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tidal capture & disruption               
of stars by SMBHs 

    „The best diagnostic for a BH‘s 
presence would be some inevitable 
concomitant that cannot be 
explained in any other way.“      

                  [M. Rees, Nature, 1988] 



•  disruption at r = rtidal ,                                                   
   with tidal radius  rtidal = R*(MBH/m*)1/3  

  =                                              
   7 1012 MBH,6

1/3  (R*/Rsun) (m*/msun)-1/3 cm  
 
 
 
 
 
•  high initial gas supply rate, up to highly  
   super-Eddington  high Lpeak  
 
•  bbdy temperature at rt    T ~ 105-6  K 
 
•  ~ 90% of the stellar material is  
      unbound 
 

 

 tidal disruption of stars by SMBHs  

  solar-type stars swallowed    

      whole  above MBH ~ 108 Msun  

  disruption of WDs requires  

      MBH<105Msun  

• return rate  dm/dt ~ t-5/3 

[Evans & Kochanek]  

• event rate  10-4..-5 /yr /galaxy 



 tidal disruption of stars by SMBHs  

-   detection of IMBHs, < 106 Msun  

- new probe of accretion physics down to last 
stable orbit, from highly super-Eddington to 
sub-Eddington within yrs;  & of BH spin and 
jet formation  

??? 
[Graham+11]  



•  Lx,peak  up to sev. 1044  erg/s  
 
•  very soft X-ray spectra  near peak   
   (kTBB ~ 0.04-0.1 keV);  
   then hardening within yrs 
 
•   decline consist. with predicted t-5/3   

 law, plus drop at t > sev yrs   
 
•  amplitudes of decline up to factor  
    1000-6000   
 

[Bade+96, Komossa & Bade 99, Komossa & Greiner 99, 

Greiner+ 00, Halpern+ 04, Komossa+ 04] 
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luminous TDEs in soft X-rays – first detections (ROSAT) 



•  Lx,peak  up to sev. 1044  erg/s  
 
•  very soft X-ray spectra  near peak   
   (kTBB ~ 0.04-0.1 keV);  
   then hardening within yrs 
 
•   decline consist. with predicted t-5/3   

 law, plus drop at t > sev yrs   
 
•  amplitudes of decline up to factor  
    1000-6000  
 
•  host galaxies are optically inactive  
 

RXJ1242-1119 

[Bade+96, Komossa & Bade 99, Komossa & Greiner 99, 

Greiner+ 00, Halpern+ 04, Komossa+ 04] 

luminous TDEs in soft X-rays – first detections (ROSAT) 

Komossa & Greiner 99 



•  Lx,peak  up to sev. 1044  erg/s  
 
•  very soft X-ray spectra  near peak   
   (kTBB ~ 0.04-0.1 keV);  
   then hardening within yrs 
 
•   decline consist. with predicted t-5/3   

 law, plus drop at t > sev yrs   
 
•  amplitudes of decline up to factor  
    1000-6000  
 
•  host galaxies are optically inactive 

 
•  MBH ~  106-8 Msun       
•  m*,acc < 10%  Msun  

[Bade+96, Komossa & Bade 99, Komossa & Greiner 99, 

Greiner+ 00, Li+ 02, Halpern+ 04, Komossa+ 04] 

luminous TDEs in soft X-rays – first detections (ROSAT) 

RXJ1242-1119 

Komossa & Greiner 99 



         TDE    z  mission    publication 

NGC 5905 0.011  ROSAT Bade+ 96, Komossa+ 99 

RXJ1242-1119 0.050  ROSAT Komossa & Greiner 99 
Komossa+ 04 

RXJ1624+7554 0.064  ROSAT Grupe+ 99 

RXJ1420+5334 0.147  ROSAT  Greiner+ 00 

NGC 3599 0.003  XMM Esquej+ 07, 08 

SDSS1323+4827 0.087   XMM Esquej+ 07, 08 

TDXF1347-3254 0.037  ROSAT Cappelluti+ 09 

SDSS 1311-0123 0.195  Chandra Maksym+ 10 

2XMMi1847-6317 0.035  XMM Lin+ 11 

SwiftJ1644+57 0.354  Swift Bloom+ 11, Burrows+ 11 

SDSS1201+3003 0.146  XMM Saxton+ 12 

SwiftJ2058+0516  1.185  Swift Cenko+12 

WINGS J1348 0.062  Chandra Maksym+ 13 
Donato+ 14 

RBS1032 (?) 0.026  ROSAT Maksym+14, Khabibullin+14 

3XMMJ1521+0749 0.179  XMM Lin+ 15 p
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TDEs identified in X-rays .... in non-AGN  
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X-ray TDEs: dedicated searches for new events (XMM & 
Chandra) 

