
2021年4月  中科大彭恒武高能基础理论研究中心/交叉中心



Outline

Ø Unruh and Anti-Unruh effects

Ø Quantum many-body states

Ø Influence of acceleration

Ø Conclusion and future



Unruh effect

L. C. B. Crispino, et al, Rev. Mod. Phys. 80 (2008) 787. 



Quantum Optics Route

International Journal of Modern Physics A 34 (2019) 1941005.



Unruh-DeWitt Detector

Ø (1+1)-dimensional model 

Ø The time evolution is determined

Ø The change of the detectors is 

L. C. B. Crispino, et al, Rev. Mod. Phys. 80 (2008) 787. 
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Experimental confirmation?
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Anti-Unruh effect
     A particle detector in uniform acceleration coupled to 

the vacuum can cool down with increasing acceleration 
under certain conditions.

W.G.Brenna  et al, PLB 757 (2016) 307



Anti-Unruh effect
 Is this unintuitive “cooling” effect just transient behavior?
 Can it happen under true stationarity conditions?

L.J.Garay  et al, PRD 94 (2016) 104048



Anti-Unruh effect
     The coherence for accelerated atoms

Taotao Li, et al, Phys. Rev. D 97, 045005 (2018)

     Consider an atom with the initial state

     After the atom is accelerated



Anti-Unruh effect
     The Anti-Unruh effect will lead to the increase of the 

coherence of the quantum state for accelerated atoms.

Taotao Li, et al, Phys. Rev. D 97, 045005 (2018)

Finite interaction time Infinite interaction time

     The decoherence factor



Possibility of anti-Unruh effect

Possibility
Low temperature

New phenomena
BEC
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NooN states
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Schrodinger’s  cat states

L. You, PRL 90 (2003) 030402



Two-mode squeezed states
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Schwinger representation

Consider N two-level atoms, their collective spin operators

(j+m) atoms at the exited state, (j-m) atoms in ground state



Coherent states

=



Dicke/Twin-Fock (TF) states
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L.M. Duan, et al, PRL 85 (2000) 3991; H. Pu, P. Meystre, PRL 85 (2000) 3987 



Squeezing parameter
Ø General definition 

J. Ma, et al, Physics Report 509 (2011) 89



Application of TF states



Squeezing parameter

This is a spin-squeezing parameter related to entanglement

It derives from 

For our purpose, 

J. Ma, et al, Physics Report 509 (2011) 89
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Two atoms

Ø Concurrence:

Consider two atoms with initial states

When one or two of the two atoms are accelerated, 
how would the initial entangled state be changed? 



Results of Acceleration

One atom at acceleration Two atoms at acceleration Maximal entangled states

Taotao Li, et al, Phys. Rev. D 97, 045005 (2018)



Minimal TF states

1,0



N-atom TF state

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)



Results of Acceleration

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)



Ramsey Interferometer

Pulses Evolves freely Pulses



Phase sensitivity

Evolution

Optimal phase sensitivity

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)



For Dicke states

When m=j, Standard quantum limit

When m=0,

Approaching the Heisenberg limit:
2

�(� + 2)



For accelerated states

Considering the approximation,

We obtained,

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)



For accelerated states
Phase sensitivity

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)



For accelerated states
For the real experimental conditions

9~ 10  KT 

Y. J. Pan, et al, Phys. Rev. A 101, 062111 (2020)
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Summary and discussion

uAnti-Unruh effect can used as experimental signals

uAnti-Unruh effect can increase the entanglement 
among many atoms. 

uThe acceleration is reduced for the actual experimental 
measurement using BEC. 

p Is the evolution induced by acceleration unitary?  

Statistics?
Quantum?

Unitarity?



Information loss？

Irrespective of what initial state a 
b lack hole  starts  with before 
c o l l a p s i n g ,  i t  w i l l  e v o l v e s 
eventually into a thermal state 
after being completely exhausted 
into emitted radiations.

The radiations should be altered

The interior should be reinterpreted

B. Zhang et al, IJMPD 22 (2013) 1341014

B. Zhang, PRD 92 (2015) 081501(R)
B. Zhang, et al, PLB 765 (2017) 226

Is information loss a feature for semi-classical theory?  Unruh effect!



41

Thank you!


