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ABSTRACT

We discuss the potential of the eROSITA telescope on boa&fectrum-Roentgen-
Gamma (SRGpbservatory to detect stellar tidal disruption events (JO&ring its 4-year
all-sky survey. These events are expected to reveal theessas luminous flares of Usbft
X-ray emission associated with the centers of previously-active galaxies and fading by
few orders of magnitude on time-scales of several montheaosy Given that eROSITA will
complete an all-sky survey every 6 months and a total of 8 saahs will be performed over
the course of the mission, we propose to distinguish TDE® fother X-ray transients using
two criteria: i) large (more than a factor of 10) X-ray vaitet between two subsequent 6-
month scans and ii) soft X-ray spectrum. The expected numibEDE candidates is- 10°
per scan (with most of the events being new discoveries irvengscan), so that a total of
several thousand TDE candidates could be found during treadsurvey. The actual number
may significantly difer from this estimate, since it is based on just a few TDEs vaskeso
far. The eROSITA all-sky survey is expected to be nearly Bgsansitive to TDESs occurring
near supermassive black holes (SMBH) of mass betwe&f® and~ 10’M, and will thus
provide a unique census of quiescent SMBHs and associatéebmstellar cusps in the local
Universe ¢ 5 0.15). Information on TDE candidates will be available withiday after their
detection and localization by eROSITA, making possibldof@tup observations that may
reveal peculiar types of TDEs.

1 INTRODUCTION only about 10% of the original star's mass actually gets ac-
creted. Accretion of the stellar debris onto a SMBH giveg ris
to a flare of thermal radiation with the peak at extreme uitrav
olet (EUVYsoft X-ray wavelengths and maximum luminosity of
10% - 10* erg s'(Strubbe & Quataert 2009). However, the ex-
pected rate of such tidal disruption events (TDE) is not higgt
pending on the stellar density in the nuclear cusp and the I3SMB
mass, it varies from 160 to 103 yr~! per galaxy|(Wang & Merritt
2004). Consistent with these expectations, just about ardot
TDE candidates have been identified so far by X-ray (Komossa
2002] Donley et al. 2002; Esquej eflal. 2008; Cappelluti £2G09;
Maksym, Ulmer, & Eracleous 2010; Lin etlal. 2011; Saxton ¢t al
2012), UV (Gezari et al. 2009 and references therein) andapt
(van Velzen et al. 2011b and references therein) obsenstithe
observed spectral and temporal properties of these TDHd=ed
support the general picture of captured stellar debris ifagran ac-
cretion disk around a SMBH, but the existing data are toosgpiar
provide stringent constraints on the theoretical models.

Recently, it has also been recognized that powerful jetidcou
emerge during accretion of stellar debris onto a SMBH, giv-

1 SMBHs withM > 10®M,, are expected to capture solar-type stars with- Ing F'lse to radio a”‘?'_ hgrd X-ray em'ss'oh' (G'finn'osl & Metzge.r
out disruption, since the corresponding tidal radius islEmthan the radius 2011; lvan Velzen, Kording. & Falcke 2011; Lei& Zhang 2011;

of the black hole’s event horizon. Also, in the situation wehthe tidal and Krolik & Piran|2012). The subsequent discovery Syift of TDE

horizon radii are close to each other, general relativifgas cause the cap- ~ candidates that fit well into this scenarip_(Levan etlal. 2011
ture probability to strongly depend on the black hole spiagéen 2012). Burrows et al. 2011; Cenko etlal. 2012) opened an extra diimens

It is widely accepted that supermassive black holes (SMBH),
black holes with mass of hundreds of thousands to billiorsotr
masses, reside in the centers of most galaxies. (see Ho 20@8 fo
review). However, apart from active galactic nuclei (AGNhere
intense accretion of gas onto the SMBH takes place, and the nu
clei of the few most nearby optically non-active galaxietieve
dynamics of stars and gas near the SMBH can be directly mea-
sured, such black holes remain hidden (Kormendy & Richstone
1995;| Kormendy, Ho 2001). A plausible scenario for revepkn
compact object withM < lOBM@E in the center of an inactive
galaxy is based on tidal disruption of stars passirfi@antly close

to it (Hills 1975;|Lidskii & Ozernail 1979). According to anat

ical estimates, about half of the disrupted star's matesiriuld

be captured and then accreted by the SMBH on a time-scale of
about a year (Gurzadian & Ozernoi 1981; Rees 1988). Nunierica
simulations confirm these suggestions (Evans & Kochanelg;198
Laguna et al. 1993), though Ayal, Livio, & Pitan (2000) foulhekt
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in TDE studies. It is currently unclear whether the obsemazity
of such flares is owing to a high degree of jet collimation oato
low intrinsic probability of jet production (Cenko et|al. P4). Ob-
viously, a larger sample of TDEs is needed to check tlfiemdint
possibilities and test the existing theoretical models.

Deep wide-area surveys are especially powerful in diseover
ing transient sources, usually by comparison with pre- @tpo
survey observations. As regards giant thermal flares frathast
TDEs, EUVsoft X-ray surveys are the most suitable. Up to sev-

eral thousand TDEs had been expected to be detected dugng th

ROSATAII-Sky Survey (RASS| Sembay & West 1993), but only
five were actually identified due to the lack of timely follow-up
observations and deep X-ray observations to confirm the qare-
post-outburst state (Komossa 2002; Donley €t al. [2002) e
less, the RASS has provided the largest contribution to xist-e
ing sample of X-ray TDE detections. The several other catdil
have been found in thEMM-NewtonSlew Survey|(Esquej et al.
2008;[Lin et all 2011); Saxton etial. 2012) anddhandrapointed
observations (Cappelluti etlal. 2009; Maksym, Ulmer, & Beaas
2010).

In the present paper, we investigate opportunities pravige
the upcomingSpectrum-X-Gamma (SR@)ission. This observa-
tory is planned to be launched in 2014 to the L2 point of thetEar
Sun system and the first 4 years of the mission will be devated t
all-sky survey in the 0.2-12 keV energy band with the eROBITA
(Merloni et al. 2012) and ART-XE (Pavlinsky et all 2012) tele-
scopes. The survey will consist of 8 repeated half-a-yeansof
the entire sky, each with sensitivity (below 2 keV)4 times bet-
ter than RASS. Owing to this observational strategy, 'sallbw-
up’ observations of X-ray sources will be possible througans
to-scan comparison. As one of the main TDE hallmarks is atgian
amplitude of flux variations on the time-scale of years, ceas for

such events in the eROSITA All-Sky Survey (eRASS) data can be

very dficient (see Fid.]1). An additional identification tool will be
provided by X-ray spectral analysis, taking advantage efhigh
sensitivity in the 0.2—-2 keV energy range and the possjtilitde-
tection of harder photons with energies up-ta@0 keV. Below, after
a short overview of TDE X-ray emission properties, we spettié
required identification criteria and estimate the expedtBé de-
tection rate for eRASS.

