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TIDAL DISRUPTION EVENTS
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e Brightin UV/soft X-rays

o[- = D PR ey optical is far down
Rayleigh-Jeans tail of BB

e Rates per galaxy ~ 0.1% of SN rate



PAN-STARRS1 MEDIUM
DEEP SURVEY

1.8m telescope on Maui

10 fields across sky (each 7.2
sq. deg.)

~4 observed nightly

3 day cadence for each filter

Limiting mag ~23.5 In griz
120-150 transients / month
6/10 fields chosen for GALEX

Depth /cadence of
observations (PI: S. Gezari) MDS similar to LSST!

See review talk by Will Burgett Thursday 4pm



TWO TDES SO FAR:

Template 12 July 2010 Difference Image

A @l PS1-10jh at

s PS1-10jh

s 7=0.1696 (Gezari,
RC, et al: 2012}

PS1-11af at

' PS1-11a
A . . G 7=0.4046 (RC et al.
| 2013)

Deep grz Template 31 Jan/l Feb 2011 : |  Difference Image
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Difference

BOTH IN EARLY-TYPE HOSTS
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* Host M, = -18.7 mag

EANLUV = 25,6 mag, FUV > 25.1
mag (SFR <0.02 Mg/ yr)

O

e Mx =(3.6+£0.2) x 10° Mg
e expect Mpn =4, x 10° Mg
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Bruzual—Charlot 2003
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* Host M, ~ -20 mag
e SFR < 0.02 Mg /yr from lack of Ha

e My =7 x 109 Mg

e expect Mgy = 8 x 106 M (Héaring &
Rix 2004)



PS1-10JH: SLoOowW COLOR
EVOLUTION
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Tse ~ (2.9 +0.2) x 10* K for 1 year

Non-detection with Chandra in 10ks at
t=+272 days (Lx < 4.8 x 10*! erg/s)



f, (1077 ergem™s™ A™)

Difference

PS1-10JH SPECTROSCOPY

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

I : 2@y ~
Ll PS1-10jh - il PS1-10jh
6 W Day —22 - 7. 10K 5 Gyr mode Day 254
i W BB +2.5 Gyr model Ages relative to peak 1 T 08 :
o il
_ o 0.6
| Tgp = 30,000 K ™ i L i
2 . L T o 04
N . IMIMW“ “u‘d “LA, ||,|', % i
0 i 2.5 Gyr SSP model
1E [ Hell23203 — He I1 M686 g 00
y g 0.1
0 Ext 0 5 00
----------------------------- & -0.1
3000 4000 5000 6000 7000 A

Rest Wavelength (A)

Persistent, broad (FWHM~9000 km/s)
He II emission lines

But no Balmer lines...



NOT A SN NoT AN AGN

e FUV > 25.1 mag before event

® T:; = 30,000K (too hot) (Mj500 > -14.2 mag)
® for1year (toolong) ® Extreme variability outlier
(AMpyy > 6.4 mag)

® Host not star forming
e SED during event wrong (X-rays

are a factor of >20 too low)

® Broad He II lines, no Balmer lines

(low H mass fraction of accreted gas?
BLR too small?)

Also, no narrow emission lines from host



THE STAR
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Rest-Frame Days Since Disruption

Specific ;nergy (¢) Fits to PS1-10jh gp; light curve

e Pxp' with y=5/3 is best fit (fully convective star or
degenerate core)

e He-rich: H mass fraction X < 0.2 (He-rich core: Gezari et
al. 2012; Bogdanovic et al. 2013)? Or is the BLR too small
for Balmer lines (Guillochon et al. 2013)?



THE ACCRETION EVENT

Rest—Frame Dgys Since Peak
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For fiducial mx=0.23 Mg
and r%=0.33 R

Mpu=(1.9+01)x10°m,* r.,” My,  (Mpg=2.8 x 10° M)
Tgg = 3 X 10 K

I =22 10* erg/s (Lpeak = 0.6 Lpgq)

E 01100 ergs

M, > 0.012 (n/0.1)" M, (M. = 0.058 M)

Rest—Frame Days Since Disruption



AB Magnitude

ANOTHER MODEL
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¢ (y1) Guillochon et al. 2013

e Why does L, follow M?

e Partial disruption (B=rtidal/ I'pericenter=0.87)
® MBH = 107 M@
e My=0.23 Mg See James Guillochon’s talk



PS1-11AF: ANOTHER PS1 TDE

Color (AB Magnitudes)
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® TBB ~ 19,000K

® Rpg ~ (06-12) x10"° o)
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A PARTIAL DISRUPTION

EVENT?
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Lodato etfal. 2009
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| Guillochon et al. 2013
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100
Days After Disruption

e M, ~0.003 M,

(Assuming radiative
efficiency n=0.1)

e Using y=5/3 models
of Lodato et al.
Mg ~ 1.8x10° M,

e But My>>M__.



SO WHAT IS THE SOURCE OF
OPTICAL LIGHT?

'.\, Path of disrupted debris Top View
3 = s~ A0 T—
b’i‘b@‘tf@*ﬁttffﬁ@00006(@‘,“0.‘ -
N ‘ﬁ@“‘;
Core? .

£ 847
S84
LTI
CEIIITIIEEETII TSI LS
EIIIIIEETIIIIIIE LS.

Side View

e Tgp is too low, Rgp is too high for standard
thin disk models at tidal radius

e So optical emission is higher than expected



RELEVANT PRECEDENTS?
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e In each case, X-rays do not fall on
extrapolation of low-energy SEDs

e Separate components (disk + wind?)



HOW TO INTERPRET

OBSERVED LIGHT CURVES?
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HOW TO INTERPRET
OBSERVED LIGHT CURVES?
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Flux (f, + constant )
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PS1-11AF: TRANSIENT UV
ABSORPTION FEATURES
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Mg II? Where are H/He lines?



WHEN DOES OUTFLOW FORM?
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e Hydrodynamically or
radiatively driven?
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Sw1644+57 @ z=0.405 (5.8 GHz)
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CONCLUSIONS

We have found two optically-selected TDEs in Pan-
STARRS1 + GALEX data

Tgg is too low (2-3x10* K), Rgg is too high (~10" cm)
for thin disk models —> reprocessing?

How do these relate to the soft X-ray TDE
candidates?

More theoretical understanding of reprocessing /
outflows and their effects on optical light curves
needed

Can we use TDE light curves to measure Mgy?



