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ABSTRACT

We present multiwavelength observations of the tidal disruption event (TDE) iPTF15af, discovered
by the intermediate Palomar Transient Factory (iPTF) survey at redshift z = 0.07897. The optical
and ultraviolet (UV) light curves of the transient show a slow decay over five months, in agreement
with previous optically discovered TDEs. It also has a comparable black-body peak luminosity of
Lpeax ~ 1.2 x 10** erg. The inferred temperature from the optical and UV data shows a constant
value of (3—5) x10*K. The transient is not detected in X-rays up to Lx < 3 x 10*?ergs™! within
the first five months after discovery. The optical spectra exhibit two distinct broad emission lines in
the Hell region, and at later times also Ho emission. Additionally, emission from [N111] and [O111]
is detected, likely produced by the Bowen fluorescence effect. UV spectra reveal broad emission and
absorption lines associated with high-ionization states of Nv, C1v, Si1v, and possibly Pv. These
features, analogous to those of broad absorption line quasars (BAL QSOs), require an absorber with
column densities Ny > 10?3 cm~2. This optically thick gas would also explain the nondetection in soft
X-rays. The profile of the absorption lines with the highest column density material at the largest
velocity is opposite that of BAL QSOs. We suggest that radiation pressure generated by the TDE
flare at early times could have provided the initial acceleration mechanism for this gas. Spectral line
monitoring of future TDEs could test this proposal.
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1. INTRODUCTION

Most of the galaxies in our nearby Universe contain
a supermassive black hole (SMBH) at their cores (Ko-
rmendy & Richstone 1995). Occasionally, accretion of
gas in the vicinity of the SMBH reveals its presence as
an active galactic nucleus (AGN). However, a large frac-
tion of SMBHs appear to be dormant, as their activity
is not directly revealed through observations in the elec-
tromagnetic spectrum. Sometimes the disruption of a
star in the vicinity of the SMBH — a tidal disruption
event (TDE) — will produce a bright flare, detectable at
multiple wavelengths. This new energy release episode
will shed light onto these otherwise quiescent SMBHs,
allowing us to study in more detail their characteristics,
such as their masses (Mockler et al. 2018) or spin dis-
tributions (Stone et al. 2018). In addition, the shocks,
circularization, and accretion of the stellar debris onto
the SMBH can reveal clues to better understand the
more stable AGN activity or the unusual behaviour of
variable quasars (LaMassa et al. 2015).

According to theory, flares from TDEs were expected
to originate in the innermost regions of the accretion
disks (Rees 1988), which translate into soft X-ray emis-
sion and extreme ultraviolet (UV) emission. Conse-
quently, searches for TDEs in archival data started in
X-rays using the ROentgen SATellite (ROSAT) and the
XMM-Newton Slew Survey (Bade et al. 1996; Komossa
& Bade 1999; Saxton et al. 2012). Subsequently, tran-
sient UV emission was also associated with activity pro-
duced by stellar disruptions (Gezari et al. 2006, 2008),
and the search progressed at optical (van Velzen et al.
2011; Arcavi et al. 2014), gamma ray, and radio wave-
lengths (Bloom et al. 2011; Burrows et al. 2011; Cenko
et al. 2012). Currently, optical transient surveys are the
most active discovery tool, with a total of ~ 25 optical
TDE candidates reported to date!.

The majority of recent optical TDE discoveries were
monitored in the UV using broad-band photometry with
the Neil Gehrels Swift Observatory (Swift; Gehrels et al.
2004). The sample has shown significantly higher tem-
perature in the continuum than supernovae, with T, ~
(20 —80) x 10 K, suggesting that the bulk of the energy
was released in the UV, inaccessible to ground-based
telescopes. To date, UV spectra of only four TDEs have
been obtained, including the object discussed herein.
While the optical spectra of these events are usually
marked by He1l, Hel, and occasionally H broad emis-

I Based on reports to the TDE Open Catalogue https://tde.
space

sion lines, UV observations of ASASSN14li (Cenko et al.
2016), iPTF16fnl (Brown et al. 2018), PS16dtm (Blan-
chard et al. 2017), and iPTF15af (also published in Yang
et al. 2017) have shown the presence of collisionally ex-
cited lines of Lya, C1v, Nv, and Si1v. UV wavelengths
are especially relevant for characterizing the geometry,
density, and kinematics of the stellar debris and pre-
existing circumnuclear material.

Here we present the discovery and follow-up obser-
vations at optical, UV, mid-infrared, X-ray, and radio
wavelengths of iPTF15af, a TDE discovered by the in-
termediate Palomar Transient Factory (iPTF; Rau et al.
2009) survey at redshift z = 0.07897. We show that the
photometric and spectroscopic evolution of this event
resembles other tidal disruption flares reported to date.
The broad absorption component observed in the UV
spectrum suggests the presence of high-velocity out-
flows, similar to the ones observed in broad absorption
line quasars (BAL QSOs).

Section 2 describes the discovery, the host galaxy, and
our multiwavelength follow-up observations. Sections 3
and 4 describe the photometric and spectroscopic anal-
ysis of the object. In Section 5 we compare the UV
spectra of iPTF15af to those of other TDEs and QSOs.
In Section 6 we summarize our conclusions.

In this work, we assume a flat cosmology and values
of Hy = 70 kms™! Mpc~! and Qj; = 0.30, Q5 = 0.70.

2. DISCOVERY AND OBSERVATIONS

iPTF15af was discovered by the iPTF survey on UTC
2015 January 15.3 (MJD 57037.3). The object was de-
tected in three of the five difference images taken on
that night. The average AB magnitude (Oke & Gunn
1983) measured by the pipeline (Masci et al. 2017) was
R = 20.7 £ 0.2 in the iPTF Mould R band. Stacked
forced photometry allowed us to recover the transient in
archival data at 25days prior to its discovery in single-
epoch images.

The central location of the transient in its host galaxy
awarded the transient multiwavelength follow-up obser-
vations and a spectroscopic classification a week later.
The spectrum confirmed the presence of strong He II
lines, characteristic of an optical TDE candidate. From
the averaged positions of the residuals in the r band, we
derive the location of the transient to be o = 08""48™ :
28.12%, 6 = 422°03'33.575" (J2000), with a standard
deviation in both coordinates of 10 = 120 mas. This
position is offset from the central location of the galaxy
core by 230 mas, which is consistent with the nucleus of
the galaxy within 20.

2.1. Host Galazy
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The transient’s host galaxy SDSS J084828.13+220333.4
is located inside of the footprint of SDSS DR12 (Alam
et al. 2015). An archival spectrum of the host was ob-
tained on MJD 53379 as part of the SDSS spectroscopic
survey. We do not identify major lines associated with
star formation or AGNs. The redshift of the galaxy
is z = 0.07897 £ 0.00004, which corresponds to a lu-
minosity distance D; = 358 Mpc (distance modulus
p = 37.8mag). The Milky Way extinction along the
line of sight is Ay = 0.093 mag (Schlafly & Finkbeiner
2011).

Archival photometry of the host is provided in Table
1. The limit for the GALEX far-ultraviolet (FUV) band
was obtained from synthetic photometry of the best-fit
galaxy model from the Bruzual & Charlot (2003) spec-
tral library. The spectrum was reddened and normalized
to the SDSS g-band measurement.

