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Bose-Einstein condensation
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BEC in cold atoms
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BEC in cold atoms: Cooling process
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BEC in cold atoms
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Advantages for using cold atoms
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Outline

1. Bose-Einstein condensation

2. BEC in cold atoms

[ 3. Black hole and Hawking radiation ]

4. “Hawking radiation” in BEC

® Basic formulation

® “Horizon” creation?

® “Hawking radiation”
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“‘Spacetime tells matter how to move; matter tells spacetime how to curve.”
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Black Hole

BRI FR AR #2: Schwarzschild solution
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Schwarzschild spacetime
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Black Holelc & D 8UELIKE
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Hawking radiation
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Schwarzschild spacetimeDEZ#2 %
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“Hawking radiation” in BEC

1) Basic formulation
2) “Horizon” creation?

3) “Hawking radiation”




Basic formulation

0 BECOEEH : Gross-Pitaevskii A2,
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b5 ZDECHR : Bogoliubov - de Gennes equation

boson field operator
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b5 ZDECHR : Bogoliubov - de Gennes equation
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Bogoliubov-de Gennes A2\ D ®(r,¢)
Zero mode

e

5 A,(rr) | | K-E, M A, (r,t)
tho, B (rt) | | -M" -K'-E, B, (r,?)

\.

2
K=-Tvy lmcogr2 +2UDP D, M=UdP’
2m 2




Basic formulation
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Black Hole & D X it
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Bogoliubov - de Gennes 5 & D XTI
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WKB analysis
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WKB analysis
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WKB analysis: Hawking Temperature
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“Hawking radiation” in BEC

v Basic formulation

{ 2) “Horizon” creation? y > C?J

3) “Hawking radiation”




How to create a “horizon”?
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“Horizon” creation?




“*Horizon” creation
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Horizon and approximate Hawking temperature
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“Hawking radiation” in BEC

v Basic formulation

v “Horizon” creation?

{ 3) “Hawking radiation” }
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“Hawking radiation”

[ Dynamical evolution of “spacetime” }

Gross-Pitaevskii equation H%:DE @dynamics

? 1 ]
ih0,® = —h—V2+—mw,2wr2 O+UD 0P
2m 2

Bogoliubov-de Gennes equation %%i‘% O)dynamiCS

- A (rt) | | K-E, M A, (r,1)
o, B(rjt) | | -M° -K'-E, || B,(rt)

n’ 1 .
K=——V+—mo;r’+200 ®, M =Ud’
2m 2




Particle creation spectrum: calculation
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Time-evolution
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Particle creation spectrum
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How particles are created?

Disentangled!
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Conclusion

Cold atoms are useful for investigating

Hawking radiation physics!
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Black hole entropy

Hawking temperature
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