THE ASTROPHYSICAL JOURNAL, 652:120—125, 2006 November 20
© 2006. The American Astronomical Society. All rights reserved. Printed in U.S.A.

CONTRIBUTION OF STELLAR TIDAL DISRUPTIONS TO THE X-RAY LUMINOSITY
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ABSTRACT

The luminosity function of active galactic nuclei (AGNs) has been measured down to luminosities ~10* ergs s~!
in the soft and hard X-rays. Some fraction of this activity is associated with the accretion of the material liberated by
the tidal disruption of stars by massive black holes. We estimate the contribution to the X-ray luminosity function
from the tidal disruption process. While the contribution depends on a number of poorly known parameters, it appears

that it can account for the majority of X-ray-selected AGNs with soft or hard X-ray luminosities <10*—10* ergs s .

1

If this is correct, a significant portion of the X-ray luminosity function of AGNs is comprised of sources powered by
tidal disruption at the faint end, while the sources at the bright end are powered by nonstellar accretion. Black holes
with masses <2 x 10° M, could have acquired most of their present mass by an accretion of tidal debris. In view of the
considerable theoretical uncertainty concerning the detailed shape of the light curves of tidal disruption events, we
focus on power-law luminosity decay (as identified in candidate tidal disruption events), but we also discuss constant
accretion rate models. We expect that the sources associated with thin-disk accretion of circularized tidal debris have
peak luminosities of <103°—10*! ergs s~!, below the luminosity range probed in present surveys.

Subject headings: accretion, accretion disks — black hole physics — cosmology: observations —

galaxies: active — galaxies: nuclei

1. INTRODUCTION

A main-sequence or giant star passing near a massive black
hole (MBH) of mass My, <108 M, is disrupted by the tidal
forces (Hills 1975). The disruption and the subsequent accre-
tion of stellar debris by the black hole are potentially powerful
sources of X-ray emission (e.g., Mészaros & Silk 1977; Young
et al. 1977; Rees 1988, 1990). The emission can be produced in
various phases of tidal disruption, including the initial compres-
sion of the star (Kobayashi et al. 2004), the interaction of ejected
debris with the ambient medium (Khokhlov & Melia 1996), tidal
stream collisions and debris fallback onto a nascent accretion
disk (Kochanek 1994; Lee et al. 1996; Kim et al. 1999; Li et al.
2002), and the accretion of disk material onto the black hole
(Cannizzo et al. 1990, hereafter CLG90; Ulmer 1999). The pur-
pose of the present study is to estimate the contribution of ac-
tivity associated with tidal disruptions to the luminosities of
typical active galaxies.

Recently, surveys with the High Enerqy Astronomical Obser-
vatory (HEAO-1), Advanced Satellite for Cosmology and As-
trophysics (ASCA), Chandra, and XMM-Newton have yielded
luminosity functions (LFs) of active galaxies at low and high
redshift in the hard X-rays (e.g., Ueda et al. 2003; Barger et al.
2005) and soft X-rays (e.g., Hasinger et al. 2005). The measured
X-ray LFs extend to lower luminosities than their optical counter-
parts because contamination with host galaxy light makes optical
detection of low-luminosity AGNs difficult. The LFs are approx-
imately broken power laws dN/d In Ly o Li(Lx + Lx,)" " with
va —2and —1<pu<0, and Lx, ~ 10%-10* ergs s™!. The
power-law behavior at the bright end has been attributed to the
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intrinsic structure of quasar luminosity histories. The luminos-
ity histories (light curves) are convolved with the black hole
mass function to calculate the LF (e.g., Wyithe & Loeb 2003;
Hopkins et al. 2005). The origin of the LF at the faint end, how-
ever, remains unknown.

At least a fraction of low-luminosity AGNs must be powered
by stellar tidal disruption. Here we present a first estimate of the
contribution of these sources to the X-ray LF of AGNs. This es-
timate is an essential step to understanding the origin of activity
in AGNs with black hole masses <107 M, and ultimately to
understanding the origin of low-mass MBHs.

