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The Tidal Disruption of Stars

If an unlucky star passes within Rt ! R, (Mga/M ;)3 of a
galaxy's central black hole (BH), the BH's tidal gravity
exceeds the star's self-gravity, and the star Is disrupted,
producing a week- to year-long electromagnetic 3are.
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As star disrupts, stellar gas is at different depths in the BH's potential well:
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bound half of star
(leaves on elliptical orbits)
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The Bound Debris

Two Phases of Evolution

After ~hours N weeks, bound material starts returning to pericenter , °

shocks on itself and starts to accrete inward.

Matter falls back to pericenter at a rate
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1. Early-Time Super-Eddington Outl3ow:
Luminous Optical Emission

While Mtaback ! MEdd

- gas at pericenter is very dense
- electron scattering traps photons,
driving a powerful outl3 ow
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Example optical light curve
for MBH = 1O6Mg : Rp — RT
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super-Eddington
outld ow phase

g-band

- expansion proceeds
adiabatically
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- escaping photons have
blackbody spectrum
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- photosphere has large radius, cool temperature
I large optical luminosity

e.g., 10 days after disruption:
Rphot ~ 1000Rs, Tonet ! 3" 10°K

I—optical | 1045 erg/ S
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2. Late-time Accretion Disk: |rradiates Unbound Debris

At t ~ 1 month N 1 year after disruption, fallback rate subsides below Eddington rate.
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| large optical detection rates: see Rates box (right)

Debris forms an accretion disk that emits as
multicolor blackbody , peaking at ~ 0.1 keV

Disk irradiates unbound debris which produces spectral lines:

Summary

1. Early-time super-Eddington fallback drives powerful outf3ows that are very optically luminous
Palomar Transient Factory, Pan-STARRS, and LSST should detect hundreds of events per year
Including many IMBHSs .

Upcoming optical surveys will discover many tidal disruption events!

2. Accretion disk irradiates unbound material, producing a spectral signature of very broad (mostly hydrogen)
emission lines offset from the galactic lines, with no associated forbidden lines. Especially prominent for IMBHS.

3. Studying tidal disruptions gives insight into the black hole mass function, stellar dynamics in galactic nuclei,
and the growth of massive black holes.

Observational Motivation

Handful of candidate tidal disruption events have been

detected to date, particularly in:

- ROSAT All-Sky Survey (see Komossa 2002)

- GALEX Deep Imaging Survey (Gezari et al. 2006, 2008, 2009).

EXxciting Prst steps, but signibcant limitations:
small number of events, most are archival,
UV/X-ray select for high Mgy events.

- Pan-STARRS (3" survey and Medium Deep Survey)
- Palomar Transient Factory (PTF)
- Large Synoptic Survey Telescope (LSST)

However, we are entering a new era of
transient surveys, particularly in the optical:

New/future wide-pPeld rapid-cadence surveys in the optical
should revolutionize the study of tidal disruption!

We predict photometric and spectroscopic sighatures at optical wavelengths
to help upcoming surveys identify and interpret tidal disruption events.

Stellar gas separates into
bound debris and
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Unique Spectral Signature

Accretion disk (see box at lower left)
photoionizes the surface of the unbound debiris,
producing a unigue spectral signature.
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We calculate the emitted spectrum using Cloudy.
- similar to the broad line region of an AGN
- too dense for forbidden lines
(unlike a narrow line region)
- lines are prominent for ~1 year
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- lines are extremely broad
(! v/ic! 0.01" 0.1)

- lines typically have large redshift
or blueshift from galactic lines
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spectrum of the tidal disruption of a solar-type star

lines are strongest and broadest for 10°! 10°M, BHSs atR, = 3Rs around a 10°M, black hole

disrupting a star close to the BH

Predicted Detection Rates for Upcoming Surveys

calculations...
— 1000 - include effect of survey cadence
Ts.. - assume disruption rate per galaxy ~10°yr—*
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Astrophysical Applications

Measuring the rate of tidal disruption per galaxy and the emission from individual events will teach us about...

1. The black hole mass function.
- can measure Mgy In individual galaxies from properties of light curve and spectrum
- method of detecting BHs including IMBHSs (10°> — 10° M, ) whose mass function is poorly known

2. Stellar dynamics in galactic nuclei.
- tidal disruption rate as a function of Mgy , R, galaxy type probes dynamical conditions close to the BH

3. The growth of massive black holes.

- "clean lab" for studying accretion physics, particularly at super-Eddington feeding rates
(important for growth of super-massive BHs at high redshift)

- consuming stars may be signibcant growth mechanism for IMBHSs




