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ABSTRACT

After the All-Sky Automated Survey for SuperNovae (ASASJISNEcovered a significant
brightening of the inner region of NGC 2617, we began &0 day photometric and spec-
troscopic monitoring campaign from the X-ray through nieérared (NIR) wavelengths. We
report that NGC 2617 went through a dramatic outburst, dunihich its X-ray flux increased
by over an order of magnitude followed by an increase of itécaffultraviolet (UV) contin-
uum flux by almost an order of magnitude. NGC 2617, classified &eyfert 1.8 galaxy in
2003, is now a Seyfert 1 due to the appearance of broad optiugkion lines and a continuum
blue bump. Such “changing look Active Galactic Nuclei (AGMd)e rare and provide us with
important insights about AGN physics. Based on thglide width and the radius-luminosity
relation, we estimate the mass of central black hole to bei¥x 10’ M. When we cross-
correlate the light curves, we find that the disk emissios the X-rays, with the lag becoming
longer as we move from the UV 23 days) to the NIR (69 days). Also, the NIR is more
heavily temporally smoothed than the UV. This can largelyekglained by a simple model of
a thermally emitting thin disk around a black hole of theragtied mass that is illuminated by
the observed, variable X-ray fluxes.

Subject headingsgalaxies: active — galaxies: nuclei — galaxies: Seyferhe:liformation —
line: profiles

1. Introduction

NGC 2617 is a face-on Sc galaxy at a redshifzef0.0142 (Paturel et al. 2003), corresponding to a
Hubble flow corrected distance of 64 Mpc. Moran etlal. (19963%sified it as a Seyfert 1.8 galaxy. The
galaxy displayed only narrow emission lines except for akwéeoad base to the ddline. It lacked both
the broad emission lines that are characteristic of Seffgrlaxies, and a bright power-law continuum.
Here we report on the dramatic transformation of NGC 2613 aSeyfert 1 and the monitoring of the
(presumably) associated X-ray—NIR outburst.

It is well known that both the broad line and continuum congraa of active galactic nuclei (AGN) are
time variable at all wavelengths. This enables, for exantpke reverberation mapping (RM) technique for
studying black hole (BH) masses (elg., Petersoniet al. 286dr et al| 2012b,a, 2013b) or measuring time
delays in gravitational lenses (e.g. Tewes €&t al. 2013). é¥ew there are only a few cases where the changes
are so large that the broad-line components ofahd H3 appear in a Seyfert 2 or vanish from a Seyfert
1. Vanishing broad-line components have been reported 86€ N603 [(Tohline & Osterbrock 1976),
NGC 4151 |(Penston & Perez 1984), Mrk 372 (Gregory &t al. 11,98ig 3C390.3_(Penston & Pelez 1984;
Veilleux & Zheng| 1991), and broad-line components have amgukin Mrk 6 (Khachikian & Weedman
1971), Mrk 1018 [(Cohen et al. 1986), Mrk 993 (Tran et al. 1992GC 1097 |(Storchi-Bergmann et al.
1993), and NGC 7582 (Aretxaga etlal. 1999). “Changing-lo&tN have been observed in X-rays as well
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(e.g., Matt et al. 2003). The X-ray absorption in IRAS 0913409, known as a Seyfert 2 AGN, changed
from being Compton-thick to Compton-thin, making it esgsdhta Seyfert 1 AGN (e.g., Lusso et/al. 2013).

Similar variability was subsequently observed in a sevettaér AGN (Marchese et al. 2012). These strong
variations must be telling us something fundamental abloatstructure of the broad-line region or the
obscuring material.

Additionally, some AGN show large changes in their (X-raghtnuum emission. An example is IC
3599, which flared by approximately a factor of a hundred fih Xerays, accompanied by the appearance
and then disappearance of broad and narrow optical emikses(Brandt et al. 1995; Grupe et ial. 1995b;
Komossa & Bade 1999). Other AGN show high-amplitude X-ragalality without significant emission
line variability. Among the most extreme cases are WPVSeQy. (Grupe et al. 1995a, 2013), E 1615+061
(Piro et al| 1997), Mkn 335 (Grupe etial. 2007, 2008, 2012),RHL 1092 |(Miniutti et al. 2009). There are
examples of still more extreme changes in X-ray emissiortoufactors of several thousand, which have
been detected in optically quiescent galaxies. These &¥@ve been interpreted as stellar tidal disruption
flares, which are thought to occur when stars are disruptddalnsequently accreted by SMBHSs in galaxy
cores (see Komossa 2012 for a recent review).

Broad emission lines are one of the defining characterisfi@eyfert 1 AGN. In the unification model
of AGN, it is believed that Seyfert 2 AGN are Seyfert 1 AGN wééne broad emission line region (BLR) is
being blocked from view by an obscuring torus of gas and ddsivever, the intermediate Seyfert types (1.8
and 1.9) do not easily fit into this picture._Goodrich (198aQgested that the difference between Seyfert
1 AGN and these intermediate Seyfert types is simply thairtteemediate Seyferts are viewed through a
screen of dust and that the variability of these lines is duthé changing optical depth of this material.
Beyond viewing angles and obscuration, the fundamentalnpeaters determining the presence of a BLR
are still uncertain, but are likely related to the BH mass acctetion rate. For example, Chakravorty et al.
(2014) have proposed that the presence of a BLR depends @tHhmeass, with objects below a critical
mass showing no BLR. Nicastro (2000) offers a different nhoaigyuing that the accretion rate relative to
Eddington is the fundamental parameter. In this model,rtheriradius of the BLR is the transition radius
at which the accretion disk goes from being radiation-te-geessure dominated and below a critical mass
accretion rate no BLR should form. _Czerny & Hryniewicz (2Dbffer a third model. They note that the
accretion disk temperature at the radius of the BLR is ab600XK in all AGN. This is close to the dust
sublimation temperature, which may allow the formation e&diation-driven wind which then forms the
BLR.

On the other hand, the origins of the optical/lUV AGN contimuare known to be thermal emission
from an accretion disk around a supermassive BH (Shield&)19he exact structure of the disk is uncertain,
and disk size measurements using gravitational microlgngenerally find sizes larger than expected from
simple thin disk theory (e.g., Morgan et al. 2010).

The nature of the X-ray continuum and its relation to the Uvitocwuum, however, is still a matter of
debate. The X-rays are generally believed to arise from Gompp-scattering of disk photons in a hot
corona (e.g., Reynolds & Nowak 2003). Alternatively, oalfdV continuum may be produced from down-
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scattering of X-ray photons (e.q., Cameron et al. 2012 aetdeeces therein). Theoretical models have pos-
tulated a broad range of physical sizes for this hot corommaveyer, recent X-ray gravitational microlensing
results consistently find sizes comparable to the inner efitfee accretion disk (e.g., Morgan etlal. 2008;
Mosquera et al. 2013), thus ruling out models with very eaéehcoronae.

