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ABSTRACT
We study the properties of the galaxies hosting the first 19 tidal disruption events (TDEs) detected
with the Zwicky Transient Facility (ZTF) within the context of a carefully constructed, representative
host galaxy sample. We find that the ZTF sample of TDE hosts is dominated by compact “green
valley” galaxies. After we restrict the comparison sample to galaxies with a similar concentration,
as measured by Sersic index, we find this green valley over representation is even larger. That is,
concentrated red sequence galaxies are not producing TDEs at elevated levels. We present host galaxy
spectra which show that E+A galaxies are overrepresented in the ZTF sample by a factor of ≈22, which
is lower than previous TDE host galaxy studies have found. We find that this overrepresentation can
be fully accounted for when taking into account the masses, colors, and Sérsic indices of the ZTF TDE
hosts. The combination of both green colors and high Sérsic index of the typical TDE host galaxy
could be explained if the TDE rate is temporarily enhanced following a merger that leads to a higher
central concentration of stars.
Keywords: black hole physics – galaxies: evolution – galaxies: nuclei
1. INTRODUCTION

Supermassive black holes (SMBHs) are thought to reside at the center of every large galaxy, greatly influencing their environments, both in their galactic nuclei and on larger scales. However, unless a SMBH is
close enough that we can precisely measure its gravitational pull on the stars and gas in its potential well or
bright enough due to gas-fueled accretion, these objects
are difficult to study. In distant galaxies with quiescent
SMBHs, observations of tidal disruption events (TDEs)
Corresponding author: Erica Hammerstein
ekhammer@astro.umd.edu

are one way to ascertain the presence and perhaps the
properties of the central SMBH.
TDEs occur when a star is kicked into an orbit that
brings it close enough to the SMBH to be tidally disrupted and accreted (e.g., Hills 1975; Frank & Rees 1976;
Rees 1988). These events are observed as bright, nuclear
flares and have been discovered via observations from
X-ray to optical wavelengths (Saxton et al. 2020; van
Velzen et al. 2020a). In order for these TDEs to be observable, the star’s tidal disruption radius must be outside of the SMBH event horizon. The event horizon radius scales with black hole mass and thus, for a sun-like
star, non-spinning SMBHs larger than 108 M will be
too massive to host observable TDEs (Hills 1975). This
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allows for the unique opportunity to find and study lowmass SMBHs, potentially including intermediate-mass
black holes, and their host galaxies, as well as accretion
physics and relativistic jet formation.
There is still much debate about what types of nuclear environments are most likely to host a TDE, particularly in the mechanisms that create the fatal stellar
orbits that drive these events. The environments that
are likely to produce TDEs can be linked to properties
that reach far beyond the nucleus of a galaxy though.
Graur et al. (2018) tested whether the TDE rate depends
on kpc-scale global galaxy properties, including the stellar surface mass density and and the velocity dispersion,
which are more easily observable than nuclear properties. They found that TDE hosts have, on average, a
higher stellar mass surface density and marginally lower
velocity dispersions than a control sample of galaxies.
Multiple studies have shown that TDEs appear to be
observed preferentially in post-starburst galaxies (otherwise known as K+A or E+A galaxies) (Arcavi et al.
2014; French et al. 2016; Law-Smith et al. 2017) whose
spectra have deep Balmer absorption lines but no significant [O II] emission, indicating a burst of star-formation
that occurred approximately a Gyr ago that has since
subsided. Several mechanisms connecting the large scale
properties of the host galaxy, in this the case star formation history and global stellar population, and the
dynamics of the nuclear region have been proposed. In
particular, E+A galaxies are known to have high Sérsic
indices, large bulge-to-total light ratios, and high concentration indices (Yang et al. 2008). The nuclear stellar
overdensities caused by merger-triggered bursts of star
formation in these galaxies have been shown to greatly
enhance the TDE rate, possibly because these overdensities lead to a greater number of stars able to fill the
loss cone of stars that can be tidally disrupted (Stone
& Metzger 2016; Stone & van Velzen 2016; French et al.
2020).
Not all TDEs occur in post-starburst galaxies, however. Law-Smith et al. (2017) studied a sample of TDE
host galaxies within the context of the local galaxy population, and while the sample they used was dominated
by post-starburst galaxies (3/5 used in their analysis
could be classified as quiescent, Balmer-strong), they
found that the majority of the TDE hosts reside in the
green valley, between star-forming and passive galaxies,
have bluer bulge colors, higher Sérsic indices, and higher
bulge-total-light ratios with respect to galaxies of similar
masses, regardless of E+A classification. French et al.
(2020) studied four TDE host galaxies with high spatial
resolution HST imaging: one post-starburst, two quiescent Balmer-strong galaxies, and one early type galaxy,

