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1. Introduction

The cosmic X-ray background (CXB) is the result of the intd¢gd emission from active
galactic nuclei (AGNs). At their centers the photons froma #tcretion disk surrounding the su-
permassive black hole (SMBH) are inverse-Comptonized égteins (hot corona) producing the
primary radiation. It has become clear now that the coiimiabetween bulge component and
SMBH is tightly related to the spin of the SMBH [1]. Recent adees in detailed theoretical stud-
ies related to the spin of SMBHSs by [2] predict that rapidlynsiing black holes could be a major
contributor to the yet unresolved peak of the CXB-&0 keV. Therefore, the detection of rotat-
ing black holes is important. A powerful tool for their detiea are X—ray spectral lines. Indeed,
the primary radiation also irradiates the accretion disk tkflects it through several reprocessing
steps [e.g. 3] including fluorescence emission of khes of most abundant elements [4]. There-
fore, emission lines from reflection spectra are good diaticm of the environment of the inner
region of AGN [5]. Among emission lines from abundant eletsén AGN spectra, the most com-
mon is the Fe K line at 6.4 keV.

Even more intriguing are transient fluorescence-emissi@s| In this case the primary radiation
can originate in magnetic field reconnection [7] dissipatime energy input into the Comptonizing
corona and it irradiates a limited portion (hotspot) of theration disk for a short time. As a result
the emerging fluorescence lines are transient. They areafitstied by Doppler and gravitational
effects causing distorted line shapes and photon enerfig §l. However, shifted line energies
can be caused also by AGN outflows and inflows. These shiftadgpected energies led to con-
flicting interpretations in the literature [8] that are camipensively discussed in [9].

We present the results on a detection iBmaft/XRT observation of an emission line at 4.8 keV
rest—frame energy of the Seyfert type 1 AGN Mrk 876 studiedétail in [10].

2. Line feature in Swift/XRT spectrum of Mrk 876

Mrk 876 is part of an optically selected sample of the Pale@igren (PG) Bright Quasar
Survey sample [11]. The redshift of the host galaxy is 0.1385 [12] corresponding to 551.4
Mpc for Hyp = 73 km s Mpc~! assuming Hubble flow. The Galactic absorption toward Mrk,876
assuming solar abundance, has been measured by [13] usiA@ NRO ft telescope of Green
Bank finding a value of &i’J = 2.66 x 10?° atoms cm2 with 5% error. The source was observed
by SwWift/XRT (obs id: 00050300004) on 2005-03-01. For the analy$#isecobservation we used
HEAsoft 6.11.1. Events for the spectral analysis are extracted from aleiraegion of interest
centered on the source position having a radius 2 pixels (corresponding te47 arcsec). The
background is extracted from a nearby source—free ciraelgion of interest of 50 pixel radius.
The best fit model for the background-subtracted sourcetrgpeds obtained by adding to the
power-law a Gaussian—component at 4.22 keV that modelstielesiduals (see Figure 1). All
the parameters of the model are free to float obtaining a lieegy of 422535 keV and a width
of 90778 eV compatible with the energy resolution-6f100 eV.
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Figure 1: Swift/XRT spectrum of Mrk 876 (observer’s frame). Excess at 4&2 k

2.1 Statistical significance of the line feature at 4.22 keVhserved—frame energy

There is general consensus that line searches justified dgnaiional data must be in need
of validation through randomized trials [14]. [9] used sachapproach that we adopt with further
improvements.

To estimate the significance of the line at 4.22 keV obserivadie energy, we carry out Monte
Carlo simulations in the wide energy range of 0.6 — 6.5 keV.tke fitting procedure we have used
the x2 minimization applying Churazov—weighting [15] afidstatistic [16] based on maximum-—
likelihood ratio method. A detailed description of this apgch can be found in [10].

As a result, we find that the measured spectrum being dedchibea power law (without the
gaussian feature) is rejected with a probability of roughB9%. The tests for systematic effects
in the spectrum are discussed in [10].

2.2 Further X—ray observations

Mrk 876 was targeted b®wift/XRT with further 16 observations. We have reanalyzed dlso t
GINGA [17] spectrum of Mrk 876 as published in [18] an#/iIM-Newton observations [19] and
[23]. Spectra were analyzed with XSPEC 12 [21]. A table wittanalyzed observations can be
found in [10].

3. Discussions

The importance of X—ray spectral lines at unforeseen eegigitheir capability to shed light
on the extreme physical conditions where they originatey Aew detection is important in light
also of future missions with improved throughput and eneegplution [e.g Athena+; 22].