Literature modeling analysis of the light profile of the
galaxy shows that the values derived for its bulge-to-
total light ratios are (B/T), = 0.50 and (B/T), = 0.56
in the g and r bands, respectively (Simard et al.
2011). The stellar mass for the host and its bulge,
log (M./Mg) = 10.360%5%,s and log(M,/My) =
9.999-12, show that ~ 40% of the mass is concentrated in
the bulge of the galaxy (Mendel et al. 2014). Galaxies
with enhanced stellar density cores are common among
TDE hosts (Graur et al. 2018), showing unusually high
B/T values (Law-Smith et al. 2017). High-resolution
spectroscopy of the galaxy has allowed us to measure
the velocity dispersion in the host, leading to an M — o
estimate of logig (Mpn/Mg) = 6.88%3%¢ (Wevers et al.
2017).

The low specific star formation rate (sSFR) of the
host, logio (sSSFR/yr) = —14.871335 (Chang et al. 2015)
shows that at the present time the galaxy is not actively
forming stars. However, further analysis reveals that the
host experienced a short (~ 25Myr) burst of star for-
mation ~ 600 Myr ago (French et al. 2017). However,
this burst could account for only a small fraction of the
mass (5%).

Since 2005, the host galaxy of the transient has been
continuously monitored by the Catalina Real-time Tran-
sient Survey (CRTS; Drake et al. 2009). During these
last ~ 10yr, the host galaxy is well detected with an
average magnitude of V = 17.67 & 0.11, which appears
constant within the errors. Nuclear activity is also un-
likely, as inferred from the quiescent mid-infrared (mid-
IR) Wide-field Infrared Survey Explorer (WISE; Wright
et al. 2010) color W1 — W2 = 0.177, away from the lo-
cus determined by W1 — W2 > 0.8 (Stern et al. 2012).
Based on the lack of AGN features in the spectrum, the
lack of variability, and no mid-IR excess, we can rule

Table 1. Photometry of SDSS J084828.13+220333.4.

Survey Band Magnitude Reference
(mag)

GALEX FUVasB >24.6 ¢ 1]
GALEX NUVags 24.02 4+ 0.48 ° 1]
SDSSDR12 u 20.286 + 0.084 © 2]
SDSSDR12 g 18.520 + 0.010 © 2]
SDSSDR12 r 17.606 + 0.007 ° 2]
SDSSDR12 i 17.186 + 0.008 ° 2]
SDSSDR12 2 16.883 + 0.019 © 2]
2MASS J 16.433 £ 0.132 ¢ 3]
2MASS H 15.671 £ 0.148 ¢ 3]
2MASS K 15.547 £ 0.175 ¢ 3]
WISE W1 14.809 + 0.033 ¢ 4]
WISE W2 14.632 4 0.068 ¢ [4]
WISE W3 >12.309 ¢ [4]
WISE W4 >8.681 ¢ [4]
NVSS 1.4GHz <1.8 mJy [5]
ROSAT  0.1-24 keV  <3.9x107'3 ergs™* 6]

@ Synthetic photometry. ® Measured within 7.5” diameter
aperture. ¢ Model magnitude. ¢ PSF magnitude. Ref-
erences: [1] Bianchi et al. (2011), [2] Alam et al. (2015),
[3] Skrutskie et al. (2006), [4] Wright et al. (2010), [5]
Condon et al. (1998) , [6] Voges et al. (1999).

out previous AGN activity in the host at least ~ 10yr
before the discovery of the source.

2.2. Ground-Based Photometry

After its discovery, the transient was simultaneously
monitored for 3 months in the R band with the Palo-
mar 48-inch telescope (P48) and in the gri bands with
the Palomar 60-inch telescope (P60). The P48 data re-
duction is described by Laher et al. (2014), while the
photometric calibration and the system is discussed by
(Ofek et al. 2012). The difference-image photometric
measurements were obtained with PTFIDE (Masci et al.
2017) and FPipe (Fremling et al. 2016) for P48 and P60,
respectively. The zeropoints were calibrated using the
SDSS DR13 catalogue (SDSS Collaboration et al. 2016).
Simultaneously, we also obtained follow-up photometry
in the BVgri bands with Las Cumbres Observatory’s
1m telescope in Texas (Brown et al. 2013). The point-
spread-function (PSF) photometry was obtained using
lcogtsnpipe (Valenti et al. 2016), which is calibrated to
the APASS 9 (Henden et al. 2016) and SDSS DR13 cat-
alogs for BV and gri, respectively. Deeper, prediscovery
photometric measurements were obtained by combining
the flux from all available nightly sets of five images.
The photometric evolution of iPTF15af is shown in Fig-
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ure 1 and the difference-imaging measurements are avail-
able as part of Table 2.

The first noticeable characteristic of this event is its
slow evolution in the UV and optical bands. Since our
first detections in r, there is a slow brightening by ~
1mag on a timescale of 30 days. After that, the optical
bands reach a plateau phase, lasting ~ 3 months. The
observed apparent magnitudes at peak (around MJD
57370) are my = 19.8+0.1 mag and m, = 20.2+0.1 mag,

corresponding to absolute magnitudes (corrected for
foreground extinction) of My; = —17.9 £ 0.1 mag and
M, = —17.7 £ 0.1 mag. Because of the faint appar-
ent magnitude of the object, our follow-up observations
are nondetections in the optical bands after the fourth
month; apparently, by that time the transient had faded
below ~ 21 mag in g and 22 in r.

Table 2. Optical difference imaging and Swift UV aperture photometry of iPTF15af in the AB magnitude system.®

MJD Phase®  Telescope UVW1 UVM2 UVW2 U B \% g r )

(days) (days) + Instrument (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
56664.0 —373.3 PTFP48 - - - - - - - >23.29 -
56667.0 —370.3 PTFP48 - - - - - - - >22.20 -
56670.0 —367.3 PTFP48 - - - - - - - >20.47 -
56769.0 —268.3 PTFP48 - - - - - - - >21.89 -
57012.0 —25.3 PTFP48 - - - - - - - 21.7940.26 -
57015.0 —22.3 PTFP48 - - - - - - - 21.73£0.12 -
57018.0 —19.3 PTFP48 - - - - - - - 21.51+0.16 -
57021.0 —-16.3 PTFP48 - - - - - - - 21.514+0.18 -
57036.0 -1.3 PTFP48 - - - - - - - 20.87+£0.11 -
57039.3 2.0 P60+SEDM - - - - - - 20.27£0.06 20.58+0.10 20.55£0.14
57039.0 1.7 PTEFP48 - - - - - - - 20.6410.05 -
57044.3 7.0 P60+SEDM - - - - - - 20.13+0.07 20.20+£0.12  >20.20

“The r-band column for the P48 contains measurements in the Mould-R filter system. These data are not corrected for Galactic
extinction. Table 2 is published in its entirety in machine-readable format. A portion is shown here for guidance regarding its
form and content.’ The phase is respect to the date of discovery MJD 57037.3.

2.3. Swift Photometry

Following the optical discovery of iPTF15af, we initi-
ated follow-up observations with the Ultra-Violet Opti-
cal Telescope (UVOT; Roming et al. 2005) on the Swift
satellite. The data were obtained in three successive
campaigns in all 6 UVOT filters. We used the software
package UVOTSOURCE to obtain the counts of the source
within a 5" aperture radius. The background was com-
puted from an off-target sky region using an aperture
of 12”. The magnitudes were derived using the latest
UVOT calibration (Poole et al. 2008; Breeveld et al.
2010). The aperture magnitude measurements are listed
in Table 2.