classified by their spectra. They found that, compared
to early type galaxies of similar stellar mass, the TDE
host galaxies have higher central surface brightnesses
and stellar mass surface densities on 30-100 pc scales,
regardless of host galaxy type. Understanding the properties of not only E+A galaxies, but of the variety of
galaxy types that produce TDEs is important for understanding the specific mechanisms that trigger TDEs
both on large, galactic scales as well as in the nuclear
environments surrounding the SMBH. In this paper, we
investigate the properties of the latest Zwicky Transient
Facility (ZTF; Bellm et al. 2019; Graham et al. 2019;
Masci et al. 2019) sample of TDE host galaxies and compare them with the properties of galaxies grouped by a
variety of schema.
Previous studies that have aimed to understand TDE
host galaxies have had to assemble samples from multiple surveys. This study is the first to use a systematically discovered sample of TDEs from a single survey,
making the following analysis free from heterogeneous
selection effects from multiple surveys. The ZTF sample
selection criteria are also totally agnostic to host galaxy
type, apart from rejecting galaxies that can be classified as broad-line AGN, and is therefore a prime sample
for understanding properties of TDE host galaxies. See
van Velzen et al. (2020b) for a more detailed overview
of the ZTF alert filtering and photometric selection criteria used to discover new TDEs. We then perform further follow-up of TDE candidates with spectroscopy to
confirm the TDE classification and determine the TDE
spectral class, discussed further in Section 2.1, as well
as perform UV monitoring with Swift.
In this paper, we focus on the sample of 16 TDEs
first presented in van Velzen et al. (2020b) plus 3 new
TDEs detected in ZTF thereafter. We study the properties of the galaxies hosting these ZTF TDEs using both
photometry and spectroscopy in order to better understand the environments and mechanisms that produce
them. We also compare the photometric and spectroscopic properties of these hosts to a sample of galaxies
from the Sloan Digital Sky Survey (SDSS) in order to
study them within the context of the local galaxy population. In Section 2 we present the TDE host galaxy
sample with corresponding photometric and spectroscopic data, and the SDSS comparison sample used in
the following analysis. In Section 3 we present the results and methods used to obtain them. We end with
a discussion presented in Section 4 and conclusions and
future work in Section 5.
2. SAMPLE & DATA

2.1. ZTF TDE Host Galaxies
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ZTF has detected 19 spectroscopically confirmed
TDEs, 16 of which were originally presented in van
Velzen et al. (2020b), and 3 of which that have been
detected by ZTF but have not yet been reported in the
literature. The light curves and spectra of these 3 new
TDEs will be presented in Hammerstein et al. (2020,
in prep). The discovery history for the first 16 can be
found in van Velzen et al. (2020b). We present this
sample in Table 1 with the redshift, host galaxy stellar mass, and TDE class. We give the IAU and ZTF
names, as well as the internal name assigned to each
TDE1 . The ZTF TDE host galaxies have redshifts in
the range 0.02 . z . 0.2, which are obtained from the
spectrum of the TDE as the majority of TDE hosts do
not have a pre-flare spectrum.
The TDE hosts have total stellar masses in the range
9.31 ≤ log(M? /M ) ≤ 10.63. Stellar population synthesis of the pre-flare photometry, obtained from SDSS,
Pan-STARRS1 (PS1), and GALEX was used to estimate the total stellar mass of each galaxy as well as
obtain extinction-corrected, synthetic rest-frame colors
(see van Velzen et al. 2020b). We adopt the same model
choices as Mendel et al. (2014), a catalog we use for our
comparison sample.
We have also listed the spectral class of the TDE in
Table 1. The three different spectral classes correspond
to emission features seen in the TDE spectrum. These
classes are defined by van Velzen et al. (2020b) as:
i. TDE-H: broad Hα and Hβ emission lines.
ii. TDE-H+He: broad Hα and Hβ emission lines and
a broad complex of emission lines around He II
λ4686. The majority of the sources in this class
also show N III λ4640 and emission at λ4100 (identified as N III λ4100 instead of Hδ), plus and in
some cases also O III λ3760.
iii. TDE-He: no broad Balmer emission lines, a broad
emission line near He II λ4686 only.
To match the procedure used for the SDSS comparison sample, we use the SDSS and PS1 calibrated, skysubtracted, corrected g- and r-band frames for photometric measurements performed in Section 3. The PSF
at any pixel in a given SDSS frame is easily reconstructed using the corresponding psField file for that observation and the standalone code readAtlasImages2 .
1

