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 Jetted TDE: 
We only see the [boosted] X-ray emission, 
 not optical/UV. 
 (Tchekhovskoy et al. 2013) 



Best example: Swift J1644+57 (GRB110328a) 

Sw J1644 (Levan et al. 2011, Bloom et al. 2011,  
                  Burrows et al. 2011, Zauderer et al. 2011) 
 
Sw J2058 (Cenko et al. 2012) 
 
~70 potential TDEs studied from X-ray archival data 
(Auchettl et al. 2017) 



(data analyzed 
by: Mangano, 
Sbarufatti) 

Mass accreted: assume end of X-ray l.c. -> dM/dt(Edd),  
~0.006 Msunyr-1 (Mbh ~ 3x106 Msun, & εacc~ 1), then   
         (i) dM/dt(t=10d)  ~  330 Edd,  
        (ii) dM/dt(max)    ~ 6000 Edd 
and (iii) Maccreted ~ 0.15 Msun   (Zauderer et al. 2013) 
                       or ~ 0.5 Msun  for εacc ~ 0.3 



Levan et al. 
(2011) 
 
Offset gal. ctr 
< 150pc 
 
more recent: 
Offset < 50pc 
(Rebekah 
Hounsell) 

Host galaxy: 
z=0.353 



Shao et al. 
(2011) 

Could Sw1644 be a GRB? 



Could Sw1644 be a blazar? 

Bloom et al. (2011): 
Sw1644 @ z=0.353 

Abdo et al. (2011): 
blazar: Mkn 421 @ z=0.030 



A second jetted TDE?   (Cenko et al. 2012): 
z=1.185;   unfortunately Swift/XRT observ. delayed ~1 wk 

Swift J2058.4+0516 



Important difference between accretion disks in interacting  
binaries and "free" or "external" disks around a BH or NS: 
in interacting binaries the outer disk edge is constrained by 
the tidal torque from the secondary star; for external disks 
it just keeps expanding. 
 
Freely expanding disks tend to have power-law decays; 
disks with fixed outer edge have exponential decays.  

H

 Sw1644 (Swift/XRT)
Mangano et al 2016

V344 Lyr  (Kepler)
 JKC + 2012



JKC, Lee, Goodman (1990) 
for standard Shakura/Sunyaev thin disk, L(late) ~ t-19/16 



Realistic fallback disks from TDEs would be ~0.1-0.5 solar mass 
and so a thin disk would not be appropriate. 
 
Need super-Eddington slim disk (e.g., Abramowicz et al. 1988), 
for which router ~ t2/3 and dM/dt ~ t-4/3 
 
freely expanding slim disks: 
 Kumar et al. 2008, MNRAS, 388, 1729 
Metzger et al. 2008, MNRAS, 390, 781 
Metzger et al. 2009, MNRAS, 396, 304 
JKC et al. 2009, ApJ, 700, 1047 
JKC et al. 2011, ApJ, 742,  32 
 
*However*, no direct evidence for such disks.  
Other possibilities: e.g.,  sub-Keplerian quasi-spherical flow. 



Previous works simply stated decay law is -5/3 for t > 10 d,  
but did not actually fit the data: 

Tchekhovskoy et al. 
(2013) 

Shen & Matzner (2013) 

Barniol Duran & Piran (2013) 

Kumar et al. (2013) 

Zauderer et al. (2013) 

Lei, Zhang, & Gao (2013) 

Metzger et al. (2012) 

aaa 

Kawashima et al. (2013) 

Sw1644:



Mangano, Burrows, Sbarufatti, & JKC (2016)

H

Figure 9. X-ray flux light curve of Swift J1644+57 in the 0.3−10 keV band,
unabsorbed. The XRT operation modes are color coded as in Figure 1: blue for
WT mode and red for PC mode. The vertical green dashed line marks the
sudden drop of 2012 August 17. The openblack squares mark the two
Chandra-ACIS observations performed on 2012 November 26 and 2015
February 17 (see Section 2). For comparison, we show decay rates of t 5 3! and
t 4 3! measured relative to the BAT trigger time.

If Sw1644 was due to a 
deeply plunging encounter
 (R_T/R_P) ~ 10, then the 
transition from debris 
fallback (-5/3 decay) to disk 
decay (-4/3) would have 
occurred at < 10 d 
(JKC, Troja, Lodato 2011)



α =1.34 ± 0.03 α= 1.33 ± 0.01 

V. Mangano, B. Sbarufatti 



Figure 6. The best-fit power-law index and its 1σ uncertainty, obtained from
fitting the X-ray light curves of our TDE sample, as shown in Appendix B. We
have also overlaid the ranges of various power-law indices expected for TDEs.
Here, the solid black line is the standard t

−5/3 from fallback (e.g., Evans &
Kochanek 1989; Phinney 1989), and the black dotted line is the power-law
index t

−19/16 expected from a viscous disk accretion (Cannizzo et al. 1990).
The black dotted–dashed line represents the much shallower power-law index
of t−5/12 representative of disk emission (Lodato & Rossi 2011), whereas the
large dashed line shows the power-law index t

−4/3 expected from advective,
super-Eddington slim disk accretion (Cannizzo & Gehrels 2009; Cannizzo
et al. 2011). The shaded regions represent the range of power-law indices
expected for TDE as determined by Guillochon & Ramirez-Ruiz (2013),
assuming either −5/3, −19/16, −5/12, or −4/3 respectively.

, 2017 April 1 Auchettl, Guillochon, & Ramirez-Ruiz

Auchettl et al (2017)



Summary:
--Jetted TDEs comprise a relatively new class of objects in which 
   we only see the boosted X-ray emission from the accretion 

powered BH jet 
 
--Best studied system: Sw1644: The constancy in power law decay 

seems to imply that a single proportionality constant relates rate of 
accretion to jet power. 

 
--Rate of decay close to -4/3 expected from a super-Eddington slim 

disk. CAVEAT: need to invoke two special things for Sw1644:  
     (i) face-on jet , (ii) large value R_T/R_P 
 
--However, Auchettl et al. (2017) lack of finding this decay rate 
   in other X-ray TDEs may indicate the Sw1644 agreement is 
   fortuitous. 



generalized 
fittings: 



Time evolution of a
Dwarf nova disk:



Breaking the
degeneracy between 
 α and Δtoffset 


