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Motivation: Study SMBHs


TDEs can be used to study quiescent massive 
black holes (and the M-Sigma relation) beyond the 
nearby Universe!





Not A New Idea, But Events Are Rare


Hills (1975) – A star could be disrupted by a massive BH.

Rees (1988), Phinney (1989), Evans & Kochanek (1989) – 
Half of the material is bound, half unbound, expect emission 
when the bound material falls back to the BH as t-5/3.

From the accretion onto the SMBH, expect emission in soft x-
rays and hard UV.

Donley et al. (2002), Wang & Merritt (2004), Kesden (2012), 
Stone & Metzger (2014) – Rate is 10-4-10-5 events per galaxy 
per year.



Early Observations Were Archival, Sparse Data

ROSAT (X-Rays) – 5 archival candidates (Donley et al. 2002).

XMM-Newton (X-Rays) – 5 additional archival candidates 
(Esquej et al. 2007).

SDSS (optical) – 2 archival candidates (van Velzen et al 2011).

GALEX (UV) + CFHT (optical) – one candidate (~year 
cadence light curve; Gezari et al. 2006).



Two Major Discoveries in 2011 and 2012


PS1-10jh (Gezari et al. 2012)

UV / Optical
No X-rays

Hot blackbody (30,000K)
Smooth rise and fall light curve
~t-5/3 decline

Swift J1644

Gamma and X-rays, radio
No optical

Non-thermal spectrum
Plateau in X-ray light curve 
then ~t-5/3 decline

(Bloom et al. 2011, 
Burrows et al. 2011,
Levan et al. 2011, 
Zauderer et al. 2011)	



Two Major Discoveries in 2011 and 2012


PS1-10jh (Gezari et al. 2012)

UV / Optical
No X-rays

Hot blackbody (30,000K)
Smooth rise and fall light curve
~t-5/3 decline

Additional events:!
Arcavi et al. 2014, Holoien et 
al. 2014, 2016a,b, 
Wyrzykowski et al. 2016

Swift J1644

Gamma and X-rays, radio
No optical

Non-thermal spectrum
Plateau in X-ray light curve 
then ~t-5/3 decline

Additional events:!
Swift J2058 (Cenko et al. 
2012), Swift J1112 (Brown et 
al. 2015)

(Bloom et al. 2011, 
Burrows et al. 2011,
Levan et al. 2011, 
Zauderer et al. 2011)	

High Energy TDEs
 Optical+NUV TDEs




Why Two So Different Types of TDEs?


Bloom et al. (2011): Viewing �
angle effect
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Fig. 1.— The intersection of tidal streams for different setups. The black hole is at the origin. The

black solid ellipse is the most bound orbit in a Newtonian potential. The black dotted curve is the

parabolic trajectory of the center of the star. The blue dashed ellipse is the ballistic trajectory of

the most bound orbit with a periastron precession of angle φ (Equation (1)). Panel (a), (b), and

(c) represent the scenarios for a SMBH and a solar type star. Panel (d) represents an IMBH-white

dwarf disruption scenario as in Shiokawa et al. (2015). Stream-stream intersection occurs where

the black solid line and blue dashed line intersect. In a deep plunge (panel (b)) or when the black

hole is more massive (panel (c)) the stream intersects closer to the hole.

Dai et al. (2015): β effect



Swift J1644 and 
PS1-10jh are published



PS1-10jh: The First Optical + NUV TDE


Gezari et al. (2012)

•  Coincident with the center 
of a non-starforming galaxy.

•  Peak magnitude -20
•  Constant blue colors
•  Only broad He II in 

spectrum
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Figure 5. O↵sets in arcseconds (top) and kpc (bottom) between
the locations of our events and the centers of their hosts, deter-
mined both from P48 and from SDSS images of the hosts registered
to P48 images of the transients. Error bars denote 1� uncertainties.
The region enclosed in the dashed box in the bottom panel is shown
in greater detail in the inset. Three events (PTF09ge, PTF09axc
and PTF09djl) are found to be coincident with the centers of their
hosts with relatively small errors, one event (PTF10iam) is found
to be o↵set from its host center, and for the remaining two events
(PTF10nuj and PTF11glr) it is not possible to determine either
an o↵set nor a robust coincidence with the center. The position
of PS1-10jh (from its P48 detection as PTF10onn) is shown for
comparison.

3.3. Host Galaxies

We obtain ugriz magnitudes of all host galaxies from
SDSS DR10 and analyze them using z-peg (Le Borgne &
Rocca-Volmerange 2002), which is based on the spectral
synthesis code PEGASE.2 (Fioc & Rocca-Volmerange
1997). z-peg fits the observed galaxy magnitudes with
SED templates (of SB, Im, Sd, Sc, Sbc, Sb, Sa, S0 and
E spectral types), to obtain the stellar mass and star-
formation rate. We assume a Salpeter (1955) initial mass
function and fit also a foreground dust screen varying in
color excess from E(B � V ) = 0 to 0.2 magnitudes. The
results are presented in Table 4.
Spectra of the host galaxies are presented in Figure 8.