2 X-RAY SIGNATURES OF TIDAL DISRUPTION
EVENTS

The observational appearance of a given TDE may depend on
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Figure 1. Light curve of a TDE candidate (normalized to the flux value at
peakfp) as would be seen by eROSITA. The source falls into the tefess
field of view every 6 months, as indicated by the verticaldinEhe average
background level is shown by the blue dotted line. The gresshdiotted
line marks the count rate that can be produced by Poissondiimhs in the
background with a probabilitPyg =~ 10°3. The flux from a TDE candidate
must exceed this level by a factor 10 during at least one scan, which
defines the TDE detection level shown by the red dashed leeAPpendix
for further details.

2.1 Temporal properties

The flux decay of TDE flares is broadly consistent with
a power law with a slope of~ -5/3 (Komossal 2002;
Halpern, Gezari, & Komossa 2004; Vaughan, Edelson, & Waiwic
2004). This decay probably reflects the decreasing acoredite,
M, of the falling back stellar material by the SMBH, coupledtwi
some constant radiativefiency e (the source luminosity. =
eMc?), since the viscous timescale is believed to be shorterttrean
characteristic dynamical fallback time (Rees 1988; Phirt839).
However/ Lodato et al[ (2009) found that&/® decrease oM is
reached only asymptotically at late times, while at eadixges
the behavior of the accretion rate is sensitive to the atreatf the
disrupted star. Besides that, the radiatifieceency of accretion is
probably constant only at a certain phase of the event, yantedn

M is below the critical valuMegq = € Lgqqy/C corresponding to
the Eddington luminositygqq = 1.3x 10“4(

MB“@ ) erg s?, but still

the properties of the star (mass and type) and SMBH (mass andabove~ 0.01Meqq. At this stage, the released gravitational energy

spin) as well as on the initial stellar orbit characterstito sim-
plify the treatment, we shall use some ‘average’ patternclvhi
is based on the standard theory of tidal disruption @um-like
star and which satisfactorily reflects major observatigmeperties
of the currently available sample of X-ray selected TDEsné¢e

such phenomena as flares resulting from tidal stripping of at

mospheres of giant stars (MacLeod, Guillochon, & RamirezR
2012; Guillochon & Ramirez-Ruiz 2013) or stellar tidal digtion
flares from recoiling SMBHs (Komossa 2012) are not consitlere
due to the lack of observational data associated with thexa (s
Alexander 2012 for a review of various dynamical channels by
which stars can be supplied to a SMBH).

2 Extended ROentgen Survey with An Imaging Telescope Array
3 Astronomical Roentgen Telescope — X-ray Concentrator

is radiated away by a geometrically thin, optically thiclceation
disk (Shakura & Sunyagv 1973). For a solar type star with & per
center distanc®, = 3Rs (whereRs is the Schwarzschild radius),
the peak mass rate occurs at time

5/2
) min

after the instant of disruptioty and is highly supercritical given

€ = 0.1 andMgy s 10'Mg (Strubbe & Quataert 2009; this delay
is in fact highly sensitive to pericenter distaneg:ix Rf)). There-
fore, early on accretion takes place in radiativelyfiigent regime,
with an approximately constant luminosity = Lgqgq €mitted by

a thick accretion disk, which is likely subject to outflowsliftér
1999;| Strubbe & Quatadrt 2009). The boundary between thg ear
(Eddington) and late (decay) phases lies at

MaH
=20
' (106M@

@)



Mah
10°Mg

2/5
% @
after disruption forR, = 3Rs (redq « R, [Strubbe & Quataert
2009). Although the reality can be somewhat more complitate
(see e.g. Lodato etial. 2009), we adopt the following appnake
relation for the time profile of flares associated with TDESs:

TEdd = 01(

Lguies for t <ty
Lo for to<t<ty

L (ﬂ)_s/3 fort>t,

0 TEdd

L(t) = (3

where Lqies is the source luminosity in the quiescent stdig,=
nledd > Lques i the peak observed luminosity (with be-
ing a geometrical dilution factor), and = to + 7eq4¢. Equation
(@ ignores the short period < Tgqq SiNCe 7i/Tega = 4 X

104(MBH/l()Gl\ﬁ?Zl/m(Rp/SRS)%. However, as we further dis-
cuss in Sectioh 412 below, there is an interesting possilidi ob-
serve some TDEs during the rising phase of the flare, whidh las
Trise < Ti << Teqq (Under our assumption of shortness of the viscous
time compared to the fallback time) and can be significarthgl

for largeMgy andor R,.

For SMBHSs withMgy, > fewx 10" Mg, only the closest stellar
disruptions (smalR;,) can lead to supercritical accretion, while the
majority of TDE flares associated with such SMBHs are expkcte
to be sub-Eddington (given a uniform distribution of peniegs,
Ulmer|1999). Moreover, most of the emission will appear at UV
rather than X-ray energies (see Secfion 2.2 below). We #stsct
our consideration to SMBHs withlgy < 10'Mg.

We note that very recent analytic (Stone, Sari, & l.beb 2012)
and numerical (Guillochon & Ramirez-Rlliz 2013) calculagdn-
dicate that the characteristic timescales discussed abaya be
almost independent dR,, since the stellar debris energy 'freezes
in’ at the tidal radiugR; = R, (Man/M,)Y® (whereR, andM, are
the mass and radius of the disrupted star), rather th&y as was
thought before (sele_Stone, Sari, & Ldeb 2012 for a thorough di
cussion). The resulting fierence is small foMg = 10'Mg, (since
Ri/3Rs = 1.6, assumingR, = Ry andM, = Mg), but becomes
significant for lighter SMBHs, sinc&/3Rs = 7.5 for Mgy ~
10°Mg, which should lead to longet andre4q and hence to slower
flux decay during the post-peak phase. However, there is ro ob
servational confirmation of these new theoretical resudts kur-
thermore, the TDE light curves observed so far are congistiéh
the shorter decay time-scales expectedRpr 3Rs (Esquej et &l.
2008). Since we make our predictions for the eROSITA TDE de-
tection rate (in Sectidnl 4) using the same (currently alibgledata
set, we shall for simplicity assuntg, = 3Rs.

2.2 Spectral properties

An observer will detect only a fraction of the TDE bolometfticx,

depending on the spectral energy distribution of TDE ermisand

the energy response of the detector used. Since this emigso

sumably originates in an accretion disk around a SMBH, iecsp

tral energy distribution can be approximated (Shakura &/@en

1973) by a black body radiation spectrum with temperature
Mgn M

_1/4 1/4
—_ keV,
1M, ) ( MEedd )

which corresponds to the innermost regions of the digk (5Rs,
Ulmefl1999). Since this emission is fairly soft, the detattprob-
ability must strongly depend on the absorption column dgrisi

KTop = 0.06( 4)
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the source, implying that X-ray selected samples might beeul
against absorbed TDE events. No indication of significatrtrin

sic absorption has been found from spectral analysis paddifor
known TDE candidates under the assumption of black body-emis
sion. The estimated black body temperatures«dig ~ 0.07 keV
(the median value, Komossa 2002; Esquej et al. 12008), ajthou
the quality of the existing X-ray data hardly makes it polssib
to distinguish a black body model from e.g. an absorbed power
law model (Esquej et &l. 2008). Power-law fits typically fesdiin
steep sloped(x 3), i.e. the observed spectra are indeed soft.

