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We report about a photometric campaing of the local activaatia nuclei (AGN) 3C120. The
broad line region (BLR) size and the host-subtracted AGNihasity were obtained through
photometric reverberation mapping. Thg Kmission line responds to continuum variations
with a rest frame lag of 28+ 1.69 days. Using the flux variation gradient (FVG) method we
determined the host galaxy subtracted rest frame 5100Anlosity at the time of our monitoring
campaign with an uncertainty of 10%gn = (6.94+ 0.71) x 10*%rg s'%). Compared with
recent spectroscopic reverberation results, 3C120 shiftsee Rg| r - Lagn diagram remarkably
close to the theoretically expected relationRfl L%°. This campaign is part of an ongoing
photometric survey of Seyfert 1 galaxies conducted wittotightelescopes located near Cerro
Armazones in Chile.
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1. Introduction

Reverberation mapping [4], where spectroscopic monigoisnused to measure the response
delay T of the broad emission lines to nuclear continuum variatitvas proven to be a powerful
tool to measure the average distance of the BLR clouds toghw&at sourcdRg g = T-C. From
theoretical considerations [15], the relationsRig r 0 L%y, between 8 BLR size and nuclear
luminosity (5100A), should have = 0.5. This has been investigated intensively [12, 10, 11, 2, 3],
with the latest observational result beiag= 0.519" 3983,

If constrained more tightly, thBg r 0 Lgy relationship can be used as an alternative lumi-
nosity distance indicator. The intrinsic luminosity of tA&N (Lagn) can be inferred from the
radius of the BLR Rg|Rr), resulting in the determination of the AGN distance. Maeo due to
the large luminosity and the extensive range of redshift ldtiwthe AGNs can be observed, the
RsLr — Lagn relationship offers the opportunity to discriminate bedwelifferent cosmologies and
to probe the dark energy [8, 22]. However, these methodsreetiiat the large scatter of the current
RsLr — Lagn relation can be reduced significantly, i.e. by factors upGpahd that reverberation
mapping of large samples can be performed efficiently.

Recently, Haas et al. [8] have revisited photometric resetion mapping. They demon-
strated for Ark120 and PG0003+199 (Mrk335) that this meibagry efficient and even applicable
using very small telescopes. Broad filters are used to medsertriggering continuum variations,
while suitable narrow band filters catch the emission lirspomse.

The estimation of the host-subtracted nuclear lumindsjgyy is challenging as well. One
may use high-resolution imaging data and model the hoskgglafile in order to disentangle the
nuclear flux ([3], using HST imaging). An alternative apprioas provided by the flux variation
gradient method (FVG, [5, 25]). This method can be easilyliapgo monitoring data and does
not require high spatial resolution.

3C120 is a nearby Seyfert 1 galaxy known to be strongly vaietthe optical, characterized
by short and long term variations with amplitudes of up to maa timescale of 10 years [14, 23].

Here we present new measurements of the BLR size, hosastérlr AGN luminosity based
on a well-sampled photometric reverberation mapping cégnpallowing us to revisit the position
of 3C120 in the BLR size - luminosity relationship. As a luagincidence, Grier et al. [7] have
carefully monitored 3C120 spectroscopically one year afte campaign allowing us to directly
compare our photometric monitoring results with their spescopic results.

2. Observations

The photometric monitoring campaign was conducted betv@atober 2009 and March 2010
using the robotic 15cm VYSOS-6 telescope of the Universstarnwarte Bochum, located near
Cerro Armazones in Chile The images were reduced using IRAfackages and custom written
tools, following the standard procedures for image reduncti

IMore information about the telescope and the instrumenbbas published by Haas et al. [8].
2|RAF is distributed by the National Optical Astronomy Obs&ipry, which is operated by the Association of
Universities for Research in Astronomy (AURA) under co@piee agreement with the National Science Foundation.
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Light curves were obtained with a me-

dian sampling of 2 days in th&-band (John- ab ]
son band pass = 4330500 A), V-band (John- E ﬂg‘?k HE |
son band pass = 5500 500A) and the 2o P,ﬁ Vﬁ"\f&g?
redshifted H8 (NB = 5007+ 30A) line. g 18} ﬂﬁﬁgﬁg ,,,,, . NB-
Photometry was performed using a 7.5" aperture. % 16;;\, Ly
The light curves are calculated relative 1020 5 I RS, ]
nearby non-variables reference stars located on 3 t4f , ¥ E P
. . . . . g ,f w;
the same field, having similar brightness as the 2 - }ﬁﬂp&‘%}i B
AGN. The absolute calibration was obtained us- ; ’_‘g"*" ’L} ]
ing the measured fluxes of reference stars from Lors W‘I 1
the SA095 field [13] observed on the same nights 0.[ 0009 | MNovgy  DecOS | Jan10 Feblo |
0 50 100 150

as the AGN. Days after MID 55105 (1.10.2009)

Additionally, we obtained an single epoch
spectrun using the Calar Alto Faint Object Spec- Figure 1: Observed light curves for 3C120 be-
trograph (CAFOS) instrument at the 2.2m tele- tween Oct. 2009 and March 2010. The3H
scope on Calar Alto observatory, Spain. The speci/dNt curve is computed by subtracting a scaled
e " ' V curve from the NB curve and re-normalizing
trograph’s slit width was 1."54. : . .
) ) it to mean= 1. The light curves are vertically
3C120 I|eS a.t I‘edShIfI — 00331 SO that the Shlfted by mUltipleS Of (2 f0r Clarity.
Hp line falls into the NB 500730 filter. The NB
filter effectively covers the line between velocities -3B0(s and +2200km/s.