Theoretical investigations of the stellar tidal disruption pro-
cess, and the detection of X-ray flares that are candidate tidal
disruption events (e.g., Komossa & Greiner 1999; Komossa et al.
2004; Halpern et al. 2004), suggest that the nuclei in which stel-
lar tidal disruption has occurred remain luminous for 1-10 yr
after disruption or longer. The integrated luminosity of the AGN
depends on the mass of the stellar debris that remains bound to
the black hole, and on the fraction of this mass that ends up ac-
creting onto the black hole in a radiatively efficient fashion. The
bound mass can be a fraction f ~ 0.25-0.5 of the initial stellar
mass (e.g., Ayal et al. 2000).

The bound mass inferred in the giant X-ray flare in NGC 5905
using a blackbody fallback model is much smaller than the solar
mass (Li et al. 2002); in two other candidate flares, RX J1624.9+
7554 and RX J1242.6—1119A, the light curves are consistent
with masses ~1 M. Donley et al. (2002) constrained the rate of
outbursts by comparing the Rontgensatellit (ROSAT) All-Sky
Survey with archival pointed observations. They inferred a rate
of ~107 yr~! per galaxy. We adopt a theoretical estimate for the
tidal disruption rate that is significantly higher (eq. [1]).

In principle, the signatures of X-ray activity associated with
tidal disruption events may not be restricted to the duration of the
X-ray flare. After most of the bound tidal debris has been accreted
and the continuum ionizing source has waned, the transient ac-
tivity may still be detected in the ionization state of the inter-
stellar medium. Eracleous et al. (1995) pointed out that the decay
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timescales for certain low-ionization states can be ~100 yr
and suggested that the transient ionizing activity associated with
tidal disruptions may lead to low-ionization nuclear emission-
line regions (LINERSs). Pogge et al. (2000) tested this scenario
with spatially resolved narrowband imaging of 14 LINERs with
the Hubble Space Telescope (HST). The imaging has produced
no evidence for the expected annular geometry of O 1 emission
predicted in the transient excitation model.

The outline of our calculation of the AGN LF is as follows.
In § 2.1 we estimate the mass function of MBHs and the rate of
tidal disruptions. In § 2.2 we present simple models for the light
curves of tidally disrupted stars. In § 2.3 we calculate the LF and
explore its dependence on various parameters in the model. And
in § 3 we discuss implications of our estimate for the understand-
ing of low-luminosity, X-ray-selected AGNs.

2. CALCULATION OF THE LUMINOSITY FUNCTION
2.1. Tidal Disruption Rate

Stars passing within the tidal distance r, ~ (n>Myn/m,)"R,
from the black hole, where m, is the mass of the star, R, is its ra-
dius, and 7 ~ 1 is a numerical factor, are tidally disrupted. Here
we estimate the tidal disruption rate in a galaxy with black hole
of mass My, and stellar velocity dispersion o. The disruption rate
depends on the detailed structure of the stellar nucleus of the gal-
axy. The galaxies relevant to this study are those with My, <
Mopax = 108 Mo (R, /R:)**(m,. /M) "2, which can disrupt stars.

In spheroids as faint as that of the Milky Way, the relaxation
time within the black hole’s radius of dynamical influence ry, ~
GM,p, /0% is short enough that a collisionally relaxed distribution,
p o r~7, where v ~ 1.5-1.75, is set up (Bahcall & Wolf 1976,
1977; Merritt & Szell 2006). This is consistent with what is seen
at the Galactic center (Genzel et al. 2003; Schédel et al. 2006).
But just beyond ryy, the Galactic center density profile steepens
to p oc 72, and this is also the slope observed with the HST near
the centers of all but the most luminous galaxies (Gebhardt et al.
1996, Ferrarese et al. 2006). Furthermore, nuclear relaxation
times in galaxies with My, = 107 M, generally exceed a Hubble
time (Faber et al. 1997); thus, a Bahcall-Wolf cusp would not
form.

The rate of stellar disruptions in stellar density cusps has been
studied at various levels of detail (e.g., Frank & Rees 1976;
Lightman & Shapiro 1977; Cohn & Kulsrud 1978; Magorrian &
Tremaine 1999). We adopt the most recent estimate of the rate
ina p oc ¥~2 cusp (Wang & Merritt 2004),

D(Myy) = 7x107% yr! g (M N
b 70 km s ! 106 M.,

~1/3 1/4
) &) L
Mg R

where m, and R, are the mass and radius of the tidally disrupted
stars.