[Esquej+ 07,08, Cappelluti+ 09, 

Maksym+ 10,13, Lin+ 11,15, 16—prep., 

Saxton+ 12, 14,16—prep., Donato+ 14, 

review: Komossa 15] 

~ 10 events identified; overall properties 
very similar  to previous (ROSAT) soft 
X-ray TDEs: 

     - extreme X-ray softness near max 

     - high peak luminosities, up to  

       few 1044 erg/s 

     - decline by typ. factors  ~ > 100 

           (ROSAT: > 1000-6000) 

     - (optically) quiescent galaxies 

 important probes of accretion physics 
in early stages of TDE evolution; 
including the super-Eddington phase 

 

 
•  rate estimates:  10-4...-5 /yr/gal 
    (based on: RASS, XMM-slew,  
     Chandra DF, gal. clusters)  

[Donley+ 02, Esquej+ 08, Luo+ 08, 

Maksym+ 10, Khabibullin+14] 



 SDSSJ1201+30                 (z=0.146) 

 

 Lx,hi =  3 1044 erg/s  

  overall decline, + high-ampl. var 

  complex X-ray spectrum      

 

TDEs with XMM & Chandra 

[Saxton+ 12, Liu, Li, Komossa 14] 

SDSS J1201+30   

[Saxton+ 12]  

-  no emission lines; neither host nor TDE 

-  no VLA radio detection:    

   f < 0.1 mJy (at 8 GHz) after ~1yr 

-  MBH ~  106-7 Msun 



2MASSJ07-85                 (z=0.017) 

 

 Lx,hi =  few 1043 erg/s  

 fast variability (XMM):                           .        

 doubling timescale 400s 

 soft spectrum with hard tail   

 

[16--in prep ] 

SDSS J1201+30   

[Saxton+ 12]  

no optical emission lines  inactive 
galaxy 

 

      

 

TDEs with XMM & Chandra 



3XMMJ1521+0749 
 
Lx = 5 1043 erg/s  
 
ultra-soft spectrum, kT ~0.1 keV, 
subject to fast-moving warm absorber 
(v ~ 0.1 c) 
 
not detected in X in any follow-ups; 
amplitude of variability: factor 260 
 
X-emi coincident with centre of 
inactive galaxy at z=0.18 
 
BH mass: MBH = few 107 Msun 

[Lin+ 15] 

3XMMJ1521+0749 

TDEs with XMM & Chandra 



first high-resolution X-ray spectroscopy of a TDE 

 
•  optically identified TDE (z=0.02)   
   ASASSN14li,  with luminous X-rays  

 
•  declining radio emission  indicates  
   presence of low-power jet/outflow  
   (+ permanent component  
   indicating permanent low-level   
    AGN) 
 
•  XMM-RGS: thermal conti (kT  
   ~ 0.05 keV) & highly ionized  
   matter near BH in outflow 
       v = few 100 km/s 
 
 new probe of early formation & 

evolution of disk wind  and/or stellar 
debris    [Jose+ 14 Atel #6777, Miller+ 15]  

Miller+ 15 



TDEs in gas-rich environments: emission lines 

SDSSJ0952+2143 

•  super-strong Fe coronal lines & HeII 
•  L[FeX],hi  =  4 1040 erg/s 
•  fade by factor 10, in ~3yrs 

 
•  unusual Balmer profile;  
    incl. redshifted broad comp., fading 
 
•  luminous MIR (Spitzer,10-20 m),   
   ~1043 erg/s 
 
•  but faint X-rays, ~1041 erg/s,   
   few yrs after ‚SDSS‘ high-state 
 
•  no clear signs of permanent AGN 
     (from line ratios, absence of radio, opt pl, IRAS colours) 

   
• MBH = 7 106 Msun   (from s*)  

