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What 1s decoherence?
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Oscillator bath model
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Internal degrees of freedom (internal clock)

Proper time difference



Internal degrees of freedom
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Internal degrees of freedom

- Ecm,L
D Erel,L
- Ecm,R
T Erel,R

100

50

T e m m e e e e mm omm = o =

Friedemann Queisser and W. G. Unruh, arXiv:1503.08814 (2015)



L
Reversible Stern-Gerlach apparatus

INHOMOGENEQUS
FIELD

D. Bohm, Quantum Theory (Prentice-Hall, 1951)
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QED (Photon bath)
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QED (Reduced density matrix propagator)
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QED (Influence functional)
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. decoherence’

False loss of coherence

Coherence Is restored again

Reduced density matrix

loses Its coherence

W. G. Unruh, In Relativistic quantum measurement and decoherence,
eds H. P. Breuer and F. Petruccione (2000)
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Linearized gravity (Graviton bath)
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Linearized gravity (Influence functional)
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External observer/internal observer
QM/QFT/QED: Measurements are made from the outside

system

Gravity: Measurements are made from the inside

system




External time/internal time
QM/QFT/QED/Newtonian physics (external time):
Time flows equably from place to place

system

Gravity (internal time):
Inequable flow of time from place to place
Time arises from interactions of matters

system




Penrose problem
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? Question
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Decoherence In QFT
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J. Cloutier and G. W. Semenoff, Phys. Rev. D 44, 3218 (1991)
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Summary

*sPhoton bath: dipole moment radiation=preal loss of coherence

Coulomb field =» false loss of coherence

*sGraviton bath: quadrupole moment radiation =» real

gravitational field=» false in Newtonian limit?

» Interpretation of gravitational decoherence
- with external/internal observer+time

? Decoherence in QFT?
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