The disruption rate in equation (1) must be weighted by the
stellar mass function in the spheroid at distances from the black
hole corresponding to the initial pericenter radii of tidally dis-
rupted stars. These radii are typically similar to 7y, (Magorrian
& Tremaine 1999). If the stellar mass function resembles the
“universal” initial mass function (Kroupa 2001), the disruption
is dominated by m, ~ 0.1 M, stars. However, the mass function
near the black hole may differ from the universal initial mass func-
tion because higher mass stars dynamically segregate closer to a
MBH, and because stars with an unusual initial mass function

may form in situ near the MBH (e.g., Milosavljevi¢ & Loeb 2004
and references therein).

Mounting observational evidence indicates that the black
hole mass and the velocity dispersion of the host stellar spher-
oid are tightly correlated with the best-fit relation My, ~ 1.7 x
108 M (0/200 km s~ 1)*? (e.g., Ferrarese & Ford 2005 and ref-
erences therein). We explore departures from this fiducial re-
lation by parameterizing the logarithmic slope of the relation
Mbh x o4

No direct constraints on the cosmic density of a MBH with
masses <107 M, exist. The majority of these MBHs should be in
spiral galaxies. The density can be estimated by assuming a rela-
tion between the bulge luminosity and the black hole mass of the
form Lyyige = AMé‘h. Following Ferrarese (2002) we substitute
this in the Schechter LF, ®(L)dL = ®o(L/L,)* e “I~ dL/L,, in
order to obtain a cosmic mass function of black holes,

My \F@HD-1 v dM
U(Myn) dMyn = %(A/Zh) ¢~ (Min/M.) 71:11’ (2)

where Wy = k®g, M, = (1.273L,/4)"*, and 8 = Lyyge/L ~ 0.3
for the Hubble type Sab (Simien & de Vaucouleurs 1986), which
we use as reference. The latter is justified because spiral galaxies
dominate galaxy LF below ~L, (e.g., Nakamura et al. 2003). For
the relation between the blue luminosity of the galaxy and the
black hole mass, we adopt L = 3900 L (My/M)"" (Marconi
& Hunt 2003).

The number density of ~10® M, black holes estimated using
equation (2) agrees with a similar estimate in Marconi et al. (2004),
while the number density of ~10° M, black holes exceeds their
estimate by a factor ~3—4. This may be a consequence of our
using the B-band galaxy LF as reference, whereas Marconi et al.
(2004) used the K-band LF that is flatter at the faint end. We adopt
a steeper Myu-o relation (a = 4.9) than they did (a = 4.11).
Since the My-o relation is normalized at My, ~ 10% M, alarger
a results in a higher velocity dispersion at fixed black hole mass
My, < 108 M, which in turn implies a higher tidal disruption
rate in equation (1). This underscores some uncertainties inher-
ent in an attempt to extrapolate the statistics of MBH populations
to low masses. The validity of the extrapolation is particularly
imperiled by the assumption that relations such as My-L are pure
power laws, whereas significant departures from the power-law
behavior are of course inevitable.

2.2. The Light Curve of a Tidal Disruption Event

The light curves of candidate tidal disruption events (Komossa
2004 and references therein) are characterized by rapid fall in
X-ray luminosity on timescales of months to a year, followed by
a gradual continued fading over the following decade. Three of the
four candidate events (NGC 5905, RX J1420+53, RX J1242—11)
are consistent with luminosity decay Lz, o< 753 expected if the
X-ray emission is produced during the fallback of stellar debris
onto a nascent accretion disk (Phinney 1989; Evans & Kochanek
1989). The fourth event, RX J1624+75, exhibits what appears to
be faster initial decay followed by very slow fading. In all cases,
the total drop in X-ray luminosity is by a factor ~10>~103 over
about a decade. Gezari et al. (2003) did follow-up optical spec-
troscopy of RX J1420+53 and RX J1242—11 with HST'and found
no evidence for emission lines or a nonstellar continuum emis-
sion. In NGC 5905, however, they found nuclear emission lines
that suggest a persistent, albeit particularly variable Seyfert nu-
cleus, which possibly undermines the case for the tidal disruption
interpretation in NGC 5905.
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The above candidate tidal disruption events have been se-
lected for characteristic, “outburst-like” light curves (fast rise
and slow decay). However, the true luminosity evolution of tidal
disruption events is unknown and may be different from that of
the candidate events. If the emission during the fallback stage is
absorbed or otherwise suppressed, the X-ray light curve will be
dominated by thin-disk accretion, and a quasi-steady flux over a
longer period will be expected. Such events would remain un-
detected in existing searches that target outburst activity. To main-
tain generality, therefore, we consider fallback-like power-law
light curves and also discuss constant accretion rate models.

