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Galactic centers: some are active,
most are dormant

NGC 3115

M87; NASA/Hubble
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Waking up SMBHs with stellar tidal disruptions

When a wandering star finds
itself within
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It is tidally disrupted
e.g. Rees 1988
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Tidal Disruption of a Star by a Supermassive Black Hole

(Rees 1988; Phinney 1989; Evans & Kochanek 1989)

2. Fall-Back

1. Disruption

~half has € > 0 unbound: hyperbolic trajectories
~half has € < 0 bound: elliptical orbits

3. Circularization
and Accretion
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Thermal “Flares” from Accretion Disk (Optical, UV, X-ray)

(e.g. Rees 1988; Ulmer 1997; Ayal et al. 2000; Strubbe & Quataert 2009, 2010)

Ayal et al. 2000
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Tidal Disruption Candidates
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Caution required to exclude

alternatives (supernovae, quicscent  flare begins
“normal” AGN activity etc)




Where there Is accretion to BH, there are jets!

A substantial fraction of gravitational energy
may be channeled into relativistic jets

= Non-thermal signatures from TDEs

M87; NASA/Hubble

jets in galactic centers stellar binaries gamma-ray bursts



“Radio transients from Stellar Tidal Disruptions by
MaSS|Ve BIaCk HOIES” Giannios & Metzger 2011

A jets? jets?
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The jet powers pc-scale radio lobes
-> Radio Transients

Prediction: radio synchrotron emission
Jet Interaction with ISM peaking at ., ~ a few years:
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Blind radio surveys may detect tens of
TDES per year Giannios & Metzger 2011



And then came the ... Event




GRB 110328A/Swift 1644457

(Levan et al. 2011; Bloom, Giannios et al. 2011; Burrows et al. 2011)

 Triggered Swift BAT on
March 28, 2011

* Triggered BAT 3 more times
over next few days

o Still bright in X-rays
* New IR and Radio source
* Host galaxy at z=0.35
* NOT a (normal) GRB
- low luminosity
- duration ~ months
* NOT a normal AGN

- no evidence for AGN or
past activity

Time since trigger (days)
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Compact Host Galaxy at z = 0.35

HST optical HST infrared gy
3

Not an AGN Seytert

« Within < 150 pc of galactic center
— SMBH origin

» ~100 s variability and ,
bulge mass M, < 101© M, = Msn<10"Mg
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Star-forming LINER
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eLy>10%ergs!'>100Lgyy =
super-Edd accretion and/or beaming
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TD jet Hypothesis

Sw 1644+57 /é\
blazar
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shocked, ~circularized
accretion disk L
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bound, 3 Is rd

unshocked

* synchrotron self-absorption = R4, > 10 cm = v,; ~ ¢ = external shock from ISM

Specific flux VF, (erg s™' cm™)

Bloom, Giannios et al. 2011; see also Burrows et al. 2011,
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 X-ray variability = Ry ~ ¢ 6t, I'> ~ 3x10 (I'/10)? cm = “internal” process (e.g.

shocks, reconnection)

Specific luminosity VL, (erg s™)



Swift J2058.4+0516: a Second Relativistic
iIdal Disruption Flare within months?
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jets from TDEs: (Rough) energetics and rates

« observed (0.3-10) keV fluence E, ;;,~2x10>3 erg
=~ x3 for likely bolometric correction
= ~ x2 for radiative efficiency of flow

=y iso ™ 10°>* erg

or E, e ~ 10°terg depending on beaming

e Rates very uncertain: 1 (2) event(s) in 7 years of Swift
operation ({),,=47/7 sr); observable out to z~0.8 (1.1)

=Rops ~ 102 galyr+or Rirue ~ 10-% gal-tyr!
—=~3% of ALL TDEs accompanied by powerful jets?



Predictions
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e Xx-ray emission will continue to fade
over the next few months (no major .| a
re-brightening/repetition expected)

e GHz Radio emission will remain
detectable for ~ years

® 49 GHz {mp =0.38)
m 6.7 GHz (mp =0.72)
¢ 15GHz (m_=0.07)

25 GHz (mp <0.03)

e relativistic motion observable with , 0.3-10 keV (x30)
VLBI (?) 10 t(days)

Flux density (mdJy)
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Implications
Sw 1644+57
blazar
 Detections: Future TDE detections with BAN
blind radio surveys Giannios & Metzger 2011 IR/radio
. Prob(_a of ISM density/profile at the To0F ¥
galactic centers AGN
optical/UV/X-ray
 Jet physics: B fields responsible for
accelerating AGN jets can be generated shocked, ~ciroularlved
In situ (e.g. via disk dynamo) accretion disk
bound, W
* TDE jets may accelerate UHECRS (Farrar unshocked °

& Gruzinov 2009), but production rate may be
insufficient
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