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Parabolic
orbit

Crucial parameter :

the penetration factor

Tidal radius

—————— Carter & Luminet (Nature, 1982)
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PRINCIPAL AXES

penetration (B ~ 1) in the tidal radius

Disruption process in the ellipsoidal model
(Luminet & Carter, 1986)
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Disruption process reproduced by

hydrodynamical simulations

Ejected matter -
10%-10* km s

« clgar-like » configuration « S-like » configuration at the
after leaving the tidal radius periastron



=» Tidal Flares
Lidskii & Ozernoy (1979), Rees (1988)
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X-UV-optical luminous flares

Detection (Chandra, Galex, Pan-starrs...) of flares from
(non active) galactic nuclei

(Komossa et al., Saxton et al. , Esquej et al., Gezari et al., etc.)

« Relativistic » Tidal Flares

Detection (Swift) of hard-X flares (L, ~10%7 ergs)
(Zauderer et al. 2011, Cenko et al. 2012)

— Relativistic jets from tidal ejecta ?



Aplatissement relatif
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The Pancake Effect

(Carter & Luminet, Nature, 1982)

Fixed compressive principal
direction of the tidal tensor in
the « vertical » direction ==

deep penetration (3 > 3)
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penetration (B > 3) in the tidal radius

Disruption process in the ellipsoidal model
(Luminet & Carter, 1986)

(=]
85"'l""'l:'ﬁ"l""l"j'
= Polytrope 5/ |
[ B = 5.00 |
|
" I
=3 :
" |
n ! 1
I '
5 |
= l
a.
() |
Z i
(0 I
A |
_ I
P |
[ I = |
|
!
1
:
i |
O, n 1 1 1 |r N 1 I jL"ll_L 1 1 1 % 1 1 1 1 % 2 1 n 1
a-20 -10 0 10 20 30

ORBITAL TIME



Explosive stellar disruption ?

Compression and heating strongly dependent from the
penetration factor

Maximum values for an ideal gas with polytropic index 5/3 :

"o~ g2, ~ 10°¢gcm™
) g y=5/3
T:‘ ~ BT, —  ~ 10°K
=10
~ B oy +DIy-1) ~ 0.1s

o

Conditions required for explosive thermonuclear
reactions



Nuclear flow in pancake stars

Luminet & Pichon 1989a
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Pancake nucleosynthesis

M, = 10° Mg/ M. = 1 Mg / Penetration factor =15
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Detonation of degenerate stars

*C-OWD:
Energy generation
negligible

e He star :
Q-p capture process

Energy generation
(10°° ergs)

Luminet & Pichon 1989b

TEMPERATURE (non adiabatic case)

0.01

X(He) = 0.40

X(He) = 0.00
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Shockwaves in stellar pancakes
(Brassart & Luminet, 2008-2010)
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\ Confirmed by 3D Hydro simulations

W (@t=-200s (€)t=200s

W (b)t=-100s r (d)t=100s/'

-
(©t=0s

t=30.36s

Guillochon et al. 2009 . Log T, =6.91
.LogT__ =756

- (c)

Subsonic Collapse |
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III Subsonic Expansion |
IV Supersonic Expansion -




Relativistic tidal field

Luminet & Marck, 1985 Brassart & Luminet, 2011

Double point inside the tidal radius = Several compressions
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Multi-pancake effect and X/y bursts



Modelisation of Gamma-Ray Bursts

hypernova Long GRB

jet

0,001 0,01 0,1 1 10 100 1000
temps (secondes)
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«— Short GRB

jet

fusion de
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« GRB 060614 (long ~100 s) without SN remnant :
disruption of a WD by an intermediate mass BH ?
(Lu et al. 2008)

* A new class of y-ray bursts from stellar
disruptions by IMBH ? (Gao et al., 2010)

From a total of 328 Swift GRBs with accurate measured
durations and without SN association, 25 GRBs satistfying the
criteria for GRB060614-type bursts...



Recent hydro models ...

» 3D simulations coupling hydrodynamics and
nuclear network (Rosswog et al., 2008, Guillochon
et al., 2011):

Confirm the occurrence of tidally induced
supernovae

* Red giants / BH interactions (Mac Leod et al., 2012):

Tidal stripping of atmosphere




White dwarfs / IMBH strong encounters

Rosswog et al. 2010, Hass et al. 2012

Confirm nuclear ignition
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Number of disruption events:

Wang & Merritt (2004 ), Tal (2005)
BH binaries : Chen et al (2009)

N =107 B/ year/galaxy
—>  N(z<0.8)=10"B"/year

UV/X/gamma-ray flares



Analogy with stellar collisions

Around a 10” M, black hole, the typical collisional velocities
are > 5000 km/s within a distance 0.1 pc from the black hole
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(10% - 108 My) > 10° Mg




B>1 :disruption / p>35 :pancake effect

High velocity head-on collisions, polytropes 5/3







