Vacuum decay behind the horizon
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| nterface between two superfluidsin rotating vessdl:
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| nterface instability at T=0
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* Kelvin-Helmholtz criterion kKe= VFlo
(dynamic instability of interface under shear flow)
Pveg Ve )2 = 4/ F0
magnetic forcesin 3He gravity in liquids
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3criteriafor interfaceinstability at T=0
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* Kelvin-Helmholtz criterion
(dynamic instability of interface under shear flow)

pv2 = 4yFo ke= VFlo

* Landau criterion w(k)

(excitation of quasiparticles -- v=mi nk —

ripplons = capillary-gravity waves) ———
_VkF+k’o
(k)= ——
Vv 20
— ripplon spectrum in deep water
PVES VRO ke = VFIo

* Thermodynamic (ergoregion) instability criterion
(negative free energy = ergoregion at T=0)

pv2= 2VFo ke = VFlo




General Landau criterion
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* Conventional Landau criterion (one superfluid velocity)

wW(k ,vg)=w(K)+ kevg <O

v
V=min 24,
ko

* General Landau criterion (two superfluid velocities)

w(k ’VSA’VSB) <0

ripplon spectrum

(x)(k ’VSA’VSB) =

J 3 - K2 )2
Ke(Ver +vep)/2 + kF+ k30 - kép(vgp -vep)4/2

V2p
v
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P(VsB -Vp) +P(Vea -Vpn) =2VFO

Coincides with thermodynamic instability criterion



Kelvin-Helmholtz analysis
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* Friction force between interface & normal component

(thermal environment)
Ftriction=-T (vaB -Vn) | establishes connection with
preferred reference frame

thismodifies dispersion relation for ripplons I

L
VKE+K30 - K2p(ven -veg)2/2-iT kw

wW=Kke(vep tvgp)/2 + —
V2P

find Re w(k) and Im w(Kk)
instability occurs when Im w(K) crosses O and becomes > 0

2 2 —_—
P(VsB -Vn) +P(Vsa -Vn) =2VFO

Coincides with thermodynamic instability criterion

Im w(k) and Re w)(K) cross O together



N\ Thermodynamic - Landau - ergoregion
) instability

VS
original Kelvin - Helmholtz instability \

interface  Vsa=0 amplitude a(t)
V=0 __V£>

a(t) ~ exp( tImw (ko) )

Increment of growth of critical ripplon

Im w (k) / ke = VFlo

Re w (ko)
N
N
» VB
gope ~ INEAUON S
with pulk T ergoregion
2 A = 2 —
pvegg =2VFO pvgg =4 VFO
Thermodynamic-Landau-ergoregion KH instability condition
Instability condition at M=0
or at slow acceleration or at fast acceleration
Q << AT Q>>AT

Result depends on observation time
or on acceleration rate Q

[ OT3 (Kopnin, 1987)



Ergoregion for non-relativistic ripplons
living at the AB-brane

D
I A phase AB-brane is interface between the static B-phase

and the A phase circulating
with solid-body velocity v=Qr

AB interface (velocity is shown by arrows)
5 oh boundary of the AB
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@ of cylindrical
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region where non-relativistic
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IS negative

in rotating frame
(D(k ’VSA’VSB) <0

non-relativistic
analog of Jgg>0

ripplon spectrum
W(K ,vepa,VaB) =
Ke(vgp +vep)/2 +

V kF+k30 - k2p(vep -vep)2/2
V2p




Ergosurface & horizon on brane
between two sliding superfluids

* current experiments: \

ripplons (surface waves in deep water)
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vacuum

Brane 3:\‘\

B-phase
( @vacuum

(red's)

C

Q

L andau criterion
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PsB(VsB -Vn) +Psa(Vsa -Vn) =2VFO

Kelvin-Helmholtz instability

Ps (Veg - VSA)Z =4Fo

_ ripplon

* future experiments: ripplons on surface of shallow water &

obey effective relativistic metric A-phase
Landau criterion= black hole horizon & ©
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Kelvin-Helmholtz instability = physical singularity B-phase

within black hole



Ripplons on surface of shallow water are relativistic
Schutzhold & Unruh
“Gravity wave analogs of black holes
PRD 66 (2002) 044019

Relativistic quasiparticles A-phase

living on brane
between two shallow h
superfluids VsA 2
ripplon &=—
hy
VsB
Vna=Vng=0
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Relativistic spectrum of ripplons

01 (W-keven)2+ a,(w-keveg)? =c2k2| a1 +0,=]

"Speed of light' - maximum attainable speed for ripplons

c?=(F/pghiho/(hy+hy)

Effective metric for ripplonsin radial flow
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Artificial black hole
for ripplonsat AB-brane
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Thermodynamic - Landau - ergoregion
Instability
of vacuum inside black holes \
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Artificial black hole for ripplons within AB-brane

(azimuthal flow)
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Ergoregion in rotating BEC & vortex formation

L aboratory frame

rotating normal component
on surface of BEC
produces normal wind

which excites
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generating vortices
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Conclusion

* Brane physics can be simulated in 3He
* Horizon can be constructed at AB-brane
* Vacuum in ergoregion can be unstable due to

Interaction with extra-dimensional environment
(was probed at AB brane)

* Physical singularity can be constructed at AB-brane

* All possible 2+1 metrics can be constructed at AB-brane

We need alot of theoretical and experimental work
and
contribution from:
hydrodynamic/gravity/brane/hep communities



