

nature and the mechanism causing the variabilities. XMM-Newton SLew survey (XMMSL)

Provides predictions for the long term transients/variable
sources EP will detect.
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Previous work

* Sample study: e.g. X-ray extragalactic transients in the
LIGO/VIRGO horizon (Kanner+ 2013), Highly variable AGN in
XMMSL (Strotjohann+ 2018).

* Individual transients: e.g. TDE (e.g. Esquej+ 2008; Saxton+
2012, 2014, 2017), nova (e.g. Read+ 2008, 2009).

Credit: A. M. Read

Lacking an overall census of the variable sources
Slews used in the creation of XMMSL2

84% sky coverage, limiting flux: 6e-13 erg/s/cm2
(between 2001-08-26 and 2014-12-31)

Our work:
1. Systematic study of highly variable sources with XMMSL2/RASS>10 (Li et al. 2022)
2. Discover more interesting transients, especially TDEs (Li et al. 2020)




Flux (erg/s/cm?)

s =l Highly Variable Source Sample

Comparing with ROSAT All Sky Survey (~1991)

XMMSL2 (credit: XMMSL home page) 10463 sources
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265 (2.5%) sources with variability amplitude>10




Source Identification

SIMBAD, NED

GAIA, WISE

250 out of 265 identified
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Interesting individual sources (TDE) A;))
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. - | TDE candidate in a starforming galaxy
XMMSL1 J1319+2259
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Most highly variable stars are late type.
Non-variable and variable stars on HR diagram




% =l Results of Identification /\\

NAOC

Li Dongyue, Starling, R. C., Saxton R. D., Pan Haiwu,
Yuan Weimin. 2022, MNRAS, 512, 3858.
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Chance match estimation: <10%

Catalogue release: http://paperdata.china-vo.org/Li.Dongyue/xmmsl2_variables final upload.csv



I Tl XMMSL1 J1319+2259 (X-ray data)

1 044 [ I:’ ————
;| Lijear = 1.3e+42erg s’
| t, = 2005-03-24
":\ I} XMMSL
w I \2005-07-15
o i \
e |
> 10% o\ |
8 |, XMmsL upp;ar fimit
c 2002-07-06 | N
E ! \\__\
= RASS upper limit |
- | |
1 041 SRR : Switt'XXRT upper limit
: 2018-08-24
i ot e
10 T 2013122 |
2000 2005 2010 2015 2020
Time (year)
1" —250

L({t) =Liy X [ l

yr

-5/3
] ergs''  Outburst time: ~2005 March

100 ¢

+ XMM pointed pn (2013)

+ XMM pointed MOS (2013) |

L
2
»
2
-
=
3
8 0.01;1' oy _..:,.t,_*—+'t_ E
N L S R = = M P S
c_éi 109 ‘T ‘ ‘TT—I]—L $ ‘ 1
£ i I ‘
S o) A TR
5 : ‘ LT
'u»:, 10+ ! —ttde e e =
% 2+ ? -9 + 1 L‘ | + +
' of~l : -t _ 4 ll ‘1 ' == ‘ «, = +
o ¢
S s 0.5 1 2 5 =
Energy (keV)
Obs Model I’ kT (eV)
pointed tbabs* (zpo) (—)
slew tbabs* (zpo) 44747 (—)
" tbabs# (zbb) (-) 64.273,5
" tbabs#* (zpo+zbb) 2.1(fixed) 64.075,7




NAOC

121 U— L —
i > - - - 1
4 B S N —:10"
[ A ]
= - ‘]
13F Mot oo O
5 ® GALEX NUV-3.0 &
= - H il m OMU | 10-125
© i | SDSS u - Q
‘g [ 4 WISEWI1.0 & WISE W210 ] g
g 14f .-
+ N =
g | T
E - E
. 3 103
15m ]
I ° ‘ 1
160 . . - 4 10"
2005 2010 2015 2020
Date (years)
X-ray: ~270

Optical: 1magnitude UV: 3 magnitude
IR: kept declining from 2011-2018

residual image

> 0
pixel pexel xel

rasidual image

300
pixel pixel

Separate nuclei and galaxy light by
2D image decomposition using GALFIT



% =l SEDs of the flare TS

NAOC'

100

440 N — T™TTT"T7T ™7 TTTTT ol X ray
e SDSS 2005-03-10 Optlcalluv ) 10 b=l |
435 e SDSS 2005-04-02 - i . ! « XMM pointed pn (2013)
. T 1 & 1
> 3
. E + XMM pointed MOS (2013) :
T 2 :Il L 4
L d * 1] 0.1 B 1
43.0 .5 < s :
i P 3 . ]
= L 3 0.01 ] = BB o = t <
s A N ; =T 3
g i | | E—— S ——"1 i o1 K | 3
S 425} I £ Tt .
! /' g 10 et
- \ ) 'D 4 e, i
105 + }
‘ S +
| okt i ot
] £ s =i + y1
E ] - -2
41,0l \ PR . N W S 3 \
10" 10" 10" 0.5 1 2 5
log Frequency (Hz) Energy (keV)

Assuming black body radiation:

Temperature: (1 — 2) x 10*K Temperature: ~60eV (7x10° K)

Luminosity: (2 — 6) X 1043erg g1 Luminosity: 1.5 X 1043erg S -
Emission region: 100R, (R, = GMsn Emission region: several R, (R, = (’"Cf“)
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1. 265 sources with XMMSL2/RASS>10. 250 (94.3%) identified,
40% stars, 10% accreting binaries, >30.4% AGN.

2. Most highly variable stars are late type. Highly variable AGN
tend to have lower luminosity, redshift and black hole mass.

3. A new TDE showing optical/UV and X-ray brightening, and

clear IR echo, taking place around a BH with Mg, = 5.0°35 x 10 M.

Enlarges the limited sample (only several).

Li Dongyue, Starling, R. C., Saxton R. D., Pan
Haiwu, Yuan Weimin. 2022, MNRAS, 512, 3858.

Li Dongyue, Saxton R. D., Yuan Weimin. et al.
2020, ApJ, 891, 121,