3. Results

3.1 Light curvesand BLR size 1501 Tnegan = 24.4°51 days]

The light curves of 3C120 are shown in Fig-
ure 1. TheV band flux, on average, corresponds
to ~ 56% of the narrow band flux. Considering
that theV flux comprises the contributions from i
the continuum, the B and the OIll lines, we 50
choose 50% continuum flux contribution in the 7
NB filter. Thus, we computed a synthetig@@Hight
curve by subtracting a scal®dcurve from the NB 20 25 30 35
curve, i.e. H8 = NB — 0.5V. We used the dis- Time Lag [days]
crete correlation function (DCF, [6]) to cross cor- _ L

. . Figure 2: Results of the lag error analysis. Dis-
relate the light curves. The cross correlation Oftribution of the centroid lag obtained by cross
B-band and I8 yields a time delay of 25.1 days qrelating 2000 FR/RSS subset light curves.

defined by the centroitten. To determine the un-  The red area marks the 68% confidence range
certainty in the time delay we applied the flux ran- used to calculate the errors of the centroid.

domization and random subset selection method
(FR/RSS, [17], [18]).

=
o
o
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SMore information on the spectrum and black hole mass esimaan be found in Pozo et al. [19].
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We calculated the discrete correlation function for 200Dspaf subset light curves and the
corresponding centroid (Fig. 2). This yields a medianiag; = 24.43;‘1‘ days. Correcting for the
time dilation factor we obtain a rest frame lags = 23.6+1.7 days.

3.1.1 Host-subtracted AGN luminosity

In order to determine the pure AGN lumi- o

nosity, commonly at 5100A, the contribution of 8f
the host galaxy to the nuclear flux has to be sub-  _ | £ e
tracted. The contribution of the host galaxy to the £ 6r i o i
nuclear flux of 3C120 has been studied by Bentz é 4i @: OQOQ . ]
et al. [2, 3] using high resolution HST imaging S o V,@é{?\?‘?

as well as by Winkler et al. [24, 25], and Sakata oL ost HST Sakata 2010
et al. [20] using the so-called flux variation gra- s b onher sens 200 |
dient method, which was originally proposed by ol 2 ]
Choloniewski et al. [5]. We here apply the FVG 0 2 4\/ F|u)?[mjy]8 0o

method to our 3C120 data and compare our re-

sults with the previous ones. A detailed descrip-Figure 3: Flux variation gradient diagram of
tion of the FVG method is presented in Pozo et al.3C120. The solid lines delineate the bisector re-
[19]. Figure 3 shows th8 andV fluxes obtained gression model yielding the range of the AGN
during the same nights and through the same aperoPe- The dashed lines indicate the range of
ture in a flux-flux diagram. The host color range host slopes determined by Sakata et al. [20] for

. ken f 20 d.d ¢ h iain of 11 nearby AGN. The intersection between the
is taken from [20] and drawn from the ongin o host galaxy and AGN slope (red area) gives the

ordinates (dgshed Iines).. host galaxy flux in both bands. The two verti-
Flux Variations Gradients (FVGs) were eval- cal dotted and dashed lines show the host flux

uated by fitting a linear slope with the OLS bisec- determined by Bentz et al. [2, 3] . The solid
tor method, described in Isobe et al. [9]. It yields line shows the host flux obtained by Sakata et
alinear gradient of gy = 1.12+0.04. The results al. [20]. The dash-dotted blue lines represent the
are consistent witgy = 1.11+0.02 determined ~ "@n9€ of the AGN flux in both filters.

by Sakata et al. [20] anfgy = 1.02+0.07 ob-

tained by Winkler et al. [25]. Averaging over the intersentarea between the AGN and the host
galaxy slopes, we obtain a mean host galaxy flugof740.33) mJy inB and(4.58+ 0.40) mJy

in V. Our host galaxy flux derived with the FVG method is consisteith the valuesfg ~ 2.10
mJy andfy ~ 4.73 mJy obtained by Sakata et al. [20]. Note that one has todcthedvalues of
Tables 5 and 8 of Sakata et al. [20], in order to include the dlmxtribution of the narrow lines
([Oll] A4959, 5007, 1B, Hy) to each filter.