For ease of communication, we assigned each TDE a name of
a character from the popular HBO television series Game of
Thrones (GOT).
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For PS1 images, we use PSFEx3 (Bertin 2011) to model
the PSF in each frame.
Spectra of the host galaxies are primarily used to measure the Hα flux and equivalent width and the Lick
HδA absorption index. In Table 1, we give the telescope/instrument used to obtain the spectrum. We used
PyRAF to reduce the spectra with standard long-slit spectroscopy data reduction procedures. These spectra are
presented in Figure 1.
2.2. SDSS Comparison Sample
Throughout this paper, we compare the ZTF TDE
host galaxy sample to a sample of SDSS galaxies to
put the ZTF sample in the context of the local galaxy
population. This comparison sample is based on the
Mendel et al. (2014) value added catalog of bulge, disk,
and total stellar mass estimates, which contains spectroscopically classified galaxies from the main SDSS galaxy
sample (Strauss et al. 2002). Other values are taken
from the Simard et al. (2011) value added catalog of
bulge+disk decompositions as well as the MPA+JHU
catalogs (Brinchmann et al. 2004). We remove galaxies
with negative flux or continuum measurements and require a median signal-to-noise ratio per pixel of greater
than 10 in the MPA+JHU catalog.
In order to correct for the flux-limited nature of the
SDSS spectroscopic galaxy sample and to construct a
sample representative of galaxies our TDE search is sensitive to, we further limit the comparison sample by redshift. We give AT2018hco (ID 3) as an example. The
absolute magnitude at peak of the AT2018hco flare light
curve is ≈-20.1. If the ZTF detection limit is m = 20,
ZTF can detect this flare out to a redshift of z ≈ 0.21. If
the ZTF reference image host galaxy detection limit is
m = 22, ZTF is complete to M ≈ −18.1 for this particular TDE. Finally, taking the SDSS spectroscopic magnitude limit to be m = 18, we create a comparison galaxy
sub-sample with z ≤ 0.037, which corresponds to galaxies with M ≈ −18.1 and m = 18. We repeat this process for each TDE, ensuring that each TDE sub-sample
has 1,000 galaxies by randomly sampling galaxies within
the appropriate redshift range. Only one TDE requires
oversampling of the galaxy catalog, as the redshift cut
leaves less 1,000 galaxies. After applying all cuts to the
comparison catalog, we are left with a sample of 19,000
galaxies. Each galaxy is weighted by 1/19 in the figures
throughout this paper.
3. ANALYSIS & RESULTS
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Figure 1. Rest-frame host galaxy spectra of the ZTF TDE sample. These spectra are not corrected for Galactic or internal
extinction. The color of the spectrum corresponds to the TDE class from van Velzen et al. (2020b), with orange being TDE-H,
blue is TDE-He, and green being TDE-H+He.
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Table 1. ZTF TDE Host Galaxies
ID

IAU Name

ZTF Name

GOT Name

Redshift

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

AT2018zr
AT2018bsi
AT2018hco
AT2018iih
AT2018hyz
AT2018lni
AT2018lna
AT2019cho
AT2019bhf
AT2019azh
AT2019dsg
AT2019ehz
AT2019mha
AT2019meg
AT2019lwu
AT2019qiz
AT2020pja

ZTF18aabtxvd
ZTF18aahqkbt
ZTF18abxftqm
ZTF18acaqdaa
ZTF18acpdvos
ZTF18actaqdw
ZTF19aabbnzo
ZTF19aakiwze
ZTF19aakswrb
ZTF17aaazdba
ZTF19aapreis
ZTF19aarioci
ZTF19abhejal
ZTF19abhhjcc
ZTF19abidbya
ZTF19abzrhgq
ZTF20aabqihu