Disregarding the remaining uncertainty in the spectrapsha
of TDE emission, we use the (physically motivated) absotiladk
body model in our calculations. This model has 3 parameédrs:
sorption column densitiy, temperature Ty, and peak bolometric
flux
- 47rdf’
whered, is the luminosity distance to the source (see Se¢fion 4).
We freeze the first parameteriyg = 5x 10°° cm 2, which is close
to the median value of Galactic absorption for random parsgtiin
the extragalactic sky as calculated by Esquej el al. (200&)ddi-
tion to the Galactic absorption there might also be soménsitr
absorption due to edge-on orientation of the accretion aiskor
screening by unbound stellar debris material (Strubbe &t&rra
2009). However, in the former case the disk radiation mightlis
rected preferentially away from the observer, and so théribon
tion of such events to the net detection rate is likely to balkrin
the latter case, the estimates of Strubbe & Quataert (2008)ate
that unbound equatorial material builds up a ‘vertical tafllde-
bris with huge column density in the radial direction butteumdling
a small solid angl&Q ~ 0.1 sr. Such screening will most likely re-
sult in complete non-detection rather than detection of & Tilith
a significant excess of absorption relative to the Galaetiae:

As follows from Eq.[4, the second parameter of the model
obeyskTyy, o« Mgi/*. Unfortunately, there are only crudég esti-
mates for known TDE candidates. The median observed tempera
turexTyp =~ 0.07 keV implies a SMBH with masMgy ~ 1PM,.

For comparison, fotMgy = 5 x 1P and 10M, one expects
«Tpp = 0.047 and 039 keV, respectively. We shall use these three
fiducial values in our calculations.

As the accretion rate of falling back material decreases, th
effective temperature of the radiation is also expected toedser
as«Tp, « MY4 as long as the thin disk approximation remains
valid (Strubbe & Quataert 2009). Nonetheless, late obsensof
five TDE candidates from RASS (Vaughan, Edelson, & Warwick
2004) demonstrated no significant softening and in factated a
marginal hardening for some of them, while the luminositéidy
more than two orders of magnitllﬁ;l&(omossa et al! (2004) found
similar spectral hardening for another TDE candidate, RX42+
1119. This behavior may have resulted from transition tdfeint
accretion mode accompanied by Comptonization of disk tadia
in a hot corona andr significant contribution from a relativistic
jet. Taking into account these observations and becausepese
eROSITA to detect TDEs mostly during an early post-peak @has
(see Sectiohl4), we disregard possible spectral evolufiarDe-
associated emission in our estimates below.

It is also worth mentioning that somewhat higher temper-
atures kTpp ~ 0.12 keV) have been reported for TDE can-

©)

fo

4 1t should be mentioned that the host galaxies of some of thmsaidates
are classified as hosting an active nucleus.
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didates detected in clusters of galaxies (Cappellutil€2@09;
Maksym, Ulmer, & Eracleous 2010). It is unclear whether fibis
owing to some selection bias, the specific physical enviemtm
andor details of the spectral analysis. In any case, searches fo
TDE candidates with eROSITA in galaxy clusters will be chal-
lenging due to the strong filise X-ray emission from the hot
intracluster gas (which is much less of an issue @randrg
Maksym, Ulmer, & Eracleous 2010), except for brightest #are
nearby clusters (like the one reported by Cappelluti et @092,

for which elaborate spectral analyses can be performedgad-
vantage of eROSITA's higher sensitivity below 0.3 keV congoh

to Chandra A further advantage in studying such events might
be that galaxy clusters belong to the main scientific targéts
eRASS [(Merloni et al. 2012) and will thus be extensively cede
by follow-up observations.

3 OBSERVATIONAL TECHNIQUE

In formulating TDE identification criteria we should addsethe
completenessf the resulting sample andliability of the selection
procedure. As usual in such cases (see e.g. Chapter 7 of Veéll e
2003), if we wish to maximize the number of sources of the re-
quired type, we should be ready to deal with significant aoima-
tion of the sample by misidentified sources. In the case of @& RA
our primary goal is to obtain as large as possible a sampl®& T
candidates that will make it possible to accurately meatheeate
of such events in the local Universe. The associated sy$itehias
could then possibly be corrected by weighting the candidate
cording to their reliability. Hence, we choose rather lomhmtifi-
cation criteria, based on key signatures of TDEs.

3.1 eROSITA All-Sky Survey

The SRGsatellite will be rotating with a period of = 4 hours
around its axis pointed within a few degrees of the Sun, with
the telescopes observing the sky at right angles to the axis
(Merloni et al.l 2012). Following the orbit of the L2 point amd

the Sun the rotation axis will be moving at a speed of 1 deg per
day. With the 1 deg-diameter field of view (FoV), eROSITA will
complete an all-sky survey every 6 months and a total of 8sscan
will be performed over the course of the mission. A typicasipo
tion on the sky will receive- 240 seconds of exposure during one
scan. This exposure will be achieved by 6 consecutive pass#g
source through the eROSITA FoV separated-b§-hour intervals
(see Khabibullin, Sazonov, & Sunyaev 2012 for further dgYai
typical visit of a point source will thus last 1 day, which is much
shorter than the expected characteristic timescale of ukedl#cay
during a TDE flare (few months). Hence, we shall regard susitsvi

as single 240 s-long observations.

We note that in reality the eRASS exposure is not constant
over the sky and increases with ecliptic latitude. Most intquatly,
there are two areas of 1000 ded each, surrounding the ecliptic
poles, that will be visited more than 20 times during each 8RB
all-sky scani(Merloni et al. 2012). Hence, the thresholddetect-
ing TDE flares in these regions will be 4 times lower than the
all-sky average used in our analysis below. That will notycadt
low one to detect weaker TDE flares (including events fromemor
distant galaxies) but also to study in greater detail theaylight
curves of bright TDE flares. This can be particularly impottir
detecting TDEs during their rise phase (See Section 4.2).
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4 T T T T
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3.5+ 3.5

-_ KTbb=0.07O keV
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Figure 2. Redshift spectral correctiog -2 (2) for various spectral mod-
els representing spectra of TDE flares from SMBHSs Wity = 10°Mg,
(black body withkTpp =~ 0.070 keV),Mgn = 5x 10°Mg (black body with
kTpp =~ 0.047 keV),Mgy = 107M@ (black body with«Tpp ~ 0.039 keV).
All spectra were modified by Galactic absorption wih = 5 x 1020 cm?.