The causal ordering of X-ray and disk variability is, howewaclear, since attempts to measure time
lags between these emission components have generaltegienly null results or tentative detections
(e.g..Breedt et al. 2009; Cameron et al. 2012). These lagg\er, could be a powerful tool to distinguish
between the two physical processes most likely responsiblstrong X-ray—NIR variability observed in
NGC 2617 which are 1) locally-generated (e.g. viscous)upestions propagating inward through the
accretion disk or 2) an increase in the X-ray flux coming fréra $maller, central hot corona which heats
the inside of the disk first and moves outward. Thus, changasdretion rate might be expected to produce
“outside-in” variations, moving from red to blue to X-rayshile changes in coronal emission might be
expected to produce “inside-out” variations with the imsed X-ray flux irradiating the disk and driving
increased blue and then red emission.

Delays between wavelengths might also be measurable fagWieptical emission. The best case to
date is that of NGC 7469 (Wanders etlal. 1997; Collier &t 881 Peterson et &l. 1998; Kriss etlal. 2000),
where longer wavelengths increasingly lag behind thoséén1315 A continuum. The lag detections
are significant only at about the 2-sigma level, however.psingly, the X-ray variations_(Nandra et al.
1998) did not correlate particularly well with those in th&/Adptical, and in retrospect this is probably
attributable to variable absorption of the X-ray spectrang (| Risaliti 2011). Lags between shorter- and
longer-wavelength continuum variations have been datdcteseveral sources (e.q., Sergeev et al. 2005;
Cackett et al. 2007) at marginal significance, and alwayseénsense that the short-wavelength variations
lead those at longer wavelengths.

The dramatic state change and outburst we observe in NGC26%itles a laboratory for exploring
the relations between these AGN components.[In 82 we desotibNIR- X-ray observations during the
outburst of NGC 2617. In[83 we search for variations in thealirbl3 and Hell \4686 lines, estimate the
central BH mass, and cross-correlate the X-ray to UV-NIRtl@urves to measure the time delays between
the variability in different bands. We present a simple jtalanodel that reproduces the observed UV-IR
variability in 8 and summarize our results [0 85. Throughbe paper all dates are given in UT.

2. Observations

We have been conducting the All-Sky Automated Survey foreéBNpvae (ASAS-S@ or “Assassin”),
which scans the extragalactic sky visible from Hawaii rdygimce every five nights in thé-band. On 2013
Apr. 10.27, a transient source alert was triggered by thghtening of the central region of NGC 2617.
Follow-up observations confirmed that the nucleus was tliecsoof the outburst and a follow-up spec-

2Jhttp: //www.astronomy.ohio-state.edu/~assassin
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trum showed that the source now has the strong broad emiksemand continuum shape characteristic
of a Seyfert 1. Given the strong outburst and dramatic chamdke spectral properties, we requested
and obtainedswift (Gehrels et al. 2004) target of opportunity (ToO) obseoratito monitor NGC 2617 in
the optical, UV, and X-rays, which found that NGC 2617 coméd to brighten. During this outburst we
were able to obtain an extensive time series of optical spezipy and NIR/optical/UV/X-ray photometry
that are presented in this paper. The INTErnational GammaAstrophysics Laboratory (INTEGRAL;
Winkler et al/ 2003) also detected the outburst in hard Xs1@y-60 keV), as has the European VLBI Net-
work real-time Interferometer (e-VLBI) and the Very Longdgtine Array (VLBA) in the radio at 1.6 GHz
and 5 and 1.7 GHz, respectively. Finally, XMM-Newton obsgians were obtained for NGC 2617 during
the outburst, and these observations will be discussed amganion paper (Giustini et al. in prep.). In the
following subsections we describe the observations of N6L72n detail.

2.1. ASAS-SN Discovery of NGC 2617 Outbur st

ASAS-SNis a long-term project to monitor the whole extragtt sky to find nearby supernovae (SNe)
and other transient sources. We began running our realg#raech for variable sources in April 2013 with
our first unit, Brutus. Brutus presently consists of two setgpes on a common mount which is hosted by
Las Cumbres Observatory Global Telescope Network (LCOG@dWA et all 20113) in the Faulkes Telescope
North enclosure on Mount Haleakala, Hawaii. Each telescopsists of a 14-cm aperture Nikon telephoto
lens and an FLI ProLine CCD camera with a Fairchild Imaging<2Rk thinned CCD, giving a 47 x 4.47
degree field-of-view and a8 pixel scale. The cameras are mounted to have moderatelfapping fields-
of-view. On a typical clear night, Brutus can survey morentB@00 degd, and with the effects of weather
we can survey the extragalactic sky visible from Hawaii tdygnce every 5 days. The data are reduced
in real-time, and we can search for transient candidatestado hour after the data are taken using an
automated difference imaging pipeline. We are now meetng, frequently exceeding, our current depth
goal ofV ~ 16 mag, corresponding to the apparent brightness at maxiightof core-collapse SNe within
30 Mpc and SNe la out to 100 Mpc.

Our transient source detection pipeline was triggered biynaige taken at 2013 Apr. 10.27, detecting
a~ 10% flux increase from the inner region of NGC 2617 (Fiddreetjyivalent to detecting a new point
source source of ~ 16.7 mag superimposed on the image of the galaxy (Shappee &8P It seemed
likely to be AGN variability, but the AGN and the host are neparately resolved given ASAS-SN's"16
resolution. We obtained a follow-up image on Apr. 24.14 with Ohio State Multi-Object Spectrograph
(OSMOS; Martini et al. 2011) at the 2.4-m telescope at MDM @&@fatory, which showed that the central
region of NGC 2617 continued to brighten and was a facter 8f3 brighter than the archival Sloan Digital
Sky Survey (SDSS; York et al. 2000) Data Release 9 (Ahn/e04d2Ry-band image, as shown in Figulre 1.
This increase in flux was within’03 of the center of the galaxy, corresponding to a projectegipal
distance of less tharn 9 pc at NGC 2617.

We then requested director’s discretionary (DD) time onApache Point Observatory (APO) 3.5-m
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Fig. 1.— Comparison between our ASAS-SN discovery imagp-lgft), the archival SDSS image (top-
right), our follow-up MDM image (bottom-left), and a diffence image showing the brightening of the
central region between the SDSS and MDM images (bottont)righll images are on the same angular
scale. This increase in flux is associated with the centdrenfjalaxy to within (03 or~ 9 pc at NGC 2617.



—7-

telescope and obtained an optical spectrum (range 39600 A) using the Dual Imaging Spectrograph
(DIS) on Apr. 25.1. Figurgl2 shows a comparison between fleéstsum, a spectrum from the 6dF Galaxy
Survey (6dFGS). (Jones et al. 2004, 2009) taken on 2003 Apy.a2® the spectrum from_Moran et al.
(1996) taken in 1994. This figure illustrates the dramatiectal changes of NGC 2617. Along with the
increase in the continuum flux, NGC 2617 changed spectra tsgm a Seyfert 1.8 to a Seyfert 1, with
the appearance of strong broad-line emission indthid H3. The spectrum also shows the appearance of
a strong “blue bump” shortward of 4000 A. It is possible that spectral changes observed in NGC 2617
are not correlated with the large AGN outburst discoveredBAS-SN. However, given the rarity of both
“changing-look” AGN and powerful X-ray flares, this seemsmbte possibility even if the available data
cannot prove an association.

