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ABSTRACT

Aims. We report on the discovery and follow-up of a peculiar transient, OGLE17aaj, which occurred in the nucleus of a weakly active
galaxy. We investigate whether it can be interpreted as a new candidate for a tidal disruption event (TDE).

Methods. We present the OGLE-IV light curve that covers the slow 60-day-long rise to maximum along with photometric, spectro-
scopic, and X-ray follow-up during the first year.

Results. OGLE17aaj is a nuclear transient exhibiting some properties similar to previously found TDEs, including a long rise time,
lack of colour-temperature evolution, and high black-body temperature. On the other hand, its narrow emission lines and slow post-
peak evolution are different from previously observed TDE:s. Its spectrum and light-curve evolution is similar to F01004-2237 and
AT 2017bgt. Signatures of historical low-level nuclear variability suggest that OGLE17aaj may instead be related to a new type of

arXiv:1901.03718v1 [astro-ph.HE] 11 Jan 2019

accretion event in active super-massive black holes.

Key words. Black hole physics — Galaxies: nuclei — Galaxies: individual: GALEXASC J015624.70-710415.8, OGLE17aaj.

1. Introduction

Transients in the centres of galaxies are challenging to discover
and study. However, an increasing number of such flares is being
detected by wide-field sky surveys, such as iPTF (Blagorodnova
et al.[|2017), Pan-STARRS (Lawrence et al./[2016), and OGLE
(Wyrzykowski et al.|[2017). A variety of flaring mechanisms
have been suggested to explain these discoveries, which range
from supernovae, changing-look active galactic nuclei (AGN;

e.g. [LaMassa et al.[[2015)), extreme AGN flares of unclear na-
ture (e.g.|Graham et al.[2017), or tidal disruption events (TDEs).
A TDE occurs when a star passing near a super-massive black
hole (SMBH) residing in the centre of a galaxy is disrupted by
tidal forces. Roughly half of the material of the disrupted star
forms an accretion flow around the SMBH (Rees| 1988)). The in-
teraction of the matter in the accretion flow produces a bright,
blue flare that lasts from months to years. For SMBHs with mass
< 10° M, the flare amplitude is expected to be an order of mag-
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nitude lower than for a > 107Mo SMBH, resulting in lower
peak luminosities and posing additional challenges for detection
(Guillochon & Ramirez-Ruiz [2015). The absolute magnitude of
a TDE in the optical can be very bright and may reach M = -20
or even up to M = —-23 (Arcavi et al.|[2014; [Leloudas et al.
2016). However, the recent discovery of the fast and faint event
iPTF16fnl (Blagorodnova et al.|[2017) suggests that the popula-
tion might also extend to fainter peak magnitudes.

The estimated TDE rate is about one per 10* — 10° years
per galaxy (Wang & Liu/[2016; |Stone & Metzger |2016). How-
ever, most optically selected TDEs have been discovered in post-
starburst (E+A) galaxies (Arcavi et al.2014), which are el-
liptical galaxies with an atypically large population of young
A-type stars. It is not clear whether these rates also apply to
other types of hosts, as some recent TDE candidates have been
found in different types of galaxies: in weak AGN (OGLE16aaa;
Wyrzykowski et al.|2017) or ultra-luminous infrared galaxies
(ULIRGsS; [Tadhunter et al.|2017; Mattila et al.[2018)). These dis-
coveries show that our current knowledge of TDE demographics
is far from complete.

We here report the discovery and early follow-up of a nu-
clear transient, OGLE17aaj, which shares spectral features with
F01004-2237 (Tadhunter et al.|2017)). Recently, another transient
(AT 2017bgt) exhibited similar properties, and its TDE interpre-
tation has been strongly disfavoured (Trakhtenbrot et al. [2019).
Understanding the nature of OGLE17aaj can therefore shed light
on this type of phenomena. In Sect. 2 we describe the observa-
tions, and we present the results in Sect. 3. We discuss the results
in Sect. 4 by comparing OGLE17aaj to other known TDEs. We
summarise in Sect. 5. We adopt the following cosmological pa-
rameters: Hy = 70 km s™! Mpc’l, Q,, =0.28, and Q = 0.72.