[Komossa+ 08, 09] 



TDEs in gas-rich environments: emission lines 

SDSSJ0952+2143 

•  super-strong Fe coronal lines & HeII 
•  L[FeX],hi  =  4 1040 erg/s 
•  fade by factor 10, in ~3yrs 

 
•  unusual Balmer profile;  
    incl. redshifted broad comp., fading 
 
•  luminous MIR (Spitzer,10-20 m),   
   ~1043 erg/s 
 
•  but faint X-rays, ~1041 erg/s,   
   few yrs after ‚SDSS‘ high-state 
 
•  no clear signs of permanent AGN 
     (from line ratios, absence of radio, opt pl, IRAS colours) 

   
• MBH = 7 106 Msun   (from s*)  

[Komossa+ 08, 09] 

 luminous EUV-X-ray flare, not 
observed directly,  

      but in NUV, opt, NIR conti, and  
      in broad and narrow emi lines      



 lines excited by TDE, illuminating surrounding  ISM (narrow lines), and stellar 
material (broad lines)?   new method of mapping phys. conditions in galaxy 
cores 

very narrow double-peaked “horns” in 
Balmer lines:                             

Ha                            

Hb                            

[Komossa+ 08, 09] 

HeII                            

HeII@ 

hi state                            

2-component high-ion. 
Fe and  HeII lines:                            

TDEs in gas-rich environments: emission lines 



several more TDE candidates with 
transient emission-lines from SDSS, 
PanSTARS, PTF, ASAS-SN; including in 
early stages ,  with strong Balmer lines   
 
 emission from the tidal debris which 

formed the temporary accretion 
disk 

 ongoing discussions:  
     - do TDE candidates with absent  
        H lines require He-rich stellar  
        core, or photoionization-effects  
        in solar gas ? 
     - why do their decline lightcurves  
       imply ~constant T,   ~ 104 K ?  
     - why do most opt-UV TDE  
       candidates lack X-ray emission ? 

[e.g., Komossa+ 09, Wang+ 11, 12, van 

Velzen+ 11, Gezari+ 12, Guillochon+ 14, 

Gaskell+ 14, Holoien+ 14, 16, Arcavi+ 14, ....] 

TDEs in gas-rich environments: emission lines  



discovery of jetted TDEs with Swift 



 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
  
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 
 

SwiftJ1644+57;                   Swift X-rays                                                                       

Burrows+ 11 

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  no UV, opt var (exti), but NIR 

 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 -- 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive 

Levan+ 11 

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  unresolved, variable, beamed  
    radio emission 

 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 – 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive 

Zauderer+ 11  

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  unresolved, variable, beamed  
    radio emission 

 
 rapid onset of a powerful jet,   
     following tidal disruption 

 

•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 – 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive 
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jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  unresolved, variable, beamed  
    radio emission 

 
 rapid onset of a powerful jet,   
     following tidal disruption 
 
•  sudden drop in X-rays after ~1.5 yr 

 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 – 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive Zauderer+ 13, Mangano+ 16 

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  unresolved, variable, beamed  
    radio emission 

 
 rapid onset of a powerful jet,   
     following tidal disruption 
 
•  sudden drop in X-rays after ~1.5 yr 
•  not seen in radio 

 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 – 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive 

VLA; Zauderer+ 13 

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



•  unresolved, variable, beamed  
    radio emission 

 
 rapid onset of a powerful jet,   
     following tidal disruption 
 
•  late-time X-rays remain faint,  
   ~constant, at Lx,low = 5 1042 erg/s 
 

 
•  J1644+57 discovered with Swift  
    BAT March 2011; no detection  
    before March 25  
 
•  Lx,isotropic = 1045 – 4 1048 erg/s 
•  lightcurve overally declining   
•  plus rapid variability, Dt ~ 100s 

 
•  zhost =0.35,  optically inactive 

jetted TDEs: SwiftJ1644+57 

[Bloom+ 11, Burrows+ 11, Levan+ 11, 

Zauderer+ 11,  multi-l follow-ups:  Aliu+11, 

Berger+ 12, Wirsema+ 12, Saxton+ 12, Reis+ 

12, Aleksic 13, Zauderer+ 13, Castro-Tirado+ 

13 & Gonzales-Rodriguez+ 13, Levan+ 16, 

Mangano+ 14, 16, Kara+ 16, Yang+ 16]  



jetted TDEs: two more candidates with Swift: 
SwiftJ2058+0516                                  SwiftJ1112-8238  