2.2. Swift ToO Optical, Ultraviolet, and X-ray Observations

The first 2 ks Swift X-ray Telescope (XRI; Burrows etlal. 20@bservation obtained on 2013 Apr.
30.93 detected NGC 2617 with a flux oft3< 10711 ergs cm? s (0.3—10 keV| Mathur et al. 2013). This
X-ray flux is significantly higher than the fluxes measuredN@C 2617 by both th&XMM-Newtonslew
survey in 2007 (Saxton etlal. 2008) of0% 10712 ergs cm? st (0.212 keV) and the Roéntgen Satellite
(ROSAT;| Truemper 1982) of (84 1.0) x 10712 ergs cm? st (0.1-2.4 keV; Boller et al. 1992). Based
on this initial result we requested and were granted fur§weift ToO observations. By 2013 May 8.04,
continued monitoring wittBwift XRT showed an increase of another factor of four in the X-ray,fo
the AGN was now an order of magnitude brighter than duringti®-NewtonSlew Survey observation
in 2007. Parallel optical and UV observations obtained \8ibifts UltraViolet/Optical Telescope (UVOT;
Roming et all 2005) also showed an increase in flux, but on gelotimescale (Shappee etlal. 2013a). In
total, we obtainedswift XRT and UVOT observations spanning50 days with an almost daily cadence
from 2013 May 01 through June 20 when it became unobservalgleéobwifts Sun-constraint.

2.2.1. Swift UVOT Observations

The SwiftUVOT observations of NGC 2617 were obtained in 6 filters (Bailal! 2008)V (5469 A),
B (4392 A),U (3465 A),UVW1 (2600 A),UVM2 (2246 A), andJVW2 (1928 A). We used the UVOT
software tasluvotsourceo extract the source and background counts fronDar&dius region and a8 to
20.0 annulus, respectively. The UVOT count rates were contént® magnitudes and fluxes based on the
most recent UVOT calibration (Poole etllal. 2008; Breeveldl ¢2010). The UVOT UV/optical photometry
is reported in Tablgl1 and shown in Figlie 3.
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Fig. 2.— Comparison between the APO spectrum from 2013 A&brittop, red), the 6dFGS spectrum from
2003 Dec. 30 (middle, black), and the Moran etial. (1996) spatfrom 1994 (bottom, blue). Note that
the absolute flux calibration is arbitrary. NGC 2617 underinsedramatic spectral evolution changing from

a Seyfert 1.8 to a Seyfert 1 sometime between 2003 and 2013.



Table 1. Photometric Observations

JD Magnitude | X-Ray Flux Photon Index
(-2,450,000) Band -+ | [10 ergs/cnd/s] r
6413.430 X-Rayhit [2.84(0.12)] 1.69(0.10)
6413.896 UVWlitt 14.48(0.03) -
6413.900 UVMyitt 14.32(0.04)

6413.891 UVWwiit 14.17(0.04)
6413.892 Uswit 14.22(0.03)
6433.483 u 14.69(0.03)
6406.570 B 14.92(0.03)
6413.893 Bswit 15.08(0.03)
6406.645 g 14.55(0.03)
6406.575 \% 14.32(0.03)
6413.898 Vswift 14.54(0.03)
6406.683 r 13.88(0.02)
6434.472 R 13.58(0.02)
6407.499 i 13.69(0.03)
6434.475 I 13.13(0.02)
6408.787 z 12.96(0.01)
6408.785 Y 12.71(0.01)
6408.782 J 12.18(0.01)
6408.780 H 11.51(0.03)
6408.777 K 11.05(0.03)

Note. —Swift U, B,V, R, I, Z,Y, J, H, andK —band photometry are calibrated in the Vega
magnitude systemu, g, r, andi —band photometry are calibrated in the AB magnitude system.
X-Ray fluxes (0.310 keV) are in units of 13! ergs/cm/s. Only the first observation in each
band is shown here to demonstrate its form and content. Talbe published in its entirety in
machine-readable form.
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Fig. 3.— NIR-UV photometric observations of NGC 2617 spagnii 60 days from 2013 Apr. 24 through
June 20. The filled circles are our new observations whildaige stars to the left are archival magnitudes
from SDSS and 2MASS. Error bars are shown, but they are yssralller than the points.
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2.2.2. Swift XRT Observations

The XRT was usually operating in Windowed Timing (WT) modédl(et al/l2004) but it was in photon
counting (PC) mode for some observations at the beginnidgn@iddle of the monitoring campaign. The
data were reduced by the tasfpipelineversion 0.12.6, which is included in the HEASOFT packag@ 6.1
For the PC mode data the source counts were collected inla wiith a radius of 7(v. Background counts
were estimated from a source-free region 2itradius using the taskselec{version 2.4b). The WT source
and background data were selected in a box with a length of«0sp Auxiliary response files were created
using the XRT taskrtmkarf The spectra were rebinned with 20 counts per bin using tslegapha
We applied the response filsgvxpc0to12s6_20010101v013.rarfd swxwtOto2s6_20070901v012.rfof
the PC and WT data, respectively. The re-binne2H10 keV spectra were modeled with XSPEC v.12.7
using a single power law and Galactic absorption correspgntb a hydrogen column density &y =
3.64x 10°° cm™? (Kalberla et al. 2005). Th8wiftXRT X-ray fluxes and XRT X-ray photon spectral indices
() are also reported in Tablé 1. Figure 4 shows both the X-ray dhhd UV magnitudes on the same
relative scale as well as the X-ray spectral index. The Xspactral index becomes softer as the X-ray flux
increases, as has been seen in other AGN (e.g., Romano @0a|.Grupe et al. 2012).

2.3. Additional Photometric Follow-up

We obtained optical and NIR photometry from a number of gtbbased observatories. In an attempt
to homogenize the photometric data, we performed photgmesing a 5 radius aperture on all our data
to minimize the differences between tBevift UVOT observations, which have a large pixel scale, and our
ground-based observations, which have a much smaller poedd. We measured the background within a
annulus of 3t to 600.

The Z, Y, J, H, andK-band observations were obtained with the 3.8-m United #amg Infrared
Telescope (UKIRT). The data are calibrated using Two MicAdinSky Survey (2MASS] Skrutskie et al.
2006) stars within 7from NGC 2617 and then converted to the WFCAM system follgatitodgkin et al.
(2009).

