Emission Lines From Tidally

Disrupted White Dwarts and
Other Evolved Stars

Drew Clausen

Collaborators:  Steinn Sigurdsson
Mike Eracleous
Jimmy Irwin (University of Alabama)

9 April 2013 PENNSTAT

1855




Tidal Disruption Events

* For stars initially on parabolic
trajectories, half of the disrupted

star is accreted, producing a

bright UV /X-ray flare

e.g., Frank & Rees (1976), Lacy+ (1982), Ulmer
(1999), Guillochon+ (2012), Komossa & Greiner
(1999), Gezari+ (2006, 2008, 2009,2012), Maksym+
(2010), and many others

* How do we identify TDEs?
* How can we determine
* mass/spin of the BH?

* properties of the disrupted
star?
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Emission L.ines in the Debris

Emission lines are produced in

the dphot()lomzed debris.
Bogdanovic+ (2004

Strubbe & Quataert (2009)

Models:

*Analytic prescriptions for
dynamical evolution of the
unbound debris

+M ~ Maq, o< t—2/3
Phinney (1989), Reese (1988)

*Cloudy photoionization models
Ferland+ (1998)

Clausen & Eracleous (2011)

log(n [cm™3])

-0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00

x [pc]

Thursday, April 11, 13



Emission Line lLight Curves

Clausen & Eracleous (2011)

Clausen+ (2012)
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Emission Line Profiles

* Significant changes in the line
profile as the ionization state of
the debris changes

* Asymmetric profiles
|O III] A5007

+ Width and offset of the

emission lines are dependent on
the orientation of the observer

Relative F, (arbitrary units)

* Lines can be extremely broad

with FWHM 2000-3000 km s-! 0] e e i T
0.01 O.O2ZO.03 0.04
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Have we seen aWD TDE?

RZ 2109

+ Globular cluster associated with
NGC 4472

* Hosts a bright X-ray source that
was the first firm BH candidate

in a globular cluster
Maccarone+ (2007)

# Optical spectroscopy revealed:
» Liom=1.4 x 10%7 erg 51

» Line width ~ 2000 km s-!
Zepf+ (2008)
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But...

* X-ray source detected with

ROSAT in 1994
Colbert & Ptak (2002)

»[O III] line observed at least 14 T ek
years after the TDE, models
predict 2 years 20

* X-ray source was not detected = | NMNW L\“w |

in Chandra or Swift observations
in 2008 and 2010

Maccarone+ (2010) o WMM
* [O III] emission has a half-light
I' adlus Of 3'7 pC o -16‘1)() -mbu soluo 5200 m‘m 5600 mlm 6000

PeaCOCk‘I‘ (2012) Observed Wavelength (A)
» See Peacock+ poster 113.03
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Horizontal Branch Star TDE?

NGC 1399
globular cluster:

I [0 111] A5007 &
| [0 1] A4959 A N

-1 A—l)

-18 ergs cm2 s

+ Hosts an X-ray source with
Li=2x10¥ erg s’!
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| %
g
" T 1 rn " " 1 " " " "

...................

-------------------

* Optical spectroscopy
revealed:

[N 1] A6583 & |

A1)

» Liom= few x 1036 erg 51

-18 ergs em~2 s°! A-!

F,(x10 g
5 3
%ﬁg

» Linm = few x 10%¢ erg s!

...................

6660 6660 6600 6620 6640
Wavelength (&)

» No Balmer lines
Irwin+ (2010) Irwin+ (2010)
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Horizontal Branch Star TDE?

g — N
Y [0 111]-5007 and [N I1]-6583
‘ (Magellan) - few x 10°° erg s
10%°| -
[O Il1]-4363 and [N 11]-5755
= <— upper limits (Gemini GMOS)-
4 <10*ergs’
o 107} \-
o
= e | i
Y CIV 1549 m
Ol 5007 =
Ollij g0 Line strengths and velocities
105k [NII] 6583 = | ) : , :
Ho consistent with a disruption
HE = event >~ 100 years ago
[NII] 5755 =
10k . ey =
1 10 100
Time [yr]
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Horizontal Branch Star TDE?

BH mass:

30 M,

10° Mg

10* Mg

Within the tidal
disruption scenario,
producing the observed

[N II]/O [III] and
N II]/Ha ratios
requires Mpu < 1000 M4

[INII]/[OIII]
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White Dwarfs

Broad, asymmetric C IV 1549 and [O III] 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

Horizontal Branch

The X-ray luminosity and emission line spectrum observed in a GC
associated with NGC 1399 are consistent the mild tidal disruption
of a horizontal branch star by a 50 — 200 M, black hole.

® Hypothesis can be tested with UV spectroscopy
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