Ned
Jon
Sansa
Jorah
Gendry
Arya
Cersei
Petyr
Varys
Jaime
Bran
Brienne
Bronn
Margaery
Robb
Melisandre
Gilly

0.071
0.051
0.088
0.212
0.0458
0.138
0.091
0.193
0.1206
0.022
0.0512
0.074
0.148
0.152
0.117
0.0151
0.068

18
19

AT2019teqb
AT2020ocnc

ZTF19accmaxo
ZTF18aakelin

Missandei
Podrick

0.0874
0.0705

log(M? /M )

TDE Class

Telescope/Inst.

10.020.09
0.18
10.600.05
0.06
9.930.09
0.18
10.780.09
0.15
9.770.12
0.26
9.960.10
0.15
9.490.12
0.09
10.140.17
0.16
10.230.15
0.12
9.840.15
0.14
10.370.17
0.12
9.690.15
0.09
10.050.15
0.11
9.660.05
0.05
9.860.15
0.12
10.040.14
0.10
9.990.17
0.09
9.910.06
0.07
10.100.17
0.16

Hαem EW

HδA EW

TDE-H
TDE-H+He
TDE-H
TDE-He
TDE-H
TDE-H+He
TDE-H+He
TDE-H+He
TDE-H
TDE-H+He
TDE-H+He
TDE-H
TDE-H
TDE-H
TDE-H
TDE-H+He
TDE-H+He

LDT/DeVeny
SDSS/BOSS
LDT/DeVeny
LDT/DeVeny
SDSS/BOSS
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny
SDSS/BOSS
Lick/Kast
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny
LDT/DeVeny

−0.15 ± 0.64
6.08 ± 0.06
0.70 ± 0.34
1.89 ± 1.65
−0.29 ± 0.14
−1.82 ± 0.65
−0.36 ± 0.49
0.98 ± 1.86
12.81 ± 1.35
0.77 ± 0.08
30.63 ± 0.46
0.40 ± 1.06
−0.55 ± 0.87
23.69 ± 1.29
0.27 ± 0.63
2.62 ± 0.12
18.45 ± 0.68

3.36
1.53
2.00
−0.28
5.13
0.17
1.84
1.84
5.63
7.65
1.28
3.58
3.66
2.01
3.73
0.57
0.76

TDE-He
TDE-He

LDT/DeVeny
SDSS/BOSS

17.28 ± 0.87
−0.68 ± 0.14

2.44
0.98

Note—The names, redshifts, stellar masses, TDE spectroscopic classes, and spectroscopic measurements of the ZTF sample of TDE host
galaxies. Redshifts are measured from the spectrum of the TDE, as typically no pre-flare spectroscopy is available. We note that for Hα
equivalent width (EW), a positive value indicates emission. Spectra are from the 4.3m Lowell Discovery Telescope DeVeny Spectrograph
(LDT/DeVeny, PI: Gezari), the 3m Lick Kast Double Spectrograph (Lick/Kast, PI: Foley), and the SDSS BOSS spectrograph.
a TNS Classification Report #7481
b TNS Classification Report #7482
c ATel #13859
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3.1. Photometry

0.0

u − r(Mgal ) = −0.40 + 0.26 × Mgal .

(1)

We have kept a similar width to the original Schawinski et al. (2014) green valley definition for the restframe u − r color without internal dust corrections.
The ZTF host galaxy sample is clearly dominated by
green valley galaxies, with 63% of the TDE hosts falling
within the limits of the green valley region compared to
∼13% of the SDSS comparison sample. We also include
smoothed, normalized histograms of the galaxy stellar
mass and u − r color, for several groups of galaxies. The
smoothed histograms show that the TDE hosts are typically more massive than E+A galaxies, but with similar
colors characteristic of the green valley.
To study the light profile of each host galaxy, we perform two-dimensional Sérsic profile fits to the photometry using GIM2D (Simard et al. 2002). Following the procedure of Simard et al. (2011), we performed simultaneous g- and r-band fits on the calibrated, sky-subtracted
corrected frames of each host galaxy to obtain the total
galaxy Sérsic index. The top panel of Figure 3 shows
the results of fitting the TDE hosts with a pure Sérsic
model, along with the SDSS comparison sample. Many
of ZTF TDE host galaxies have profiles between a de
Vaucouleurs profile (ng = 4) and a exponential disk profile (ng = 1). We also show the smoothed histograms for
the stellar mass and the Sérsic index for the TDE hosts
as well as the green valley, blue cloud, red sequence, and
E+A galaxies in the comparison sample. TDE hosts and
E+A galaxies have steeper Sérsic indices than the green
valley, more characteristic of the red sequence.
We calculate the effective stellar surface mass density,
µ? , of the TDE hosts and the comparison sample using the estimated half light radius, θ, from GIM2D. µ? is
calculated using the following equation:
µ? = M? /(2πθ2 ) [M kpc−2 ].

