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The Optical Monitoring Camera (OMC) provides the emissibthe optical counterparts of the
high energy sources being observed by fWEEGRALinstruments. With an aperture of 50 mm
and a Johnsow filter, OMC is able to detect optical sources brighter thavuadV = 17 within

its field of view of 5 x 5°, which covers the central part of the Fully Coded Field ofwif the
gamma-ray instruments. We have cross-correl@tezifourth IBIS/ISGRI soft gamma-ray survey
cataloguewith the OMC database, which contains presently photoratdata of more than
60 000 sources, both galactic and extragalactic. In thisggding we compare the optical and soft
gamma-ray emission of the objects detected in both enengesa and discuss the distribution of
the optical to X-ray spectral indexyx) values between the different classes of objects.
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1. Introduction

The Optical Monitoring Camera, OM{][9], observes the optical emissiom fitee prime
targets of the gamma-ray instruments on-board the ESA miNiBEGRAL[[LZ], the Spectrometer
SPI [11] and the Imager IBI$1L0], with the support of the JEM-X moniffifi the X-ray domain.
OMC has the same field of view (FOV) as the fully coded FOV of JEM-X, aigldb-aligned with
the central part of the larger fields of view of IBIS and SPI. This contimngprovides invaluable
diagnostic information on the nature and the physics of the sources ovesiiWwavelength range.

OMC provides photometry in the Johnsérband (centred at 5500 A) and it is able to monitor
sources fronV ~ 7 mag (for brighter sources saturation effects appeay) 4017 mag (limiting
magnitude for & source detection). Typical observations are done performing a isegoé dif-
ferent integration times, allowing for photometric uncertainties beloiuréag for objects with
V < 16. OMC public data are regularly ingested into the OMC Archje [ip(//sdc.cab.inta-
csic.es/omg¢/which provides access to the OMC data processed with the OSA softetarerdd
by the INTEGRAL Science Data Center (ISD [3]). It contains preseptigtometrical data of
more than 60 000 sources, both of galactic and extragalactic origin.

The fourth IBIS/ISGRI soft gamma-ray survey catalofffieontains 723 high energy sources
detected by IBIS/ISGRI until end of April 2008, in the energy range-1IID0 keV . The scientific
data set is based on more than 70 Ms of high-quality observations pedatanimg the first five
and a half years of the Core Programme and public observations. It ischadle transients and
faint persistent objects that can only be revealed with long exposure times.

In this proceeding we compare the optical and soft gamma-ray emissionaifjiets detected
in both energy ranges, cross-correlating the fourth IBIS/ISGRIgafima-ray survey catalogue
with the OMC archive.

2. OMC optical data

The fourth IBIS/ISGRI soft gamma-ray survey catalogue has beess-@arrelated with the
OMC Archive by using the source names to avoid confusion. As a reBdls8urces out of the
723 have been found in the OMC Archive, having at least one opticarghtion.

Optical data were extracted from the OMC Archive getting one photometiit per shot.
The photometric apertures were centred on the source position, as listegions of the OMC
Input Catalogue[[5]. The fluxes and magnitudes were derived fromogometric aperture of
3 x 3 pixels (1 pixel= 17.504 arcsec), slightly circularized i.e. removing4lpixel from each
corner (standard output from OSA). Therefore the computed valehsdim the contributions by
any other source inside the photometric aperture. In addition, for somedexisources, this>33
aperture does not cover the full object size, but just their centradmeg

To only include high-quality data, some selection criteria were applied to indiVighoto-
metric points. Shots were checked against saturation, rejecting those witiexposures for the
brightest sources, if necessary. For faint sources, a minimum sigimalige ratio of 3 was re-
quired, but if long exposure shots were available and not saturatedhémntest shots were only
used if the signal-to-noise ratio was greater than 10 to avoid poor quality Batause some of
these sources can show extended structure in the OMC images, anon&#foas Rell as problems
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Figure 1. Hard X-ray luminosityLx versusV-band luminosityLy. Different types of objects are located
along the same dispersion line, over more than 15 decadesnimdsity. Part of the dispersion towards
higherLy values originates by the relatively large OMC photometperéure (52< 52 arcsec).

in the centroid determination, were allowed. To avoid contamination by cosnscwayexcluded
those points whose fluxes deviate more than 5 times the standard deviatiothé&omedian value
of their surrounding points in the light curve. In addition, we rejected tlsoseces with less than
5 OMC photometric points and those reporting only upper limits in the fourth IBISRI soft
gamma-ray survey catalogue. After applying all these selection criterisamople contained 220
sources.