The power irradiated during fallback was derived in Li et al.
(2002),

Y M\ 7\

Liot &~ 4% 10% (L oh ) (—

bol A8 S \o2s)\tos v, )\ar) \ayr)
3)

where the tidal disruption occurs at ¢ = 0, and the luminosity
reaches peak value and starts decaying as in equation (3) at time

Mbh 1/2 m, -1 R* 3/2
foeate 7 0.02 R 4
peak yr(106 MQ) Mm.) \®. “)

after tidal disruption.

Although equation (3) was derived for the fallback process,
we interpret it as a representative power-law decay model for the
luminosity evolution, independent of the emission mechanism.
To test the sensitivity to the power-law index of luminosity de-
cay, we consider decay of the form Ly, o< *, where 4 > 1l is a
constant. The time between tidal disruption and peak luminosity
in equation (4) was derived under the assumption that the tidal
stream collides with itself at the first pericenter passage. The self-
collision may be avoided temporarily at the first passage because
of the relativistic Lense-Thirring precession (Kochanek 1994).
Therefore, we also test the sensitivity to the value of #pcax by scal-
ing it via fpeak (§) = Efpeak(0). In both cases, we keep the total en-
ergy irradiated between ¢ = #,c, and ¢ = oo constant and equal
to fem,c?, where € is a radiative efficiency factor.

As in Li et al. (2002), the radiative efficiency is calculated by
assuming that the fallback material releases its kinetic energy
promptly at the circularization radius that coincides with the tidal
disruption radius, € = (Gm, /4R, c?)(Myn/m,)*® < 1. The ulti-
mate accretion of the circularized material onto the black hole
can of course produce much higher efficiency, € ~ 0.1-0.4, de-
pending on the accretion rate, on the black hole spin, and on the
orientation of the accretion disk relative to the black hole spin.
The higher efficiency, however, does not imply higher luminos-
ity in thin-disk-powered sources, as we detail below.

We also discuss an alternative to power-law light curves. Ac-
curate theoretical modeling of a time-dependent thin-disk emis-
sion is difficult. We therefore adopt a crude quasi-steady accretion
scenario, in which we assume that accretion at a constant rate
proceeds “while the supplies last,” i.e., until all the bound debris
has been accreted. In this scenario, we assume that the luminos-
ity is a fraction £ of the Eddington luminosity Lgqa(Mpn) and that
the luminosity is related to the mass accretion rate via L = eMc?,
where as usual ¢ parameterizes radiative efficiency. The duration
of the active phase is then At,ciive = efm*CZ/ELEdd, implying a
model luminosity Lyo/(Mon, £) = £LgagH(Atactive — t), where H(x)
is the Heaviside step function.

Constant accretion rate is inevitably an oversimplification. Tak-
ing into account the redistribution of mass in the disk, CLG90
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estimated that under certain assumptions the light curve will rise
gradually on a viscous timescale of the accretion disk and then
decay as a power law, Ly t~12. Menou & Quataert (2001)
pointed out, however, that if outer parts of the disk become ther-
mally unstable and neutral, the accretion will be delayed. This
caveat aside, the value of the peak bolometric luminosity that we
can infer in Figure 3 of CLG90 is approximately given by

Lc1.G90,peak ~ (5 X 1043)adisk< ergss',  (5)

S,
0.5 M)>
where « gisk 1S the stress-to-pressure ratio in the disk, and a black
hole My, = 107 M, was assumed. Magnetohydrodynamic sim-
ulations of turbulent radiation-pressure-supported accretion disks
suggest o gisk ~ 0.01-0.001 (e.g., Turner 2004), which implies
a very small peak luminosity Ly < 5 x 10*! ergs s='. CLG90
did not explore the dependence of L., on the mass of the black
hole, but we expect smaller black holes to yield Aigher peak lu-
minosities (at a fixed fm,) because the star is disrupted at a
smaller radius, and the resulting accretion disk is hotter. This,
however, is probably insufficient to raise the peak bolometric lu-
minosity into the range (L 2 10* ergs s~!) relevant for compar-
ison with the X-ray luminosity function data.

