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Primordial 
Magnetic Field

10−5 𝐺 for 𝑧 ≪ 3

10−6~10−8 𝐺 for 10 ~ 50 𝑘𝑝𝑐 scale

𝑠𝑢𝑏 − 𝑛𝐺 for 0.1~1 𝑀𝑝𝑐

Generation of small-scale matter density perturbation

Cruz et al, Physical Review D, 2024                                                                                                                               3/13                 



Spectral Index

•𝑎2 𝑡 𝐵 Ԧ𝑥 , 𝑡 = 𝐵 Ԧ𝑥 , 𝑡0 ≡ 𝐵0 Ԧ𝑥 ,

•𝑃𝐵,𝑝𝑟𝑖𝑚 𝑘, 𝑡 = 𝐴𝐵 𝑡 𝑘𝑛𝐵 ,

•(𝜎𝑚)2= 
𝑑3𝑘

2𝜋 3 𝑘
2𝑚

𝑃 𝑘 ෩𝑊2 ,  *

• ෩𝑊 = exp −
𝑘2𝜆2

2
.

*:Jalali et al, The Astrophysical Journal, 2024             the rest: Cruz et al, Physical Review D, 2024                                  4/13                 



5/13



6/13



7/13



8/13



9/13



21-cm waves

21-cm Power 
Spectrum

Brightness 
Temperature
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Conclusion

Finding out what primordial magnetic field is and where it came from using 
21-cm waves (Theoretically, Statistically, Numerically, and any other aspect 

we can :D).  
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Main References

• 21-cm Fluctuations from Primordial Magnetic Fields, Cruz et al, Physical 
Review D, 2024

• Probing the Anisotropy and Non-Gaussianity in the Redshift Space 
through the Conditional Moments of the First Derivative, Jalali et al, The 
Astrophysical Journal, 2024
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Thank you for your 
attention
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