The difference between the two results by Bentz et al. [2ie3]iinainly in the type of model
used for the decomposition of the galaxy. The first study ic@ned a general Sersic function for
modeling bulges [2]. The second study performed the moglelith variations and improvements
to the original profile [3]. Our valuefihost = 4.58mJy) falls exactly in the middle between both
values, simply suggesting that our determination is coesiswithin the error margins. The rest
frame flux at 5100A was interpolated from the host-subtché&@N fluxes in both bands, adopting
for the interpolation that the AGN has a power law SHE [0 v9) with a spectral indexa =
log(fBacn/ fVacn)/l0g(ve/W ), wherevg and w, are the effective frequencies in the B and V
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bands, respectively. The error was determined by intetipoldbetween the ranges of the AGN
fluxes=+0 in both filters, respectively. All flux values are listed inZ8cet al. [19].

To determine the mean AGN luminosity during our campaign,used the distance of 145
Mpc [3]. This yieldsLagn = (6.94+0.71) x 10*3ergs 2.

3.1.2 TheBLR size - luminosity relationship

Figure 4 shows th&®g r andLagn val- 100 L renz e ooe %H‘F#
[ mGrier etal. 2012 =

ues obtained by Bentz et al. [3], the result [ @ This work —t
for 3C120 obtained by Grier et al. [7] and i
the two objects Ark120 and PG0003 studied
with well sampled photometric reverberation
mapping by Haas et al. [8]. While the re- 7 %ﬁiﬂfszo
lationship appears to be well defined, many = ;;}
objects have large uncertainties yet and/or lie raoop

quite off the regression line. Part of this may 1?043 10 o
simply be due to the fact that AGN are com- AL, (6100A) [erg/s]

plex objects, but part of the dispersion may

be due to sparse sampling of early reverber-Figure 4: Rg r— L relationship from data of Bentz
ation data. et al. [3] (black dots) with a fitted slope = 0.519
(dotted line). The diagram is zoomed to contain the
objects of this work (3C120, blue dot) and Haas et

] ] ) ~ " al. [8] (Ark120 and PGO0003, green dots). The blue
[16], quite on the regression line but having arrows show the positional shift of the new measure-

large uncertainties presumably due to sparsements with respect to the previous ones from Bentz et
sampling; one from the spectroscopic mon-al. [3]. The red arrow shows the shift of 3C120 be-
itoring campaign in 2010/2011 by Grier et tween our result and that obtained by Grier et al. [7].
al [7]’ and one from our photometnc mon|_ The SIOpeo{ of this shift is I‘emarkab|y close to the
toring campaign in 2009/2010. The last two theqrehcally expected value of = 0.5. .Tr_]e original

. . . _position of 3C120 by Bentz et al. [3] is in the center
campaigns both have a good time sampling .

. o of the plot and marked by the square surrounding the

and small uncertainties. The striking result fat dot
from these two campaigns is that the slope
between these positions of 3C120dis= 0.504, hence according to intrinsic brightness changes,
3C120 moves parallel to the theoretically expected slopé &rrow in Fig. 4). With increasing
luminosity the BLR size grows proportional to the squard afdhe luminosity, and these changes
appear to occur rather quickly, i.e. within days or weeksteNbat this does not represent physical
in- or outwards movements of the clouds, rather the locglljnaally emitting clouds are found at
a different position [1].

Ark120.

——

Hp BLR size [light days]

45

For 3C120 we have now three positions
in the R-L diagram: one from Peterson et al.

4. Summary

Using a robotic 15 cm telescope located at an excellentwgédiave performed a five months
monitoring campaign for the Seyfert 1 galaxy 3C120. We deiteed the broad line region size,
the virial black hole mass and the host-subtracted AGN lositg. The results are:
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1. The time lagrest = 23.6 +1.69 days, obtained from cross correlation of th@ eimission

line with the optical continuum light curve, has changedrawmee year, but the physical
relationRg g [ L/lA/c-;ZN/\moo still holds. The small uncertainty in our measurements (&%)

presumably due to the well sampled photometric reverlmeratata.

Using the flux variation gradient method (FVG) and a covetérely limited host galaxy
color range, it is possible to find the host galaxy subtrag@&i luminosity of 3C120 at the
time of our monitoring campaign to hegn = (6.94+0.71) x 10*ergs?.

The new results obtained for the BLR size and AGN luminosftg©120 fit well into the BLR

size-luminosity diagram. We conclude that photometricerberation mapping is an attractive
method with the advantage to efficiently measure the BLR hadhbst-subtracted luminosities for
large samples of quasars and AGNs. Not only applicable withllselescopes, photometric AGN
reverberation mapping could become a key tool for the upogriarge monitoring campaigns,
for instance with the Large Synoptic Survey Telescope (US$Mis could be an important step

forward in order to constrain cosmologial parameters froeRg g [ L

1/2

AGN.A5100 relationship in

order to determine quasar distances and to probe the damdyye(fi@, 22]) as well as to enlarge the
current statistics for black hole masses.
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