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The most profound difference between  
Quantum Gravity and QFT on classical (curved) 
spacetime is the fundamental requirement of 
Background Independence: 
 
No particular spacetime is singled out a priori;  
the internal dynamics of the quantum system 
(“universe”) selects the state it likes to be in and 
determines the emergent geometric properties,  
if any. 



 

 

 

 

“The new strategy is to free oneself of the 
background spacetime that seemed indispensable 
for formulating and addressing physical questions. 

The goal is to lift this anchor and learn to sail the 
open seas.” 

 

 

(A. Ashtekar)  

 











 

 

 
 

 

 
 
 











 
 

 

 

 

 







 
 

 





 
 
 
 
  

 
 
 

 

 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 

                        



 
 
Above the turning point, lowering k converts  
UV-modes to IR modes (rather than vice versa). 
 
At low scales (eff.QFT)k has more dof’s to  
deal with than at high scales. 
 
Resolution to the “paradox”: 
 
When k is increased, the self-selected S4 shrinks, 
causing Fn (k), n fixed, to grow. 
 



 

 
The familiar Running Picture: 
𝜞𝜞𝒌𝒌[𝒉𝒉,𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎;𝒈𝒈] describes the “particle physics” of 
matter quanta and gravitons propagating on the 
running 𝒈𝒈𝒌𝒌

𝒔𝒔𝒔𝒔 geometry. The high-k matter 
description applies to high-k backgrounds! 

 

The new Rigid Picture: 
Try to construct a new action functional 𝛤𝛤𝑞𝑞 by 
eliminating   𝒈𝒈𝒌𝒌

𝒔𝒔𝒔𝒔 everywhere in favor of the 
(essentially flat) macroscopic metric 𝒈𝒈𝒐𝒐

𝒔𝒔𝒔𝒔 . 
Pretend that only the particle physics runs,  
while the background metric stays fixed. 
 
This involves re-interpreting the cutoff scale  
as an eigenvalue of the Laplacian built from 
 𝒈𝒈𝒐𝒐

𝒔𝒔𝒔𝒔 rather than  𝒈𝒈𝒌𝒌
𝒔𝒔𝒔𝒔 . 

If the latter is k2, the former equals q2. 



 

 

 

 

In the rigid picture, q plays the same role k plays  
in the running picture. 
 

The corresponding action functional 𝚪𝚪𝒒𝒒 = 𝚪𝚪𝒌𝒌(𝒒𝒒) 
would require solving 𝑞𝑞 = 𝑞𝑞(𝑘𝑘) for 𝑘𝑘 = 𝑘𝑘(𝑞𝑞). 

 

Globally, this is impossible however ! 

 

The rigid picture is applicable from k=0 to kT only. 
It breaks down at the turning point which acts as  

a “scale horizon”. 



 

 

    

 

  

  
 

 

 



 
Application to the  
Cosmological Constant Problem 
 
The familiar summation of zero-point energies 
quantizes the modes in 𝚼𝚼𝑰𝑰𝑰𝑰(P) employing  
the rigid picture. 
 

Within its domain of applicability (P < kT), the 
resulting vacuum energy changes Λ by at most  

a factor of 2. 

 

⟹ Traditional “rigid” calculations obtaining 
factors like 10120 overstretch their actual 
domain of validity quite considerably. 

 

⟹ It is incorrect to claim that these  
calculations imply a naturalness problem  
for a small value of Λ. 

 

 



 

 
 
The running picture allows for a consistent 
interpretation of scales above the turning  
point also. 
 

⟹ It becomes unavoidable to appreciate the  
k-dependence of the metric. 

 
⟹ When  𝛬𝛬𝑘𝑘 grows, the running Einstein 

equation 𝑰𝑰(𝒈𝒈�𝒌𝒌𝒔𝒔𝒔𝒔) = 𝟒𝟒𝚲𝚲𝒌𝒌 allocates the 
growing curvature not to cosmological scales, 
but to shorter and continuously decreasing 
length scales. 

 
Fluctuations at scale k curve spacetime at scale k! 

 

A fatal limitation of the standard approach: 
Fluctuations of any scale can generate curvature 
on the cosmological scale only. 
 

 



 
 
Conclusion 
 

Fundamentally the question about the 
gravitational manifestation of vacuum fluctuations 
involves only a very simple dynamics (harmonic 
oscillator,…) and seems unrelated to any specific 
UV completion of quantum gravity; 
nonperturbative effects (Asymptotic Safety,…)  
play no essential role. 
 
In order to get a qualitatively correct picture, 
it is crucial though to respect Background 
Independence and to avoid the misconception 
of a pre-existing spacetime. 
 

 

 




