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INTRODUCTION

An important problem in extragalactic astronomy concerns the influence of Active Galactic Nuclei (AGN) on
the host galaxy and the correlation between the evolution of the host galaxy and the supermassive black hole
(SMBH) in its centre. This connection between galaxies and SMBHs is suggested by the correlation between
the masses [4, 5], and the similarity in the cosmological evolution of SFR and AGN activity.

THE OPTICAL GALAXY SAMPLE THE X-RAY SAMPLE

We used the catalogue of galaxy properties from To quantify the accretion onto SMBH we used
the 8th Data Release of Sloan Digital Sky Survey data from XMM-Newton Serendipitous Source
(SDSS DR8) performed by MPA-JHU group (gal- Catalogue (3XMM DRS) [8]. The crossmatch of
Spec catalogue) [3], which contains about 2 million 3XMM DR8 with our optical sample compiled from
galaxies within the redshift z < 0.33. Firstly, all ob- galSpec catalogue (with a matching radius of 5”)
jects with reliable values of the star-formation rates gives 1684 X-ray counterparts. We rejected all ob-
(SFR) and the total stellar masses (M..) were se- jects with the detection flag SUM_FLAG > 3 and a
lected. All duplicates of the galaxies were rejected non-zero extension parameter to avoid including
and we selected objects with reliable photometry in spatially extended objects (such as hot gas regions
SDSS r- and i-bands. The resulting optical sample or galaxy clusters), respectively. The final X-ray
contains 538 317 galaxies. sample contains 1477 objects.

THE X-RAY DATA

The XMM catalogue contains the observations from
three cameras PN, MOS1 and MOS2. For our study we
selected detections from the most sensitive PN camera.
For objects with multiple observations we choose the
one with the highest exposure time. When the data
from PN camera were missing we used those from
MOS1 or MOS2 cameras.

Rest-frame X-ray fluxes we computed in the full
band (0.2 to 12 keV), soft band (0.5-2.0 keV) and hard
band (2.0-12keV) after applying a K-correction (we
assumed a photon index I' = 1.4 appropriate for
medium obscuration AGN spectrum shape). Since
X-ray radiation for the objects in our sample can be
partially emitted by X-ray binaries and SNe in the host | | | | PSS o
galaxy it is important to calculate the fraction of such | | o after corrections
X-ray emission and reject it to obtain the contribution : 0 o0 0 0 0aE os
of the AGN. The X-ray luminosity of SF regions was Redshift, z

determined using the relation between Lx srp and Fjgure 1: The redshift distribution of X-ray luminos-
SEFR from [6] (in soft and hard bands) and (full band). ity of 1477 objects from our 3XMM sample. Blue filled
The redshift distribution of our final sample after circles are the values of Lx before K-correction and
corrections is shown in Fig.1. To compute the BHAR substraction of X-ray emission from star-formation,
we used only the hard X-ray band since it is more grey open circles — the values of Lx after correc-
sensitive to AGNs emission and allows to avoid the tions. The shift in Lx for each object is shown by a
contamination from star-formation radiation. solid line.
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Figure 2: The X-ray luminosity vs. red- Figure 3: The X-ray flux in hard band vs. optical SDSS r-band
shift for the objects in X-ray sample (left panel) and i-band magnitude (right panel) for sources in our
(grey dots). The horizontal dashed line X-ray sample (grey circles). Blue circles indicate AGNs having Lx >
indicates Lx > 3-10*2 ergs™! criteria 3-10%2? ergs~! (see Fig.2). AGNs selected by the X-ray/optical flux
utilized to classify AGNs. Red circles ratios in SDSS r- and i-band are represented by red circles and green
and green squares represent AGNs se- squares, respectively. Diagonal lines indicate constant flux ratios be-
lected by X-ray/optical flux ratio crite- tween the SDSS r- and i-band and X-ray hard band, the area under
ria in SDSS r- and i-bands, respectively the line log (fx/fopt) > —1 is used as one of the criteria to classify
(Fig. 3). the location of AGNs.

SFRS OF THE GALAXY WITH AGNS
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Figure 4: The distribution of star-
formation rate vs. stellar mass for
X-ray sample in hard band (grey cir-
cles). The gradient from blue to yel-
low shows the 2D histogram of the
density distribution of galaxies in our
optical SDSS sample. All symbols
represent the AGNs selected by the
criteria shown in Fig. 2, 3. Our galaxy
sample was divided into star-forming
(above black dashed line) and pas-
sive (below black dashed line) galax-
ies on the basis of their SFRs rela-
tive to the evolving main sequence
from [1,2]. It is worth noticing that
the AGNs selected with above crite-
= 5 ria above are mainly located at range
L >3.10% erg g1 with log [M*/M@] > 10.0. AISO,
log (fx/fopt = —1) (r-band) § the majority of AGNs occupy the
—— | : : star-forming main-sequence (above