The evolution of the Swift photometry is shown in
Figure 1. While the reddest bands, with higher con-
tamination from host-galaxy light, follow the plateau

observed in the optical bands, the UV bands UVW2
and UV M2 show a declining trend after 50 days, which
places an approximate date of the peak at ~ 40days
after discovery in the rest frame of the source (around
MJD 57077.3). We note that, while at later times the
UV emission has considerably faded, our measurements
are still 4 mag brighter than the archival ones reported
by GALEX. The flattening of UV emission at late times
is consistent with the trend observed for a sample of op-
tical TDEs, observed 5-10yr after the flare van Velzen
et al. (2018).

2.4. X-Rays

We used the X-Ray Telescope (XRT; Burrows et al.
2005) onboard the Swift satellite to observe iPTF15af
in the 0.3-10.0keV bandpass using the photon count-
ing (PC) mode. The observations, with typical expo-
sure times of ~ 2ks, were taken simultaneously with
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Figure 1. iPTF15af photometric measurements, corrected for Galactic extinction. For display purposes, the data have been
binned with a bin size of 3days. PTF measurements are obtained from difference photometry. The Swift measurements
correspond to aperture photometry. Arrows show the upper limits. The epochs for optical spectra are marked with “S” and the
epoch of the UV spectrum with “U.” We use the discovery date as our reference epoch.

the UVOT exposures. The single-epoch data only
yielded nondetections, with an average 30 upper limit
of (5+2) x 1072 counts s~! in this bandpass.

We measured the flux assuming that the source spec-
trum follows a power law with a photon index of I' = 2,
and a line-of-sight absorption in the Milky Way of
Np = 3 x10%° em~2 (Willingale et al. 2013). Our count
rate corresponds to an upper limit for the unabsorbed
flux of f = 19703 x 107 ¥ ergem 257! in the 0.3-
10.0keV bandpass. At the distance of iPTF15af, this
value translates to an upper limit on the X-ray luminos-
ity of Lx < 3.0 x 10*2 ergs™1!.

The total flux from the source in the stacked image of
33 ks was estimated using the 99.7% Bayesian confidence
interval (Kraft et al. 1991), encoded in the astropy
Python package (assuming only a non-negativity prior).
We used the exposure-weighted correction factor pro-
vided by the Swift XRT pipeline to calculate the total
of number of counts. The 30 level is [0, 3.6] x 10~* counts
s~1, corresponding to an upper limit for the luminosity
of Lx <2.2x 10* ergs™! in the Swift band.

When comparing the X-ray luminosity of iPTF15af to
that of other BAL QSOs, we first used the UV spectrum

to derive the UV /X-ray luminosity relation, quantified
by the apx parameter (Avni & Tananbaum 1982; Just
et al. 2007),

aopx = 0.3838 log (W) s (1)

£,(2500 A)

where f,(2keV) is the monochromatic unabsorbed
flux density at 2keV, derived using the stacked im-
age counts and a power law with photon index I' = 2,
and f,(2500 A) is the flux density at 2500 A, both in erg
st em™2 Hz L.

For iPTF15af we obtained acpx = —1.8+0.1 for the X-
ray upper confidence level interval. In order to compare
this value to that of standard QSOs, we derived the
expected X-ray luminosity for a typical QSO given its
UV luminosity using the relation found by Just et al.
(2007):

Olox(L2500) = (70140:&0007) IOg(L2500)+(2.705:|:O.212).
(2)

The difference between the two ratios, parametrized
as

Aaopx = aox — aox(Lasoo), (3)
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is used as an indication of X-ray weakness as compared
to the general QSO population.

For our TDE, we derive a value of Aapx = —0.63,
which indicates that the transient is weaker in X-rays
by a factor of ~ 43 than a typical QSO of the same UV
luminosity. This value is in agreement with the weakest
X-ray BAL QSOs from Gibson et al. (2009) (their Figure
16).

2.5. Radio

Radio follow-up observations of iPTF15af were car-
ried out with the Jansky Very Large Array (VLA; PI
A. Horesh) on UTC 2015 Jan. 31, at 15days after dis-
covery. The source was not detected either in the C
(6.1 GHz), or K (22 GHz) bands. The corresponding up-
per limits for the monochromatic radio luminosities are
vL, < 2.6 x 1037 ergs™! and vL, < 1.2 x 1038 ergs™!
at 6.1 and 22 GHz, respectively.

These early-time observation of iPTF15af cannot com-
pletely rule out an emission mechanism equivalent to
that of ASASSN-14li, which a month after discovery reg-
istered peak luminosities of vL, ~ 9 x 1037 ergs™! and
vL, =~ 3 x 103®ergs™! at 5GHz and 15.7 GHz, respec-
tively (van Velzen et al. 2016b; Alexander et al. 2016).
In case of jetted on-axis emission, these limits would
constrain the jet energy to E; < 10* ergs—! (Genero-
zov et al. 2017).

2.6. Mid-Infrared Photometry

We retrieved archival mid-IR data prior to and after
the event from the WISE survey and the 2017 release
of NEOWISE (Mainzer et al. 2014). The WISE data
correspond to the all-sky survey run in 3.4, 4.6, 12, and
22 pm (W1, W2, W3, W4) taken in 2010. The NE-
OWISE data cover three years after the reactivation of
the mission in December 2013 in the W1 and W2 bands.

Using the IRSA archive?, we selected W1 and W2
magnitudes for sources detected in single exposures
within 2" of the position of the transient. After discard-
ing the measurements marked as upper limits (“U” value
in the ph_qual column), we obtained the flux-weighted
average combining the remaining ~ 10 measurements
per epoch. The results are shown in Figure 2, where we
also include the r-band light curve of the transient for
comparison.

Although the NEOWISE light curve shows small vari-
ations around the archival value of the source in the all-
WISE catalogue, none of them is more significant than
30. Hence, for iPTF15af we can rule out a detection of

2 http://irsa.ipac.caltech.edu

a strong IR echo as in the case of PTF09ge (van Velzen
et al. 2016a) or PS16dtm (Jiang et al. 2017).

2.7. Optical Spectroscopy

Optical spectra were obtained with the Low Resolu-
tion Imaging Spectrometer (LRIS; Oke et al. 1995) on
the Keck I 10m telescope. The full spectral log is pro-
vided in Table 3. The spectral evolution of the event
from +7days to +149 days after discovery is shown in
the left panel of Figure 3. In order to optimize the host-
galaxy subtraction, we used the same configuration to
obtain a late-time spectrum of the host at +1035 days
after discovery, when the TDE contribution was com-
pletely gone. Visual inspection of our spectrum at
+149 days after discovery confirms that for that epoch,
there was still significant residual flux from the tran-
sient.

2.8. UV Spectroscopy

UV spectroscopy of iPTF15af was obtained (PI S. B.
Cenko, proposal GO-13853) with the Space Telescope
Imaging Spectrometer (STIS) on the Hubble Space Tele-
scope (HST) on UTC 2015 March 08.1 (MJD 57089.1),
at 52 days after discovery. The combined data from the
far-UV (FUV) and the near-UV (NUV) MAMA detec-
tors provide coverage in the 1145-3145 A range. The
spectroscopic log of the UV observations is shown in
Table 4.