2.3. Integration over the Black Hole Mass Function

The LF of tidal disruption events is obtained by weighting the
disruption probability modeled as a Poisson process by the black
hole mass function. In the fallback model, the LF reads

Mo () s
‘I/(LX) =/ deh/ dt \IJ(Mbh)F(Mbh)e—F(Mbh)t
Minin t, eak(Mbh)

P

X 5[(,4)71[4301 (Mbh, l) — Lx] , (6)

where w is the bolometric correction, 6(x) is the Dirac 6-function,
and the dependence on fand m, is implicitly assumed; for the ra-
dius of subsolar stars, we adopt the relation R, = R (m,/M)*®
(e.g., Kippenhahn & Weigert 1990). Here, My, is the minimum
MBH mass, and as before My, o< m®7 is the maximum MBH
mass near which a star can be disrupted. We take My, = 10* Mo,
as systems, in which an even smaller black hole is expected, have
been found to lack a black hole (e.g., Merritt et al. 2001; Valluri
etal. 2005). For the bolometric correction in the 0.5—2 keV band,
we take w = 45, which at low luminosities is approximately
independent of luminosity (Marconi et al. 2004 and references
therein), although in reality the bolometric correction could be
correlated with Ly /Lggq rather than L.

In Figure 1, we plot the resulting LF for our fiducial model
with a light curve that decays as a power law L o< ¢~ with
A= % The model is based on a galaxy LF with amplitude &, =
0.02 43 Mpc~ and absolute blue magnitude of an L, galaxy
of Mp, = —20.0 4+ 5log;,/ (Blanton et al. 2001), where we
assume & = 0.7. We vary the various parameters, including 4
in Figure 1d, to explore the sensitivity of the X-ray AGN LF
to our choice of the fiducial model. The set of the param-
eters employed in this paper is summarized in Table 1. In
the low-luminosity regime Lx < Lpeak = w™ ' Liol [y, fpeak (7)),
the LF is a power law, V(L) ocL;(W’l. At Lx R Lpeax ~
10%(w/45) " (m,/M)"? ergs s—1, the LF drops precipitously.

Below Lx ~ 10* ergs s™!, the calculated X-ray AGN LF
slightly overestimates but is roughly compatible with the soft
X-ray AGN LF of Hasinger et al. (2005; shown in Fig. 1), and is
a factor of a few lower than the hard X-ray AGN LF (Ueda et al.
2003; Barger et al. 2005). The discrepancy between the soft and
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Fig. 1.—X-ray LF of'tidal disruptions calculated using eq. (6), assuming a bolometric correction w = 45 and a light curve that decays as a power law, 1 = % In each
panel, a parameter is varied to illustrate dependence: (a) m, = (0.1,0.333,1.0,3.0) My; (b) « = (— 1,—1.15,—1.3, —1.45); (¢) k = (0.70,0.75,0.8,0.85); (d) A =
(1.222,1.444,1.666,1.888); (¢) Mp, = (—18,—19,—20, —21) + 5log,oh; (f) Mmin = (10°,10% 10°,10°) M; (g) a = (4.0,4.333,4.666,5.0); and (k) &€ = (0.5,
1,2, 4), where the fiducial value has been italicized and the four parameter values correspond to the solid, the dashed, the dot-dashed, and the dotted lines, respectively.
We also show the low-redshift (0.015 < z < 0.2) soft X-ray (0.5-2 keV) LF data from the Chandra and XMM-Newton survey of Hasinger et al. (2005). A Hubble

constant of Hy = 70 km s~ Mpc~! is assumed throughout.

hard X-ray LF could be attributed to an incompleteness of the
soft X-ray LF resulting from obscuration.