B, V, R, andl-band observations were taken at the LCOGT 1-m facilitie€énro Tololo, Chile and
Sutherland, South Africe_(Brown et/al. 2013). All images &eeduced following standard procedures
and cosmic rays were removed using LACOSMIC (van Dokkum 200he photometric measurements
include a small aperture-corrections (.02 mag). The data were calibrated using SDSS stars wifBin 1
of NGC 2617 and transformed onto the Johnson-Cousins maigng#tystem using procedures described by
Lupton (200522

SDSSg, r, andi-band observations were obtained with the Retractablec@lgfiamera (RETROCAM,;

22 ypton (2005);
http://www.sdss.org/dr5/algorithms/sdssUBVRITransform.html
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Fig. 4.— Lower Panel The Swift XRT 0.3-10 keV X-ray (black circles)Swift UVOT UV (magenta,
violet, and purple circles), and INTEGRAL IBIS ¥/60 keV X-ray (apricot rectangle) observation(s) of
NGC 2617.Upper Panel The Swift XRT X-ray photon spectral indeX']. The apricot rectangle represents
the INTEGRAL IBIS hard X-ray flux measurement, where the Widhd height represent the span of the
observation and the measurement uncertainty, respactieé large star and square to the left are archival
XMM-Newtormeasurement (0.2—-12 keV) from 2007 and archival ROSAT measent (0.1-2.4 keV) from
1990-1991, respectively. The apricot upper limit showrhtleft is an archival flux limit from the 70-month
SwifBAT survey (14-195 keV; seé¢ §2.5). As NGC 2617 brightenedXtray spectrum softened. Both the
UV and X-ray light curves show a similar double humped feauring the outburst, but with a 2-3 day
delay (see[&3]2).
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Morgan et all 2005) and SDSfandr-band observations were obtained with OSMOS both on the MDM
2.4-m telescope. Small aperture-correctiogs0(02 mag) were applied to the aperture magnitudes, which
were then calibrated using SDSS stars withBidf NGC 2617.

B,V, u, g, r, andi-band observations were obtained with the Direct CCD Caife@&D) at the Swope
1m telescope at Las Campanas Observatory. Small apedtnextions £ 0.02 mag) were applied to the
aperture magnitudes, which were then calibrated using SEBSwithin 15 of NGC 2617 and transformed
onto the Johnson magnitude system as described by Lupt0656)20

Figures B and]4 show that the amplitude of the flare was laigase X-rays, followed by the UV,
and then the optical/NIR. We note, however, that there igifiigint host galaxy contamination at longer
wavelengths which is discussed in_83.3. For comparison, Ise show the archival SDSS and 2MASS
magnitudes of NGC 2617 from 2006 Nov 18 and 1998 Nov 27, rdéisedc The 2MASS magnitudes were
translated onto the WFCAM system following Hodgkin et aD@9).

2.4. Spectroscopic Follow-up

We obtained several low-resolution optical spectra of N®GT72between 2013 April and June using
different telescopes, instruments, and spectroscopigpsetTabld 2 shows a summary of all the spectra,
including date (UT+JD), telescope/instrument, wavelbnmgnge, spectral resolution, slit width, seeing es-
timate, slit position angle, airmass at the beginning ofahgervation, and exposure time.

The single slit spectra from DIS at the APO 3.5-m, Boller & @nis CCD Spectrograph (CCDS)
at the MDM 2.4-m and 1.3-m, OSMOS at the MDM 2.4-m, and the lodilagellan Areal Camera &
Spectrograph (IMACS; Dressler etlal. 2011) at the Magell&ind were all reduced with standard routines
in the IRAFtwodspec andonedspec packages. The reductions included bias subtraction, &latiffig,
1D spectral extraction, wavelength calibration using aalamp, and flux calibration using a spectroscopic
standard usually taken the same night.

The integral field unit spectrum obtained with the Supernimtagral Field Spectrograph (SNIFS;
Lantz et al| 2004) at the University of Hawaii (UH) 2.2-m wasluced and extracted using the SNIFS
Data Reduction Package (Aldering et al. 2006). & 8perture was used to extract the final 1D spectrum.

The spectrum obtained with the FLOYDS Spectrograph (Saat,eh preparation) at the robotic 2-m
Faulkes Telescope South (FTS; Brown et al. 2013) was redgeah automated reduction pipeline that
performs order rectification, flat-fielding, wavelength ghtk calibration, and object extraction. Direct
checks of the wavelength solution are also performed usgihgric absorption features and night sky lines.

The spectra were taken under various conditions, many aftwiliere non-photometric. Additionally,
many of the spectra were taken at high airmass and/or dusingreomical twilight because the object was
close to setting for the season. These conditions causedotineal flux calibration of the spectra to be
poor. We perform an additional step and calibrated eachtrgmeoonto an absolute flux scale under the
assumption that the flux of the [@]A\5007 narrow emission line is constant as discussed in §3lchdse
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the MDM spectrum taken on 2013 May 12.13 as a reference spedtr the absolute flux calibration, since
it was obtained under clear conditions. In this spectrumlitieeflux is F([O 11]A5007) = 55 x 10714 erg
cm? st These calibrated spectra are shown in Filire 5 and ourtsé@rtemporal variations in the B
and Hell\4686 lines is described in &3.1. Note, the spectra have rest berrected for telluric absorption,
but the spectral region neardHs not significantly affected.

2.5. Hard X-Rays

Between 2013 Apr. 22 and 2013 Jun. 2, INTEGRAL discoveredwesoeirce, IGR J0835:0404, coin-
cident with NGC 2617 during their Galactic Latitude Scanestiations of the Puppis regian (Tsygankov et al.
2013). They detected this source at a 9-sigma significantteaniux of 334 0.4 mCrab (47 x 10! erg
cm? s 1) in the 17-60 keV energy range. Correcting for the distance to NGC 2613 flux corresponds
to a luminosity ofL = 1.86 x 10* erg s1. This observation is shown in Figuré 4 by an apricot rec&ng|
where the width represents the span of the observation arukiljht shows its uncertainty.

Tsygankov et al.| (2013) also report that this source was teotsl, with a 1-sigma upper limit of
1.6 mCrab (B x 107 erg cm? s1), in the INTEGRAL/Imager on-Board the INTEGRAL Satellitd(S;
Ubertini et al! 2003) nine-year Galactic plane survey (Bn@s et al. 2012). Correcting for the distance to
NGC 2617, this flux upper limit corresponds to a upper limitlo& luminosity ofL < 9.0 x 10*? erg s™.

Finally, this source is also not present in the 70-m@whiftBurst Alert Telescope (BAT; Barthelmy etlal.
2005) surveyl(Baumgartner et ial. 2013). Conservativelliregérom Figure 1 in Baumgartner etial. (2013)
for the position of NGC 2617, we see that from Dec. 2004 — S#it0 the exposure time by the 70-month
SwiffBAT survey was> 10 megaseconds. Then from Figure 11 in Baumgartner et @l3j20e see that
this exposure time leads to a 5-sigma upper limit on the hardyXflux (14-195 keV) of< 0.6 mCrab
(8.5x 10712 erg cm? s71). This upper limit is shown on Figufé 4. Correcting for thetdnce to NGC 2617,
this flux upper limit corresponds to a upper limit on the luosity of L < 3.4 x 10*? erg s™.

