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Gravity waves as Black/White Hole Analogues

Seashore shock absorber

Bump (mobile floor)
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Capillo-gravity waves

g — Ok —CkT \/(gk - f}rk3) tanh(kh)

(Rousseaux et al, NJP2010)

Varying counter-

flow
I { p I 2 I
N oA
-/W

Jo,

500

Blue Horizon

Double bouncing
(Badulin et al, 1983)




Influence of surface tension:
Benchmark Experiments

w=Q(k)=Uk:|:\/(gk+ 3&3) kh >> 1
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(a) No Current (b) Weak Current
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Hawking Effect
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Classical ingredient:
(Stimulated) appearance of negative frequency modes



Hawking Effect

Classical ingredient:
(Stimulated) appearance of negative frequency modes

Asterix Effect
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Experimental Setup for the Circular Jump
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Dispersion relation

((ﬂ — Uk)z — (gk -+ %k3> tanh(kH) v: surface tension
Deep water (wave channel): kH>>1
*Always dispersive (subluminal)
(w — Uk)2 ~ gk + %kg (c=+/g/k)
*Not tunable

Shallow water (circular jump): kH<<1

H H*
(w — Uk)? ~ ¢gHk* + (L — g—) K
0 5
2
— C2k2 - 62 (l? — %) k4 | : capillary length

*Relativistic + tunable dispersion
*Superluminal for sufficiently small H
*Probe robustness of black hole physics / Hawking radiation?



Dispersion relation: graphics

Silicon oil

e density p = 950 kg/m?

* viscosity v = 20c¢S = 20Vwater
e surface tension vy = 0.0206N /m ~ %’ywater

e capillary length I, = \/ v/gp = 1.49mm ~ %lc(water)
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White hole: Mach cone

Subsonic|v] < ¢

Supersonic [v] = ¢

: .. e .. 1 -
sin 6 7] i (c = \/gH)
e Supersonicregion (|[V|>c¢) 6¢€|0, %]
e Subsonicregion (|V| <c¢) 6 complex — Mach cone disappears
e Horizon (V=0 6=7

Saddle-node bifurcation (Rousseaux et al, PRL2009)




Mach cone: experimental measures
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Different regimes?

Inertial regime

R let=a

Rayleigh-Plateau Instability

Gravitational regime
l.<riet(z)<a



Conclusions

Wave channel (kH>>1):

*Direct dispersive penetration across horizon
*Due to surface tension at very small scales

*Rousseaux et al., NJP2008, PRL2009, NJP2010

Circular hydraulic jump (kH<<1]):

* Relativistic + tunable dispersion

*White hole (Mach cone)

*Small H = most interesting regime for analogue
gravity?

*Even from purely fluid mechanics point of view,
work on circular jump is in its infancy

*Soon on the arXiv...
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