(2)

The bottom panel of Figure 3 shows the effective stellar
surface mass density vs. total stellar mass for the TDE
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Blue cloud
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We use the synthetic rest-frame and Galactic extinction corrected u−r color from the stellar population synthesis of the pre-flare photometry (originally presented
in van Velzen et al. 2020b) to study where the ZTF TDE
hosts fall within the red sequence, green valley, and blue
cloud. Figure 2 shows this color vs. the total stellar mass
of the TDE host galaxies against the sample of SDSS
galaxies. The green valley is included on this figure,
originally defined by Schawinski et al. (2014), but we
redefine the upper limit here as our comparison sample
has a different redshift cut:
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Figure 2. The extinction-corrected, synthetic rest-frame
u − r color of the TDE host galaxies. The green valley is
denoted by the dashed green lines. TDE host galaxies are
colored by their spectral type from van Velzen et al. (2020b),
where orange is TDE-H, green is TDE-H+He, and blue is
TDE-He. They are also numbered by the ID column in Table
1. The contours enclose a volume-limited comparison sample
of galaxies, matched to the depth of ZTF, from 0.5σ to 2σ in
steps of 0.5σ. We also show the smoothed histograms for the
stellar mass and the u − r color for the TDE hosts as well
as the green valley, blue cloud, and red sequence. We see
that the TDE hosts are generally more massive than E+A
galaxies, but with similar colors characteristic of the green
valley.

hosts as well as the comparison sample. The TDE hosts
have surface mass densities similar to other galaxies in
the green valley.
3.2. Spectral Measurements
The Hα emission equivalent width (EW) and the Lick
HδA absorption index can be used to explore the star
formation history of a galaxy. TDE hosts in previous studies appear to be overrepresented in E+A or
post-starburst galaxies, which occupy a specific region
in the Hα EW vs. HδA absorption index parameter space (French et al. 2016; Law-Smith et al. 2017).
French et al. (2016) isolate E+A galaxies by requiring
HδA − σ(HδA ) > 4.0 and Hα EW < 3.0. These restrictions select galaxies that do not have any active starformation, as seen from weak Hα emission, but strong
HδA absorption from A stars indicates star-formation
in the past ∼ Gyr. Both French et al. (2016) and LawSmith et al. (2017) also employ a looser cut, HδA > 1.31,
allowing for host galaxies that have several possible
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Figure 3. Top panel : The total galaxy Sérsic index
vs. the total stellar mass. AT2019azh (ID 10) is an extreme post-starburst galaxy and high Sérsic index is expected. AT2019meg (ID 14) has a small angular size which
likely affects the fit, resulting in the larger uncertainties and
high Sérsic index. Bottom panel : The effective stellar mass
surface density vs. the total stellar mass. Colors of points,
labels, and contours are the same as previous figures. We
also show the smoothed histograms for the stellar mass, the
Sérsic index, and the effective stellar surface mass density for
the TDE hosts as well as the green valley, blue cloud, and
red sequence. We see that the TDE hosts have light profiles
characteristic of red sequence galaxies.

star-formation histories. Here we make the distinction
that E+A/post-starburst galaxies are identified with the
stricter cut on both Hα and Hδ (hereafter E+A), while
quiescent Balmer-strong galaxies are identified with the
looser cut on these values (hereafter QBS). Both of these
cuts are included in the following analysis.
We fit the spectra with stellar population models using ppxf (Cappellari 2017) to fit the stellar continuum
and emission lines, including Balmer lines, [OII], [SII],