As we have already commented the OMC optical fluxes can include contributipther
sources falling inside the photometric aperture used to extract the fluxesrédetailed analysis
revealed that not only some sources are contaminated by others but ircasesethe measured
flux comes in its totality from other objects falling within the photometric apertureaviiad the
source confusion and only include high-quality OMC data, we rejecten fihe sample all sources
with unknown optical counterpart according to SIMBAD and NED datebad his reduced our
sample to 133 sources, from which only 120 can be detected with OM€ 18 to be conserva-
tive). However the flux we measure for these sources can still includatailution from other
objects within the photometric aperture. We have estimated this contribution hy th&irGSC
2.3 catalogugf]7] and a visual inspection of the optical fields. Finally, ampée is reduced to 90
sources with high-quality OMC optical data. Although we accepted a fattwvain flux as the
maximum value of contamination, the 83% of the sample are contaminated by le<s0#bain
flux and the 67% by less than 10%.

3. Soft gamma-ray and V-band luminosities

Soft gamma/hard X-ray luminosities in the energy band-2@0 keV were derived by using
the fluxes given in the fourth IBIS/ISGRI soft gamma-ray survey catdo@ource distances were
extracted fronTThe second INTEGRAL AGN catalodfiigfor most AGN, and SIMBAD and NED
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Figure 2. apx histograms for different types of objects. While the dismerss large, active galaxies and
CVs peak within a relatively narrow range abx values around .10+ 0.15. On the other hand, binary
systems show a much broader, bimodal distribution.

database for the rest of objects. Distances were available for 87esoout of 90. To derive the
V-band luminosities the median of all good optical measurements was computsttfosource.

We show in Fig[]L the dispersion diagramigfvs. Ly , with different symbols for the different
classes of objects considered. The source-type classification follans tthe fourth IBIS/ISGRI
soft gamma-ray survey catalogue. While the apparent correlation betash luminosities is
certainly driven by the distance effect, it is remarkable that the diffeskasses of objects, from
cataclysmic stars to AGN, are located on the same correlation line, over maréShdecades in
luminosity.

To further investigate this relation, we computed the histograms obighevalues for the
different kind of objects. This index has the advantage to be distancpandent, removing the
noise added by the errors in the distance determination. In addition we edheufull sample of
90 sources. The value @fpx is measured as the slope of a power law between the two energy
ranges:

_log(fo/fx)
~ log(vo/vx)

Here, fo and fx are the monochromatic fluxes at the frequenciggat 5500 A) andvy (at
20keV ). To calculatdy the photon index was taken frofthe second INTEGRAL AGN catalogue
[[M] when available and fixed 6 = 2 for the rest of objects.

