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Abstract: Due to the linearity of the field equations and the resulting bilinear structure of the Hamiltonian, quantum radiation effects such as black
hole evaporation or particle creation in an expanding universe are typically described as (squeezing) processes where particles are created in pairs.
Here, we address the following question: given a mode (e.g., wave-packet) corresponding to a created particle (e.g., as part of Hawking radiation),
what isits partner, i.e., the other particle of the pair?

After a general derivation of this partner mode, we will discuss some examples such as moving mirror radiation and speculate about possible
implications for the black hole information puzzle.
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Relativistic quantum fields (%, ¢) in vacuum state |0)

i1
« Hawking radiation
— gravitational field
Sauter-Schwinger etffect
— electric field
Unruh radiation
— acceleration
Dynamaical Casimir effect
— mirror motion
Cosmological particle creation
— expansion
“Particles are created in pairs”™ &
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Bogoliubov transtformation (linear)
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Time evolution for bi-linear Hamiltonian
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Generalized squeezing operation
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Creation of particles (O] 29" |0). O in pairs
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Hawking

S. W. Hawking. Nature 248, 30 (1974):

Comm. Math. Phys. 43. 199 (1975).
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But: trans-Plankian problem, information puzzle etc.
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Is black hole formation — evaporation unitary?
 regularity near horizon (<« firewall etc.)
correlations between Hawking particles and
vacuum fluctuations falling towards singularity
a) 1nformation 1s lost
— “‘non-unitarity’’? '
b) singularity stores information
— black-hole entropy?
— simple picture:

o
>

one qubit per (; ?

“
’lanck

¢) singularity re-emits information
— causal structure?

information # energy g
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Toy model: /N independent qubits

Ground state: |0) = || |]] ...)

Flip n << N qubits with probability p << 1
Number of permutations (possible states)
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Entropy of state o with (O] 0 |0) = 1
—— = O(ln N)
(E)

Number /N of qubits??? (per volume???)
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e quantum radiation: “particles in pairs”™

determination of partner “‘particle™

moving mirror and black hole

partners =~ vacuum fluctuations
information # energy

black hole information puzzle
laboratory analogues
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