) 10 dashed line).
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THE SPECIFIC BLACK HOLE ACCRETION RATE (SBHAR)

Hard band [2.0—12 keV]

As the sensitivity of X-ray observations covering our L T T TOTTT 7r
galaxy sample varies in depth (different exposure time, off- N 4
axis angle, detector) we have to correct our sample for the / //
fraction of missed sources as a function of flux. For this pur- 0 /
pose, we used the count/flux upper limit service for XMM / /
data, XMM FLIX. We collected the values of the flux upper “ | / /
limit for each objects and compiled the cumulative curves 09 v
which describe the likelihood of detecting the object with // MO e
the corresponding X-ray flux using one of the XMM cam- A A Y R F I VAR T AT AT

log (Flux Upper Limit) erg cm ™2 s7*

eras (Fig.5). This cumulative curves were applied as statis-
tic weight to scale the number of objects in our distribution
histograms (Fig. 6).

Figure 5: The cumulative histogram of flux
upper-limit in hard band [2.0—12keV] for XMM
cameras from XMM FLIX service.

The specific black hole accretion rate (Aspganr) is the rate of accretion onto the central SMBH scaled relative
to the stellar mass of the host galaxy and was calculated from [2] as

kvorLiX hard
1.3-1038 ergs—! x 0.002 M4/ Mg’

AsBHAR =

where k) is a bolometric correction factor ky,; = 25 and Lx harq is the 2.0-12keV X-ray luminosity. The
additional scale factors are chosen such that A\spyar =~ Agqq, the Eddington ratio Agqq o« Lx/Mph,
assuming that mass of the central black hole scales directly with total host stellar mass.
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Figure 6: The distribution of the specific black hole accretion rate (SBHAR) for non-AGNs and AGNs (AGN
selection criteria from Figures 2 and 3) in six log [M. /M ] ranges. The number of objects with certain values
of SBHAR are corrected for sensitivity of detectors with flux upper-limit curves (see Fig.5, grey color shows
the uncorrected data). The black dashed line represents the limit for reliable flux upper-limit correction.

THE SFR-BHAR DIAGRAMS

log [M,/M] <95 9.5 <log[M,/M] <10.0 10.0 <log [M,/M] < 10.5

-e- (logSFR) —-o- (logSFR) ! —-e- (logSFR)

+  individual objects +  individual objects i i +  individual objects ;
& (logSFR) (1 object in range) ¢ (logSFR) (1 object in range) ¢ {(logSFR) (1 object in range) *,
H-~N

oty

+
+ + +
+ 4 +ats
* o+ + +4 ++ }\
+* + + t T+
++ﬁ L s T ¥ + g4+
+ ya 3t +*
RN TP
+
,/ LI RO B S S
+
/ + + %
+ +
+ + +
+
+ * .
+ + 4 .

6 5 4 3 2 1 0 e Rk - - - 3 2 1 0
log AsHAR log AsHAR

10.5 <log [M,/M] <11.0 11.0 <log[M,/My] <11.5

(log SFR) (log SFR) ‘ -e- (logSFR)
+  individual objects + N N + individual objects *, * 3 < + individual objects

<10g SFR> (1 object in range) ++ P T :"‘ o (log SFR> (1 object in range) * ; L & <log SFR> (1 object in range)
+F 4 +
" ¥ ¥ R 4

s

i} i i i -3 i i i - i i i i
-8 -7 -6 -5 -4 -3 -2 -1 0 1 -8 -7 - - - - -2 -1 0 1 - -7 -6 -5 -4 -3 -2 -1 0 1

log A\sgraRr log AsgraARr log A\sgraARr

Figure 7: The star-formation rate vs. sBHAR diagram for different stellar mass ranges. The average SFR
was calculated as mean arithmetic values among all objects with certain values of log Asppar with step
A(log Aspaar) = 0.5. The open diamonds show the value of (log SFR) was averaged by less than 2 objects
in certain log Asggar bin. The grey crosses present the position of the individual objects from our X-ray
sample.

CONCLUSIONS

e The majority of AGN selected by Lx limit and X-ray/optical flux ratio criteria are distributed on SFR-M
diagram at the star-formation sequence with stellar masses log [M /M &] > 10.0.

e We calculated the specific black hole accretion rate log AsgaRr for objects in local Universe and found
a significant population of objects that have a low log Aspuar < —2.0, while “typical” AGNs have
log Aspaar > —2.0. The shape of log A\sprar distribution is close to Gaussian, the same as was shown
in [2].

The SFR-sBHAR diagrams show an increase of SFR with increase of log Asprar in all stellar masses
ranges.
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