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Hawking
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Fluid flow, Wall, Sound wavesvent horizon
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T awkine = —¢c)|=0mK... K
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Toy model for underlying theory (quantum gravity?)
— trans-Plancian problem

Experimentally measurable?!?
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W. G. Unruhand R. S., (z.B.: Bose ey
Einstein— 5
Phys. Rev. Dr1, 024028 (200.5) e
[Corley, Jacobson, Parentani etc.]
OK

Stationary vs dynamical
effects (initial burst), cf.
C. Barcelo, L.J. Garay, G. Jannes,

Phys. Rev. D9, 024016 (2009) !
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Metric ds* = (1 — 2M /r)dV? — 2dV dr
2M
<2@Var + 0, {1 | f(af)} ar) ®=0,

T
Dispersion relatiorf (9?) — Hawking temperature
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Ultra-violet catastrophe?

w? =1+ 5K vs w=

ck
V1 — k2
Cf. special relativityF = mc?/1/1 — v2/c?

R. S. and W. G. Unruh, Phys. Rev. D rapid comm. (2008)
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« No scale separatiofv /dr & c¢/¢&

(e.qg., superradiance from single vortex???)
« Friction with walls(Q2 + vk)? +ivQ = w?(k)
_ab system{? (observer at rest atT oo)
_ocal fluid systemuw (freely falling observer)

* Non-adiabaticity away from horizon
e.g.,w”(k) and/orv(r) too violent

« “Black-hole laser” instability
white hole horizon (recycling???)
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A few phonons P ““”Wf&
with small energies ——— = ——_
E=0(101¥eV)

(broad spectrum)

|dea: doubly detuned optical Raman transitions

Transition only if missing /f\ """ [A
energyd = O(10 ¥ eV) W,

IS compensated by o 0
simultaneous absorption : i

of a phonon with this - 5
(or a higher) energy o — LT |

Single phonons- single atoms (countable)
R. S., Phys. Rev. Letf7, 190405 (2006) [idea together with Mark Raizen]
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Interference
— phase
fluctuations
thermal &
quantum!

5000 atoms
T = 30nK
0 =60/pm _
& =0.3um
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Condensates? S. Hofferberthet al, Nature Physicd, 489 (2008).
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* No walls— low friction (superfluid)
« Slow speed of sound, = O(mm/s)

« Tunable parameters c,, V() etc.
e Quasli 1D-flows
« Ultra-low temperature$’ = O(10 nK)

Major drawback:Meta-stable state
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Major drawback of BEC:

Meta-stable state» three-body losses» heating
J. Dziarmaga & K. Sacha, Phys. Rev68, 043607 (2003).

E.g.,107 particles with1% quantum depletion and

1% three-body losses: O(10°) phonons (noise)
R. S., Phil. Trans. Roy. Soc. (London)3&6, 2895 (2008).
R. S., Class. Quant. Grazb, 114027 (2008).

“Typical” parameters:
three-body heating> Hawking effect
S. Wuster, Phys. Rev. A8, 021601 (2008).

New ideas are needed. ..
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Expanding condensate
Sound waves
Apparent horizon at
UFluid — CSound
Analogous to
expanding universe
Phonon modes:

+ oscillation (initially)
+ horizon crossing- freezing

h or(t)
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Oscillation— horizon crossing— freezing t
on |

/\ frozen
opetpes /\0_2 ”””””” ﬂ%’“ -
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Amplification of quantum fluctuations (squeezing)
(in complete analogy to early universe, e.g., WMAP)

Quantum limit (accuracy)
of time-of-flight imaging
(o(r)oo(r')) = O(1%)

M. Uhimann, Y. Xu, and R. S.,

New J. Phys7, 248 (2005) i
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R. S.et al., Phys. Rev. Lett99, 201301 (2007).

Hawking radiation in a BEC: problems & open questions — @.64/



Accelerated frame
Tunrun = ha/(27c)
Laboratory frame:
Pair creation

W. G. Unruh and R. M. Wald, Phys. Rev.29, 1047 (1984).
Electronsy = 300 in strong Laser field$0*W /cm?

0 < B < 2MeV
0 <9 <1/100
Larmor (left)
Unruh (right)
Pllénruh _ 0(10—10) |

R. S., G. Schaller, and D. Habs, Phys. Rev. L®t.121302 (2006);
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12th MG Meeting MARCELGROSSMANNMEET ING

June 13th-18th 2009,
Paris (France)

Session BHT 6
Analogue Gravity

June 1st: deadline for
early registration

http://www.icra.it/MG/mng/en/weIcome.htm
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