All of them display Balmer absorption features. While
the host galaxies of PTF10iam, PTF10nuj and PTF11glr
show emission lines, those of PTF09axc and PTF09djl
(which are two of the three events coincident with the

Figure 6. NIRC2 AO image of the position of PTF09djl taken
on 2013 July 5 (after the transient was no longer visible). The
contours from the P48-resampled SDSS image are shown in green
after WCS-registration and shifting to match the centroids of the
numbered sources. The P48 position of PTF09djl, taking into
account the centroid and shifting errors (1�), is shown in the
black ellipse. Inset: Enlarged area around the host of PTF09djl,
with the AO image contours shown in blue and the position of
PTF09djl marked in black.
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Figure 7. Top: Best fit black-body temperatures (when a good
fit was possible) obtained from the optical host-subtracted spectra
(triangles denote upper or lower limits). No host-extinction correc-
tion is performed. The black-body temperatures of PS1-10jh (G12)
and SN1993J (Richmond et al. 1994) assuming low extinction are
shown for comparison. Bottom: Blackbody radii estimated from
the fits.
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the locations of our events and the centers of their hosts, deter-
mined both from P48 and from SDSS images of the hosts registered
to P48 images of the transients. Error bars denote 1� uncertainties.
The region enclosed in the dashed box in the bottom panel is shown
in greater detail in the inset. Three events (PTF09ge, PTF09axc
and PTF09djl) are found to be coincident with the centers of their
hosts with relatively small errors, one event (PTF10iam) is found
to be o↵set from its host center, and for the remaining two events
(PTF10nuj and PTF11glr) it is not possible to determine either
an o↵set nor a robust coincidence with the center. The position
of PS1-10jh (from its P48 detection as PTF10onn) is shown for
comparison.
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function and fit also a foreground dust screen varying in
color excess from E(B � V ) = 0 to 0.2 magnitudes. The
results are presented in Table 4.
Spectra of the host galaxies are presented in Figure 8.
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Figure 7. Top: Best fit black-body temperatures (when a good
fit was possible) obtained from the optical host-subtracted spectra
(triangles denote upper or lower limits). No host-extinction correc-
tion is performed. The black-body temperatures of PS1-10jh (G12)
and SN1993J (Richmond et al. 1994) assuming low extinction are
shown for comparison. Bottom: Blackbody radii estimated from
the fits.

PS1-10jh: Hotter Than Supernovae


PS1-10jh



PS1-10jh: Spectra Not Like Any Known Supernova


Gezari et al. (2012)

Hα?



PS1-10jh Does Not Look as Expected for a TDE

Expected


Constant Temperature

Observed


T⇠105 � 106 K T = 3·104 K

L/t�5/3 L/t�5/3

R⇠1015 cm

E⇠0.1M�c
2 ⇠ 1053 erg E⇠1051 erg

No hydrogen, only helium

R⇠RT⇠1013 cm

Center of galaxyCenter of galaxy

Evolving Temperature

Hydrogen from the star



H- and He-rich TDE Candidates 11
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Figure 14. Continuum-subtracted spectra of our three PTF TDE candidates together with PS1-10jh (G12), ASASSN-14ae, SDSS J0748
(Wang et al. 2011) and TDE2 (van Velzen et al. 2011). Phases are shown relative to peak. A progression from He-rich to H-rich events is
apparent. The middle and right panels present more detailed views of the regions around the marked lines.

Table 6
Same as Table 4 for the host galaxies of the PTF TDE candidates together with the additional TDE candidates presented in Figure 14.
We add the SMBH mass calculated using the Gadotti (2009) and Häring & Rix (2004) relations (for PS1-10jh we adopt the value from

G12).

Host Photometric Analysis Spectroscopic Analysis

M MBH SFR sSFR SFR 12 + log(O/H) [M/H] Age

[1010M�] [106M�] [M�yr�1] [10�10yr�1] [M�yr�1] [Gyr]

PTF09ge 1.05 (1.03, 1.35) 5.65+3.02
�0.98 n/a n/a 0.10 (0.05) 8.873 (0.064) �0.196 7.035

PTF09axc 1.23 (1.16, 1.28) 2.69+0.66
�0.64 < 16.11 < 1.31 0.04 (0.02) n/a �0.356 4.469

PTF09djl 1.86 (1.07, 3.73) 3.57+9.97
�2.96 3.42 (1.22, 4.19) 1.84 (0.34, 3.02) n/a n/a �0.218 4.461

PS1-10jh 0.67 (0.48, 1.12) 4+4
�2 1.21 (0.29, 1.28) 1.81 (0.30, 2.02) n/a n/a �0.215 5.599

SDSS J0748 3.40 (2.79, 3.57) 11.78+2.29
�3.56 2.76 (2.58, 3.58) 0.81 (0.76, 1.22) 0.35 (0.40) 8.760 (1.723) �0.199 6.265

ASASSN-14ae 0.60 (0.52, 0.8) 2.45+1.55
�0.74 n/a n/a 0.02 (0.01) n/a �0.407 5.544

TDE2 9.33 (8.43, 13.06) 35.52+55.31
�25.80 1.01 (0.53, 1.22) 0.11 (0.04, 0.13) n/a n/a �0.319 4.627