2. Observations

OGLEl17aaj is located at ajg = 01:56:24.93, 6poe =
—71:04:15.7. We measured this position to be 0.10+0713 (equiv-
alent to 0.21+0.27 kpc at z=0.116) from the centre of its host
galaxy, GALEXASC J015624.70-710415.8, and it is therefore
coincident with the host nucleus.

The transient was discovered on the night of 2017 January
2 (Gromadzki et al.|2017) by the OGLE-IV Transient Detection
System (Wyrzykowski et al.[2014; Klencki et al.[2016)). The field
within which OGLE17aaj was found has been systematically
monitored since 2010 by the OGLE-IV project, with cadences
of 5-10 days and two months in / and V band, respectively.
The limiting magnitudes in both bands are about 22" (Vega).
Difference-imaging photometry at the position of OGLE17aaj
was extracted using a stack of the best-seeing images taken prior
to the flare as a deep reference image. Details of OGLE-IV can
be found in [Udalski et al.| (2015). The earliest detection of the
event dates from 2016 October 30, and the event reached its /-
band maximum around 2017 January 4. OGLE collected 112 and
9 observations in / and V band, respectively.

OGLE17aaj was observed using the 8.2m Antu telescope
of the Very Large Telescope (VLT) with FORS2 in long-slit
mode. Observations were taken on the nights of 2017 January
15, February 2, and 27 and October 6, under seeing conditions of
0.4-0"’7, and at air masses 1.7-2.0. The first and last spectra were
taken with the G300V grism, and the remaing were taken with
G600B. In all cases the exposure time was 974 s. These spectra
were bias-corrected, flatfielded, extracted, and wavelength and
flux calibrated using calibration frames provided by ESO and
standard IRAF procedures.
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The transient was also observed using the 3.5m New Tech-
nology Telescope at La Silla, using the EFOSC2 spectrograph
with Grl1. Observations were taken on the nights of 2017 Jan-
uary 20 and 26 and February 19 under good conditions, with see-
ing of 0.7-0"/9, and at an air mass of ~1.7, as part of the PESSTO
ESO public survey (Smartt et al.|2015). The exposure time for
each spectrum was 2700 s. All EFOSC2 spectra were reduced
using the PESSTO pipeline.

An additional spectrum was obtained with the Southern
African Large Telescope (SALT) using the Robert Stobie Spec-
trograph (RSS), equipped with the PG300 grating. Two expo-
sures of 1200 s were taken on 2017 August 18, under good con-
ditions with a seeing of 1’70 and an air mass ~1.3. Basic reduc-
tions were performed using the PySALT package (Crawford et
al.[2010), and IRAF was used for extraction and wavelength and
flux calibration.

The Neil Gehrels Swift Observatory (Swift; |Gehrels et al.
2004) observed OGLE17aaj for 14 epochs (19.1ks total expo-
sure time) between 2017 January 24 and September 9, with both
the X-Ray Telescope (XRT;Burrows et al.|2005; operating in the
photon counting mode) and the Ultra-Violet/Optical Telescope
(UVOT; Roming et al.|[2005). The UVOT calibration of |Poole et
al. (2008)) and [Breeveld et al.| (2010) was used to convert UVOT
count rates into magnitudes and flux densities. We used archival
GALEX flux measurements for host subtraction.