In models with power-law-decaying light curves, the low-
luminosity slope of the AGN LF is determined by the power law
of the decay, rather than the shape of the black hole mass func-
tion (Fig. 1d). The amplitude of the LF, however, is sensitive to
the black hole mass function. The steep drop in the LF around
10* ergs s~! is associated with the peak luminosity produced in
a tidal disruption event, which corresponds to the peak mass in-
flow rate from the debris that is beginning to circularize around
the black hole (Figs. 1a and 14).

In the “while the supplies last” model, where the accretion
luminosity is a constant and equal to ¢Lgqq4, the LF reads

for Mupin < My < Mmax, Where My = worLx/4mlGmpc. In the
low-luminosity regime, the LF is a power law, W(Lx) x
L)‘(”m”(““)"El’m“’(a“)k, which, assuming a constant £, is
steeper [LxW(Lx) o< Ly!-*] than the observed relation (1 > —1).
However, the two LFs have comparable amplitudes at Lx ~
10% ergs s—!. The discrepancy may reflect a luminosity-dependent
Eddington ratio £. The dependence of ¢ on luminosity or black
hole mass is expected if the accretion rate is supply-limited, rather
than radiatively limited. For example, to reproduce W(Lx) o< Ly?,
we must have ¢ o Lx. At present, it is not clear how such de-
pendence should arise.

The low efficiency of accretion through a thin «-disk, dis-
cussed in § 2.2, implies that the maximum luminosity expected
from disk emission is also very low. This puts into question the

U(Lx) ~ g _orc m L(M)T (M), (7) ability of the late, postcircularization accretion of tidal debris to
¢ 4nGmy, Lx contribute significantly to the low-luminosity part of the measured
TABLE 1

PARAMETERS ENTERING THE CALCULATION OF W(Ly)

Parameter Symbol Fiducial Value
Stellar Mass (Me)...covvveueueeireeieieeieecceeeecee e m, 1
{7/ [(Min /1) PRI e n 1
Fraction of tidal debris bound to MBH ..........ccccecevverenrnnnne. f 0.25
Power-law index of the light curve........cccccceocvviciinniinne A 5/3
Tpeak 10 units of that in eq. (4) ..coovviriiiiiiiii I3 1
Lot /Lggq (“while the supplies last” model) .. l 1
0.5-2 keV bolometric correction......... w 45
Normalization of galaxy LF (A~ Mpc™3)..... , 0.02
Low-luminosity power-law index of galaxy LF................... @ —-1.3
Absolute B magnitude of galaxy LF turnoff......................... Mp, —20 + 5 logjo
Power-law index of the Myp-o relation..........cccoeeevveveeenene. a 4.9
Power-law index of Lyyige-Myp relation k 0.8
Normalization of the Lyyige-Myp relation (L A 3900
Sab bulge-luminosity fraction. 15 0.3
Minimum black hole mass (M) .....ccccoevrueueireernecenieieeene My 104
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X-ray LF. The thin-disk phase is unavoidable in the accretion of
the debris, but the associated sources should appear at luminos-
ities below the current lower completeness limit of the surveys at
Lx min ~ 102 ergs s~!. We do not attempt to calculate the lumi-
nosity function of thin-disk-powered sources.

3. DISCUSSION

While many theoretical uncertainties frustrate an accurate
estimate of the contribution of activity associated with stellar
tidal disruption to the X-ray LF of active galaxies, it seems that
the contribution can be significant at low luminosities, Lx <
10* ergs s~!. The tidal disruption activity makes a negligible
contribution at higher luminosities (power-law profile of the
measured soft X-ray LF extends to Lx ~ 10%7 ergs s~! at red-
shifts z ~ 1-3). MBHs with masses above ~107 M, grow by
accreting nonstellar material from the interstellar medium.

What is the origin of the featureless knee in the LF at Lx ~
(10%-10*) ergs s~'? The location of the knee coincides with
Eddington-limited accretion onto black holes with masses My, ~
10°~107 M. Given the tidal disruption rate assumed here
(eq. [1]), black holes with masses My, <2 x 10° ( £/0.25) Mo,
where fis the fraction of the stellar mass that ultimately gets
accreted onto the MBH, could have grown to their present size
by accreting stellar debris over a Hubble time, although un-
doubtedly nonstellar accretion must have played a role. This
critical mass is compatible with the location of the knee in the
LF, assuming near-Eddington accretion.

