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Emission Lines Form | DES

- Ald In identification
of tidal disruption
events

- Characterization of
disruption scenario

- BH mass/spin

10 'Rp = 3Rsg
- Disrupted star 10 100 10 100
t (days) t (days)
Bogdanovic et al. (2004) Strubbe & Quataert (2009)

Roos (1992)



White Dwarf Tidal Disruptions

- Signpost of intermediate mass black holes:
Rr < R¢ when Mgy = 10°M;g

- Proceeded/accompanied by a gravitational wave

signal
Kobayashi et al. (2004)
Sesana et al. (2008)
Haas et al. (2012)

- Thermonuclear reactions possible in strong

encounters
Rosswog et al. (2009)



Dynamical Modadel

We adapt the model 0.08
derived by Strubbe &
Quataert : 0.06

- Star on a parabolic orbit |
with Rp < Rt & 004

. Bound material forms a
standard a-disk with

accretion efficiency of
10% and : R v
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Strubbe & Quatart (2009)



Dynamical Modadel

-We consider points
along the entire :
wedge: o8
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Accretion Flare SED
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Emission Line L|ght Curves
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TABLE 1
MODEL PARAMETERS
Label Mgy (Mg) Rp/Rr Rrso/Rs
A 102 1 3
B 10° 0.3 3
) 103 1 3
D 103 0.3 3
E 10° 1 0.5
F 104 1 3




Emission Line Profiles
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- We know the flux and velocity along the illuminated
face so we can compute the emission line profiles
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Emission Line Profiles
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Results

- The model predicts that when a WD is tidally
disrupted, the accretion flare will be accompanied
by:

. CIV 1549 emission lines with Line ~ 1038 erg/s
early on

. [O lll] 5O07 lines with luminosity of up to Line ~
1037 erg/s at late times

. These lines will have FWHM 2-3 thousand km/s
and be asymmetric



Has [ his Been Observed!

- ULX In an NGC 4472

globular cluster
. The measured [Olll]
5007 luminosity is ol o b )
consistent with the 2 B R T o S
model z | me W WMM’I ,‘
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it 37 | W (o] [\/
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Zepf et al. (2008)



Has [ his Been Observed!

. ULX In an NGC 4472 ST T :
globular cluster o -
- The measured [Olll] : o
5007 luminosity is T
consistent with the E:
model S 0.4
- Lsoo7= 1.4 x 1037 erg/s 0,2:_ \\
- Line has a width of P | N
2000 km/s BT ;5000- 5050

Zepf et al. (2008) A [A]



Has [ his Been Observed!

=1V

- ROSAT measured the X-ray luminosity of the
source to be 5 x 103° erg/s in 1994

Colbert & Ptak (2002)

- This means that the [O Ill] 5007 luminosity
measurements by Zepf et al. (2008) were made
at least 14 years after tidal disruption, long
after the our predicted peak in the [O Ill] 5007

light curve at ~ 2 years after disruptior

- Source was not detected In Chandra or Swift
observations in 2008 and 2010

Maccarone et al. 2010

- Unlikely that this 1s a WD tidal disruption




Has [ his Been Observed7
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- Ultraluminous X-ray source in an NGC 1399 GC

Irwin et al. 2010

. Emission line FWHM ~ 140 km s



Horizontal Branch Stars
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Emission Line Light Curves
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Clausen et al. (2012)
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Line strengths and velocities
consistent with a disruption
event >~ 100 years ago
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Emission Line Light Curves

107}k % / /k— xR
Emission lines produced as the result of

mild disruption of a red clump HB star
by a 50-200 Mo black hole are in good

agreement with the observations
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HE = event >~ 100 years ago
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Clausen et al. (2012)



UV Emission Lines

- Several strong Dot i
UV lines NAVA P2

. C IV 1549
- Test the tidal O VI 1035
disruption model [N IV]1486
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- Getting a handle
on carbon
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Flux (f, + constant)
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Summary

- Broad, asymmetric C |V 1549 and [O lll] 5007
emission lines can indicate WD tidal disruption If:

» Lines coincide with a UV/X-ray flare at the
center of a globular cluster or galaxy

» There are not hydrogen lines in the spectrum

- X-ray luminosity and emission lines from ULX In
NGC 1399 GC agree with model of a HB star that

has been disrupted by a 50 - 200 Mo black hole.

- Where are the hydrogen lines in MS disruptions?