We show in Fig[R therox histograms for the various classes of objects. While the median
Oox values are very similar for all sub-samples, their distributions are quitereliffe The his-
tograms corresponding to radiogalaxies and BL Lac objects would exgnemstly the distribution
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Name Type f20-100key \ (ov)  RMS/(oy)  loglao-100kev logLy aox
[10-1lergenm2s 1] [mag] [mag] lergs!] lergs™]
V709 Cas CV,IP 5.9 14.00 0.07 1.16 32.58 31.71 1.02
IGR J00370+6122 HMXB,XP,Sg? 0.9 9.65 0.02 2.32 34.01 35.68 1.51
SMC X-1 HMXB,XP 34.3 13.23 0.06 1.01 38.24 36.92 0.94
4U 0115+634 HMXB,XP,T 18.5 15.20 0.23 2.15 36.15 34.32 0.84
RX J0146.9+6121 HMXB,XP,Be, T 1.5 11.42 0.04 1.07 34.04 34.82 1.34
NGC 788 AGN,Sy2 6.0 12.60 0.03 0.96 43.39 43.09 1.15
Mrk 1018 AGN,Sy1.5 1.7 13.84 0.05 0.98 43.81 43.55 1.14
NGC 985 AGN,Sy1 2.4 13.74 0.05 1.06 44.04 43.65 1.12
LS I+61 303 HMXB,?,M 3.0 10.70 0.02 1.18 34.36 35.11 1.33
NGC 1052 AGN,Sy2 1.7 11.38 0.03 0.90 41.93 42.70 1.33
NGC 1068 AGN,Sy2 2.4 9.99 0.02 1.37 43.65 44.80 1.39
NGC 1275 AGN,Sy2 3.8 12.51 0.04 1.03 43.34 43.27 1.17
1H 0323+342 AGN,Sy1 4.0 15.48 0.26 0.75 44.54 43.26 1.02
NGC 1365 AGN,Sy1.8 4.1 11.51 0.05 0.82 42.42 42.72 1.26
EXO 0331+530 HMXB,XP,Be, T 172.3 15.50 0.28 0.62 37.06 34.14 0.63
LEDA 15023 AGN,Sy2 19 15.78 0.23 0.90 43.90 42.83 0.98
3C120 AGN,Sy1/BLRG 8.0 14.00 0.05 1.21 44.30 43.31 1.01
UGC 3142 AGN,Sy1 4.9 15.12 0.22 0.59 44.72 43.49 0.96
Ark 120 AGN,Sy1 6.5 12.91 0.04 3.08 4421 43.74 1.09
1A 0535+262 HMXB,XP,Be, T 8.7 9.00 0.01 10.46 34.62 35.59 1.37
NGC 2110 AGN,Sy2 17.9 12.74 0.04 0.81 43.39 42.53 1.06
Mrk 3 AGN,Sy2 9.5 12.88 0.04 0.93 43.58 42.95 1.09
Mrk 6 AGN,Sy1.5 4.3 13.68 0.06 0.88 43.54 42.94 1.07
IGR J07565-4139 AGN,Sy2 1.4 13.21 0.08 4.14 43.15 43.23 1.16
ESO 209-12 AGN,Sy1.5 2.2 14.60 0.21 0.70 43.91 43.24 1.07
FRL 1146 AGN,Sy1.5 2.1 14.15 0.23 0.61 - - 1.10
MCG-01-24-012 AGN,Sy2 4.1 14.44 0.12 0.70 43.59 42.72 1.02
NGC 2992 AGN,Sy2 6.5 12.66 0.03 1.01 42.87 42.53 1.12
MCG-05-23-016 AGN,Sy2 14.5 13.12 0.05 0.84 43.36 42.47 1.03
NGC 3227 AGN,Sy1.5 11.3 12.06 0.04 0.37 42.58 42.21 1.12
NGC 3281 AGN,Sy2 5.1 12.67 0.04 1.20 43.11 42.85 1.15
Mrk 421 AGN,BL Lac 37.7 13.03 0.05 2.33 44.86 43.58 0.92
1E 1145.1-6141 HMXB,XP 275 12.66 0.15 0.48 36.38 35.38 1.00
2E 1145.5-6155 HMXB,XP 3.4 9.35 0.02 4.57 34.59 35.83 1.42
SWIFT J1200.8+0650 AGN,Sy2 1.7 14.45 0.07 0.81 43.73 43.23 1.09
NGC 4051 AGN,Sy1.5 3.6 12.21 0.05 0.77 41.62 41.69 1.20
NGC 4074 AGN,Sy2 2.2 14.23 0.05 0.80 43.41 42.89 1.09
NGC 4138 AGN,Sy1.9 2.6 11.87 0.05 1.09 41.71 42.06 1.27
NGC 4151 AGN,Sy1.5 30.5 11.49 0.04 4.57 42.86 42.29 1.08
NGC 4395 AGN,Sy1.8 2.1 14.03 0.08 0.65 40.68 40.26 1.09
NGC 4388 AGN,Sy2 24.6 12.22 0.04 1.15 43.59 42.81 1.06
3C 273 AGN,QSO 19.5 12.58 0.04 1.56 46.12 45.31 1.04
V*RT Cru CV,Symb 5.2 12.15 0.11 1.32 - - 1.18
LEDA 170194 AGN,Sy2 3.8 14.15 0.06 0.89 44.09 43.37 1.05
NGC 4593 AGN,Sy1 7.1 12.25 0.04 1.33 43.07 42.83 1.15
NGC4748 AGN,NLSy1 1.3 13.26 0.06 1.19 42.74 42.84 1.21
ESO 323-32 AGN,Sy2 18 13.11 0.05 0.87 43.02 43.04 1.22
3C 279 AGN,QSO/Blazar 2.2 15.60 0.25 1.82 46.33 45.26 1.02
Mrk 783 AGN,Sy1 2.2 15.33 0.14 1.07 44.40 43.42 1.01
NGC 4941 AGN,Sy2 11 12.40 0.03 0.89 40.73 41.24 1.29
ESO 323-77 AGN,Sy1.2 2.6 12.44 0.04 3.18 43.12 43.24 1.25
IGR J13091+1137 AGN,Sy2,XBONG 3.8 13.70 0.05 0.36 43.73 43.18 1.08
MCG-06-30-015 AGN,Sy1.2 4.1 13.23 0.06 0.72 42.75 42.36 1.09
NGC 5252 AGN,Sy1.9 4.8 13.44 0.05 0.89 43.76 43.22 1.09
IC 4329A AGN,Sy1.2 20.9 13.19 0.05 1.03 44.09 43.00 0.98
NGC 5506 AGN,Sy1.9 149 12.93 0.05 0.72 43.21 42.38 1.02
NGC 5548 AGN,Sy1.5 3.0 13.14 0.05 0.70 43.31 43.08 1.15
H 1426+428 AGN,BL Lac 1.8 16.11 0.25 0.61 4491 43.72 0.96
NGC 5643 AGN,Sy2 1.1 12.17 0.04 0.97 41.47 42.07 1.30
NGC 5995 AGN,Sy2 3.5 13.47 0.07 1.10 43.72 43.29 1.06
Sco X-1 LMXB,Z,M 462.3 12.70 0.03 7.21 36.64 34.40 0.76
IGR J16465-4507 HMXB,XP,SFXT? 1.7 14.43 0.34 0.73 35.51 35.01 1.09
ESO 138-1 AGN,Sy2 2.1 13.53 0.16 9.87 42.58 42.36 1.15
NGC 6221 AGN,Sy1/Sy2 2.1 11.90 0.07 0.41 42.02 42.49 1.29
NGC 6240 AGN,Sy2 5.4 13.06 0.05 1.72 43.87 43.42 1.13
Mrk 501 AGN,BL Lac 4.3 13.21 0.04 1.26 44.06 43.65 1.06
Her X-1 LMXB,XP 86.8 13.42 0.06 4.39 36.66 34.86 0.85
V2400 Oph CV,IP 3.6 14.47 0.32 0.79 33.03 32.20 1.03
NGC 6300 AGN,Sy2 6.5 11.52 0.05 0.83 42.29 42.38 1.19
XTE J1739-302 HMXB,SFXT 1.7 14.43 0.11 1.82 34.04 33.54 1.09
IGR J17544-2619 HMXB,SFXT 0.8 12.79 0.06 0.67 33.99 34.48 1.28
LS5039 HMXB,NS,M 1.9 11.31 0.05 0.87 34.16 34.86 1.32
ESO 103-35 AGN,Sy2 8.2 13.98 0.07 0.58 43.51 42.51 1.00
3C390.3 AGN,Sy1 6.1 14.61 0.13 2.15 44.67 43.54 1.00
V1223 Sgr CV,IP 8.1 13.51 0.11 1.85 33.42 32.62 1.04
XTE J1855-026 HMXB,XP, T 14.7 14.77 0.29 1.35 36.25 34.68 0.89
SS 433 HMXB,M 10.8 14.03 0.09 3.02 35.59 34.46 0.97
NGC 6814 AGN,Sy1.5 5.7 12.42 0.04 0.98 42.53 42.31 1.16
KS 1947+300 HMXB,XP, T 9.9 13.97 0.27 0.45 36.03 34.96 0.99
4U 1954+31 LMXB,NS,Symb 12.4 10.39 0.03 4.58 34.63 34.89 1.24
Cyg X-1 HMXB,BH,M 1392.2 8.90 0.01 7.26 36.87 35.67 0.96
ESO 399-20 AGN,Sy1 1.8 13.96 0.08 0.51 43.47 43.07 1.18
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Name Type f20-100key \ (ov)  RMS/(oy)  loglao 100kev logLy aox
[10-1tergenm2sY]  [mag]  [mag] lergs}] lergs™!]

