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Vacuum Energy (density)



Vacuum Energy (density) catastrophe!



Vacuum Energy density

We will return to 
this integral!



Riemann Zeta function and its application to physics

• Hawking S.W. (1977), Zeta function regularization of 
path integrals in curved spacetime, Communications 
in Mathematical Physics, 55 (2) 133-148.
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• Cassimir Effect: zeta(-3) = 1/120
.
.
.
• Remmen G. N. (2021), Amplitudes and the Riemann 

Zeta Function, arXiv:2108.07820v2
3Blue1Brown – YouTube channel

https://arxiv.org/abs/2108.07820v2


A new Riemann Zeta function regularization technique



A new Zeta function regularization technique
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Zeta function regularization applied to vacuum energy problem

negative value!



Results
Theoretical

Observational



Results

1- Vacuum energy density (VED) is finite without the need if a UV cut-off.

2- VED has a simple closed-form, quartic in particle rest mass. 

3- Only 1 of Pauli’s 4 conditions is necessary and sufficient to zero out the VED.

4- Vacuum energy contributions from the fermionic fields are positive and from the 
bosonic field are negative!



Discussion and Conclusions

Why is there still a discrepancy between theoretical and observational results ?

1- We may be missing the vacuum energy contribution of at least one unknown massive bosonic particle. 
For example if  we assume a scalar boson (say a heavy cousin of Higgs with g=1), then its mass would be 327 
GeV/𝒄𝟐 If we assume a vector boson (say a Z-prime boson with g=3), then its mass would be about 247 
GeV/𝒄𝟐 . Also it is possible there is a missing fermionic (dark matter) particle plus an even heavier missing 
boson.

2- The quantum harmonic oscillator model may be too simple to describe the vacuum energy. For example, 
the effect of interacting quantum fields may need to be taken into account (this work has started).

3- The gravitational field may have an important contribution. This will require an understanding of the 
quantum gravity which we currently lack.

4. The effect of running of the particle masses needs to be investigated (this work has started).
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