3.2 Identification criteria

For a TDE with a given spectral energy distribution, bolaricet
flux f (see Subsectidn 2.2) and redshifthe count rate measured
by eROSITA between 0.2 and 2 keV can be written as

Aoz 2

Koz-2(2)

whereAy,_, (in units of counts criferg) is the flux-to-count con-
version factor fora TDE a — 0 and the correcting factdt;,_» (2)
accounts for the cosmological reddening of the spectrunth Bo
Ag2-2 andKg,_» depend on the eROSITA response matrix and TDE
spectrum. We have computed the redshift correction fedint
relevant spectral models using XSPEC (Dorman & Arnaud 2001)
and it proves to be significant (see Hiyj. 2), especially ferrttodel
corresponding tgy = 10’M,. This has an obvious explanation:
as the intrinsic TDE spectrum becomes softer with incregsiack
hole mass, a largely fraction of the photons red-shift outhef
eROSITA energy band into softer bands (below 0.2 keV).

Disregarding spectral evolution during the TDE, the coate r
varies with time a530.2—2(tobservea o L (tsourcétobservea)v where the
relationtsourcd tobserve) IS governed by the source’s redshift.

Additional information on the nature of TDE candidates can
be obtained by dividing the 0.2-2 keV energy band into ségeita
bands, e.g. 0.2-0.4, 0.4-1 and 1-2 keV. The first one is sentt
absorption along the line of sight, whereas the other twonaai
suited for estimating thefiective spectral slope. We thus introduce
a softness rati® R= Cp4_1/Cy_» to distinguish 'soft' and 'hard'
sources (see Appendix for further details).

Taking into account the anticipated TDE properties (see Sec
tion[2) and eRASS characteristics (see Se¢fioh 3.1), weogeo
discriminate TDEs against other types of X-ray transiemtset de-
tected during the survey (such as AGN flares and GRB aftegglow
see e.d. Komossa 2002) based on the following two signatures

Coz2-2(f.2 = (6)

e large & 10) variation between the count raté{ ,) mea-
sured in two consequent half-a-year scans (seé_Fig. 1);



e soft spectrum (as indicated by the softness r&tR, consis-
tent with a weakly absorbedN(; < 10?! cm?) power law with a
photon index” > 3.

In addition, since we are dealing with soft X-ray flares, it is
reasonable to limit TDE searches to Galactic latitujies> 30,
where interstellar absorptiddy < 107* cm2. That will also min-
imize contamination from cataclysmic variables and flaritg

stars, whose appearance can resemble TDEs|(see Donley et al

2002).

Although the peak X-ray flux during a TDE can greatly ex-
ceed the corresponding quiescent flux, i.e. the flux prodbgete
TDE's host galaxy, in reality the minimum flux will, in mostses,
be dominated by the eROSITA background (see Appendix).eFher
fore, the first of our requirements formulated above impthest

a candidate TDE must be at least 10 times as bright as the back-

ground. Besides that, the count rate must be high enoughhéor t
softness rati® Rto indicate thal” > 3 rather thai” ~ 2 as typical
of AGN. As demonstrated in Appendix, these conditions intpbt
at leastN;m = 40 counts (i.e. 20 counts inside the half power diam-
eter region) must be collected from a source between 0.2 &atf 2
during a 240 s exposure. The corresponding bolometric ftuitdi
fim for various spectral models are given in Tdhle 1. Fiflire 3vsho
a simulated eROSITA spectrum (fdtgy = 10°M,) of a TDE with
f = fim. Trial fits of this spectrum by various characteristic madel
demonstrate that it is feasible to reveal the spectral ssftrof a
TDE using~ 40 counts.

We can finally formulate exact criteria that can be used for
identification of TDE candidates during eRASS:

1. Extragalactic|b| > 30°) location.

2. At least 40 counts (or 20 counts inside the half power diame
ter region) detected from the source during th240 s exposure in
a given scan of the sky.

3. At least a factor of 10 higher count rate in comparison with
the preceding or succeeding scan.

4. Softness rati® R> 2 in the bright state.

The last criterion should not be used in application to hékat
tic TDEs, a subclass of TDEs discussed in Se¢fioh 4.4 below.

3.3 Detection in subsequent eRASS scans

A TDE X-ray flare discovered in a given eRASS scan can remain
detectable by eROSITA in its subsequent sky scans, i.e. @hson
12 months etc. after the TDE trigger. This provides an irgere
ing possibility of obtaining a crude (2 or more data points)d-
term light curve of TDE emission. Specifically, to obtain grsf-
icant (see Appendix for details) X-ray detection from a mmt

ing TDE flare (whose position is known from its initial obsarv
tion by eROSITA), just~ 4 counts during the- 240 s exposure
are required. This implies, for instance, that a TDE flard bd
detectable by eROSITA even if the X-ray flux has dropped by an
order of magnitude during 6 months after the trigger. Suthde-
tections, or even upper limits provided by non-detectiavii, be
very useful for testing TDE models.

4 PREDICTIONS

The intrinsic rateR, of tidal disruption events in the local Uni-
verse, i.e. the number of TDEs per unit time and unit volume,
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Figure 3. Simulated eROSITA spectrum of a TDEzat 0 with flux near the
eRASS detection threshold, i.e. providing 40 counts du?i#g s exposure
time. The adopted TDE spectral model corresponddgg = 10°M, (see
text) and the corresponding bolometric flux i®8.x 1012 erg s cm 2.
The spectrum is binned in energy so that the significance taf plaints is
20. Also shown are best fits of the data byfdirent models: solid — absorbed
blackbody emission, dashed — absorbed power l&s= 5 x 10?° cm2)
with the indicated slopes. In this example, an absorbed plamewith T" <
3 can be rejected with99% significance based off statistics with the
weighting suggested hy Churazov etlal. 1996 for spectrdlysisain the
case of low number of counts.

should depend on a number of factors, such as the mass dis-
tribution of SMBHs and the density profiles of nuclear stella
cusps, which are fairly uncertain at present. Hence, it f&-di
cult to predict the TDE discovery rate for eRASS based on the-
oretical grounds. However, we can try to estimate this rataqu

the existing (poor) statistics of TDEs. Specifically, we caake

use of an estimate based on the detection of two candidates in
the XMM-NewtonSlew Survey and their non-detection in RASS:

R ~ 5x 10 yr~! Mpc3 (Esquej et al. 2008). Despite having a
rather high uncertainty and probably beirfteated by selection ef-
fects (see Gezari etlal. 2009), this estimate is in line witieoob-
servational results (Maksym, Ulmer, & Eracleous 2010) arith w
some theoretical expectations (Wang & Meliritt 2004).