Black holes with masses ~107 M, in turn, roughly lie at the
demarcation line separating the dominance of late-type and early-
type galaxies. If major mergers are responsible for diverting gas
into accretion onto black holes in early-type galaxies, then the
absence of merging activity in late-type galaxies leaves stellar
tidal disruption as a competitive supplier of material to the MBH.
This may explain why the steep power-law behavior of the qua-
sar LF fails to extend to lower luminosities.

The observed X-ray LF of AGNs evolves with redshift. The
number density of low-luminosity AGNs increases by a fac-
tor of ~10 at Lx ~ 10% ergs s~ and a factor of ~4 at Ly ~
10% ergs s~! from z ~ 0 to z~ 0.7 in the soft X-rays (0.5—
2 keV; Hasinger et al. 2005), while the same increase is only a
factor ~2-3 in the hard X-rays (2—8 keV; Barger et al. 2005).
The location of the knee shifts from Lx ~ 10% ergs s~! to Lx ~
10* ergs s~! fromz ~ 0 to z ~ 1 in the soft and hard band alike,
and the break becomes more prominent at higher redshift. These
trends require explanation.

The number density of tidal-disruption-powered sources could
increase with redshift because of one or more of the following
reasons:

1. On average, MBHs are smaller at larger redshift, implying
a larger tidal disruption rate or, speculatively, a higher radiative
efficiency in the soft X-ray band.®

5 The maximum accretion rate might exceed the Eddington limit by a factor of
a few (e.g., Begelman 2002).

6 Note that for black holes smaller than My, < 105 M, thermal emission
from an Eddington-limited disk enters the soft X-ray band, and the soft X-ray
luminosity is thus anticorrelated with mass. It is also possible that transition from
high- to low-state accretion is sensitive to Myj,.
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2. Galactic nuclei were denser at larger redshift (or, equiva-
lently, stellar velocity dispersions were higher at fixed MBH
mass), also implying a larger tidal disruption rate.

3. Tidally disrupted stars were more massive at larger red-
shift, implying brighter events.’

Any one or all of these factors may contribute to the observed
trend at low luminosities, roughly below the knee of the LF at
Lx ~ 103 ergs s~!. Kinematical limitations on the mass in-
flow rate imply that luminosities above the knee are not produced
during the circularization and accretion of debris from disrupted
solar-mass stars. The maximum luminosity generated in a tidal
disruption event corresponds to the rate at which the most closely
bound debris loses orbital energy to circularize around the black
hole.® This luminosity is coincidentally comparable to the lumi-
nosity of the knee of the X-ray LF.

If MBHs grew gradually in preexisting stellar density cusps
with fixed velocity dispersions, then the tidal disruption rate
would be inversely proportional to the black hole mass (eq. [1])
and would increase with redshift. This could explain the increase
in the number density of low-luminosity AGNs from the nearby
universe to z ~ 0.7.

The relative contribution of stellar tidal disruptions to the
X-ray AGN LF can be studied by examining long-term X-ray
variability of the sources. Currently, long-term monitoring
data have been analyzed for only a handful of sources (e.g.,
Markowitz & Edelson 2004). Theoretical uncertainty notwith-
standing, the light curves of tidal disruption events should be
characterized by a fast rise and slow decay, but the variability
may or may not be detected as an outburst. The frequency of
hard X-ray outbursts in the ROSAT All-Sky Survey was studied
by Donley et al. (2002). Their estimate, ~107> yr—! per galaxy,
is significantly below the tidal disruption rate adopted by us.
The rates can be reconciled if the majority of tidal disruptions
do not exhibit outburst characteristics. In that case, a measur-
able asymmetry in the autocorrelation function would still be
expected.
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7 The remaining possibility, an increase of the number of black holes in the
centers of galaxies with redshift, seems implausible.

8 Kobayashi et al. (2004) estimated that the peak X-ray luminosity resulting
from the dissipation of the tidal-compression-induced shock in the surface layers
of the star is <10*2(m, /M) 2(R./Ro)™>"* (M /106 M)V® ergs s~'; but the
duration of this event is brief (measured in seconds) and is not detectable in
conventional surveys.
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