2.6. Radio

On 2013 Jun. 7, Yang etlal. (2013) obtained a 7-hour Europeadsl Wetwork ToO observation of
NGC 2617 at 1.6 GHz and detected a coincident compact soutbeavflux density of 15+ 0.3 mJy,
corresponding to a radio luminosity bf ¢ = 4.8 x 10° erg $*. From these observations, Yang et al. (2013)
constrain the source size to be less than 4 milliarcsecamisgsponding to a physical size @f1.2 pc at
NGC 2617.

On 2013 Jun. 29, Jencson et al. (2013) conducted VLBA obsemgaof the nucleus of NGC 2617 at
5 and 1.7 GHz. We detected radio emission with flux densitids5+ 0.1 and 16+ 0.3 mJy at 5 and 1.7
GHz, respectively. These measurements indicate littl@teamiability since the earlier e-EVN observations
(Yang et al. 2013), and are consistent with a flat spectrunthernucleus of NGC 2617. _Jencson et al.
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Fig. 5.— Spectroscopic observations of NGC 2617 spanaifi@ days from 2013 Apr. 25 — Jun. 30, 2013.

Details of the observations are giving in Table 2. Individsgzectra are calibrated by the flux in their narrow
[O 11115007 lines. Spectra marked with an asterisk are those eegbioythe spectral analysis presented in
§3.1. The UH spectrum, excluded from our analysis, has sadfiteation problems leading to distorted line

ratios.
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(2013) may have resolved the source at 5 GHz, finding majonandr axes of -+ 0.6 and 154+ 0.2 mas,
respectively. These correspond to physical sizes&if8 0.19 and 047+ 0.06 pc at NGC 2617.

3. Analysis

We use our time-series spectra to search for variationseirbtbad H and Hell A4686 lines and to
estimate the central BH mass in_83.1. We cross-correlat@lmbometric light-curves in[€3.2. Finally, we
construct a spectral energy distribution (SED) of NGC 26bwfthe hard X-rays through the radio in 83.3.

3.1. Emission-Line Variability and Black Hole Mass Estimate

Accurate flux calibration is necessary to analyze intrinsigations in AGN spectra. We therefore can
only search for variability using the six well-calibratddgh signal-to-noise ratio (SNR) spectra that were
collected under similar observing conditions (e.g., sgeftirmass; Peterson et al. 1995). These six spectra
are marked with asterisks in Talble 2 and Figdre 5. We resttiotr analysis to the Hemission-line region,
since this spectral region is covered by all six spectra. régemn near H is either outside the wavelength
range or is located near the wavelength limits where the #iliki@tion is less accurate. Although the spectra
in this subset were taken under similar observing condstitimere are still differences in the apertures and
seeing that will lead to spectral differences. However,aurilde assumption that the J@©] narrow-line flux
is constant over the time scale of interest (e.g., Petersaln2013) and that the [@] emitting region is
not resolved, we can calibrate the spectra onto the samé&utdbsoale using the observed [[JA5007 flux.
The same is not true for the AGN continuum, which is contateitidoy the emission of the host galaxy and,
therefore, will still be subject to aperture effects.

We degraded the six spectra to a common resolution of 9 A (FWRWX adopted the spectrum taken
on 2013 May 12.13 (under clear conditions) as the referepeetmum and inter-calibrated the spectra
using thex? minimization algorithm of van Groningen & Wanders (1992)dar the assumption that the
[O 1111A\5007 flux is constant. From the inter-calibrated spectrathea computed the mean and the root-
mean-square (RMS) residual spectra shown in Figure 6. THe &he RMS spectrum is very low due to
the small number of spectra in the sample and the relativebliglux variations. Although a detailed analy-
sis of the line profiles is precluded by the low SNR of the spawrt both H5 and Hell changed significantly
during the period of interest.

From the RMS spectrum, we can estimate the width of the Varipart of the emission lines. Us-
ing a Monte Carlo approach, we generated 1000 sets of siedukgiectra with randomized fluxes (see
Peterson et al. 2004). We then created an RMS spectrum fbrstamuilated data set, and measured the
FWHM and line dispersiond(jne) following IPeterson et al. (2004). Based on these proceduesfind that
the FWHM of the H5 and Hell \4686 lines are 54981140 km $* and 1005@ 2590 km §* and their veloc-
ity dispersions are 2200230km$? and 4180t 450 km $?, respectively. The uncertainties are relatively
large due to the low SNR of the RMS spectrum.
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Table 2. Spectroscopic Observations

JD Wavelength range Resolution Slit Width Seeing Positiogla Exposure
UT Date -2,400,000 Telescope/Instrument A A arcsec reley Airmass (s)

2013 Apr 25.10* 56407.601 APO3.5m/DIS 3500600 9.0 15 1.3 30 1.3 2 300
2013 Apr 29.19* 56411.693 APO3.5m/DIS* 3560600 9.0 15 1.5 50 2.1 2 300
2013 Apr 30.30 56412.800 UH2.2m/SNIFS 3308700 5.0 s ~ 0.9 . 1.5 1x 600
2013 May 12.13* 56424.629 MDM2.4m/CCDS 4256850 4.0 1.0 1.7 0 15 2 600
2013 May 19.15* 56431.647 MDM2.4m/OSMOS 3976850 4.4 1.2 1.7 0 1.9 2 600
2013 May 20.14* 56432.643 MDM2.4m/OSMOS 3976850 4.9 1.2 2.6 0 1.9 2 600
2013 May 21.14* 56433.637 MDM2.4m/OSMOS 3976850 5.0 1.2 1.8 0 1.9 2 600
2013 May 27.41 56439.912 FTS/FLOYDS 32000000 9.7 2.0 ~ 10 125.24 1.8 Ix 1800
2013 Jun 1.14 56444.644 MDM1.3m/CCDS 4206200 14.4 1.9 5.6 0 2.7 2900
2013 Jun 2.14 56445.641 MDM1.3m/CCDS 4206200 14.8 1.9 7.7 0 2.7 % 900
2013 Jun 3.14 56446.645 MDM1.3m/CCDS 4206200 145 1.9 6.7 0 2.9 2900
2013 Jun 4.14 56447.642 MDM1.3m/CCDS 4206200 13.8 1.9 5.6 0 2.9 2900
2013 Jun 30.96 56474.456 Magellan 6.5m/IMACS 460600 5.2 0.9 1.7 117 2.4 % 800

Note. — Observational and derived properties of our timeesespectra of NGC 2617. Seeing gives the FWHM of the spatédile in the 2d spectra. The airmass is reported for the
beginning of the exposures. Spectra with UT Date marked avitare used in the spectral analysis presenteflid §3.1.
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Fig. 6.— Mean (red solid, right flux scale) and RMS (blue dasHheft flux scale) spectra of NGC 2617
near the H and Hell \4686 broad-lines. Note that the RMS spectrum flux scale isriést lower than
for the mean spectrum. The RMS spectrurfi &#hd Hai\4686 FWHM velocities are 54901140 km §*
and 10050t 2590 km s, respectively, where the velocity dispersions are 2200+ 230kms?! ando =
4180+ 450 km $?, respectively.
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The width of the K5 emission line and the mean continuum luminosity can thersbd to estimate the
mass of the black holeMgy) powering the AGN. The width of the broad emission lines sthqurimarily
be due to the orbital motion of the emitting gas in the gréwtel potential of the BH. Under this “virial”
assumptionMgy can be estimated by