Given the good signal-to-noise ratio (S/N) of the
trace in the two-dimensional images, we used the
one-dimensional spectra output by the HST pipeline.
The spectra from each detector were combined us-

14.0F
[ 1
i
- |
14.5}F il
3 I ¢ 4
3 'Y = 6} o [ ] e [ )
S1s5.0f |
g 15.07 ‘
=
¢ w1
15.5F w2
I —+— 16
SYURTR [T SN TR SN T [N TR SO T SN (NN SO TN SN S [T S S SN N N S
—-1500 -1000 —500 0 500

M)D - 57037.3 [days]

Figure 2. WISE (first two epochs) and NEOWISE (last six
epochs) average weighted photometry is shown with orange
and blue circles. The dotted line and shaded areas show
the coadded magnitude and uncertainties for the quiescent
host from the AlIlWISE source catalogue. The r-band binned
photometry for the optical emission is shown with small red
dots.
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Figure 3. Left: Rest-frame optical spectra of iPTF15af obtained with LRIS on the Keck I telescope. The spectra are not
corrected for Milky Way extinction. Right: Subtracted residuals for each epoch using the spectrum of the host at 41035 days
plus a black body. The broad absorption feature around 5200 A noticeable at 4+36 days is related to the dichroic, which was
placed at rest-frame 5600 A. The most relevant element transition lines are marked.

Table 3. Log of ground-based spectroscopic observations of iPTF15af.®

Phase® MJD UTC Telescope P.A.  Exposure
(d) (d) +Instrument  (deg) (s)
+7 57044.5 2015-01-22 11:38:56 Keck I4+LRIS 105 1240
+36 57073.5 2015-02-20 12:59:35 Keck I+LRIS 268 600
+67 57104.3 2015-03-23 07:16:37 Keck I+LRIS 230 820
+121 57158.3 2015-05-16 06:17:20 Keck I+LRIS 87 1200
+149 57186.3 2015-06-13 06:11:08 Keck I+LRIS 270 610
+1035 58072.6 2017-11-15 13:33:51 Keck I4+LRIS 272 1160

“All observations were conducted with a combination of grism 400/3400 and grating 400/8500, and a long 1"”-wide
slit, providing a resolution of ~ 7 A. ®The phase is relative to discovery date with MJD 57037.3.

Table 4. Log of UV spectroscopy of iPTF15af with HST.* 3. ANALYSIS
UTC Grating Scale Res. power Exposure 3.1. Spectral Energy Distribution
-1

(Apix™")  (A/AN) (5) For our spectral energy distribution (SED) analysis,
2015-03-08 01:12:13 G230L 158  500—1010 2130.0 we used Swift UVOT aperture photometry for UV W1,
2015-03-08 02:32:38 G230L 1.58 500—-1010  2922.0 UV M2, and UVW?2 (subtracting the host archival mag-
2015-03-08 04:08:06 G140L  0.60  960—1440 2922.0 nitude), and difference-image photometry in the r and g
2015-03-08 05:43:35 G140L ~ 0.60  960—1440 2922.0 bands, to derive the black-body temperature and radius
2015-03-08 07:19:03 G140L  0.60  960—1440 2922.0 of the emission from the transient. The fluxes, corrected
“STIS instrument and FUV-MAMA and NUV-MAMA for Milky Way extinction, were fit with an SED corre-

detectors. All measurements were taken with slit 52X0.2. sponding to a single-temperature black-body model. We

have excluded the optical Swift bands from our analy-
ing an inverse-variance-weighted average of the one- sis, as they had considerable contamination from the
dimensional spectra.
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Table 5. Best black-body fits to the iPTF15af SED.*

MJD  Rest epoch TsB RBB Lgs
(days) (days) (10*K) (10*cm) (10*3 ergs™)
57012% 234 45712 10754 11703
57015% -20.7 45718 1.075% 1.2791
57018* -17.9 45718 12704 1.5793
57021% -15.1 45718 1.2%0% 1.5%03
57036* -1.2 45718 1679 27493
57039% 19 45713 1.8%97 3.5103
57049 10.8 45753 21704 12.24507
57054 15.5 4.0759 24704 10.2776
57060 21.0 4.0ty 25707 11.4%97
57064 24.7 3.8T0% 25702 9.6%53
57070 30.3 3.710% 26707 8.913¢
57075 34.9 35752 27107 7.8153
57079 38.6 3.170% 3.0 58137
57089 47.9 3.6709 24757 71158
57100 58.1 3.1708 26702 4.6%%4
57109 66.5 3.4707 23103 4.7
57168 121.1 4.0772  1.2703 26737
57177 129.5 3.7730  1.0552 1.8
57185 136.9 4.2712 11109 27732

“Fits to the optical and UV SED, giving the temperature
(T8B), radius (ReB), and luminosity (Lss). Epochs marked
with “*” were estimated from r-band images (see §3.1).

host galaxy. The ¢ band from the P60 exhibited larger
scatter than usual, so it was excluded as well.

The initial value for the temperature prior was derived
from the fit to the UV spectrum (see Section 4.2). Our
posterior distributions for temperature and radius are
based on Markov Chain Monte Carlo (MCMC) simula-
tions, run using the Python package emcee (Foreman-
Mackey et al. 2013). The black-body bolometric lumi-
nosity, along with the best fit for the temperature and
the radius (median, 16% and 84% percentiles) as derived
from the SED, are shown as filled circles in Figure 4 and
given in Table 5.

The rising part in our light curve only contains opti-
cal measurements, mainly in 7. Our Swift measurements
start a month after the detection of the source in stacked
iPTF data. In order to derive the luminosity and the
radius of the emitting region without Swift NUV pho-
tometry, we proceed as follows. We initially assume that
the temperature of the emission does not deviate signif-
icantly from our first estimate from Swift photometry.
We use this value of Tgg ~ 45,000 K to simulate black-
body emission and scale it to our r-band measurements.
The results are shown in Figure 4 as open circles. Their
error bars indicate the change in luminosity and radius
if our assumed temperature varied by £15,000 K.

The bolometric light curve obtained for iPTF15af
shows a slow rise over the initial 30 days, reaching
Lpeax = 1.2:1)'.% x 10** ergs™! and gradually decaying
over the next five months, providing a rest-frame e-
folding time of 7 ~ 68 days. The overall luminosity and
timescales for this TDE, as shown in Figure 4, agree well
with those of PS1-10jh (Gezari et al. 2012) and slowly
evolving events like ASASSN150i (Holoien et al. 2016a).

The integrated bolometric light curve over the ob-
served interval (Figure 4) shows a total energy of L >
(7.7 £1.3) x 10°% erg. Assuming an efficiency of € = 0.1
for transforming the accreted mass into the observed
luminosity, Eraq = €Myecc?, the inferred lower limit for
the mass of the accreted material is M. = (4.3+0.7) X
1073 Mg

Analogous to the trend seen in other optical TDEs, the
temperature of iPTF15af remains relatively constant for
nearly 200days. The emission initially appears hotter,
with Tgp =~ 45,000 K, and only two months later evolves
toward lower temperatures in the 35,000 K range. The
cooling is related to an expansion of the photosphere
from Rpp ~ 1 x 10" cm during the rise, up to a maxi-
mum of 3 x 10 em (4300 Ry) during peak, placing the
emission at ~ 23 tidal radii from the SMBH. This value
is similar those reported for other optical TDEs (Hung
et al. 2017; Wevers et al. 2017).