4.1 Detection rate

We assumeé\C DM cosmology withQy = 0.275 Q, = 0.725 and
h = 0.7 (Komatsu et al. 2011). The luminosity distance as a func-
tion of redshift is then given by

w@=0+2d [t @

0o E(2)
wheredy = HLO ~ 3.0h! Gpc~ 4.3 Gpc is the Hubble distance, and
E@ = VQn(1+2°+ Q4 (Hogd(1999). Defining (2) = [ <%,

equation[(V) becomed (2) = dy (1 +2) J(2).

Given the flux detection limitf;,, corresponding to a given
spectral model (Tablg 1), there exists the largest distdnge (or
the corresponding redshif,) from which a TDE flare at its peak
could be identified with eROSITA:

Lo

—_———— = fjm 8
470, Zim) K @im) ©)
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Table 1. Summary of the results. The adopted TDE intrinsic fatis a crude estimate based on the currently available sampleay selected TDEs (see
text). It is assumed that all TDEs are associated with SMBHBesame masklgy, for which three fiducial values are used. The detectiontlisngiven in
terms of the black body spectrum normalizatibr= Lb/(47rdf), wherely, is the bolometric luminosity and, is the luminosity distance to the source. The
quantity N gives the total number of TDEs with the 0.2—2 keV flux abovedppropriate detection limit. It is not corrected for thoserds that were already
detected in the preceding scans (see the next column foekitve fraction of such events). The next two columns ptevthe relative fractions of events
that are triggered in the supercritical and rising phasebaeif light curves. The relative fraction of events for whieROSITA will provide at least 2(or 3)
significant data points for constructing a long-tesng months) X-ray light curve (see Section]3.3) is given in te tolumn.

Model KTop R/ 10°° fim / 1072 ' N Fraction of events
(keV) (y/Mpc®) (ergscm? 2™  perscan i 2scans in Edd.phase inrising phase  witB(3)-point light curve
Mgy = lOGM@ 0.070 0.5 1.06 0.164 650 ~1/12 ~1/2 <4x10* ~ 4/5 (7/20)
MgH = 5x 10PM,  0.047 0.5 4.29 0.162 1240 ~1/4 ~1/2 <1x1072 ~ 1 (16/20)
Mgy = lO7M@ 0.039 0.5 10.81 0.142 1150 ~1/3 ~1/2 <5x102 ~1(19/20)
Zim -3/5 7 (A4/5
or K@ (@2
L - | e e
0 0

1+ 2im)* I (Zim)* K (zim) = — 9) ) i . )

Ardy, fiim Finally, expressed in convenient units, the total humbedef

Solving this equation numerically withy = 1.3x 10* erg s*
(the Eddington luminosity for a black hole with mabssy
10°M,, and geometrical dilution factay = 1), we obtainz, =
0.164. This is approximately two times further than the distan
within which TDEs could be found with RASSz(~ 0.09,
Donley et al. 2002 Esquej etlal. 2008). Similar calculagidor
Mgy = 5x 10° and 1GM,, again assuming the Eddington luminos-
ity at the peak phase, resultzg, = 0.162 and 0.142, respectively.
Remarkably, the limiting redshifts for theftkrent SMBH masses
prove to be similar. This happens because although the ppak T
bolometric luminosity increases withgy, the spectrum becomes
softer and most of the emission appears at frequencies baw
eROSITA energy range.

Consider now a small volume of the Universe at redshifith
radial widthdz covering an opening angleon the observer's sky.
The comoving volume of the slice is

s J(@°
"E@
(Hogg 1990; see also Chapter 13 of Peebles|1993). Neglemting
evolutionary changes in the galaxy population betwggrandz =
0, we can calculate the rate of TDEs in this volumedAs(2) =
RAV (2) dt.

Taking into account both the maximum and decay phases of
the light curve (eq.[{3)), a TDE flare remains detectablerdud
comoving time

dV: (2 = wd dz (10)

3/5

Lo 1
() = 11
im (2 TE"“(ma fim (1+ 223 (22K (2 D
Hence, at a given moment of observation there are
dN (2 = Rx 1iim (2 x dV; (2 (12)

detectable TDEs. Substituting the corresponding expressior
dV; (2 and 7, (2 and integrating fronz = 0 to z,, we obtain
the total number of detectable TDEs:

N = a x1(Zim), (13)
where

Lo 3/5
= WwRd? - 14
a=w Hrgdd(ma fHm) (14)

and

tectable TDEs at a given moment is

o) (G2

4.2 Dependence on My and the phase of the TDE light curve

Estimates of the SMBH mass function
(Hopkins, Richards, & Hernquist| 2007 Greene & Ho  2007)
indicate that the spatial density of SMBHs is roughly con-
stant in the mass range from 10° to 10M, but depends
on redshift. The TDE rate may demonstrate some correlation
(Brockamp, Baumgardt, & Kroupal 2011) or anti-correlation
(Wang & Merritt |2004) with the central SMBH mass. There-
fore, since the maximum TDE distance for eRASS is almost
independent of SMBH mass, we may expect the TDEs found
during eRASS to be distributed over tiy range from~ 1C° to
~ 10’ M. Since this distribution is currently unknown, we consider
three diferent scenarios in which all TDEs detected during eRASS
are characterized by a fixedgy value: 16, 5 x 10° or 10’ M.
The resulting estimates are summarized in Table 1.

For Mgy = 10°M,, and adoptingR = 5x 10°® yr-* Mpc~3,
w = 2 (which corresponds to thig] > 30° sky) andR; = 3Rs,
we find from equations[12) and_{115) thatsq = 0.1 yr and
| (zim) ~ 757> = 0.0153, and finally from equatio (116 that
N =~ 650 events can be discovered in the second eRASS scan
through comparison with the first one. Figlite 4 shows theilist
tion of the TDE flares over redshift and as a function of timesgal
after stellar destruction. Approximately half of the TDEggers
are expected to take place during the supercritical acergthase.
For ~ 1/12 of the events, a second trigger (during the subsequent
eRASS scan) will be possible, and in rare cases, three or imore
dependent triggers will be possible. Thus, the majority BfEE
will be ‘new’ for each scan, i.e. not seen during the precgdine.
For Mgy = 5x 10° and 1GM,, the fraction of ‘old’ TDEs, i.e.
events observed in more than one eRASS scan is highef{Figl 5 a
Fig.[8) since the characteristic decay time positively &ares with
the black hole mass (see Seciidn 2).

Besides that, it turns out that the majority of TDEs disceder
in a given eRASS scan will still be detectable (i.e. signifitaex-
ceeding the background flux level) by eROSITA (see Seii@h 3.
in the subsequent sky scan(s), i.e. 6 months, 12 monthsftdc. a

R
105

Lo
10

flim
10-12

TEdd

01

w

2n

-3/5
N = 9.51><104( ) | (Zim) -(16)
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the initial trigger. Hence, eROSITA will typically providea-4 sig-
nificant data points for constructing a long-term X-ray tigarve

of a TDE flare (see Tablé 1 and Fig$[4-6). As a result, eRASS wil
provide a unique sample of TDE light curves, which can be tsed
test TDE models.