7

[OIII], [OI], and [NII]. We use models from the MILES
library of stellar spectra (Vazdekis et al. 2015), with
the models based on a standard Salpeter IMF and Girardi et al. (2000) isochrones and covering the rest-frame
range 3540–7410 Å. We measure the HδA absorption
index using the ppxf best-fit stellar continuum following the procedure and bandpasses given in Worthey &
Ottaviani (1997). The total Hα EW in Angstroms is
measured from the host spectrum and is corrected for
Balmer absorption by subtracting the equivalent width
of the absorption line in the best-fit stellar continuum
from the total EW of the line, leaving only the Hα emission EW. The Hα line for AT2018iih (ID 4) is redshifted
out of the LDT bandpass. Thus, we measure the Hβ
line, and take Hα to be ≈3 times Hβ, folding this into
the uncertainties as well. Since the Balmer decrement
(Hα/Hβ) will only increase in the presence of dust extinction, assuming a ratio of ≈3 is a conservative estimate. Figure 4 shows the HδA absorption index vs. the
Hα emission EW. Two TDE hosts are within the bounds
of the E+A region defined by French et al. (2016).
For the TDE hosts with prominent emission lines
(7/19), we plot the emission line ratios measured with
ppxf on a BPT diagram (Baldwin et al. 1981) in Figure
5. 2 hosts (IDs 10 and 14) fall within the AGN region
of the diagram, one host (ID 16) falls within the starforming region of the diagram, while the remaining 4
(IDs 2, 9, 17, and 18) are between AGN and star-forming
in the composite region. We discuss these results in Section 4. Note that we do not include AT2019dsg despite
its prominent emission lines because Hα is rotationally
broadened and we cannot resolve the [NII] doublet.
4. DISCUSSION

Green valley galaxies dominate the ZTF TDE host
galaxy sample. We find an overrepresentation of green
valley galaxies of ≈ 5×, which is not accounted for by
controlling for mass or Sérsic index. Law-Smith et al.
(2017) used the definition of the green valley based on
total star formation rate and found that their sample
of TDE host galaxies may be transitioning from starforming to quiescent, a time during which quenching of
star formation causes galaxies to cross into the green
valley (Schawinski et al. 2014). The green valley is
also known to host a population of quiescent, Balmerstrong galaxies (including post-starburst or E+A galaxies), which previous studies observed to be overrepresented in TDE host galaxy samples (Arcavi et al. 2014;
Law-Smith et al. 2017; French et al. 2016). Figure 4 reveals that two galaxies in this sample can be classified
as E+A (AT2018hyz and AT2019azh, IDs 5 and 10 respectively) using the guidelines in Figure 4. AT2019azh
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Figure 4. The HδA absorption index vs. the Hα emission
equivalent width. The median uncertainties for the TDE
hosts are shown in the top left. The E+A region is the solid
line while the QBS region is the dashed line. AT2019dsg (ID
11) is a star-forming galaxy. Two host galaxies fall within
the strict E+A category: AT2018hyz (ID 5) and AT2019azh
(ID 10). Colors of points, labels, and contours are the same
as previous figures.
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Figure 5. BPT diagram for the 7 TDE hosts that show
prominent nebular emission lines. We show the separation
lines of Kewley et al. (2001) and Kauffmann et al. (2003) as
solid and dashed lines, respectively. The line ratios for the
majority of the TDE hosts can be explained, at least in part,
by star formation.