3. Results

OGLEI17aaj was detected at a host-subtracted /-band magni-
tude of about 210 and reached an /-band maximum of 20™
in about 60 days (Fig.[T). The transient then declined for about
200 days and appears to subsequently have reached a plateau.
The UV measurements follow the trend seen in optical observa-
tions. At maximum, the transient reached myyw; = 19706 and
myywa = 1852 on galaxy-subtracted Swift images, which cor-
responds to an increase in UV flux by a factor of ~16 compared
to archival GALEX measurements. The estimated peak absolute
magnitude of OGLE17aaj in the I band is M; = —18M8. Because
the transient is not yet completed, we can derive the lower limit
on the total energy emitted until now as about 7x10°! ergs, which
corresponds to a lower limit of the accreted mass of M,..~0.04
M, assuming a radiating efficiency of 0.1.

The UV source associated with the host galaxy is listed
in the GALEX catalogue (Bianchi et al.|2011) as GALEX-
ASCJ015624.70-710415.8, with far-UV (FUV) AB magni-
tudes of 21M414 + 0M305 and near-UV (NUV) 21M183 +
0m172. No X-ray sources are detected in the ROSAT all-sky
survey (Boller et al.||2016) in the vicinity of this galaxy.
No radio catalogues comparable in depth to the ATCA post-
outburst observations (non-detection at the 50uJy level at 5
and 9GHz; Stanway et al|2017) cover this region of the
sky. The deepest surveys are the AT20G survey, conducted
at 20 GHz with ATCA (flux-density limit of 40 mJy; Murphy
et al| 2010) and the GLEAM survey at 72-231 MHz with
the Murchison Widefield Array (50 mJy; [Hurley-Walker et al.
2017). The host was measured by the Wide-Field Infrared
Survey Explorer, W1=15m113+0"030, W2=14m889+0m046,
W2=14m889+0m046, W3=121089+0m223, and W4>8m953
(AIIWISE; [Wright et al|[2010; |Cutri et al|[2013). Photometric
data for this galaxy can also be found in the USNO-B1.0 cat-
alogue (Monet et al.|[2003). We used these archival data, that
is, broad-band magnitudes from GALEX, USNO-B1.0, and All-
WISE, to estimate the spectral energy density (SED) of the
host before the appearance of the transient (following|Koztowski
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2015). To fit the SED, we used the low-resolution templates of
AGN and galaxies from |Assef et al.| (2010). The best-matching
template to explain the observed SED comprised an elliptical
galaxy plus an AGN, but the residuals of the host light Sérsic
model fit with GALFIT (Peng et al.|2010) indicate weak spiral
arms.

The classification spectrum, taken ten days after maximum
(Fig.[2), revealed a flat continuum with many prominent emis-
sion lines: hydrogen Balmer lines, Her 45876, Hen 14686,
[O m] 224960, 5007, [Ou] 23727, and [S u] 116718, 6732. The
lines are at a redshift of z = 0.116, which corresponds to a lu-
minosity distance of 540 Mpc . The spectrum looks very sim-
ilar to the spectra of F01004-2237 from September 2015, that
is, to spectra taken around five years after its maximum, when
the transient was still ongoing. The shape of the line complex
around He i1 14686 in particular is very similar (see Fig.[2). It has
a double-peaked structure, where the bluer broad component can
be associated with N 11 14640, or blue-shifted He 1. The FWHM
of the combined double feature, ~5000 km s~!, is also very simi-
lar in both objects. The line ratio of (N mi+He n1)/HB~0.9 is twice
lower than in F01004-2237, while typical quasars have ~0.02
(Vanden Berk et al.|2001)).