The above estimates were based on the assumption that the
peak accretion rate exceeds the Eddington limit. In reatibly
TDEs caused by dficiently close stellar passages can provide a
supercritical accretion rate, whereas more distant dignp may
be characterized by subcritical maximum accretion rates.eShe
Eddington limit increases proportionally to the SMBH mabs
fraction of sub-Eddington TDEs may become significant fahhi
Mgn; €.0..UImer [(1999) estimate that the peak accretion rate ex-
ceeds the Eddington limit in approximately 100% of events fo
Mgy ~ 10PM, and in~ 50% for Mgy = 10’ M. In such a case, our
estimates for the number of TDEs detected during eRASS ghoul
be reduced accordingly.

As was mentioned in Sectidn 2.1, there is a non-negligible
chance of detecting some TDEs during the rising phase of the X
ray flare, especially for larg¥lg andor R,. We may place a rough
upper limit on the number of such triggemsiise/ Nedd < 7i/TEdd
where Neqq is the number of TDEs detected during the supercrit- Figure 4. Distribution of TDE candidates over redshift fitay = 10°PMs.
ical phase. FoMg; = 10’M,, up to~ 20 rising TDE flares can  The total sample is shown by the solid black line. The eveiggéred as
appear in each eRASS scan (see Table 1). Since the rising phas TDE candidates during the declining (post-supercritipaiise of the X-ray
is expected to last between a fraction of an hour and a few, days flare are shown by the two-dot-dashed black line. The evedtspendently
it might in fact be possible to see how the X-ray transiengHui triggered as TDE candidates in more than one (two) eRAS S srarshown

ens up between its 6 consecutive passages through the eROSITA by the dot-daghed (dotted) black line. Thg blue, green athdimes denote
FoV every~ 4 hours. Sv_entds fqr w:'lcth :’;lt least 2-,3- ta_md 4Ricgnst X-ray ".?:t ;:r:pzwedbe r?b(;
. . alinea usin ata rrom consecutive e scans. e IT. asne

. As \.Ne nlote.d. beforg, there are two reg|0n§ in the sky that line marks ?he redshift at which the numbers of events triggjeluring the
will receive S|gn|f|cantly_ increased exposure during eRA®Eh supercritical and declining phases are equal.
more than 20 consecutive passages of a given source thrbagh t
eROSITAs FOV. These regions are centered around the Nuorthe
and Southern ecliptic poles (NEP and SEP), with~ 30° and
b ~ -30, respectively, and so, unfortunately, about half of theare
of these 'deep fields’ proves to be outside our propdbed 30°
TDE search region. Furthemore, the 'extragalactic’,|be> 30°,
part of the SEP region contains the Large Magellanic Cloudchv
will probably also complicate detection of TDE flares theks.
regards the NEP region, TDE flares of given luminosity cowdd b
detected from~ 1.5 times larger distanceg;f) than elsewhere,
as a result of the 4-fold increase in sensitivity (see[EqT8gre-
fore, according to Equations{[14.]16), one might expeetaimes
higher TDE rate (per unit solid angle) in the NEP region coraga
to the average over the sky.

10 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
T T T T T T T T

MBH=106 Msun

dN/dz/N

4

"3 i
q | [ | |

z

0.02 0.04 0.06 0.08 0.1

0.12 0.14 0.16
10 T T T

Mg=5%106 Mgn

dN/dz/N

4.3 Revealing TDEs through eRASS—RASS comparison

Apart from comparing the results of successive eRASS skyssca

™,

TDEs can also be discovered by cross-correlating the data of
the first eRASS scan with RASS dataThe characteristic un-
absorbed 0.5-2 keV flux limit for RASS point sources isx3
10%® erg s cm? (Brandt & Hasinger_2005). Hence, to detect

\
N,

\
\
\

| | hY

0.02 0.04 0.06 0.08 0.1
4

0
0.12 0.14 0.16

a factor of 10 increase in flux, a candidate TDE must reach a
0.5-2 keV flux> 3 x 10712 erg s cm2 during the first eRASS

Figure 5. Same as Fid.]4 but fdvligy = 5x 10°Mo.
scan. This unabsorbed flux corresponds to a bolometricfflix

5 The sky coverage ofhandraand XMM-Newtonserendipitous surveys
are too small for this purpose (see Brandt & Hasinger 200%jjenthe
XMM-NewtonSlew Survey is similar in sensitivity to RASS (below 2 keV)
but efectively covers only about a third of the sky (Esquej et aD&é(see
also Warwick, Saxton, & Read (2012) for a more recent refeggn

4.6 x 1012 erg s cm2 for the spectral model corresponding to
Mgy = 10PM,). This limit is approximately 4 times higher than
for TDE detection based on eRASS scan-to-scan comparisen (s
Table[1). Solving equatiof}(9) fofi, results inz;, =~ 0.095. Us-
ing equation[(16), we find that cross-correlation of the BRASS
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Figure 6. Same as Fid.]4 but fdvigy = 10’ Mo

scan with RASS will provide an additional 125 TDE candidates
(assumingR = 5x 10°® yr ! Mpc3, w = 2r andMgy = 10° M.

In addition,~ 15 TDE candidates could be found using the
method of Donley et all (2002), i.e. by looking flBROSATsources
with soft X-ray spectra that were at leastLO times brighter during
RASS than in subsequent observations. In their study (Daatlal.
2002) usedROSATPSPC data, which cover only 9% of the sky,
for the follow-up, whereas with eRASS the analysis can besdon
for 50% of the sky [p| > 30°). Follow-up radio observations of
such candidates could be useful for constraining modelsDE-T
associated jets (Bower etlal. (2012); see Subsection 5.2).

4.4 Tidal disruption events with jets

Only two TDE flares with signatures of a relativistic jet hdeen
discovered so far (Cenko et al. 2012). Moreover, these tietesc
were triggered in the hard X-ray (15-50 keV) band by the Burst
Alert Telescope (BAT) orswift Therefore, it is diicult to predict
how many such transients can be found during eRASS.

A very rough estimate can be obtained by assuming that all
TDEs with jets are similar to Sw J20585, the brightesSwift
event of this type. Its estimated isotropic X-ray (0.3—-1¥kéu-
minosity is Lxjso = 3 x 10* erg st and the spectrum is con-
sistent with a power law with® ~ 1.6 absorbed by a column
densityNy ~ 2.6 x 10?* cm?, intrinsic to the source located at
z = 1.185 [Cenko et al. 2012). We simulated an eROSITA obser-
vation of a source with such a spectrumzat 1 and found that
our count rate detection limit corresponds to an unabsoftoed
Fos 10 = 23x 102 erg s* cm? (we disregarded the K-correction
since the spectral shape above 10 keV is unclear, whereapé¢he
trum below 10 keV is variable and correspondtc= constfor
z> 1). Assuming a peak isotropic X-ray (0.3-10 keV) lumindity

6 This adopted value is somewhat higher than the luminositysmed for
Sw J2058-05, but the correspondingwiffXRT observations started some
10 days after the beginning of the hard X-ray flare and so meg hdssed
the brightest phase of the event.

