
From gravitational black holes to analogue
gravity: Hawking radiation in quantum fluids

Friday, 29 November 2019
Rencontres des Jeunes Physiciens 2019, Collège de France

Mathieu Isoard & Nicolas Pavloff
LPTMS, Université Paris-Sud



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

horizon
✹

✹

✹

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

horizon
✹

✹

✹

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

horizon
✹

✹

✹

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



Hawking radiation Nature, 1974; Commun. math. Phys, 1975

horizon
✹

✹

✹

2 / 9

↪→ TH = 10−6
(

M◦
M

)
K.

↪→ M87: M = 6.5 billions of solar masses
→ TH ' 10−14 K .



The birth of analogue gravity W.G. Unruh, PRL, 1981

3 / 9



The birth of analogue gravity W.G. Unruh, PRL, 1981

3 / 9



The birth of analogue gravity W.G. Unruh, PRL, 1981

3 / 9



The birth of analogue gravity W.G. Unruh, PRL, 1981

3 / 9
Supersonic Subsonic



The birth of analogue gravity W.G. Unruh, PRL, 1981

3 / 9
Supersonic Subsonic



Acoustic black holes in Bose-Einstein condensates

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x' x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x' x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x' x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x' x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x' x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x'x

4 / 9

[J. Steinhauer, Nature, 2016]



Acoustic black holes in Bose-Einstein condensates

out in

xx=0x<0 x>0

x

x'

x'x

4 / 9

Both phonons are correlated ⇒ Density correlations ≡ 〈δn(x) δn(x ′)〉.
[J. Steinhauer, Nature, 2016]
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Thank you!