To further constrain the characteristics of iPTF15af,
we used the same Swift UVW2, UVM2, and UVWI
bands, together with the difference-imaging g and r pho-
tometry, to model the light curve with the open-source
code MOSFiT (Guillochon et al. 2018), based on the TDE
model of Guillochon & Ramirez-Ruiz (2013). In order to
avoid host-galaxy contamination, we excluded the bands
U, B, and V, and restricted our analysis to epochs ear-
lier than 120 days after discovery. Provided the mass of
the SMBH was available from the literature (see §2.1),
we used it as our prior probability, allowing our uniform
distribution to vary within 3o.

After reaching convergence, the parameters derived
from the simulation correspond to a tidal disruption
of a star with mass Mg, = 1.61‘3:? Mg by a black
hole with log (Mpa/Mg) = 7.2%5% consistent within
lo with our literature prior. This mass would be on
the heavy end for the sample of TDE fits from Mock-
ler et al. (2018), similar to the one computed for PS1-
10jh. The estimated disruption time of the star is
~25.679,5, days. The impact parameter, defined as the
ratio between the star’s disruption radius and the ra-
dius of the star at pericentre Ry /R, = 8 = 0.227022 is
the lowest compared to the previous sample. The value
B < 1 would imply an extremely shallow encounter,
corresponding to only a partial disruption (Guillochon
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Figure 4. Top: Bolometric black-body light curve of
iPTF15af.  Blue filled circles represent the fits using
extinction-corrected Swift bands. Open blue circles represent
the values estimated using the r-band scaling. The purple
square shows the temperature derived using the featureless
portion of the HST UV spectrum. The right-hand axis shows
the bolometric luminosity as a fraction of the total Edding-
ton luminosity for a 108 My SMBH. Middle: Temperature
evolution. Bottom: Evolution of the black-body radius. The
right-hand axis shows the radius as a fraction of the tidal
disruption radius for a 10%® My SMBH and a 1 Mg star. In
all three plots the epoch of discovery has been adopted as
the reference MJD.

& Ramirez-Ruiz 2013). Since the event is among the
brightest in the sample, its luminosity could be at-
tributed to a highly efficient conversion of M to lumi-
nosity of e = 0.237913. The reddening estimated by the
model is log (ng/cm™2) = 20.937005 corresponding to
an extinction of A(V) ~ 0.4mag when assuming the
relation provided by Giiver & Ozel (2009).

4. SPECTROSCOPIC ANALYSIS
4.1. Optical Spectroscopy

The optical spectroscopic evolution of iPTF15af is
shown in the left panel of Figure 3. In the last two
spectra, taken at four and five months after the event,
the broad emission lines have disappeared, with the ex-
ception of a residual flux possibly associated with Ha at

He Il vel [103 km/s]
-15 0 15 -15 0 15 -15 0 15

T T T T T
§ 67.0d
7.0d 67.0d
1 I 1 1
-15 0 15 -15 0 15

Ha vel [103 km/s]

Figure 5. Best-fit line profiles to the residual emission com-
ponent in iPTF15af. The center of the transition in the rest
frame for Hell and Ha emission has been placed at zero ve-
locity. The flux density has been normalized for visualization
purposes.

+121 days. However, the contribution from a blue con-
tinuum is still noticeable in both spectra, as compared
with the quiescent host at +1035 days.

For our line analysis, we used the late-time (4+1035 days)
spectrum of the galaxy to perform host subtraction, fol-
lowing the method described by Blagorodnova et al.
(2017). We fit simultaneously the host and a black-
body component to the TDE emission spectrum and
subtract this fit from the transient spectrum. Next
we subtract a low-order polynomial in order to remove
any leftover broad component in the continuum. The
residuals are shown in the right-hand panel of Figure 3.

Using the Python package 1lmfit, we model the emis-
sion lines of the residual spectra with one and two Gaus-
sian profiles and a broad exponential profile for the local
continuum. The best fits are shown in Figure 5 and the
measurements are logged in Table 6.

The Ha line is not detected in our first resid-
ual spectrum. However, at later epochs emission
is present with possibly two distinct components at
+36 days, with velocities similar to those of the He II
line. Toward 467 days, it evolves into a single broad
(~ 11,000 kms~1) line centered on its rest-frame wave-
length.

The He1r A\4686 line is clearly detected in all three
spectra, which show a bimodal profile. ~While the
redshifted wing has constant v ~ 4000kms~! and a
full width at half-maximum intensity (FWHM) of ~
12,000kms~!, there is a noticeable narrowing of the
blueshifted component at later times. The velocity shifts
toward lower values and the emission becomes narrower,
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Figure 6. Identification of Bowen fluorescence lines in the spectrum at +67 days. The [N111] lines are marked in red and [O111]
lines in green. The centroids of these forbidden lines appear shifted by —3000kms™!.

evolving from an average FWHM of ~ 11,000kms~" to
7500 kms~t. We also notice that at late times there is
an additional emergent emission component in the He 11
region around +15,000kms~!, which is also present in
the spectra of ASASSN-14ae and ASASSN-14li (Holoien
et al. 2016b). The location of the line would point to
He1 A\4921, which was identified in previous spectra of
TDEs.

The blueshifted component in the double-peaked He IT
region is very interesting. Previous spectroscopic studies
of optical TDEs attributed the blueshifted component
to a blend of C11r/N 111, usually detected in Wolf Rayet
stars and supernovae having high temperatures (Gezari
et al. 2015; Brown et al. 2018). The centroid of this
line appears to be blueshifted with respect to the rest-
frame wavelengths of N 111 A4641 and C 111 A4649. Here
we propose that this line and other emission features
blueward of 4500 A are caused by the Bowen fluorescence
mechanism.

The Bowen fluorescence mechanism (Bowen 1934,
1935) was initially proposed to explain the unusually
strong metallic lines observed in planetary nebulae.
The source of the emission lies in the recombination
of fully ionized Hell and its de-excitation toward its
ground state. While the jumps between the outer or-
bits produce optical emission (such as the He1 A\4686
line), the final transition corresponding to the He II Ly«
line produces an extreme-UV 303.780 A photon. After
scattering within the nebula, this photon can be either
reabsorbed by another He 11 atom, or enter in resonance
with the O I lines at A303.800 (O1) and A303.695 (O3).

The de-excitation of these lines produces the primary
and secondary Bowen decays in the optical, following a
tertiary decay emitting a 374.436 A photon.

The O 111 line photons created here can easily escape
from the nebula, resulting in transitions at AA3047,
3133, 3312, 3341, 3444 and 3760. However, the extreme
UV photons are likely to be reabsorbed, this time by
the resonance N 111 line, with transitions at 374.434 and
374.442 A. The recombination of the nitrogen atom to-
ward its ground state is converted into a primary tran-
sition at A4640 and a secondary one at A4100, along
with a 452 A photon. While the extreme-UV photons
are optically thick and suffer multiple absorptions and
re-emissions within the nebula, the optical photons will
easily escape. Observations of planetary nebulae sug-
gest that high optical depths are required for the Bowen
fluorescence to work (Selvelli et al. 2007), as the O111
photons would need to suffer several scatterings in or-
der to increase the pumping efficiency for N 111.

In addition, in the early-time spectra we tentatively
identify an emerging line around 5700 A, close to the
He1r A5875 region. However, the origin of this line
is less clear, as its blueshift velocity would be around
—9000kms~!, higher than the one observed for He II
and Ha (7500 to —5000kms~1). Provided other ni-
trogen lines were detected, another possible candidate
would be the N1I forbidden line, with a wavelength of
5754.8 A.

4.2. UV Spectroscopy
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Table 6. Fit parameters for the optical broad lines.®

Table 7. Narrow absorption in UV spectra of iPTF15af.

