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Technical Definition for iPTF 
Transient	  coincident	  with	  a	  host	  galaxy	  center	  within	  0.8	  arcsec.	  

Cut	  off	  determined	  
empirically	  	  from	  PTF	  
centroids	  of	  
spectroscopically	  
confirmed	  AGN.	  



Scientific Motivation: SMBHs 



How Do We Find SMBHs? 
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But we want to do more… 

We	  don’t	  just	  want	  to	  use	  Xme	  domain	  
observaXons	  to	  find	  SMBHs	  in	  galaxy	  nuclei.	  

We	  want	  to	  use	  Xme	  domain	  observaXons	  to	  	  
probe	  SMBH:	  
Ø 	  Demographics	  (mass,	  spin,	  binarity)	  
Ø 	  AccreXon	  Physics	  
Ø 	  Strong	  Gravity	  



Black	  	  	  	  	  	  	  	  	  	  	  	  Hole	  

² 	  Intermediate	  mass	  black	  holes	  
² 	  Rapidly	  spinning	  supermassive	  black	  holes	  
² 	  Binary	  supermassive	  black	  holes	  
² 	  Recoiling	  supermassive	  black	  holes	  

InteresXng	  phenomena	  for	  black	  hole	  physics	  as	  
well	  as	  black	  hole	  –	  galaxy	  coevoluXon	  
	  



Tidal Disruption of a Star 







Transient Signpost for Dormant SMBHs 

Rees	  1988	  



Tidal Disruption of a Star 

~	  t-‐5/3	  

tpeak	  ~	  MBH
1/2	  

Gezari	  2014,	  Adapted	  from	  De	  Colle+	  2012	  



What can we learn from TDEs? 
Physics	  of	  newly	  formed	  accreXon	  disk	  

Ulmer	  1999,	  Strubbe	  &	  Quataert	  2009,	  Hayasaki+	  2013,	  Armijo	  &	  de	  Freitas	  
Pacheco	  2013,	  Guillochon+	  2014	  



What can we learn from TDEs? 
Physics	  of	  newly	  formed	  jet	  

Giannios+	  2010,	  Bloom+	  2011,	  Burrows+	  2011,	  Zauderer+	  2012,	  Cenko+	  2011,	  
van	  Velzen+	  2013	  



Multi-λ Searches 



Goal: Well-Sampled Light Curve 

PS1-‐10jh:	  Gezari+	  2012,	  2015	  

Models	  for	  dM/dt,	  	  
scaled	  to	  light	  curve.	  



Goal: Spectroscopic Follow-Up 

PS1-‐10jh:	  Gezari+	  2012,	  2015	  	  
PTF09ge:	  Arcavi+	  2014	  	  
ASASSN-‐15oi:	  Holoien+	  2016	  

He-‐rich	  core	  of	  +dally	  stripped	  red	  giant	  star?	  (Gezari+	  2012)	  
Special	  photoioniza+on	  condi+ons	  in	  debris	  of	  main	  sequence	  star	  (Guillochon+	  2014)	  
in	  an	  op+cally-‐thick,	  extended	  envelope?	  (Roth+	  2015)	  
He-‐enhanced	  core	  of	  main	  sequence	  star	  due	  to	  nuclear	  burning?	  (Kochanek	  2016)	  



Holoien+	  2016	  
Dynamical	  fingerprint	  of	  Xdal	  disrupXon	  debris!	  

Hα	   He	  II	  λ4686	  

Goal: Spectroscopic Follow-Up 



Goal: Prompt Multiwavelength  
Follow-Up 

ASASSN-‐14li:	  Jian+	  2016	  

TDE	  @	  90	  Mpc	  



Rate of Discovery 

Now:	  2	  dozen	  

Future:	  	  
thousands?	  