During the first two months of spectroscopic follow-up, the
spectrum of OGLE17aaj essentially remained stable. The equiv-
alent widths of the emission lines varied at a level of 20 percent.
However, it is unclear whether these are caused by real, astro-
physical effects or by the varying quality of the spectra, which
were usually taken at high air masses (1.7-2). After a seasonal
gap, we took another SALT spectrum, in which the double-peak
profile around He i1 disappeared and only one emission feature
remained. This spectrum also shows a decrease in the flux of
the HB and Ha emission lines (by a factor of 3 and 1.5, respec-
tively). We are unable to compare the SALT +226d spectrum
with previous VLT spectra in detail because SALT used a slit
that is twice as wide, and therefore the contribution from host
emission was more significant. We took an additional VLT spec-
trum with the same configuration as the first, which shows that
the intensities of Hen and Hy decrease by a factor of ~3, and
Ho¢ practically disappeared. We also attempted to estimate the
position of the host on the BPT diagnostic diagram, but because
our spectra contain both the host and transient, the line measure-
ments were strongly affected by the transient, which increased
the flux in hydrogen lines. Such measurement will be possible
after the transient is completed.

The shape of the continuum is rather flat, although Swift
colours suggest a high temperature of ~20 000 K, and it recalls
those in Seyfert type II galaxies. The main difference is the pres-
ence of N m+He 1 emission, and the Balmer emissions are also
much stronger. Most likely, an underlying, persistent AGN con-
tinuum contributes to the optical spectrum, and the difference
imaging therefore merely shows that the variable component of
this flat continuum is blue. A behaviour like this is also seen in
variable AGN (e.g.|Hung et al.[2016).

A weak X-ray source is detected at the 40~ confidence level
in the stacked Swift/XRT image at the position of the transient,
with a net count rate of 0.0011+0.0003 cts/s. When we fix the
H1 column density to the Galactic value along this line of sight
(5.53 x 10®%cm™2; Bajaja et al.|2005; Kalberla et al. 2005),
the spectrum can be fitted by an absorbed power law with a
photon index of 2.5 + 0.6 and an intrinsic 0.3—10keV flux of
4.5 x 10" ergs cm™2 s~!. The corresponding intrinsic luminos-
ity in this band is 1.57 x 10** ergs s~'. The flux estimation un-
certainty is about 40%. The [O m] 45007 to hard X-ray ratio is
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Fig. 2. Sequence of spectra obtained for OGLE17aaj. VLT observations
are marked in black, those from the NTT in red, and SALT observations
are shown in orange. The upper two spectra are of F01004-2237 (Tad-
hunter et al.|2017) and a typical TDE, ASASSN-14li (Holoien, et al.
2016), for comparison.

consistent with what is typically seen in X-ray detected, low-
redshift AGN (e.g. Berney et al.|2015, and references therein).
No detectable X-ray emission is found in individual observa-
tions with a typical upper limit of 0.002 cts/s (8 x 10~'* ergs cm ™2
s~1). Taking into account the Galactic reddening of E(B — V) =
0m025 (Schlafly & Finkbeiner|[2011)), we estimated the colour
temperature (Fig.[I] bottom panel) using the three Swift/UVOT
ultraviolet filters, where the host light contribution is minimal.
We estimated the mass of the SMBH using the properties of the
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Fig. 3. OGLE /-band host-subtracted flux measurement at the centre of
the host galaxy before the transient, covering 2010-2016. The horizontal
line shows the maximum flux level reached by OGLE17aaj in 2017.

host galaxy based on the pre-transient imaging. The fraction of
the light from the bulge with respect to the total flux emitted by
the galaxy, measured with GALFIT on a deep stack of V-band
archival OGLE images, is 19.8%, which yields log Mpy=7.37
using the method of Bentz et al.| (2009).

Additionally, the archival OGLE-IV [-band light curve, cov-
ering six years before the transient, shows a small-scale irregular
variability at a level of 10%, which is significantly lower than
the flare itself (Fig.[3) and indicates on-going accretion onto the
SMBH.

4. Discussion

The UV and optical light curves of OGLE17aaj indicate no or
slow colour-temperature change over the entire monitoring pe-
riod. Temperatures as high as 4 x 10* K at maximum are not typ-
ical of supernovae, but are seen in TDEs (e.g.|Gezari et al.[2012}
Arcavi et al.|2014)). The peak absolute magnitude of OGLE17aaj
(M; = —18.8) is fainter than in most known optical TDEs and
exceeds —20™. Nevertheless, it is not the first example of such a
faint event, as the faint TDE iPTF16fnl reached only M, = —17.2
(Blagorodnova et al.[2017).