Lxiso ~ 5x 107 erg s, the limiting redshift iszy, ~ 4.5. There-
fore, TDEs with jets can potentially be found with eRASS eiren
the distant Universe. Clearly, the actual number of suchtsueill
strongly depend on the cosmic evolution of galaxies and thei
clei. Ignoring the redshift dependence, the existvgft statistics
implies that roughly~ 1 TDE with jets may be detected during
each eRASS scan.

An independent upper limit on the rate of TDEs with
jets is provided byROSAT data. The analysis of Donley et al.
(2002) revealed only one high-amplitude (20) flare with a
hard spectrumI{ < 2). This event is associated with the
Seyfert 2 galaxy SBS 162®45 [Carrasco et al. 1998) at =
0.0516. On theWISE IR color—color diagram | (Wright et al.
2010), the object falls on the boundary between Seyferts
and spiral galaxies ([W1-W2p.6, [W3-W2E2.9, Data Tag:
ADS/IRSA.Gator#20120170324315650). The observed-frame
absorption-corrected 0.2-2.4 keV luminosity~is10*® erg s? in
the bright statel (Donley et al. 2002), which is much less tien
observed luminosity of relativistic TDEs. Therefore, iesgs more
likely that this hard flare is an example of extreme vari@piin
Seyfert 2 galaxies. Observation of SBS 168@5 during eRASS
will probably clarify the situation, since there have beenpost-
ROSATX-ray observations of the source. Given that the same anal-
ysis of RASS data (Donley etlal. 2002) revealed 5 soft flareBE T
candidates, we can tentatively conclude that the rate afivédtic
TDEs is at least 5 times less than for ‘ordinary’ TDEs. Hermpee;
haps not more than 150 relativistic TDEs will be detected during
each eRASS scan.

In order to search for relativistic TDEs in eRASS data, one
could use the same count rate criteria as for 'normal’ TDEg (s
Sectior3.R) but the spectral softness criterion shouldonisly be

omitted or modified so that it selects hard rather than sofay-
flares.

5 DISCUSSION

In order to reveal the true nature of the numerous TDE catelida
to be found during eRASS, some additional identificafiafow-
up work should be done, as we discuss below.

5.1 Cross-correlation with other surveys

The localization accuracy for point sources detected dueRASS

is determined by the eROSITA point spread function (PSF)-ave
aged over its FoV+£ @1°). For the faintest sources, it is expected
to beo ~ 12" (corresponding to a half-power diameter, HPD, of
~ 29, IMerloni et al! 20112). Localization of bright sources, sash
TDE candidates, can be significantly better since the ciehtte-
termination error is inversely proportional to the squaret iof the
number of counts detected. Further improvement for TDE dlare
could be achieved using the fact that several of the tetad0
counts will be detected in the on-axis region of the telestolpoV,
where the HPD is- 15’ (Merloni et all 2012). We may thus con-
servatively estimate that eROSITA should be able to loealiRE
flares to better than 10”. At redshifts typical of the eRASSETD
sample,z ~ 0.1, the corresponding linear size is thus20 kpc.
Such accuracy should be feaient for searching for TDE host
galaxiesin optical (e.g. SDESSDSS-III Collaboration et dl. 2012,

7 httpy/www.sdss3.org



and Pan-STARRE Kaiser et all 2010) and infrared (e W/ISH,
Wright et al.| 2010) catalogs. However, association of a TRE-c
didate with the nuclear region of a galaxy will be possiblé/dar
bright flares anfbr nearby galaxies.

Should the redshift of the likely host galaxy of a TDE can-
didate be known, it may immediately indicate a very high lu-
minosity of the transient and hence exclude its extranuaeia
gin (i.e. a highly variable ultraluminous X-ray source). &d-
ditionally exclude soft X-ray flares from active galacticctei,
an optical spectrum_(Veilleux & Osterbrock 1987) and IR cslo
(Wright et al.| 2010) of the counterpart galaxy could be used,
availabl€J. Therefore, cross-correlatiorfferts can greatly help in
confirmingrejecting the TDE nature of candidates found during
eRASS.

5.2 Follow-up observations

The expected rate of 'TDE triggers’ (see Secfibn 4) durind8R
implies that there will be roughly two TDE alarms every dagtéd
transfer from the spacecraft is planned to occur once a day).
some (perhaps a minority) of them, host galaxy identificatidll
not be immediately clear. Optical follow-up observations $uch
events could clarify the situation and possibly also detecbp-
tical signal associated with the TDE itself if carried outlga
enough after the TDE peak. Given the spectral energy disiip
of TDE flares, it is more likely, however, to detect fading emi
sion in X-ray (e.g. withChandraor XMM-Newton andor UV
(GALE)@) follow-up observations. Moreove€handracan pro-
vide excellent localizationq 1””) and a high quality spectrum in the
0.3-7.0 keV energy band after a few kilosecond observates, (
e.g., Vaughan, Edelson, & Warwick 2004). An even higher align
to-noise spectrum can be provided K}¥M-Newton A comple-
mentary UV detection bsALEXwould help constrain TDE emis-
sion models even better than with X-ray data alone (Gezali et
2009).

In addition, radio follow-up observations may be crucial fo
identification of relativistic TDEs, as has been the casebfuth
events discovered bgwift (Metzger, Giannios, & Mimica 2012;
Giannios & Metzger 2011; van Velzen, Kording, & Falake 2Pp11
On the contrary, searches for radio emission accompanying *
dinary’ TDEs have not yet given conclusive results (Bowealst
2012]van Velzen et &l. 2012).

We further note in this connection that blazar flares could in
principle resemble relativistic TDEs. Indeed, blazar esiois is
also believed to originate in the vicinity of a SMBH from aael
tivistic outflow directed at the observer. However, the tefativis-
tic TDEs discovered byswift were clearly diterent from known
blazar flares and from any other known types of transientsani}
the X-ray luminosity was very high and ii) the broad-bandcsyze
energy distributions (from radio to hard X-ray) were indstent
with the so-called blazar sequence, in particular the aptiz X-
ray luminosity ratio was very low (see Figs. 4-6in_Cenko ¢t al
2012). Therefore, follow-up observations will likely belalbo dis-
criminate relativistic TDEs from blazar flares among harda¥-

8 httpy/pan-starrs.ifa.hawaii.egaublighome.html

° Wide-field Infrared Survey
httpy/irsa.ipac.caltech.ed@Missiongwise.htm

10 sych flares, if found by eRASS, may be interesting themsédvessudy-
ing AGN variability mechanisms.