~2	  TDEs/yr	  



Expected TDE Rates in iPTF/ZTF 

Scaling	  up	  from	  SDSS	  rate	  (van	  Velzen+	  2011):	  	  
•  3.25	  yr-‐1	  (2000	  deg2)-‐1	  

Scaling	  up	  from	  ASAS-‐SN	  rate	  (Holoien+	  2016):	  	  
•  1/70	  x	  SN	  Ia	  rate	  



CAUTION:	  SNe	  coincident	  with	  the	  nuclei	  
of	  galaxies	  may	  appear	  as	  TDEs	  in	  your	  
opXcal	  survey	  telescope.	  



Op#cal'Fog'vs.'UV'Clarity'

UV Clears the Fog of SNe 

UV	  is	  an	  excellent	  
discriminator!	  



Op#cal'Fog'vs.'UV'Clarity'

UV Clears the Fog of SNe 

UV	  is	  an	  excellent	  
discriminator!	  



Swift Key Project 

•  Swiq	  Key	  Project	  approved	  for	  Cycle	  12	  (now	  in	  
progress)	  [Gezari,	  Cenko,	  Hung,	  Kulkarni,	  Yan,	  
Blagorodnova]	  

•  2	  triggers	  per	  week,	  with	  a	  second	  epoch	  possible	  
2	  weeks	  later,	  1ksec	  in	  uvw2	  band	  

•  Trigger	  criteria:	  nuclear	  transient	  in	  red	  host	  
galaxy	  

•  Total	  Swiq	  allocaXon:	  112	  ksec	  
•  2	  VLA	  triggers	  for	  spectroscopically	  confirmed	  
TDEs	  



Swift Key Project 

Red	  Host	  Galaxies	  

Hosts	  of	  PS1+GALEX	  
selected	  TDEs	  



Swift Key Project 

Red	  Host	  Galaxies	  

Hosts	  of	  PS1	  
transients	  



Swift Key Project 

Hosts	  of	  iPTF	  
transients	  



Offset Plots on Marshal 

Courtesy	  of	  Tiara	  Hung	  

Green	  circle	  =	  0.8	  arcsec	  radius	  



iPTF Nuclear Transient Rates 

Courtesy	  of	  Tiara	  Hung	  

1/3	  of	  transients	  are	  nuclear!	  

1/3	  of	  nuclear	  transients	  
are	  in	  red	  hosts!	  



Need Filtering Criteria 

Need	  to	  cut	  down	  sample	  to	  1-‐2	  per	  week:	  
•  P60	  colors	  of	  nuclear	  transient	  with	  g-‐r	  <	  0	  
(filter	  out	  most	  supernovae	  and	  AGN)	  
•  Large	  flux	  change	  relaXve	  to	  host	  galaxy	  
(filter	  out	  most	  AGN)	  
	  
•  Light	  curve	  history?	  
(avoid	  AGN)	  
•  Absolute	  magnitude?	  	  
(avoid	  SNe	  Ia)	  
•  Other	  ideas?	  



P60 Colors of  
iPTF Nuclear Transients 

Courtesy	  of	  Tiara	  Hung	  



Nuclear Transients Table 

Courtesy	  of	  Tiara	  Hung	  











Results So Far… 

4	  nuclear	  transients	  triggered	  with	  SwiO:	  
•  16ahe	  –	  extended	  UV	  emission	  from	  host:	  SN?	  
•  16aao	  –	  no	  UV	  detecXon:	  AGN	  (Keck)	  
•  16anu	  –	  no	  UV	  detecXon:	  SN	  Ia	  (Keck)	  
•  16art	  –	  observed	  yesterday	  



Let’s Discuss! 

What	  infrastructure	  do	  we	  need	  to	  
promptly	  classify	  TDEs	  with	  ZTF?	  
	  
	  
	  

How	  complete	  can	  we	  be	  	  
with	  P60	  follow-‐up?	  
	  

How	  do	  we	  avoid	  nuclear	  SNe	  Ia?	  
	  

What	  science	  can	  we	  do	  with	  
outbursXng	  AGN?	  
	  


