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“It might come as surprise that both the gecko’s ability to walk across ceilings in 
apparent defiance of gravity and the evaporation of black holes through Hawking 
radiation can be understood as arising from zero-point fluctuations of quantum fields” 
 
Steve K. Lamoreaux, Yale Professor in New Haven, Connecticut. 
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Let´s consider the vacum polarization diagram in scalar QED 

iM = 

Casimir Effect: Motivation 

iM 

This integral diverges because this loop is not by itself measurable. Measurable quantities must 
come out finite, so we have to deform the theory in such a way that the integral comes out finite, 
depending on some regulating parameter, and then after all of them are put together, the answer 
turns out to be independent of the regultaor! 



Casimir Effect: Motivation 

To warm up, recall that for a free scalar field, the free Hamiltonian is: 

That’s the zero point energy. This result is not measurable, so we must consider the scalar theory in 
other contexto than just sitting there in the vacum. 



Casimir Effect: Motivation 

Consider the following situation: 

Now we realize that changing “a” the energy inside and outside the box will change, and we have to 
deal of all space again. 



Casimir Effect: Motivation 

We do not expect to get a finite value to the total energy, of course, but we do hope to find a finite 
value for the force: 



Casimir Effect: Motivation 

Sadly, the plates are infinitely repulsive. 

Where was the error? 

Physics! Whitout interaction nothing can be measured. We are missing the fact that the plates are 
made of real materials and practically “transparent” to very small wavelengths.  
 
Let’s correct this and proceed.  



Hard Cutoff 

Then: 



Hard Cutoff 

Now the total energy oscillates with a. 



Hard Cutoff 

Which gives: 



Hard Cutoff 

And: And: 



Hard Cutoff 

The result is a finite and non-zero value for the force: 

In three dimensions, accounting for the two photon polarizations: 



Heat-Kernel Regularization 

Another reasonable physical assumption besides the hard-cutoff would be the exponential supreession 
of high energy modes, resembling the classical eletromagnetic case. Let’s try: 

Then we calculate:  



Heat-Kernel Regularization 

So we get for the energy: 

And for the force: 



Other Regulators 

Let’s be creative and try other regulators: 



Other Regulators 
So we get: 

And the energy come as: 

This is the same as the heat-kernel and floor function gave, although now the “extrinsic” energy is 
absent. We summarize: 

Hard-cutoff 

Heat Kernel 

Gaussian 



Regulator-Independent Derivation 

Casimir showed in his original paper a way to calculate the force in a regulator independente wy. 
Define the energy as: 



The first integral is just the “extrinsic” energy, with energy density: 

Regulator-Independent Derivation 

This contains the difference between an infinite sum and an infinite integral. 



Regulator-Independent Derivation 

Then: 

Taking off the hat the Euler-Maclaurin series: 



Regulator-Independent Derivation 

Which we know gives the Casimir force. 

After all this talk about regulators, we conclude that any regulator will give the casimir force as long 
as  

and 

Casimir force is not depend on any regulator 

Casimir force is na infrared effect 



Is it a Consensus? 

Think twice!  



Any doubt? 
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