Phase Ion  Velocity: FWHM; Velocity2 FWHM, Ton Ao zZ Aobs FWHM EW velocity
(day) (10°kms™) (10°kms™) (10> kms™!) (10® kms™1) (A) (A) (A (A (kms™!)
+7Henn —7.442.1 11.0£1.2 4.1£2.6 12.1£0.7 NI 1200.0 0.0 1200.3+0.2 2.440.7 0.32 75+40
+36 Ha  —5.1£0.1 4.74+0.3 3.84+0.3 10.8+1.1 Lya 12159 0.0 1214.684+0.3 . -320+73
+36 He1ir —6.8+0.3 10.4+0.4 4.1£0.1 12.140.1 Sill 12604 0.0 1260.06+£0.1 2.6 0.7 —135
+67 Ha 0.5+0.2 10.8£0.5 BL 1302.0 0.0 1303.0 2.4 0.2 235
+67 He1ir —4.9+0.2 7.6+£0.3 4.1+0.4 12.14+0.3 CII 13345 0.0 1335.0 3.21 0.90 100
“The index “1” indicates the blueshifted component and the SiIV 1393.8 0.0 1394.2 3.86 0.54 100
index “27 the redshifted one. CIV 15482 0.0 15485  1.13 0.38 60
Fe IT 2600.2 0.0 2602.0 4.7 1.20 210

The UV spectrum of iPTF15af, corrected for Milky Mg II 2803.5 0.0 2801.1 250
Way extinction, is shown in Figure 7. Assuming negli- Lya 1215.70.07897 1311.6+£0.2 2.65 0.96 —100+50
gible UV flux contribution from the host galaxy, we use CII 13345 0.07897 1439.4-40.4 — 90490
the featureless part of the spectrum with A > 2000 A C IV 1548.2 0.07897 1669.7-40.6 1404110
to fit a black-body spectrum. Our best fit provides a CIV 15508 0.07897 1672.240.7 900+ 125

temperature of 43, 300ﬂi§88 K, consistent with the value
derived from our Swift SED analysis at a similar epoch,
as shown in Figure 4.

The spectrum exhibits a combination of narrow ab-
sorption lines of low-ionization elements both in the
Milky Way and in the TDE host galaxy, and broad lines
associated with highly ionized outflows in the host. The
description of each set of features is detailed below.

4.2.1. Milky Way Absorption

Figure 8 shows the line identification for elements close
to their rest-frame values. Although the uncertainties in
the flux appear to be small, several lines show signs of
blending, biasing the line-center measurements. The av-
erage resolution of our FUV (~ 300kms~!) and NUV
(~ 400kms~1) spectra makes the precise identification
of nearby absorption lines challenging. Tentatively, we
identified several transitions associated with the Galac-
tic interstellar medium (ISM), containing low-ionization
elements N1 (14.5eV), Ly« (13.6eV), Si11 (16.3¢eV), C11
(24.4¢eV), Fenr (16.2¢V), and possibly Mg11 (15.0eV).
We identify and mark in the spectrum in Figure 7 the
geocoronal airglow lines of Lya, O1 A1304, O1] A1356,
and [O11] A2471. The high-ionization metal states cor-
respond to Si1v (45.1eV) and C1v (64.5eV). Around
1302 A we identify an absorption corresponding to a
blend of O1 A1302 and Sin A1304 lines (identified as
BL).

4.2.2. Host-Galazy Absorption

In agreement with the UV spectroscopic signature
for ASASSN-14li, the spectrum of iPTF15af also shows
weak Ly« absorption from the host. The majority of
low-ionization elements are also missing. Some narrow
absorption lines that were identified correspond to Ly«
at 1216 A, C11 A1334, and higher-ionization line corre-

sponding to the C1v AA1548, 1551 doublet (64.5€eV).
The Nv AA1239, 1243 doublet, if present, is likely
blended into the C1r line at 1335A at Galactic red-
shift. We also measure a slight blueshift in our lines,
with velocities of 90-200kms~!. These values would
be consistent with the motion of gas inside of the host
galaxy. However, there is a chance of a low-velocity out-
flow in this TDE as well, similar to the one observed for
ASASSN-14li (Miller et al. 2015).

4.2.3. Broad Lines

According to the classical definition by Weymann
et al. (1981), a BAL is a trough at > 10% below the con-
tinuum level which extends for more than 2000 kms™?!.
This definition has been formalized by the so-called “bal-
nicity index” of (Weymann et al. 1991), computing the
equivalent width (EW) of the broad (> 2000kms~1)
absorption-line troughs for each element. Using the
best-fit black-body spectrum as our continuum level, we
compute that iPTF15af has balnicity indices of 3856 for
Siv, 3495 for Nv, and 3392 for C1v, consistent with
the distribution observed for BAL QSOs (Gibson et al.
2009). The main BALs in the spectrum of iPTF15af
have been identified and marked in Figure 7.

We also identified a feature in the region around
1100 A, known to contain the resonance multiplet of
Ferr (UV1), with a rest wavelength of 1122.5 A. How-
ever, based on the similarity between the spectra of
iPTF15af and high-ionization BAL QSOs (HiBAL), we
attribute the broad depression in that region to Pv
AA1118, 1128 (65.0eV), observed in 3.0-6.2% of BAL
QSOs (Hamann 1998; Capellupo et al. 2017).

Figure 7 shows several broad emission lines (BEL)
that were also identified at the host redshift. We de-
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Figure 7. HST/STIS spectrum of iPTF15af at 52 days after discovery (red dark line) and the best-fit black-body emission to
the segment between 2000 A and 3000 A (black dashed line). The major broad emission lines have been marked in the upper
part of the plot and the major broad absorption lines are shown with shaded areas in the bottom, along with a label. The
spectrum has been corrected for Galactic extinction. The regions of geocoronal airglow lines are marked with & symbols.

tect strong emission from N111] A1759 (47.5eV) and
also He11 A1641 (54.4 V). The resonance line transitions
produced by C1v AA1548, 1551 (64.5eV), Si1tv AA1394,
1403 (45.1eV), and Nv AX1239, 1243 (97.9€V) are also
present, accompanied by broad blueshifted absorption
analogous to BAL QSOs.

Similar to other TDEs in quiescent galaxies (Cenko
et al. 2016; Brown et al. 2018), we notice the lack of
emission for the low-ionization lines of Mgl AA2796,
2804, Al1ir AA1854, 1862, and Fe1l. Furthermore, C111]
A1908, having a similar ionization potential to that of
N (47.9eV vs. 47.5eV), is also absent. Since the
ratio C11)/N111] has only a moderate dependence on
the physical conditions of the gas (under local thermo-
dynamic equilibrium conditions), the lack of C in the
spectra of TDEs has been attributed to the unusually
high abundance ratio of N to C in the debris of the dis-
rupted star (Kochanek 2016a; Yang et al. 2017).

In Figure 9, we compare the normalized absorption
profile of C1v to the other high-ionization broad lines.
Despite some differences in the level of continuum, the
widths of the absorption troughs are consistent with
each other, suggesting that the absorption is produced
by the same cloud. The velocity shifts for broad absorp-
tion components in iPTF15af are ~ —5000kms~?, con-
sistent with the outflow velocities of 5000-10,000 km s—!
observed in BAL QSOs.