We plot the observed line velocities vs. the K-corrected
(Chilingarian et al. 2010)11 host galaxy g-band magni-
tudes in Figure 17 (top panel). We also plot the expected
correlations for bound material at several times the tidal
radius assuming the M � � relation found by Kormendy
& Ho (2013) and a sun-like disrupted star, and for un-
bound material with RT = RP (Strubbe & Quataert
2009). In the bottom panel of Figure 17 we plot the line
velocities vs. our calculated SMBH mases. In both pan-
els, the overall scale of the velocities can be seen to be

11 Obtained using g-r colors through the “K-corrections calcula-
tor” at http://kcor.sai.msu.ru/

consistent with large bound radii or unbound velocities
(as stated by G12 for PS1-10jh). There does not seem to
be a robust correlation encompassing all events.

5.5. The Double-Peak H↵ Profile of PTF09djl

For PTF09djl we find an additional redshifted compo-
nent to the H↵ emission feature extending out to high
velocities (Fig. 18). The observed structure is reminis-
cent of the double-peaked line profiles usually explained
by Keplerian disk models (e.g. Chen et al. 1989). We
construct a circular disk model following Strateva et al.
(2003), which reproduces the shape but not the location
of the profile (Fig. 18). While the model emission peaks

Gezari+ 12

Arcavi+ 14!

Arcavi+ 14!

Arcavi+ 14!

van Velzen+ 11

Arcavi+ 14!
Holoien+ 14

Wang+ 11

Forming a Class, All in Galaxy Centers


Arcavi et al. 2014



A Class of Events Now, All in Galaxy Centers


1/3 of disrupted 
stars are helium 
stars? Not likely.



Motivation: Study SMBHs and Accretion Physics


TDEs can be used to study quiescent massive 
black holes (and the M-Sigma relation) beyond the 
nearby Universe!



But first, we need to understand the !
events: what they look like and!
why, how are the TDE observables �
related to the SMBH properties



Optical+UV TDEs Prefer Post-Starburst Galaxies

12 Arcavi et al.
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Figure 15. Host galaxy spectra of the TDE candidates from Figure 14 (the spectrum of SDSS J0748 is from Yang et al. 2013; the
spectrum of the ASASSN-14ae host is from SDSS DR10). Most show similar signs of low ongoing star formation. Balmer-series absorption
lines identify some of these hosts as rare E+A galaxies. The right panel presents a more detailed view of the marked lines.
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Figure 16. Same as Figure 9 but for the host galaxy of ASASSN-
14ae. The [OIII]/H� ratio and the [OIII] luminosity are consistent
with a weak AGN.

are symmetric around the rest wavelength, in PTF09djl
one peak is at the rest wavelength while the second is
redshifted. We therefore have to shift the model profile
to fit it to the observed spectrum. The double-peaked

Table 7
Measured 1� line widths of the H or He emission feature. Phases
are shown relative to peak brightness. For PTF09djl, the average
velocity from the three spectra is shown, as we see no evolution in

the width of the main component within the errors.

Object Line Phase Line
[days] Width [km s�1]

PS1-10jh He II 4686 Å �22 5430± 1460
PTF09ge He II 4686 Å �19 10070± 670
SDSS J0748 He II 4686 Å n/a 9950± 510
ASASSN-14ae H↵ n/a 3600± 175
PTF09axc H↵ 7 11890± 220
PTF09djl H↵ 2� 62 6530± 350
TDE2 H↵ n/a 3440± 1100

structure is not observed in the H� line nor is it seen
in the other events (though this could be due to a low
inclination angle there).

6. SUMMARY AND CONCLUSIONS

We presented the results of a search for blue transients
with peak magnitudes between those of SNe and SLSNe
in the PTF non-interacting core-collapse SN sample. Of
the six events found, we focus on PTF09ge, PTF09axc
and PTF09djl, the three which are coincident with the
centers of their host galaxies. These events, selected
amongst core-collapse SN candidates only by their peak
magnitude, color and centrality in their hosts, turn out
to be similar photometrically to the TDE candidate PS1-
10jh (G12), and are all found to reside in E+A (or E+A-
like) galaxies.
The lack of obvious AGN features in the spectra of the

Arcavi et al. 2014



Optical+UV TDEs Prefer Post-Starburst Galaxies


French, Arcavi, Zabludoff, 2016
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Why do TDEs Prefer Post-Starburst Galaxies?


French, Arcavi, 
Zabludoff, submitted
(arXiv 1609.04755)



Let’s Monitor Post-Starbursts - TDE Goldmine?


SEATiDE (Searching E+A galaxies for Tidal Disruption 
Events) – Running on the LCOGT network for the last year, 100 
galaxies, visited once a month.!



aSEATiDE – Running on KAIT, 3000 galaxies, visited once a 
week. Started last month! 



Summary


We see “Optical+NUV TDEs” and “High Energy TDEs”

Emission mechanisms under active debate

Peculiar host-galaxy preference = important clue for something:

-  Binary SMBHs?
-  Specific stars being disrupted?
-  Non-spherical central galaxy potentials?
-  Something else?

Using this preference to find more TDEs