Mgn = f G Rgir AV, (1)

whereAv is the velocity dispersion of the emitting gas estimatediftbe width of the emission lindg r

is the distance of the broad line emitting gas from the céblexck hole, G is the gravitational constant,
and f is a dimensionless scale factor that depends on inclinagjeometry and kinematics of the BLR
(e.g.,.Onken et al. 2004). Reverberation mapping studighkeoH5 emission line in local AGN indicate
that there is a tight correlation between the AGN continuumihosity at 5100 A andRs g (Kaspi et al.
2005; Bentz et al. 2009, 20113; Zu etlal. 2011). Although we aldhave enough spectral epochs to perform
a reverberation mapping measurement, we can still estiRate through the radius-luminosity relation.
Measuring\L ,(5100A) from the mean spectrum and usingRagr — AL (5100A) relation from Bentz et al.
(2013), we obtairfrg g = 941 light days. Contamination by the host galaxy to the comtmiuminosity can
lead to an overestimate of the BLR radius. However, we estiimag4 that thé/-band contamination from
the host galaxy in a’5radius aperture is- 30% of the flux. Since the spectroscopic apertures are smalle
andMgy o LY/2 our R, g estimate is little affected by host galaxy contaminatiossémingf =4.31+1.05
(Grier et all 2013a) and using thehrjine estimate from the RMS spectrum, we obtMgy = (44 1) x 107
M. For this estimate of the black hole mass, the Eddingtonriosify isLgqq= 10°°7 erg s?.

3.2. Wavdength-Dependent Variability Lagsand Tempora Smoothing

Visual inspection of Figurds 3 and 4 clearly show a lag betwtbe X-ray and UV-NIR variability. It
also seems reasonably clear that the longer-wavelenggh RR) light curves are also smoother than the
shorter-wavelength light curves (e.g., UV). In this sultise¢ we quantify these lags and smoothing time
scales. A large number of our observations were obtainedtensfithat differ only slightly in wavelength.
As a first step we combined theandUsgyii light curves; theg, B, andBsyr light curves; the/ andVayis
light curves; theR andr light curves; and thé andi light curves to improve the overall time sampling for
each wavelength range. To do this, we have added a constaathoband to match it to the partner band
with the largest number of epochs. Each of the resulting kigives are shown in Figué 7 in arbitrary flux
units and they are scaled to emphasize the light-curvetateicFiguré ]’ further emphasizes the temporal
ordering of the variability.

To quantitatively estimate the time lags and the temporalathing, we use the reverberation mapping
and light curve analysis package JAVE@\{formerly known as SPEAR; Zu etlal. 2011, 2013b,a). As with
a normal cross-correlation analysis, JAVELIN assumesraission line light curves are scaled and shifted
versions of the continuum light curve. However, JAVELINfdi from simple cross-correlation methods

Znttps://bitbucket.org/nyel7/javelin


https://bitbucket.org/nye17/javelin

—19 —

=

[y

=

=

[y
DO OPNNVOPRONO HOWO NPROO
LR BN LA AN AR i RAA) MRS RAANAS LA AN MRS AL i MLt

5 g
w
kel 10
[
i
n 8t
10F
18r
10F
10F
10F
10f ‘ ‘ LY
°® @
_d s 8°®
8 L] ‘ | ‘ ‘
6410 6420 6430 6440 6450 6460

JD - 2,450,000.0

Fig. 7.— Scaled NIR-UV photometric observations of NGC 26f@@nning~ 60 days from 2013 Apr. 24
through June 20. Similar filters have been scaled and comhliie a common light curve. Error bars are
drawn but they are usually smaller than the points. The oardlcal lines from 6415-6445 indicate the
epochs where SEDs are shown in Figuré 10 and aid in seein@ghfeom shorter to longer wavelengths.
Black lines show light curves of a simple X-ray irradiatioodel described in[84. While not a perfect match,
the general amplitudes, lags, and smoothness of the light¢sas a function of wavelength are successfully
reproduced. Finally, note how the relative strengths otweepeaks in the X-ray light curve change in the
redward filters. This behavior is not captured in our our $énmpodel with instantaneous reradiation.
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in two respects. First, JAVELIN explicitly builds a model tofe light curve and transfer function and fits
it to both the continuum and the line data, maximizing thellhkood of the model and then computing
uncertainties using the (Bayesian) Markov Chain Monte €MCMC) method. Second, as part of this
process it models the continuum light curve using a dampedora walk (DRW) model, which has been
demonstrated to be a good statistical model of optical quemaability using large £ 10%) samples of
guasar light curves (e.d., Kelly et/al. 2009; Koztowski et2010; MaclLeod et al. 2010; Zu et/ al. 2013b).
The parameters of the DRW model are included in the fits anid timeertainties, as is a simple top-hat
model of the transfer function and the light curve meansr@nds if desired).

Following Zu et al.l(2011), we apply the JAVELIN method to lkeat the light curves shown in Figuré 7,
using either th&wift XRT X-ray or theSwiftUVOT UVW2 band light curve as the reference (“continuum?”)
light curve and the other light curves at longer wavelengtfesthe responding (“line”) light curve. We fit
fluxes rather than the magnitudes, which makes the resdé&pandent of any contamination by the host
galaxy since the mean flux is subtracted from the light cuaggzart of the analysis. Also, to avoid a spurious
peaks at- 15 days, the spacing between the distinct two peaks vigidight curves, we forced JAVELIN
to only return lags ok 10 days. Finally, since X-ray variability typically has dfdient power spectrum
than the UV/optical bands (Cameron et al. 2012), modelimgXtray light curve as a DRW process may
underestimate the uncertainties on the time lag of the ¢dight curves. However, the estimate of the
time lag is determined mainly by the variability featuresnifiestly present in the light curves, so the result
should be insensitive to the statistics assumed for therlymaig variability models.

The measured time lags are presented in Table 3. The uppel (@amer panel) of Figurél8 shows
the measured time lags between Sweifts UVOT uvw2-band Swifts XRT X-ray) flux and the redward
photometric bands’ flux as a function of wavelength. Thera tdear trend that redder bands have larger
lags, with the UV and NIR lagging23 and 6-9 days behind the X-rays, respectively. We then fit a power
law and a power law with a zero-point offset to the X-ray lablse best-fits are

days 2)

0.37+0.08
lag ( )X < >

and
1.18+0.33
tlag = ((2.43i 0.46)+(2.5+0.7) x (u_m> > days ®)

wheretyq is the time lag as a function of wavelengtk) (respectively. The chi-square per degree of freedom
for the fits are 48 and 097, respectively. Thé&-test confidence level for the addition of the temporal
offset parameter is 92%. The zero-point of the second fit.43+ 0.46 days) is in agreement with the
non-geometric delay required by the simple quantitativelehpresented in(84 to reproduce the observed
UV-NIR light curves. Furthermore, depending on whethesigigtion or irradiation dominates, we would
expecttiag oc A% with 4/3 < o < 2 (see Equatiofl4). The results for Equation 3 are consistéhtthe
shallower slopes where dissipation remains the dominaatirfgemechanism.