Table 8 shows the bulk velocity and the FWHM of
each broad line, as modeled with a combined absorp-
tion and emission Gaussian line profiles. He 1l and N 111]
are only detected in emission, with their centroids red-

shifted by ~ 2600kms~! and 100kms™!, respectively.
For all but N1, the blueshift and the FWHM of the
emission lines seems to correlate with the ionization po-
tential, in a similar fashion to narrow emission in Seyfert
galaxies (De Robertis & Osterbrock 1984). The high-
est ionization elements would be generated closest to
the central source, where also the internal velocities are
higher. The observed widths of the emission lines are in
the 1.2 x 10*km s~ regime, corresponding to a virial-
ized gas orbiting a log (Mpu/Mg) = 6.88 My SMBH at
a distance of 3.9 x 10! cm, about an order or magnitude
larger than the black-body photospheric radius.

One important difference between iPTF15af and BAL
QSOs is the shape of the absorption. While the TDE
shows a smooth gradient from lower to higher veloci-
ties and a sharp cut at vmax ~ 9000kms~—!, BAL QSOs
generally exhibit the opposite trend: their absorption
profile is detached from their emission. Their spectra
show a sharp cut at lower velocities and a broader wing
corresponding to higher velocity outflows. In BAL QSOs
this means that we observe gas which already has been
radiatively accelerated to higher speeds. Closer to the
emitting region, the gas will have higher column den-
sity, but lower velocity, appearing as a sharp trough in
the spectra next to the emission line. In the case of
iPTF15af we see that most of the absorption is caused
by high-velocity gas superposed to lower-velocity out-
flows. One possible interpretation would be that the
stronger radiation pressure from the initial flare would
accelerate the bulk of the stellar debris to its highest
velocity. The remaining bound material returning to



TIDAL DISRUPTION EVENT IPTF15AF 13

Milky Way
1k N1A 1200 - Lya A, 1216 - SillA,1260
oA 5 5
:||||||||||||:-|||| ||||||E||||||||||I||
X
2 F BLA 1302 F CITA 1335
o 05F C
(] [ =
N - =
© 0.0F :
£ : N -
(ZD _0.5_ I I IR T ; I | T R
- CIVAAX 1548, 1551 F Fe ITA 2600 F
05F B | 3
0.0F N n 3
:||I|||EI§|||I|| M i|||I|| :-Illllililllll
—2000 0 2000 —2000 0 2000 —2000 0 2000
Velocity [km/s]
v Host Galaxy
2 025F Ca A 1216 3 CA 1335 — CIVAX 1548, 1551
% 0.00F | - | - N
N B C L
g -0.25F , F - T
E :||I|||i|||I||-||I||i|||l||;||I|||iIi|||I||
= —2000 0 2000 —2000 0 2000 —2000 0 2000

Velocity [km/s]

Figure 8. Top: Lines identified as part of the Milky Way ISM. The velocity was assumed to be zero at the rest-frame wavelength
of each line. Vertical dashed lines show the velocity of each line. The grey shaded area shows the spectrum lo uncertainty.

Bottom: Lines identified at the redshift of the host galaxy.

the SMBH would feel weaker and weaker acceleration,
as the central source will be quickly fading with time.
Continuous monitoring of these absorption-line profiles
can provide a new tool to better understand the outflow
geometry in TDEs.

5. DISCUSSION

iPTF15af is one of the four optical TDEs spectro-
scopically observed in the NUV and FUV. From these,
PS16dtm and ASASSN-14li were discovered in galaxies
with low-ionization nuclear emission-line regions. The
latter was previously detected in X-ray and radio. Al-
though the host of iPTF16fnl did not show any signs
of activity, this event was the faintest and fastest TDE
amongst all the optical sample explored so far. In this

context, iPTF15af is quite representative of the general
TDE population that we have seen so far: slowly evolv-
ing events with peak luminosities around 10%** ergs™!,
generally in non-active galaxies. iPTF15af also had non-
detections in radio and had weak (if any) soft X-ray
emission. The characteristics observed for this transient
may be relevant for the interpretation of the bulk of
TDEs observed at UV wavelengths.

A comparison of iPTF15af with other optically discov-
ered TDEs is shown in Figure 10. Several AGN spectra
are also included: a BAL QSO from Hamann (1998),
a composite QSO from the SDSS spectroscopic survey
(Vanden Berk et al. 2001), and the nitrogen-rich QSO
J164148.19+223225.2 (Batra & Baldwin 2014).
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Figure 9. Comparison of the BAL of Sitv AA1394,1403,
Nv, AA1239,1243, and P v AA1118,1128 lines with the C1v
AA1548, 1551 lines. The black line on the top indicates the
separation in velocity of the doublet components. In the P v
panel, the symbol & indicates absorption lines associated
with the Milky Way.

An initial remarkable difference is that none of the
early-time emission in TDEs shows the presence of
low-ionization elements such as MgIr(15.0eV) and
Fe11(16.2eV), which are commonly observed in AGN
spectra. The origin of these lines is believed to be in
the partly neutral, low-ionization regions in optically
thick gas clouds, which are being irradiated by X-ray
photons from the central engine. For such lines to ex-
ist, the BLR clouds would require a lower limit on the

Table 8. Fit parameters for the UV broad lines.*

Ton Velocityabs FWHM,bs  Velocityem  FWHMen,
(10°kms™") (10°kms™') (10°kms™") (10°kms™')

Sirv. —6.14+0.5 11.0£2.2
N 1] —0.2£0.3 10.8£1.0
He1r 2.6+£0.4 4.1£0.9
Civ  —5.34+0.5 9.1£1.4 —1.6£6.2 14.0£4.0
Pv —4.60+0.2 7.4£0.8 .
Nv —5.1£0.2 7.7£0.5 4.2+0.1 6.1£0.5

“Identified in iPTF15af. The suffix em symbolizes the values
corresponding to the emission and abs to the absorption
components. The elements are ordered from lower to higher
ionization potentials: Sitv — 45.1eV, N1 — 47.5eV,
He1rr — 54.4eV, C1v — 64.5e¢V, Pv — 65.0eV, and Nv —
97.9eV.

column density on the order of 10?2 cm~2 (Blandford
et al. 1990). Although these lines are clearly observed
in the late-time spectrum of PS16dtm, their origin may
be attributed to the Seyfert nature of the host galaxy of
this event rather than to the TDE emission. The lack
of strong lines redward of 1900 A can be attributed to
insufficient shielding from high-energy photons, which
keep the ionization continuum in the cloud well above
their ionizaiton potential of ~ 16eV.

The higher redshift of iPTF15af allows us to reach
shorter wavelengths, where we putatively identify broad
absorption corresponding to the ion Pv AA1118, 1128.
This element is also observed in ~ 5% of BAL QSOs
and its presence implies the existence of large column
densities of Ng ~ 10?2 — 1023 cm~2 (Capellupo et al.
2017). In most QSOs, the PV lines do not appear sat-
urated, providing an impression of an extreme metal-
to-hydrogen abundance ratio for the circum-nuclear gas
(Hamann 1998). However, if the absorbing outflows are
concentrated in small cloudlets, they only cover a frac-
tion of the background emission source, supplying an
extra continuum component.

