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Analogue gravity in inferfacial hydrodynamics }’]Vglgr;’[\#nruh

subcritical

analogous to...
(kinematically)
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Frioca1 = 1 = Existence of an analogous horizon
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Vilenkin (1978) [5] : one active

Black hole lasers semi-fransparent mirror + one
mirror
Steven Corley® Corley and Jacobson (1999) [6]:
Theoretical Physics Institute, Department of Physics, University of Alberta, Fdmonton, Alberta, Canada T6G 2J1 two active semi-transparent
mirrors
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Department of Physics, University of Maryland, College Park, MD 207}2-4111, USA
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schematic representation of a laser effect between
an inner and outer horizon




Numerical existence of the black hole laser effect

Faccio et al (2012) [7]: Optical black hole laser

Without dissipation

Robertson and Rousseaux [?]

Peloguin et al (2016)[8]: g
Hydrodynamic black hole laser iy : S

- The velocity field is imposed
- Stable horizons

Low speeds gradients High speeds gradients 4



Ingredients for the usual black laser effect (as discuss in literature):

You need A superluminal or A frapping cavity with @ Mixing of positive To avoid modes
two stable subluminal dispersive flow regime compatible  and negative dissipation
horizons correction with the qﬁspersive modes
regime

No experimental measurement stinnaver [10)

Resonant cavity Laser beam

mirror
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(kinematically)
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|) Flow over 2 obstacles :

Pratt (1984)[11
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F1G. 3. Cross-section of laboratory flume.

Distance between obstacles:
4*length of the first obstacle

Definitions (from local Fr) :
» Transcritical flow:
Transition from Fr<1 to Fr>1
(or vice versaq)

» Supercritical flow: Fr>1
» Subcritical flow: Fr<1
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Channel too short to
observe the influence
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FiG. 5. Experimental results showing different flow regimes as
function of Ab = (b2 — b1)/b1, and Froude number Fd = 1 /(gh, )"
measured upstream of first obstacle. The relative amplitude a/h, of
the laminar wave nearest the upstream obstacle is indicated by the
type of dot, as defined in the figure.




Downstream gate

1) 1D free surface channel

Type of asymmetric geometry used:
' Length: 32.2 cm
Maximum heigth: 2.1 cm

Flow inlet

Silice
gate
. R pump
Hypotheses and experimental condifions:
* flow conservation Channel characteristics:
5 Uups’rreosz/(Wh) . Leng’rh: L=2.5m
« No downstream condition (door open) . Wide: W=55cm
* Nonitial water level imposed . » Range of the flow rate: 2 to 38 L/min
» Inter-obstacle distance set at 9.2 cm (CII’bITI’CII’Y) - Range of the flow rate: 0.0006 to 0.0115 m?2/s 7

 Neglected boundary layer



Q=0.046 L/s
q=0.00084 m?3/s

5cm

The flow rate
IS increased
from one
Image to the
other.



I") F|OW rGQimeS |dentification in

the Pratt diagram

New
1. T,-S-$S ( ranscritical accelerating- regime
upercritical- upercritical)
2.T,-B-T, ( ranscritical accelerating- reNgeir\q "
reaking- ranscritical accelerating)
3. T,-UB-T, ( ranscritical accelerating- 5 ]
ndular reaking- ranscritical ’é‘éﬁ%ﬁﬂ?ﬂfg
accelerating) Parentan;
™ (2014)[12] and
4. T,-U*-T, ( ranscritical accelerating- a Euvé (2016)[4]
ndular- ranscritical accelerating)
5. D-U-T, ( epression- ndular-
ranscritical accelerating) %
6. D-E-T, ( epression- mitting-
ranscritical accelerating) B @
7. F-F-T, ( lat- lat-
ranscritical accelerating) New
regime
Germain Rousseaux et Hamid Kellay (2020), Introduction of the nomenclature with one obstacle : F, D, U, B, etc[13] 9



Example of interface extraction on the regime 5.b) (D-U-T,) :

( = 38.30 L/min , ¢ 1.20e — 02 m?/ Ve = 5.30e acqu = 327.6 8, facqui = 25.00Hz , de = 5.070e — 04 m

ncan
2 cameras (PointC srassHoop , 'QH23, 2 oh CRI10 (0.021 m), ACRI10 (0.021 m), Dow am gate : none
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- = possible existence of negative modes 10