is an extreme post-starburst galaxy, as noted by Hinkle
et al. (2020). While 2 of 19 hosts fall within the E+A
region, implying an E+A fraction of 10% with a binomial confidence interval of 1%–33%, this region makes
up just 0.49% of the SDSS comparison sample, implying that E+A galaxies are overrepresented in the ZTF
sample by a factor of ≈22. The overrepresentation is
lower than previous studies have found by a factor of
at least 4. This overrepresentation of E+A galaxies declines to a factor of ≈7 when selecting only on green
valley galaxies. We also make a cut on “concentrated”
galaxies (ng > 2.0), and find that the E+A overrepresentation is a factor of ≈15. If we combine these two
criteria, then the E+A overrepresentation is ≈ 3×.
To further test this result, we repeat these calculations
by further limiting the comparison sample to the mass
range of the TDE hosts, 9.47 ≤ log(M/M ) ≤ 10.76.
E+A galaxies are now overrepresented by a factor of
≈29. When considering only green valley galaxies in this
mass limited sample, the overrepresentation declines to a
factor of ≈8. The Sérsic index cut gives an E+A overrepresenation of ≈ 29×. After combining these two criteria,
we find that the E+A overrepresentation can be completely accounted for. These calculations can also be repeated to include the QBS region of the Hα-HδA figure,
in order to account for more ambiguous star-formation
histories. These numbers are presented in Table 2.
E+A galaxies are also known to have nuclear stellar overdensities and thus have a higher Sérsic index
(e.g. French et al. 2020). Law-Smith et al. (2017) concluded that the Sérsic index is a stronger factor in enhancing the TDE rate in a galaxy than other properties
that they measured. Figure 3 shows that galaxies in
the ZTF sample have higher Sérsic indices than is typical for galaxies of similar stellar mass. Law-Smith et al.
(2017) found a similar trend in Sérsic index for TDE host
galaxies with Sérsic indices in the range 1 < ng < 5. We
note, however, that the resolution of SDSS and PS1 is
insufficient to fit the bulge Sérsic index independently
of a disk that may be present. Thus, if a substantial
disk component is present in a galaxy, the bulge component may actually have a higher Sérsic index. These fits
should therefore be interpreted as lower limits on the
bulge Sérsic index.
Despite the insufficient resolution of SDSS, Simard
et al. (2011) found that galaxies fit with a free nb
bulge+disk model resulting in a bulge-to-total light ratio of 0.2 ≤ (B/T ) ≤ 0.45 required a bulge+disk model
while a fit resulting in (B/T ) > 0.75 did not require
a bulge+disk model to fit the light profile. We performed free nb bulge+disk decompositions on the sample of ZTF host galaxies in order to determine which
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galaxies may require a bulge+disk model to properly fit
the light profile. Using the criteria from Simard et al.
(2011), 6 of the TDE host galaxies require a bulge+disk
model to properly fit the light profile and 5 require only
a Sérsic profile, while the rest remain ambiguous. The
ZTF TDE hosts may have steeper bulge profiles than
Figure 3 demonstrates but higher resolution imaging is
needed to separate the bulge and disk components.
French et al. (2017) constructed a BPT diagram for 5
TDE hosts, finding that the location of the TDE hosts in
AGN region of the diagram is consistent with a sample of
quiescent, Balmer-strong galaxies from SDSS. Figure 5
shows a BPT diagram for the TDE hosts with prominent
nebular emission lines. One of the hosts (ID 16) has
emission line ratios consistent with only star-formation.
While previous studies, such as French et al. (2017),
found that several TDE hosts had emission line ratios
consistent with AGN or LINER-like activity, only 2 of
the TDE hosts (IDs 10 and 16) have emission line ratios
consistent with the AGN region of the BPT diagram.
The remaining 4 hosts have emission line ratios that
may, in part, be attributed to star formation. For TDE
hosts falling in the AGN region of the BPT diagram,
French et al. (2017) mention several possible ionization
mechanisms which may act to enhance the TDE rate
in galaxies. These mechanisms include a low-luminosity
AGN fueled by a circumnuclear gas reservoir and shocks
resulting from a recent merger or starburst.
Figures 2 and 3 show smoothed histograms for the
u−r, galaxy stellar mass, and Sérsic index. From Figure
2, we see that TDE hosts are typically more massive
than E+A galaxies, which are on the low end of the
green valley in terms of mass. We also see that TDE
host galaxies are in the green valley in terms of color,
with a distribution that matches that of E+A galaxies.
Figure 3 shows that both E+A galaxies and TDE host
galaxies have Sérsic indices different from other galaxies
in the green valley, with a distributions closer to that of
the red sequence.
Schawinski et al. (2010) found that the migration of
low-mass, early-type galaxies from the blue cloud to
the green valley is linked to mergers but the ability to
link merger signatures to these galaxies over timescales
longer than ∼500 Myr post-merger is limited. Subsequently, Schawinski et al. (2014) found that there are
two main causes for galaxies to fall in the green valley.
They found that morphologically late-type galaxies in
the green valley are consistent with a scenario where the
supply of gas fueling star-formation is shut off, leading
to an exhaustion of the remaining gas over the next Gyr
or so. Morphologically early-type galaxies are in the
green valley as a result of a scenario where quenching
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of star formation happened rapidly and was accompanied by a change in morphology from disk to spheroid,
likely as a consequence of a merger. E+A galaxies are
thought to have undergone merger-triggered bursts of
star-formation that place them in the green valley and
that lead to centrally concentrated stellar distributions
(Yang et al. 2008). Indeed, Schawinski et al. (2014)
found that morphologically early-type galaxies in the
green valley show classic post-starburst stellar populations.
Given that the TDE hosts show a distribution in Sérsic
index more similar to red, early-type galaxies, it is possible that TDE host galaxies, E+A or not, are more likely
to come from galaxies that have undergone some type
of merger that produces centrally concentrated stellar
distributions and which places them in the green valley. Prieto et al. (2016) found that the host galaxy of
TDE ASASSN-14li (Holoien et al. 2016), PGC 043234,
possesses properties indicative of a recent merger, including AGN activity, post-starburst populations, and
emission line filaments extending up to 10 kpc from the
galaxy itself. This further supports the idea that E+A
galaxies are the result of galaxy mergers that could enhance the TDE rate. The E+A phase of a post-merger
system could also be a time when the TDE rate is
greatly enhanced as compared to other phases of a postmerger system, which would explain the overrepresentation. Stone et al. (2018) showed the nuclear stellar overdensities created as the result of starbursts can reasonably match the TDE delay-time distribution and that
the post-starburst TDE rate does indeed decline with
time. This may be a reason why we find few red galaxies in the ZTF TDE sample. The majority of the ZTF
TDE hosts are not E+A galaxies, but they do have more
centrally concentrated stellar distributions. We propose
that, similar to Law-Smith et al. (2017), the overall stellar distribution in a galaxy is more important than the
E+A classification and that E+A galaxies are only a
subset of the larger population of galaxies that are likely
to host TDEs.
5. CONCLUSIONS