The JAVELIN models also smooth the reference light curveh witop hat filter, and the wavelength-
dependent top hat widths are presented in Table 3 and shokigurel9. The upper panel (lower panel) of
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Figurel9 shows the width of the transfer function betweertivdéts UVOT uvw2-band Swifts XRT X-ray)

flux and the redward photometric bands’ flux as a function ofelength. Even though the widths become
increasingly uncertain at longer wavelengths, there lissstiear trend that redder bands have larger widths,
and thus smoother light curves. If the X-ray to UV lag and¢fanfunction width measurements are robust,
they have interesting implications for the origin of vaiiip in AGN which are discussed il §4.

3.3. Spectral Energy Distribution

Using the combined fluxes froni §B.2, the Integra-BD keV observation discussed in 82.5, and the
EVN and VLBA radio observations discussed [n 82.6 we prodsE®s of NGC 2617. To put the X-ray
observations on this SED we assigned an effective wavéldogthe Swift X-ray band, using the measured
energy spectral index, and for the Integral X-ray band, mgsy a flat energy spectral index. We then
multiplied the measured X-ray fluxes by this effective wawngith and divided by the wavelength range
integrated in each measurement. Fidure 10 shows the X-raygh NIR SED of NGC 2617 at a number
of epochs in the left panel and a hard X-ray through radio SkEé right panel. For the right panel of
Figure 10, we interpolated the X-ray through NIR light cueem the JD= 24564200, we show the Integral
17-60 keV X-ray observation which was obtained during this ép@nd we show the EVN and VLBA
observations taken 30 and 52 days later, respectively.nBtnie beginning of the flare there was a marked
increase in the X-ray and UV flux while the increase at longavelengths is less pronounced.

In the right panel of Figure_10 we also show the composite SEDafdio-quiet quasars bf Shang et al.
(2011) scale to match in thewift UV fluxes. We normalized the SED to the UV luminosity to mirmei
the effects of host-galaxy contamination which, given thepg of the SED in the optical-NIR, is large.
In €4 we include a model of this contamination and find it isgloly consistent with the SED of an early
type spiral. Finally, we see that NGC 2617 was extremely YKiraght during the flare, being 10-25 times
brighter than the composite SED.

In Figure[10, we also see that the SED roughly hias ~ 0.01Lgqq, although there is significant host
contamination as we move to the redder optical and NIR basels g and Figure 111). Assuming the
existence of an unobserved hard UV accretion peak, thisestigghat the AGN flare peaked~atl0% of
Leqg- This estimate is consistent estimate®(03—0.15) obtained using Equation 1 from Grupe et al. (2010
and the measured X-ray spectral indices reported in Tabtel slaown in Figurél4.

4. A Simple Quantitative M odel

Since the sequence of variability seems to lead with theys;rmllowed by the ultraviolet and eventu-
ally the NIR, the natural explanation of the observatiorensgto be variability driven by X-ray irradiation
of the BH accretion disk. We know from gravitational micrméng of lensed X-ray emission from quasars
(e.g..Mosquera et al. 2013) that the X-ray emission hasfdight radius of order ten times the gravitational
radius €g). This is small enough, 1g/c ~ 0.5 hours, such that we can treat the X-ray emission as a point
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Table 3. Measured Time Lags and
Smoothing Scales

UV lag X-Raylag UV smoothing X-Ray smoothing

Band days days
Uit —0.0035% 2201953 0.21:31% 342338
uvnleuir  0.0999% 2511538 0.547%32 352178
Ui 0.727515  3.223% 2.65%75 7.827G30
U, Uswit 094721 3.32:%23 3.451282 8.19'98
0,B,Bswit  0.68°217  3.097522 26735 8.58'372
V, Vswift 1.13%%2  3417%% 2.8538 8.90% 3
Rr 2.347030 47818 372212 7.69:833
1,i 31398 4881 3.27%3% 8.88'3%%
z 25593  5.0820% 442232 9.96'3%
Y 27933 5497318 37758 9.08'728
J 46293 6.36:953 6.02334 7.403%
H 6.61°1%  7.59'132 8.79'373; 1076385,
K 866133  8.42%is 9.32789%0, 11.05353,
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Fig. 10.— SED of NGC 2617Left panel: SED as a function of time as determined from our combined
light curves shown in Figure] 7Right panel: SED stretching from hard X-rays to Radio. X-ray through
NIR observations were interpolated on the JD date 2,458)42We Integral 1760 keV X-ray observation
was obtained during this epoch. Radio observations showe wigtained 30-52 days later. The black
line shows the composite SED for radio-quiet quasars froan8let al.|(2011) scaled to match in the UV.
Fractions olLgqq assuming lotig /M, = 7.6 are shown for reference. The left panel shows that the X-ray
and UV fluxes rapidly strengthen at the beginning of the flditee right panel shows that NGC 2617 was
extremely X-ray bright during the flare, NGC 2617 is radioeguand our SED contains a significant amount
of contamination from the host galaxy in the optical and NI&m=length ranges (see Figlre 11).
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source. Therefore, we consider a simple “lamp post” modgl,(Berkley et al. 2000, Kazanas & Nayakshin
2001) for the NGC 2617 outburst which consists of a flat, relativistic thin disk with an accretion lumi-
nosity La and an inner disk edge R, = 3rg illuminated by an X-ray point source a distartgeabove the
disk center.

In this model we assume that all X-rays incident on the digkadasorbed and instantaneously heat the
disk surface. In this case the local disk temperature atrebddimet is

oT(Rt)*= 3LARn [1- (&) Yz + Lx(t-7(R) hx

4r (R+1g) (Re+hg)Y?

2R3 R ()

whereL(t) is the X-ray luminosity and(R) = o +hy /c+ (R2+ h>2<)1/2 /cis (for simplicity) the time delay
between light from radiu® and the direct X-ray emission. To synthesize emission aelgagth\ we
simply assume black body emission at each radius and inéegvar the disk,

Arh? [ RdR
g / 5)

vFy = ep R, explw/kT(Rt)-1'

We experimented with adding a disk opening angle and a bataerrection for the X-ray fluxes, but
these had little effect.

As seen in &3]3, our fairly large aperture photometry costaignificant host contamination. We
experimented with several approaches to remove this camagion short of fully modeling the images. For
example, the contamination is reasonably well modeled éysthc SED template from Assef et al. (2010).
However, there are systematic offsets that still dominiage ® of the resulting fits, which could either be
due to the host or our use of a simple, non-relativistic tlék chodel. Since such questions are peripheral to
the temporal changes in the fluxes, we simply included arpieiident, constant “host luminosity” for each
band found by doing &? fit for fixed AGN parameters. We then experimented with theapaaters for the
accretion disk luminosit{a, the “quiescent” X-ray luminositizyg used where we lack Swift data, the X-ray
source heighbhy and the non-geometric delay keeping the black hole mass fixed at IMp /M) = 7.6.