11 Galaxy Evolution Exploref, httpwww.galex.caltech.edl

Explorer,
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flares detected by eROSITA. We also note that identificatibn o
new blazars in eRASS data is an important scientific taskdmfjt
which can be addressed byfférent known methods, e.g. using in-
frared colors provided by th@/ISEall-sky survey|(Massaro etlal.
2011).

6 CONCLUSIONS

We have demonstrated that eRASS will be veffeetive at finding
stellar tidal disruption events. A uniquely large sampleseferal
thousand TDE candidates can be obtained, making it possible
accurately measure the rate of stellar disruptions by SM&lts
masses from- 10° to ~ 10’M, and thus to obtain a census of
dormant SMBHs and their associated nuclear stellar cusgsein
local Universe (withirz ~ 0.15). Roughly half of the TDEs will be
observed by eROSITA during the supercritical (Eddingtomge
of accretion and the rest during the subsequent decay. itiadd
there might be up to- 10? TDE flares caught during the rising
phase, i.e. when the debris of the disrupted star have jashes
the black hole. Furthermore, for the majority of the TDE dand
dates, eROSITA will still be detecting their fading X-ray ission

in 1-3 subsequent sky scans, i.e. 6-18 months after thalitmitj-
ger. Hence, a unique sample of TDE light curves will be oladjn
diminishing the need for dedicated X-ray follow-ufiaets. There
will thus be plenty of information on various stages of atiore
of stellar material by SMBHSs, setting stringent constrsion TDE
theory.

Importantly, TDE candidates can be recognized as such almos
immediately (within a day) after their detection by eROS| B
that prompt multiwavelength follow-up observations canobga-
nized. Such dedicatedferts may lead to the discovery of peculiar
events among the many TDEs discovered by eRASS, e.g. associ-
ated with a rapidly rotating SMBH or with the disruption ofae
type of star or a planet (such as the recently discoveredXaey
transient IGR J125880134, Nikolajuk & Walter 2013).

Of particular interest is the possibility of obtaining a sub
stantial sample of relativistic TDEs. Due to their extrenusvpr,
such transients can be detected by eRASS up to great distance
(z ~ 4). The increased sample can shed light on the relation of
jet-dominated TDE flares to 'normal’ ones. Detection of tigla-
tic TDEs at large redshifts will also provide a unique oppoity to
study quiescent SMBHs (i.e. not in quasars) in the distantéise.

APPENDIX

Since we consider only inactive galaxies as possible h63tBBs,

the eROSITA count rate associated with their quiescent-(non
flaring) state will likely be below the background level, whiis
estimated at 34 x 1073 cts st arcmir? in the 0.2-2 keV energy
range |(Merloni et alll 20:L. This corresponds to 0.165 counts
during a 240 s exposure inside the region of half-power diame
(HPD, 29") averaged over the FoV. Assuming Poisson digtiobu

12 This estimate includes the contributions of the cosmic Xkackground
(CXB) and particle background, with the former dominatirejdw 2 keV.
Below 0.5 keV, a major contributor to the CXB isfise background emis-
sion from the Milky Way, whose intensity significantly (35%) varies
over the skyl(Lumb et al. 2002). Thistect could be included in the real
data analysis using thROSATmap of the Local Hot Bubble emission
(Snowden et al. 1997).
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http://www.galex.caltech.edu/
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of the background counts, the probability foi2 photons to be de-
tected during this time inside HPD B,q = 0.00066, i.e< 1073,
Since we are looking fop 10 times amplitude flares above the
background level, the detection limit for the source in thigt
phase corresponds t0>210 = 20 counts inside the HPD re-
gion during 240 s. Therefore, the source count rate musteeixce
Cim = 0.167 cts st in the 0.2-2 keV energy band. The false rejec-
tion probability of~ 1072 is suficient for our purposes, since the
resulting sample of TDEs is not expected to exceed a few #malis
events.

Having 20 photons with energies from 0.2 to 2 keV inside
the HPD region, it should also be possible to distinguishfe)so
ray spectrum as expected for a TDE flare from a harder spectrum
typical of AGN. This distinction can be done in terms of a sefis
ratio,S R= Cy4-1/C1_», the ratio of the count rates in the 0.4-1 keV
and 1-2 keV energy bands. This ratio depends on the absorptio
column densityNy only weakly: for a power law spectrum with
I'=2,SRNy =10F%cm?) ~ 1.9 andSRNy = 5x 10?° cm™?) =~
16;forT = 3,SRNy = 10?° cm?) ~ 40 andSRNy = 5x
107° cm?) ~ 3.3. Hence, having 20 counts within the HPD region
and imposing the conditioB R> 2, one can exclude at least50%
of 'hard’ (I' = 2) sources but retain almost all ‘soft’ sources: for
I' = 3andNy = 5x 10?°° cm?, SR> 2 with ~ 80% probalbility.
Since a typical TDE signal is believed to be even soffer~( 5
in the 0.4-2 keV energy band), only a tiny fraction of true TDE
will be missed if the criteriorB R> 2 is used. In fact, one could
use an extraction region several times larger than the HgDmre
if the accurate shape of the PSF is known. Combining courits wi
appropriate weights could increase the signal-to-noitie gy a
factor of~ V2 and also thefiiciency of the softness ratio criterion
(~ 90% of sources with" = 3 andNy = 5 x 107° cm™? will be
retained).

We also point out the possibility of exploiting the eROSITA
sensitivity in the 2—10 keV energy range. For a source near th
detection threshold, a ‘softT( = 3 andNy = 5 x 10%° cnm?)
spectrum will provide 0.30 cts in the HPD region in the 2—-1¥ ke
energy band for a 240 s exposure, whereas a ‘hdrd= (2 and
Ny = 5x 107° cm?) spectrum will provide 1.12 cts. The hard
(2-10 keV) eROSITA background is estimated at 0.04 cts in240
inside the HPD regior_(Merloni et al. 2012), although thisnter
is rather uncertain due to the lack of data about the higrggrear-
ticle environment near the L2 point, which is believed tcedetine
the eROSITA background in this energy range. Thus, a nom-zer
flux in the 2-10 keV range is expected fpr1/2 ‘hard’ sources
with a 0.2-2 keV count rate near the detection limit mentibne
above. This additional information can be used to distisigiDE
flares from e.g. AGN variability.

To summarize, we adopt a detection limit of 20 counts inside
the HPD region during a 240 s exposure, Cg, = 0.167 cts s!
in the 0.2—-2 keV energy band. We prop&@8= Cp4_1/C1» = 2
as a boundary between 'soft' and ‘hard’ sources, which wiidiva
one to retain as many as possible true candidates whildirgjex
significant fraction of bogus ones. It might be necessaryightty
modify these flux and softness ratio criteria if the backgablevel
measured during the eRASS proves significantfiedént from the
current estimates afat typical TDE absorbing columns prove sig-
nificantly different from theNy value assumed above.
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