SS Cyg CV,DN 4.1 11.75 0.03 85.06 32.10 32.30 1.23
Cyg X-2 LMXB,B,Z 22.1 14.69 0.18 1.12 36.68 34.97 0.86
Mrk 520 AGN,Sy1.9 4.1 13.49 0.05 1.18 43.81 43.31 1.09
NGC 7172 AGN,Sy2 7.9 12.66 0.04 0.88 43.11 42.66 1.10
QSO B2251-178 AGN,Sy1 6.7 14.20 0.09 0.85 - - 1.00
NGC 7465 AGN,Sy2 2.6 12.82 0.03 0.88 42.39 42.35 1.18
NGC 7469 AGN,Sy1 4.5 12.70 0.04 0.78 44.43 44.21 1.14
MCG-02-58-022 AGN,Sy1.5 4.3 14.13 0.06 0.76 44.36 43.59 0.99

Table 1. X-ray flux in the 20- 100 keV energy band, the medirmagnitude, the average of error estimates

(ov), a variability index RM3{oy ), the X-ray luminosity in the 26- 100 keV energy band, the luminosity
in the JohnsoW band andhpx values. See text for details.

associated to the active nucleus. The wings towards tiigghvalues in Seyfert 1-2 galaxies are
probably due to the variable contribution of the disc stellar population within M€ @perture.
NGC 1068, the prototypical, obscured Sy2 galaxy, shows the highlestogx = 1.39. CVs peak
at a value very similar to that of active galaxies. The behaviowrgyffor binary sytems is rather
different, showing an apparently bimodal distribution which can not be atéthto contamination.
Its origin will be discussed in detail in a forthcoming padér [4].

We list finally in Tabld]L the X-ray flux in the 20100 keV energy band, the meddrmagni-
tude, the average of error estimates (&vel) given by OSA(oy ), a variability index RM3(ov ),
the X-ray luminosity in the 26- 100 keV energy band, the luminosity in the John&biand
(centred at 5500 A, effective width 890 A) and they of those sources used in this analysis.
RMS/(oy) > 3 indicates the source has been optically variable within the observatiom perio
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