CO N mOdeS ) = 38 /min | g 20e — 0 . U'H 5.30e — 02 m , “q,u 3276 s f“qm 25.00Hz , d{ 5.070e — 04 m

2 cameras (Po AT ooper3), JH23, stacles: £ 2 ), AC : ) ream gate : none
be _
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Improved Pratt diagram (Frupsiream(P)) -
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Inter-obstacles distance: 2.2 cm
without downstream condition

Number of experimental points to frain the neural network: 119 12



Summary

You need
two stable horizons

T.-UBL_T

%

Closest scenario to
general relativity
Because it is possible
to have negative
energy waves in the
cyan subliminal
cavity.

A superluminal or subluminal dispersive A trapping cavity with a

correction flow regime compatible
with the dispersive regime
*
Ta_UB(Q)_Ta Ta‘B‘Ta Ta—U _Ta

i,

Presence of two
horizons but the
white horizon is
unsteady
In this scenario, the
hawking radiation
can be blocked
because of
capillary dispersion
at small scales

two superluminal
red cavities on
both obstacles
are formed but
damping will kill
the superluminal
capillary waves.

O

Mixing of positive
and negative modes

D-UBM.T

e

The undulation is
frapped between a
non-dispersive
downstream horizon
and a dispersive
Upstream horizon.
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1.
2.

How to construct the improved Pratt diagrame

sklearn.neural network MLPClassifier

| define labels for the dataset
| frain the network with the data

3. After fraining, the network predicts a

label for the whole plan

Parameters used :

3 layers, 1 hidden layer
100 neurons in the hidden layer
Maximum iteration : 3000

Default setting:
1. Cost function: entropy function
2. Solver: adam
3. Activation function: the rectified linear unit
function

Input Hidden Output
layer layer layer

with n with 100 with k
neurons neurons neurons

Input #1 — = — Qutput

Input #2 — — Qutput

Input #n-1 — — Output

Input #n — » Output

Figure 11. Architecture of the neural network with n the
number of points in the training set and k the number of
groups (here the number of hydrodynamic regimes).
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Analogue Wormholes and Black Hole LASER Effect in Hydrodynamics

Cédric Peloquin,' Léo-Paul Euvé,” Thomas Philbin,’ and Germain Rousseaux?

'Université Francois Rabelais de Tours, 60 Rue du Plat d’Etain, 37000 Tours, France
*Pprime Institute, UPR 3346, CNRS - Université de Poitiers - ISAE ENSMA,
11 Boulevard Marie et Pierre Curie, Téléport 2, BP 30179, 86962 Futuroscope Cedex, France
EP.’I_}-‘SECS and Astronomy Depariment, University of Exeter, Stocker Road, Exeter EX4 40L, United Kingdom

Viscous dissipation of surface waves
and its relevance to analogue gravity experiments

- * 2
S. Robertson!”, G. Rousseaux?

1 Laboratoire de Physique Théorique, UMR 8627, CNRS,
Univ. Paris-Sud, Université Paris-Saclay, 91405 Orsay, France
2 Institut Pprime, UPR 3346, CNRS-Université de Poitiers-ISAE ENSMA,
11 Boulevard Marie et Pierre Curie-Té¢léport 2, BP 30179, 86962 I'uturoscope, France

* scott.robertson@th.u-psud.fr
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More difficult to detect the black hole laser effect!

Confirmation of stimulated Hawking radiation, but not of black hole lasing

Jeff Steinhauer!

' Department of Physics, Technion—Israel Institute of Technology, Technion City, Haifa 32000, Israel
(Dated: October 14, 2021)
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2 cameras (PointGreyGrassHooper3), Canal TQH:

Gs
3, 2 obstacles: ACRIN0 (0.021 m

Suoqs = 25.00Hz , dz = 5.070¢ — 04 m
ACRI10 (0.005 m), Downstream gate : none
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A particular regime : D-E-T,

25.00Hz , dz 070e — 04 m
RI10 ( )o eam gate : none
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