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Thermal v.s. non-thermal (featured)

• Parikh-Wilczek regarded Hawking radiation as a tunneling process (with back 
reaction or energy conservation) and derived the tunneling rate: [PW, PRL 2000]

• The tunneling rate is composed of a thermal part and non-thermal part.   This 
suggests radiation contains more features than just temperature (determined by 
mass M).



Energy Conservation = no information loss

• The exponent is simply the change of Bekenstein-Hawking entropy as the 
(Schwarzschild) black hole loses a bit of energy/mass ω via tunneling.  The 
conservation of entropy/information may help resolve the notorious information 
loss paradox [Zhang-Cai-You-Zhan, PLB 2009; Kyung Kiu Kim-W, PLB 2014; Kuwakino-W, JHEP 
2015] or reveal the existence of remnant [Li Xiang, PLB 2007; Yi-Xin Chen, Kai-Nan Shao, PLB 
2009]

• Or not  [Mathur, CQG 2009], see also Firewall [AMPS, JHEP 2013]

• We have two observations here:
1. Microscopic degrees of freedom to carry information are still unclear.

2. PW tunneling rate can be derived without concept of spacetime [Braunstein-Patra, 
PRL 2011]

• Is a quantum mechanical model of Hawking radiation with PW tunneling feature 
possible? 



Black hole in thermal bath ~  atom in cavity (1)

Trapped atoms in cavity QED: coupling quantized light and matter
Reinhard Miller, Tracy E. Northup, Kevin M. Birnbaum, Alessandra Del 
Boca, A. D. Boozer, H. Jeff Kimble
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Black hole’s stimulated emission

(a) Each state has degeneracy
(b)Dof are located somewhere at or outside horizon 



Stimulated emission = PK tunneling rate

2* Isotropic metric is used to 
calculate area



Jaynes-Cummings model of cavity-QED
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Jaynes-Cummings model of cavity-black holes



Reversible featured emission = write a qubit

[Hwaking-Perry-Strominger PRL, 2016; Maitra-Maity-Majhi, 
1906.04489; Chu-Koyama, JHEP 2018]



Entanglement sustained by photon interaction



Lessons learned so far…

• We regard PK tunneling picture of Hawking radiation as Einstein’s model of 
stimulated emission, under the assumption that microstates with double 
degeneracy were seated at horizon.  This could closely relate to Bondi-Metzner-
Sachs (BMS) symmetry of soft gravitons which claim black hole information. 
[Averin-Dvali-Gomez-Lust, MPLA, 2016; Eling-Oz, JHEP 2016]

• We demonstrate how to write a qubit via unequal coupling g in JC model.  In a 
black hole, featured (angle-dependent) coupling g (after analytic continuation) is 
related to the Goldstone boson generated by BMS transformation.

• The black hole information can be stored in entangled microstates.  Though it will 
be dephased in an open system via interaction, but evolution of DEM suggests it 
may survive long enough before carried away by featured radiation.  Photon 
sphere may play important role of the cavity to preserve such information.



Black hole in photon sphere ~  atom in cavity (2)
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