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¢ |F IMBH do exist:

how would they reveal their existence?

Tidal disruptions of white dwarfs offer a
complementary way to probe their existence
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II. tidal disruption basics
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¢ star becomes disrupted at tidal radius: Rt & ( ]\];H) R.

R L
e for solar—type stars:  Reus = 20 Rsoomy Mglt1oen, ( Rhf> (ths)
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e for white dwarfs: Ry wp = 0.3 Rs 100m, Myl 1000, (_mg?:n) ( T )

= white dwarf disruption only for moderate mass black holes !!



IT. Disruption basics

¢ consider parabolic orbits

¢ measure encounter str Cl’lgth by
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II. DISRUPTION BASICS

What do we want to know?

e (How frequent do white dwarf tidal disruptions
occur?)

* How much material becomes ejected into the
cluster?

* What are the nucleosynthetic yields?

* Can tidal compression trigger nuclear reactions to
cause a thermonuclear explosion?

e For all white dwarf masses?




[TI. Simulations of IMBH WD disruptions
I11.1 Input physics and methods

¢ Smoothed Particle Hydrodynamics (SPH):

 fully Lagrangian = highly adaptive

* derivable from Lagrangian: exact conservation of mass,
energy, linear and angular momentum even in discrete form

* no problems with voids

¢ gravity:

* black hole: relativist. pseudo potential (Paczynski&Wiita 1980)

* stellar fluid: self-gravity via binary tree (Benz et al. 1990)



I11.1 Input physics and methods

¢ equation of state: “Helmholtz-EOS”

* allows to freely specify nuclear composition
* completely general electron-positron EOS (abulaced

* thermodynamic consistent interpolation (Timmes & Swesty 2000)

¢ time integration:

* hydrodynamics:

orders of magnitude between time steps

= individual time steps




III.1 Input physics and methods

¢ nuclear burning:

* “Quasi-equilibrium reduced alpha-network” (Hix et al. 1998)
* collect individual nuclei into 7 groups
® accurate energy generation

= each SPH particle knows its nuclear composition

* Thuclear K Thydro = integrate separately

hydro explicitly & nuclear network implicitly




Performed simulations

* explored parameter space:

(0.2 ... 1.2)Mg x (100 ... 5000) Mg x various B
WD-mass BH-mass pen.factor

all white dwarfs initially on parabolic orbits

performed more than 20 simulations

numerical resolution: 5§00 000 -5 000 coo SPH-particles

illustrated by: 0.2 MWD & 1000 M BH, B= 12
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[11.2 Examples 1. Marginal disruption 6 =0.9
(WD: 0.6 Mg, C/O; BH:1000Mg)

t=0.34 s t=24.01 s t=138.24 s t= 360.53 s




[11.2 Examples: 2. Very strong encounter with low-mass WD

white dwarf 0.2 Mg
in. composition: pure He
black hole: 1000 M
pen. factor= 12
simul. time: ~ 5.5 min.
colour-coded: column density
units:  time 2.74 S

length 109 cm

ca. 4 000 ooo SPH particles




[11.2 Example

Remnant geometry

log{celumn density [q,/(cms2)]) at t= 5.428min




[I1.3 Compression phase_E

* cut XY-plane

* cut XZ-plane
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I11.3 Compression phase

* Entropy evolution during passage: shock heating

ntropy [erg/(g K)] at t= 0.119 min ntropy [erg/(g K)] at t= 0.120 min
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IT11.4 Nucleosynthesis (0.2 Mg WD, 1000 Mgy BH, (§=12)

* nuclear evolution:

log (mass [M])

* nuclear energy release:

2.5 I05° CIgZ G Egrav= 1.3 104 erg)

¢ clement distribution:

He mass fraction at t= 1.143 min o r s bk SR TEe LS

0

T 0.0
2 30ME-2100 I 51508 15100 & 250 0 50 100

0.03 M, ”Fe”



I11.4 Nucleosynthesis / thermonuclear explosion

* the compression near the black hole takes

R
ANTANUE Y e it ¢(Ry/Rt) ~ 5 x 10” cm/s

vp
o 7Y Ry Myy® Mgy
~ 0.2 for 0.6Mgy WD and 1000My BH

* to release substantial amount of nuclear energy (Eum ~ Egrav,wp)

ideally :

Thurn <K Atcomp < Tdyn,WD ~

* not much time for burning, very large temperatures required




another example: ~ WD : 0.6 My, C/O, BH: 500 My, B=75
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¢ Do we always get an explosion?

Ry

e NO, only for penetration factors [ =

¢ Can we explode all types of white dwarfs?

* YES, we can ..., examples from 0.2 ... 1.2 Mg




II1.5 Rates

* stellar disruption rate per globular cluster
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II1.5 Rates

* stellar disruption rate per globular cluster

10 kms—! Tk
R. i1y 10_7 iy M4/3 T min
,GC yr bh,3 106pC_3 o e

* WD fraction of disrupted stars: 10 % (Baumgardt et al. 2004)

Rwp.ac ) (fthGC )

® expl. rate per galaxy: Rwpga ~ 10 "yr " <10—8 - 103

=l few permille of type Ia supernova rate

=3 future supernova surveys should see some of them




Comparison with “standard” type Ia supernovae

“standard” type Ia supernova

* mass: “Chandrasekhar”;, 1.4 Mg

* composition: Carbon/Oxygen

o tater | Rr, /2.5 -10% (year)7' Gpe?

* geometry: “spherical”

® accompanying signal:

tidal W D-ignition

® full WD mass range
e from He to C/O ...

o few permille of {iIa

* “pancake”

* shock breakout+ X-ray flare




I11.6 Accretion: “fan” and disk formation

® at peri-centre: L

mean binding _speed~10 kms'
energy-»'lo\ c

large spread of specific .1
&

i

'

|
\
\
\

max binding
energy~10"¢?

energies across stellar

radius, A€

(Rees 1988)
large spread of apo-centre

. . Ae MBH RWD i
distances, “expansion” fan Ty ( ) ( ~ 50
€grav,WD MWD Rperi




II11.6 Accretion

® p C f i C e nt r e aC t S a S lng{ealumn density [g/(cm#21]) at t=  0.0033min
“nozzle”

® strong sensitivity to

exact orbit: “expansion

2

fan

e circularization via
angular momentum
redistribution shock




II1.6 Accretion

* influence of burning
without burning\ with burning

0.005

without burning: 50% ejected

with burning: 65% ejected i

* initial accretion rate:
* later drop oft:
* expected X-ray flare: Lx ~ Legq ~ 104lerg/ S

e duration: several months




I'V. Summary

* tidal compression can induce a thermonuclear explosion
(for pen. factors > 3)

e estimated rates: few 1073 of SN Ia rate
(LSST: >250 ooo type Ia per year)

* - 30 % of the star is accreted onto the hole and produces a
X-ray flare

* underluminous thermonuclear explosion plus soft X-ray
fare (Ix ~ Lgaa ~ 10"erg/s Mpu5) would be compelling evidence

for existence of IMBH




