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Is there more? Yes! 

• Second law of thermodynamics: entropy of a closed 

   system can never decrease over time 

• Second law of black hole mechanics: horizon area is a 

   nondecreasing function of time in any classical process 

   (assuming the null energy condition) 

Quantum thermodyanmics provides 

additional constraints on thermal 

processes, which are relevant for 

Quantum Field Theory and Gravity 
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recover standard 

Second Law! 
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   Renyi entropies generalize  entanglement entropy 
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Second Laws: 

• each 𝛼 may give a new  

   ordering of states and so 

   may provide new  

   constraints for the  

   allowed transitions, 

   ie, the path towards  

   thermal equilibrium 

• Renyi divergences give one-param family of constraints 

• alternatively, new constraints 

  may be redundant or weaker 

  than those, eg, of free energy Answer depends on 

details of system 
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where: 
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Renyi Divergences for QFT: 

• Euclidean path integral construction for tr(            ) for 

   a special class of nonequilibrium states 𝜌 in the CFT 

• combine 

“Euclidean quantum quench”  

• note: 0 ≤ 𝛼 ≤ 1 
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QFT gravity 
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thermalization! 

Holographic translation: 

We will constrain Lorentzian 
dynamics, without examining 

Lorentzian dynamics!!  
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Euclidean (boundary) 

time: 0 ≤ 𝜏 ≤ 𝛽 

Holographic translation of Renyi divergence: 



on 

• calculate perturbatively in amplitude of scalar 𝜆/𝛽Δ−2  

           solve linearized scalar eom in fixed BH bkgd  

• only consider d = 2  (ie, Euclidean BTZ black hole) 

Euclidean (boundary) 

time: 0 ≤ 𝜏 ≤ 𝛽 

Holographic translation of Renyi divergence: 
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  Monotonicity in 𝛼: 𝜕𝛼𝐷𝛼 ≥ 0 

  Concavity: 1 − 𝛼 𝐷𝛼 is concave in 𝛼 

• holographic result matches conformal perturbation 

   theory in boundary theory 

Final result of holographic calculation: 
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• compare individual states/ 

  families to decide whether 

  a particular transition is 

  ruled out   

• ask if new constraints 

  are ever stronger than 

  standard second law  

   (ie, free energy) 

• Renyi divergences give one-param family of constraints 

New holographic constraints? 

● 

● 
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: 

• consider a gravity theory with a single scalar, eg, 

                      Δ = 0.9              𝑚2 = −0.99 

Δ
=
0
.9

 

New holographic constraints? 
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 two relevant operators in boundary theory 

with Δ1 = 0.9 and Δ2 = 0.6 

two scalars, Φ1 and Φ2 , in the bulk gravity theory  

with masses 𝑚1
2 = −0.99  and 𝑚2

2 = −0.84 

• must include extra bulk interactions, eg,  

    

 

  to allow transitions between Φ1 and Φ2 (ie, 𝜌1 and 𝜌2) 
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But must specify relative amplitudes! 

• transition allowed but seen 

   from free energy 
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     to 𝜌2 with Δ2 = 0.6 

• transition ruled out since 
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Δ = 0.9 

• but free energy allows transition 

access to full range of 𝐷𝛼 

provides new constraints! 
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Conclusions & Outlook: 

• quantum thermodyanmics provides new constraints on 

   thermal processes, which constrain both thermalization 

   in quantum field theory and gravitational dynamics 

• calculated Renyi divergences in CFT only for special  

   class of excited states; need to extend to more general 

   states, more general QFTs and larger range, eg, 𝛼 > 1  

• additional constraints from new distance functions 

                       general reference states 

• gravity constraints only indirect through holography  

 compute 𝐷𝛼 directly in gravity? 

 phrase new constraints “geometrically”? 


