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Entanglement Entropy in QFT 

𝑆 =  𝜇 𝐿𝑑−2  +   subleading 𝑈𝑉 𝑑𝑖𝑣𝑒𝑟𝑔𝑒𝑛𝑡  shape dependent terms  

… for a region of size ~ 𝐿 

area 
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for a CFT 

if the theory has some scale 
 (mass 𝑚) universal 

We also have  universal 
terms (𝑘0 or 𝑘′0) inside 

the area term if the 
theory has some scale 

𝑚 ! 
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Result 

Statement: We propose a formula for calculating the universal part of the area term 

𝜇 =  
−𝜋

𝑑(𝑑 − 1)(𝑑 − 2)
 𝑑𝑑𝑥 𝑥2 0 Θ 0 Θ 𝑥 0  

univ. 

𝑚𝑑−2 Γ(1 − 𝑑/2)

3 𝜋𝑑/2−1 2𝑑
 

 

𝑑 = even 𝑑 = odd 

arXiv:1007.0993 
Wilczek, Hertzberg 

(−1)𝑑/2−1 𝑚𝑑−2 log (𝑚𝜖)

3 𝜋𝑑/2−1 2𝑑−1  
𝑑
2
− 1 !

 

 

(−1)(𝑑−1)/2 𝑚𝑑−2 

12 (2𝜋)(𝑑−3)/2 𝑑 − 2 !!
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Relation to c-theorem in d=2 

(−1)(𝑑−1)/2 𝑚𝑑−2 

12 (2𝜋)(𝑑−3)/2 𝑑 − 2 !!
 

 

𝜇 𝐿𝑑−2  
𝑑→2

  𝜇𝑑=2=
−𝜋

2
 𝑑2𝑥 𝑥2 0 Θ 0 Θ 𝑥 0   log (𝑚 𝜖) 

Δ𝑐/3𝜋 (Zamolodchikov) 

  𝜇𝑑=2=
Δ𝑐

6
log (𝑚 𝜖) 

𝑆𝑈𝑉 =
𝐶𝑈𝑉

3
log

𝑅

𝜖
+ 𝑘𝑈𝑉  

𝑆𝐼𝑅 =
𝐶𝐼𝑅

3
log

𝑅

𝜖
+ 𝑘𝐼𝑅  

Δ𝑆 =
Δ𝑐

3
log 𝑚𝜖  

          = universal piece 2/4 



 Adler Zee formula  1982  (quantum correction to Newton constant) 

Δ
1

4𝐺
= − 

𝜋

𝑑 𝑑 − 1 𝑑 − 2
  𝑑𝑑𝑥 𝑥2 0 Θ 0 Θ 𝑥 0 + 

4𝜋

𝑑 − 2
 
𝛿Θ

𝛿𝑅
 

Informal ideas about stablishing the relation 

𝜇 = renormalization of the area term between UV and IR 

𝑆𝐸𝐸 = 𝜇 𝐴𝑟𝑒𝑎 + … 

𝑆𝐵𝐻 =
𝐴𝑟𝑒𝑎

4𝐺
 Black Hole entropy 
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4𝐺
 Black Hole entropy 

A better proof  of the formula involves: 
 
• 𝛿𝑆 = 𝛿 𝐻         variation  of the mass of the theory 
• Spectral decomposition of the two point correlation function of the 

trace of the stress tensor.  
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thanks 

𝜇 =  
−𝜋

𝑑(𝑑 − 1)(𝑑 − 2)
 𝑑𝑑𝑥 𝑥2 0 Θ 0 Θ 𝑥 0  

Conclusions 
 
 
disregarding other details (because of time): 
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univ. 