As most BAL QSOs are weak in X-rays (Brandt et al.
2000; Gallagher et al. 2001), we can argue that the high
column density outflows in iPTF15af would also act as
an absorber for the soft X-rays, which would explain
the early-time nondetections. The delayed reflection of
high-energy emission in these cloudlets would possibly
generate a highly enhanced He11/Ha ratio, as observed
in several optical TDEs (Saxton et al. 2018). However,
the drop in density at late times would allow this emis-
sion to leak out, explaining the soft X-ray brightening of
ASASSN-150i reported by Gezari et al. (2017); Holoien
et al. (2018). This lower density would also contribute
to the narrowing of the optical line profiles, as observed
in most optical TDEs (Roth & Kasen 2018).
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Figure 10. Comparison of HST/STIS spectrum of iPTF15af (red) with UV spectra of other TDEs (blue) and QSO (black).
From top to bottom the comparison spectra are the BAL QSO PG12544047 Hamann (1998) (combined HST Faint Object
Spectrograph (FOS) and SDSS spectrum), TDE iPTF16fnl (Brown et al. 2018), TDE PS16dtm (Blanchard et al. 2017), TDE
ASASSN-14li (Cenko et al. 2016), N-rich QSO spectrum of SDSS J164148.19+223225.2 (Batra & Baldwin 2014), and the SDSS
composite QSO spectrum (Vanden Berk et al. 2001). The phase after discovery or peak for each TDE is shown in brackets. The
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most important lines identified in the spectra are marked at the top.

The lack of detectable radio and X-ray emission for
iPTF15af further confirms that optical TDEs are pre-
dominantly radio quiet (van Velzen et al. 2013), which
seems to contrast with the high radio-loud fraction of
AGNs among the nitrogen-rich population (Jiang et al.
2008).

One traditional diagnostic of the gas density is the
strength of the line C111] A1909, which has been exten-
sively used in quasars to derive an upper limit for the
density of the line-forming gas region (Osterbrock 1970).

Collisional de-excitation of this line becomes comparable
to the spontaneous radiation rate at values approaching
its critical density n. ~ 3 x 10%cm™3. Hence, C11i]
and other semiforbidden lines such as N 11| A1750 (n. ~
2x 10 cm™3), O 111] A1663 (n. ~ 4.6 x 101° cm™3), and
N1v] 1486 (n. ~ 3.4 x 101%cm=3), are expected to be
weaker in the interior of the BLR, where the density ex-
ceeds their critical value. These lines are expected to
gain importance in the external part of the BLR, where
the density is lower.
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In the case of iPTF15af and other TDEs, we en-
counter a puzzle, as the spectrum shows unequal con-
tributions for C1m] and N111]. The nitrogen atom has
similar ionization potential to carbon and the same ion-
ization structure dependencies. Naively, we would ex-
pect the less denser BLR regions to form both lines at
the same time, with the N111]/N1v ratio enhanced in a
similar way to C111]/C1v. However, as previously dis-
cussed in the literature (Cenko et al. 2016; Brown et al.
2018), this assumption fails for TDE spectra. While
the semiforbidden N111] lines are clearly detected with
broad velocity spread, the C111] is lacking in all three
TDEs having FUV spectra. The origin for this discrep-
ancy has been associated with the nitrogen-enhanced
composition of the stellar debris for super-solar-mass
stars (Kochanek 2016b; Yang et al. 2017). The carbon-
nitrogen-oxygen cycle would have substantially altered
the star’s composition with enhanced nitrogen at the
expenses of carbon, translated into the observed line
ratios. The debris of such a star would pollute the
broad-line region (BLR), providing a possible link with
nitrogen-rich QSOs (Kochanek 2016b).

Additionally, the existence of strong nitrogen emis-
sion around AGNs has been discussed by several recent
studies. Some support the hypothesis that strong ni-
trogen lines imply highly super-solar metallicity in the
vicinity of the SMBH (Batra & Baldwin 2014), increased
by continuous circumnuclear star formation. Others ar-
gue that the observed strong emission is most likely at-
tributed to an exceptionally nitrogen-rich composition
in the BLR, rather than overall enhanced metallicity
(Matsuoka et al. 2017). The origin for this N-rich mate-
rial would be linked to strong winds from the young
asymptotic giant branch (AGB) stellar population in
the nuclear regions of the galaxy. The studies agree,
though, that the N-loud AGN sample has on average
lower SMBH masses as compared to the general popula-
tion in the sample. This is a good indication that these
galaxies are just initiating their main growth stage via
high accretion episodes.

TDE discoveries have been predominantly associated
with post-starburst galaxies having high stellar densi-
ties in the bulge (French et al. 2016; Law-Smith et al.
2017; Graur et al. 2018). For these galaxies, we would
expect a young stellar population actively polluting the
circumnuclear regions with both metal-rich supernova
winds and N-enhanced AGB stellar winds. Regardless
of the enrichment mechanism, TDEs would primarily be
hosted in galaxies with already altered chemical abun-
dances, translated into unusually strong nitrogen com-
ponent in their UV spectra. However, an additional
mechanism would need to be invoked to explain the ap-

parent lack of C111] and strong C1v emission, suggesting
that the composition of the star indeed plays an impor-
tant role in shaping the observed UV signature of TDEs.

Finally, we consider that the strength of the lines could
be also altered by the presence of dust. If the dust is
mainly concentrated around the same clouds of gas that
are the source of emission, and the fraction of the vol-
ume filled is small, then we would expect the continuum
radiation to be less affected by extinction than the lines
themselves.

6. CONCLUSIONS

iPTF15af is a TDE discovered in the core of a galaxy
with signs of a short recent starburst episode and high
nuclear stellar density in its core. The photometric opti-
cal and UV evolution of this event is consistent with pre-
viously studied TDEs, such as PS1-10jh and ASASSN-
150i. The event has a comparably slow rise time of
~ 60 days and peaks at Lpeax ~ 1.5 x 10% ergs™!, with
an estimated temperature of Tp = (40 — 50) x 10* K.

The optical spectral evolution of iPTF15af shows
broad characteristic He II and later Ha lines super-
posed on a blue featureless continuum, which persists
beyond four months past discovery. During the first
three months the optical lines exhibits a fast evolution
in their line profile, with the Ha line appearing and be-
coming narrower at later times. The lines are no longer
detected after ~ 120 days post-discovery.

Our spectroscopic analysis reveals fluorescence lines of
Our and N1, likely related to the Bowen fluorescence
mechanism observed in planetary nebulae. The fluores-
cence between He 11—O 111 and O 111—N 111 would explain
the pumping of extreme-UV flux into optical emission.

We find that the medium producing the absorption
in iPTF15af would come from a highly ionized source
shielded by high-density material, justifying the lack of
low-ionization lines of Mgii and Fell and the appear-
ance of broad absorption lines for highly ionized states
of C, N, Si, and P. The density of the gas would act as
an absorber of the flare in X-rays, irradiating it toward
lower-density gas enriched with nitrogen and/or metals
supplied by a young stellar population in the bulge. The
composition of the gas would then tip the N/C ratio to
higher values than usually found in AGNs. In addition,
the nitrogen enhanced and carbon depleted stellar de-
bris of an evolved star can help justify the observed lack
of Cul in the UV spectrum.

Contrary to BAL QSOs, the broad absorption line
profiles observed in iPTF15af suggest that the highest
column density material is moving at the outflow max-
imum velocity. We propose that the radiation pressure
generated by the TDE flare at early times can supply the
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acceleration mechanism for this high-density gas. Fu-
ture multi-epoch observations of TDEs in the UV would
help to constrain the geometry, density and kinematics
of the absorbing material, allowing to test this hypoth-
esis. Late-time observations in X-rays are required to
verify the change in the outflow’s density, allowing high
energy to escape.
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