 

•  Lx,iso = 3 1047 erg/s 

•  rapid variability, Dt ~ 1000s 

•  zlikely-host =1.19, optically  

    inactive 

•  MBH  approx 107-8 Msun 

•  luminous radio emi, likely  

    beamed 

 

 many similarities with J1644  

[Cenko+ 12, 

Brown+15, 

Pasham+15]  

•  Lx,iso > 1047 erg/s 

•  zlikely-host = 0.89 (?) 



SwiftJ1644 follow-ups: modelling, theory, implications 

•  X-ray & radio emission mechanisms: 
      do X-rays come from disc, inner jet, shocks from jet-ISM interaction, beamed  
       component, ... ? 



spatially resolving the radio jet 
 
•  search for superluminal motion with  
    EVN phase-referencing, at 5 GHz 
 
    spatial resolution: 12 micro-arcsec 
 
      no superluminal motion  
          detected, bapp < 0.3 c 
      no spatial extent detected 

[Yang+ 16]  

jetted TDE SwiftJ1644+57: how much above Eddington ?  
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spatially resolving the radio jet 
 
•  search for superluminal motion with  
    EVN phase-referencing, at 5 GHz 
 
    spatial resolution: 12 micro-arcsec 
 
      no superluminal motion  
          detected, bapp < 0.3 c 
      no spatial extent detected 

[Yang+ 16]  

jetted TDE SwiftJ1644+57: how much above Eddington ?  
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talks by Alexander  Sadowski & Ken 

Oshuga, this meeting 



detection of X-ray reverberation 
 
•  evidence for iron-line in XMM 
spectra, from outflowing wall of inner 
disk (at v~0.1-0.5c) 

[Kara+ 16]  

jetted TDE SwiftJ1644+57: how much above Eddington ?  

S
a
d
o

w
s
k
i 
&

 N
a
ra

y
a
n

 1
5

  



L x,
0

.1
-2

ke
V
  (

er
g/

s)
 

1041 

1042 

1043 

1044 

1045 

N
G

C
 5

9
0

5
 

R
X

J1
2

4
2

-1
1

1
9

 

SD
SS

J1
2

0
1

+3
0

 

R
X

J1
6

2
4

+7
5

 

R
X

J1
4

2
0

+5
3

 

SD
SS

J1
3

4
3

+4
8

 

3
X

M
M

J1
5

2
1

+0
7

 

2
X

M
M

J1
8

4
7

-6
3

 

R
B

S1
0

3
2

 

R
X

J1
3

4
7

-3
2

 

SD
SS

1
3

1
1

-0
1

 

W
IN

G
SJ

1
3

4
3

 

N
G

C
 3

5
9

9
 

observed (0.1-2.4 keV) X-
ray luminosities 

soft X-ray (non-jetted) TDEs: how much above Eddington ?  
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approx bolometric 
luminosities near peak 

soft X-ray (non-jetted) TDEs: how much above Eddington ?  



• statistics:   flare rates, frequency of IMBHs 

        when flares detected in 1000s in current & future sky surveys in 

        opt – X-ray – radio band    (e.g., LSST—opt, Einstein Probe –X, SKA--radio) 

 

• rapid follow-ups: 

       in X-rays:  - highest amplitudes (highest contrasts vs hosts, x 104-6),   

     - best chances for observing relativistic effects (broad lines, precession),  

     - best probe of accretion physics down to last stable orbit, under extreme 
conditions, incl. super-Eddington phase 

      in optical(UV):  

                 esp. emi.-lines: - reverberation mapping of circum-nuclear gas,  

                - of stellar debris,  -   TDE-EUV conti, - CL atomic parameters    

      in radio, hard X-rays: new probe of jet formation & evolution (but not  

                  in all events) in pristine environment; jet-disk coupling 

 

• GWs (+em) from compact cores of partially stripped stars (WDs & NS) 

• new discovery space:  signposts of SMBBHs, and recoiling BHs , ... 
                                                 (  repeat TDEs, off-center TDEs, no-host TDEs) 

future TDE search & applications 


