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“Dark matter,” 2024.
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One simple model to describe DM is real 

scalar That is singlet under SM gauge group.

Singlet Scalar Dark Matter

Symmetry imposed:

Ref: M. Cirelli, A. Strumia, and J. Zupan, 

“Dark matter,” 2024.
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Particles start decoupling from other 

components at equilibrium if:  

DM Freeze out

Ref. Gondolo and G. Gelmini, “Cosmic 

abundances of stable particles: improved 

analysis,”

𝑛: Number density

𝐻: Hubble
𝑓𝑖
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Ref.D. V. S. Michael E. Peskin, An 

Introduction To Quantum Field Theory. 

Frontiers in Physics, Westview Press, 

1995.
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Ref: E. Del Nobile, The Theory of Direct 

Dark Matter Detection: A Guide to 

Computations. Springer International 

Publishing, 2022.
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Direct Detection

Effective theory at 

energy scale below 

Higgs mass

Ref: E. Del Nobile, The Theory of Direct 

Dark Matter Detection: A Guide to 

Computations. Springer International 

Publishing, 2022.
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Ref: “First dark matter search results 

from the lux-zeplin (lz) experiment,” 

Physical Review Letters, vol. 131, July 

2023.

Direct Detection
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Perturbative limits

ln Ʌ = ln
𝜇

𝑚𝑆

= 4.6

𝜆𝐻𝑆
𝑚𝑎𝑥

= 1.85
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Unstable DM

Ref.D. V. S. Michael E. Peskin, An 

Introduction To Quantum Field Theory. 

Frontiers in Physics, Westview Press, 

1995.
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Conclusion

In summary we have...

✔discussed the evidences.

✔defined DM to be Stable Real Scalar.

✔found Space of Parameters.

✔found the allowed region due to Experimental and Perturbative 

Limits.

✔realized with good approximation DM is stable in this model.



What next ?!

Nothing! Just enjoy the journey and embrace the 

storm while smiling...



Boltzmann’ Eq.

DM Abundance.
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