Given the simplicity of the model, we can obtain surprisingbod (but not perfect) fits. First, Figurel11
shows the SED of the “host galaxy” contamination model aspamed to the SED templates|of Assef et al.
(2010). Although we did not impose any prior that these esti® resemble the SED of a galaxy, we see
that the estimates are broadly consistent with the Sbc smpkcept near theddline. Because the broad
lines should respond less and more slowly than the continuiuisi not surprising that they are absorbed
into the host-galaxy parameters. The match to the galaxplteges (or combinations of them) is not perfect
due to both observational issues (e.g. seeing variatiotveeka observations will lead to variations in the
aperture flux of the host) and any shortcomings in our venypkardisk model. There is also a tendency to
over-estimate the host flux at the longest wavelengths.

Figure[T shows the model UV, optical and NIR light curves caneg with the observed light curves.
The model naturally reproduces the patterns seen in the daiaely that the shorter wavelengths have
shorter lags and are less smooth than longer wavelengthglysbecause of geometry. Shorter wavelength
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emission comes from smaller radii with shorter light crogsiimes to the X-ray source, leading to the
correlation of the lags with wavelength. Furthermore, e sf the region emitting the shorter wavelengths
is smaller, so there is less temporal smoothing of the X-rajsgion. This is somewhat exaggerated at
the longer wavelengths because the host galaxy contribatsn reduces the fractional variability, which is
why the analysis in[&3]2 was carried out using fluxes rathem thagnitudes. For example, the tendency to
overshoot the NIR host flux leads to the less than observedvhllidbility seen in Figurg]7.

The best fit model has ldg, = 42.6 and log_xo =426 (in ergs 5*) which is 1031Lg4q for the estimated
black hole mass. The X-ray source can be at a very low altjtiodgh, /cm) = 135 which is 48rg where
rg = GMgn/c? is the gravitational radius of the black hole, consisterthwiie results from microlensing
(e.g..Mosquera et al. 2013). We do not think an attempt t@gassicertainties to the model parameters is
presently warranted.

The three main weaknesses of our model’s fit to the data aréhd)nodel NIR light curves provide
a poor fit to the observed data. This could be due to a numbegasions. First, as mentioned above,
accounting for the host galaxy flux is especially importarihie NIR where the galaxy contribution is large
and our over estimation of the host galaxy’s contributionhat longest wavelength reduces the expected
variability. Second, our model does not include any dustaegssing. If there is significant reprocessing
of UV and optical photons on scales larger than the BLR, thenNIR would respond to the increase in
X-ray flux on two distinct timescales, whereas only one isenity included in our models. 2) We do not
reproduce the second bump seen in the X-ray light curve drdDs2,456,451 in the UV-NIR light curves.
The reason for this is unclear. 3) We were unable to find sgbdesolutions without the non-geometric lag
70 ~ 2 days. Trying to make it part of the geometric lag by putting X-ray source &ty ~ 7o/c above the
disk did not work and would be an odd geometry in any case, théhX-ray emission arising fromy 1O3rg
above the disk. The basic problem is that the UV emissioresriitom such small radii that there is no
geometric lag relative to a central X-ray source, so thatigoof the delayed response has to be supplied
by 9. We do not have a physical interpretation for this non-gagamiag.

5. Summary

On 2013 Apr. 10.27, ASAS-SN was triggered by d.0% relative flux increase from the inner regions
of NGC 2617. Follow-up spectroscopy found that NGC 261 7vipiesly classified as a Seyfert 1.8 galaxy,
had also changed its spectral type to become a Seyfert 1 va#dloptical emission lines and a continuum
blue bump. We then begana70 day photometric and spectroscopic monitoring campamgn the NIR —
X-rays, observing NGC 2617 through a dramatic outburst irckvits X-ray flux increased by over an order
of magnitude followed by an increase in its optical/ultcdet (UV) continuum flux by almost an order of
magnitude. Although these spectral changes could haveredcat any time in the intervening decade, it
seems most likely that the change in Seyfert type was asedaiéth the strong outburst given the rarity of
both “changing-look” AGN and powerful X-ray flares.

When analyzing these observations we found significanatrans in the broad emission linesstnd
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Fig. 11.— The SED for the “host galaxy” contamination in tlesbfit model as compared to the elliptical
(solid), Sbc (dashed) and irregular (dotted) galaxy tetepldrom| Assef et all (2010). The host is well
matched to an SED to the Sbc template, with deviations near H
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Hell A4686. When cross-correlating our X-ray light curve and ttiepphotometric light-curves we found
that the disk emission lags the X-rays, with the lag becononger as we move from the UV (23 days)

to the NIR (6-9 days). We also see that the NIR is more heavily temporallyathed than the UV. Since
the sequence of variability seems to lead with the X-raysiarfdllowed by redward bands, the natural
explanation of the observations seems to be variabilityedrby X-ray irradiation of the disk, possibly due
to coronal activity. A simple physical model using X-rayithination to heat a thin disk roughly reproduces
the UV—NIR light curves. That such a simple model works asttbngly suggests that a more detailed and
realistic modeling study is warranted.

We believe this is the first case where there is a clear androging determination of whether X-ray
variability drives UV—NIR variability or the reverse. In this outburst, the X-ragriability unambiguously
drives the UV—NIR variability, almost certainly by irradiating and hewdithe disk. While quasar and
AGN variability is ubiquitous, it has proved difficult to m&aare time delays between thermal disk and non-
thermal X-ray emission or between different wavelengththefthermal emission, leaving the origin of the
variability unclear. We can now quantify quasar variapilitell, using the DRW model (e.d. Kelly etlal.
2009, Koztowski et al. 2010, MacLeod etlal. 2010, MaclLeod.62Gi2,) Zu et al. 2013b) and the parameters
of the DRW model are correlated with properties of the AGNtdDmining the physical origins of these
parameters and their scalings has been more difficult. Fonple, Kelly et al.|(2009) argue that the DRW
time scale could be related to the thermal time scale of thlig avhilelMaclLeod et al! (2010) note that the
scalings of both the DRW time scale and amplitude with wawgtle, black hole mass, and luminosity all
seem too weak compared to the natural scalings one wouldcefqrea simple disk model. A program
systematically triggering high caden&wift monitoring campaigns after optically detecting a significa
luminosity change can likely provide similar results tasthase for larger numbers of systems to test whether
the pattern we saw here is unique or ubiquitous, and the tideriag of the variability should lead to a clear
physical model for understanding quasar variability mareeagally. Ideally, one should also try to have far
better spectroscopic sampling than we achieved here sorteagimultaneously carries out a reverberation
mapping campaign to directly determine the size of the blio&dregion and black hole mass.
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