The light curve from OGLE-IV shows a well-covered,
smooth, and long-duration rise to maximum. Most of the TDEs
reported so far hardly ever had such a good pre-discovery cover-
age. While the slow rise of OGLE17aaj could still be in agree-
ment with an interpretation as a TDE, the decline is much slower
(about 0.5 mag/year). In particular, the flattening of the light
curve after 200 days has never been seen in any TDE. The light
curve of OGLE17aaj is somewhat similar to the changing-look
AGN SDSS J233317 (MacLeod et al.|2016)), but the spectrum
of that object does not have the characteristic He n+N m1 feature
seen in OGLE17aaj. This suggests that OGLE17aaj may be re-
lated to a change in the state of the AGN rather than a TDE.

A broad (~30000 km s~') Hen line component is the most
typical feature of most TDEs (e.g.|Arcavi et al.[2014)). However,
in the case of OGLE17aaj, this emission line is significantly nar-
rower at ~5 000 km s~!. The He i profile is irregular and is very
similar to what is seen in the FO1004-2237 event five years af-
ter its maximum (Tadhunter et al.[2017). The complex feature
around Henr 14686 in FO1004-2237 was explained with a large
population of ~ 10* Wolf-Rayet stars (WR), and with an addi-
tional blue-shifted helium line with an FWHM~6200 km s~',
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which, according to [Tadhunter et al.,| (2017)), originated from a
TDE.

The host of OGLE17aaj shows weak levels of AGN activ-
ity. In contrast to F01004-2237, it has a negligible WR popula-
tion. However, the similar optical spectra and the slow photo-
metric evolution suggest that they may be driven by a similar
phenomenon. We note that the estimated black hole mass for the
SMBH we associate with OGLE17aaj is an order of magnitude
lower than in the case of FO1004-2237. Both the archival photo-
metric variability of the nucleus and narrow lines in the spectrum
originating from the host indicate that the nucleus of the galaxy
is active at a low level. If the SMBH has been accreting in the
past, the observed greater change in brightness fits the overall
picture of a rapid change in the accretion rate.

Recently, Trakhtenbrot et al. | (2019) have reported the dis-
covery of the transient AT 2017bgt, which showed optical fea-
tures that are very similar to those seen in OGLE17aaj, as well
as a similar photometric evolution. High-quality near-IR and op-
tical spectra of AT 2017bgt showed single-peaked Her lines,
which rules out a disk origin for the double-peak profile in the
broad feature associated with He i1 14686, and thus suggests that
the bluer peak originates from N 44640. They also identified
several blue O lines and argued that the O mr and N 1 features
are produced by the Bowen fluorescence mechanism, which is
driven by enhanced accretion of gas onto an existing AGN. This
further disfavours a TDE.

5. Conclusions

We reported the discovery and early follow-up observations of
the unusual nuclear transient OGLE17aaj. We investigated it as
a potential TDE candidate based on its high black-body temper-
ature and on the similarity of its spectrum to that of the recently
reported nuclear event in FO1004-2237, which was interpreted as
a TDE (Tadhunter et al.|[2017). The narrow spectral features of
the host and pre-flare photometric variability might instead indi-
cate that these types of events represent a change in the accretion
flow of AGN. OGLE17aaj showed a well-covered 60-day-long
rise and a slow 200-day decline, followed by a plateau until day
300. This is unlike any TDE reported so far.

The discovery of OGLE17aaj, as well as other similar tran-
sients with high amplitudes in AGN, indicates that a new class
of AGN-related phenomena exist. It may lead to new ways of in-
vestigating the close environments of SMBHs and the accretion
flows through which they grow.
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