We have studied a sample of galaxies hosting TDEs
detected by ZTF in the first two-thirds of survey operations. Our main conclusions are:
• The ZTF TDE host galaxy sample is dominated
by green valley galaxies, with 63% of the TDE
hosts having u−r colors corresponding to the green
valley, compared to only 13% of the comparison
sample of galaxies.
• E+A galaxies, which we define spectroscopically,
are overrepresented in the ZTF TDE host galaxy
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Table 2. E+A & QBS Overrepresentation

Full Sample (E+A)
9.47 ≤ log(M? /M ) ≤ 10.76 (E+A)
Full Sample (QBS)
9.47 ≤ log(M? /M ) ≤ 10.76 (QBS)

Overall

Green
Valley

ng > 2.0

Green Valley
+ ng > 2.0

22×
29×
16×
17×

7×
8×
10×
9×

15×
29×
13×
21×

3×
1×
6×
3×

Note—The E+A overrepresentation in the ZTF TDE host galaxy sample calculated with respect to the full galaxy comparison sample and a mass-limited
comparison sample, for the E+A criteria and the QBS criteria. We give the overall overrepresentation, the overrepresentation when considering only the green
valley as well as considering only concentrated galaxies, and the overrepresentation when considering galaxies with Sérsic index (ng ) greater than or equal to the
median Sérsic index of the TDE host galaxies.

sample by a factor of ≈22 compared to the SDSS
comparison sample of galaxies. This overrepresentation reduces to a factor of ≈7 when selecting
only on green valley galaxies (defined photometrically) and to a factor of ≈3 when selecting on green
valley galaxies with concentrated stellar distributions. The apparent E+A preference for TDE host
galaxies is completely accounted for when looking
at galaxy populations with similar masses, colors,
and Sérsic indices as the ZTF TDE hosts.
• The ZTF TDE hosts have higher Sérsic indices
than galaxies of similar stellar masses and show a
distribution of Sérsic indices similar to E+A galaxies and red sequence galaxies, rather than green
valley galaxies.
• TDE hosts may be more likely to be found in the
subset of galaxies that have undergone a more recent merger that produced centrally-concentrated
stellar distributions, enhancing the TDE rate.
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