3.1 The line feature in Mrk 876

Being a Seyfert type 1 AGN, Mrk 876 allows for clean view on itleermost accretion region.
As such, it is an ideal target for a case study. None ofGHYGA, Swift/XRT, andXMM-Newton
observations reveal the narrow Fe line at 6.4 keV. This is in agreement with previous analyges o
GINGA observation [18] ankMM-Newton observations [23; 19]. This line, often seen in AGN, is
interpreted as Fe fluorescence from cold (neutral) mattdrden the inner accretion disk [24; 25].
A viable explanation for its absence in Mrk 876 can come framX-ray Baldwin effect [26], an
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anti-correlation between the equivalent width of the Fert¢ land X-ray luminosity, which can be
explained by the drop of the covering factor of the molecA@N torus [25]. Therefore, it is not
surprising that Mrk 876 does not display a steady eliie being one of the most luminous AGN
among the systematically studied Palomar-Green (PG) Bfiafasar Survey sample at X—rays
[23]. However, for oneSwift/XRT observation (obs id: 00050300004) we find a significamé |
emission at a confidence level of 99% 8@ 553 keV rest-frame energy. At the same rest-frame
energy a similar line but with lower confidence level has begrorted by [27] for Mrk 841 that is

a Seyfert type 1 AGN.

3.2 On the origin of the 4.8 keV rest—frame line

In the following we consider the possible origin of our trig@ms line in the accretion disk
hotspot scenario [28; 29]. The inclination angle of Mrk &76tcretion disk of 18722 deg is
independently constrained by [30]. This very low inclioatiangle leads to the gravitational red-
shift dominance of the line over the Doppler effect in bottatimg (Kerr) black hole [31] and a
non-rotating (Schwarzschild) black hole environmentd.[3% a result the line profile tends to a
single peak [32], which is intrinsically very narrow: 100 eV, 28] and mainly subject to gravita-
tional redshift. The observed gravitational redshift éds Vonserved / Vrest frame = 0.75" 8;8} where
errors account for the line energy uncertainty. FollowiB8][this factor cannot be obtained by a
non-rotating black hole. We constrain the emission-reginrthe accretion disk by simulating the
model of [31] accounting for its different emissivity powlexv indices and taking care of the uncer-
tainties of the inclination angle of the source. The graidgteal redshift factor of #5551 cannot
be obtained from emission-regions at radii aboug vhererg = GMgy /c?) reaching at most a
factor of 0.89. On the contrary for radii belowrgsuch a gravitational redshift factor can be well
reproduced. Only accretion disks of Kerr black holes casrekbelow & 4 [34] emphasizing once
again the environment of a rotating black hole. On the otlaadhfor Schwarzschild black holes,
a detailed line profile study by [35] allows for the fluoresoefre Ka line emission from material
spiraling toward the event horizon even belowy6However, the profile is predicted to be double—
peaked for accretion disk inclination angles other thaefaao, in contrast to our finding. As a
result, the line can be reproduced by a rotating black holg dmis is in agreement with a range
of spectral parameters predicted in an accurate study Qyf¢8@& black hole with angular mo-
mentuma=0.9 and disk inclinatiorfy=30 deg for a hotspot on an accretion disk emitting photons
from its last stable orbitys+ dr. Unfortunately the low signal-to-noise spectrum does fiota
for a more constraining fit with the Laor—model or with the moomplexcer r di sk-model. The
same low signal-to-noise ratio prevents from attemptingpaszcorrelation study between the line
light curve and the continuum light curve that are predidtedorrelate in the hotspot framework
[36]. Also correlation studies betweewift/XRT and Swift/BAT are impossible due to the low
signal-to-noise observations of the latter [33]. Unfoetaty, no UVOT data were taken, which
could constrain the geometry of the emitting region [4]. @a bther hand the independent esti-
mates of the black hole mass of Mrk 876 [37; 30] allow us to cotaphe orbital period for the
hotspot on the accretion disk. [36] predict the line to apfdeaa relatively short fraction of the
total orbital period of the hotspot at the distance from tlaelk hole where the line occurs. Thus,
we estimate the orbital period using the formula below of @8performed in [36] whereis in
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units of gravitational radii.
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We assume the photons emitted from a spinning black &9 at a disk radius of 6;,. Tak-

ing the two independently inferred black hole masses of Mf& Blg=1.3x10° M, [30] and
Mgh=2.4x10% M, [37], the resulting orbital periods are P=628 ksec and Pk&86, respectively.
Both are significantly longer than tl8wift/XRT observation time~25 ksec). This is in agreement
with the narrow lines to appear for a fraction of the totalipgras the flare dies out or emission
gets below detectability [36]. Thewift/XRT observation (obs id: 00050302001) taken 6 days later
without any line detection, makes the hotspot scenario aistamt picture. Also the line feature
has never been observed in any other X—ray observation gongjithe transient nature of the event
that reinforces the hotspot origin.

Another hypothetical origin of the line could be the emisdimm enhanced abundances of sub—Fe
elements resulting from Fe spallation. In this scenarionl@ei hit by cosmic—rays are converted
into elements of atomic numbgrbelow Fe. The element emitting closest to our line energylaévou
be Vanadium at 4.9 keV (rest—frame energy). However, theratgsof the Fe i at 6.4 keV, which
would still be the strongest line in this scenario [39], makean unlikely explanation. Also the
transient nature of the line would be difficult to explain.

In a further hypothesis &4.7 keV (rest—frame energy) spectral feature could origirdso from
Compton down-scattered Fe line from FexXXV at 6.7 keV [40].wdwger, the resulting gaussian
component is expected to be much broadef(4 keV). Also, this component needed to be present
in all our analyzed Mrk 876 spectra. Thus, the down-scatt€eline is also very unlikely.

A redshifted Fe line could originate also from inflows andflouts of material (not related to the
accretion disk) in the vicinity of the black hole. In this ieg the material would be subject to
strong gravitational effects reaching mildly relativis{~0.4c) velocities [41] causing an energy
shift of emission lines. This is the interpretation for eelishift observed in Mrk 766 in a detailed
and time-resolved study by [42] in presence of a strong BEeckmponent at 6.4 keV. In fact, the
absence of this latter component in all our analyzed obsensof Mrk 876 disfavors this inter-
pretation since it is difficult to imagine one single blob ohterial emitting an Fe line. In addition
our observations a month earlier (obs id: 00050300005) aaly§ later (obs id: 00050302001)
with SWift/XRT should have detected the corresponding 6.4 keV line.

3.3 On the significance of the line

A detailed study by [8] suggests that reported line signiftes might be altered by a publi-
cation bias where only most significant among detected spidetatures are mentioned. Such an
important issue can be addressed by a statistical studyarhple as a whole where several lower
significance lines are detected as e.g. in [41]. Insteadstouly reports a case study of a transient
event in the hotspot scenario. Therefore, to determine etecton likelihood we cannot incorpo-
rate the non-presence of the lines in other observationso &lit here impossible to address the
publication bias as it must address the bias for a sourcelatipu at large [8].

3.4 Predictions of spectral features at energies above 15¥e

The radiative efficiency of the accretion process is enhairteotating SMBHs because the
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accretion disk reaches close to the black hole. This inettafficiency has been studied in detail
in a very recent work by [2] predicting that a large fractidrttee CXB at energies-30 keV could

be due to rotating SMBHs. Therefore we simulated the expespectrum of Mrk 876 at hard
X—ray energies accounting for the reflection hump preditbegaeak in this energy range [5]. The
spectrum is simulated with XSPEC usihySTAR response files. Source extraction is simulated
using background data for a 30 arcsec (bkgd_300arsec.pg@nrand an off-axis distance of 1
arcmin (point_30arcsecRad_larcminOA.arf). Since avlI8wift/XRT data show stable spec-
tral data and fluxes, we fit these spectra simultaneouslyetoeitently improved reflection model
RELXILL [43] that is a self-consistent physical model. Thesult is shown in Figure 2. The de-
rived flux in the 3 — 6 keV band is used to carefully evaluateNln&TAR exposure by matching
the same flux in the same energy band and using the same RELXddel with the same param-
eters. SWift/XRT data andNuSTAR data can be directly compared as they display the real power,
output (Y-axisE2dN /dE. The dimensionless black hole spiis 0.9. The comparison between the
power-law fit (light red dots) to XRT data only and the simathNuSTAR data (red crosses) shows
that the hump can be clearly seen.
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Figure 2: Swift/XRT spectra (green) fitted simultaneously with RELXILL neddpower law). NUSTAR
simulated data (red).

4. Conclusions

Our analysis of theSwift/XRT observation of Mrk 876 (obs id: 00050300004) has reaeal
an emission line at.80593 keV rest-frame energy associated to the source. The linetégigd
at ~99% confidence level through Monte Carlo simulations ugfA@ndC-statistic. The possi-
ble origin of the line is the hotspot scenario in which a flargtie hot corona (possibly due to
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magnetic reconnection) illuminates a limited portion of tccretion disk that emits the Fe line
by fluorescence. Due to the independent constraints of thénidination of Mrk 876’s accretion
disk (15.4 deg) and the observed gravitational redshiftcam constrain that the line is emitted
from the accretion disk at radii belowrg (whererqy = GMgy/c?) from a Kerr black hole. The
alternative possible origins due to Fe spallation, dowatteced Fe line, and mass inflows/outflows
are disfavored in light of the absence of the 6.4 keV Fe lirg:the variability studies due to the
many available observations 8iift/XRT, XMM-Newton, andGINGA.

To the best of our knowledge, this is the first time that a iemdine revealed at 99% confidence
level is unambiguously associated to the hotspot scenario.

E.B. acknowledges NASA grant NNX13AF13G.
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