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Magnetic fields and tidal locking – reconsidering the “habitable zone”
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Magnetism evolves slowly in old stars
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R = 1.152 ± 0.009 R⊙

M = 1.09 ± 0.02 M⊙

Age = 4.4–5.5 Gyr

51 Peg: (Bℓ, Ṁ, Prot, R, M)

Wood+2021, Metcalfe+2024a

Ṁ = 0.38 ± 0.13 Ṁ⊙

Prot = 21.9 ± 0.4 days

☼



Direct estimates of wind braking torque

Metcalfe+2021, 2022, 2023a, 2024a, 2025
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WMB in Sun ~ land-based life on Earth

~400 million years ago 

Credit: NASA



• At the onset of WMB, rotation and activity decouple as 
magnetic fields become weaker and more complex 

• WMB begins before stars reach the Rossby number 
of the Sun, empirically near Rocrit ~ 0.92 ± 0.01 Ro⊙

• The wind braking torque of the exoplanet host stars 
ρ CrB, 51 Peg, and τ Cet are all in the WMB regime

• Older stars may provide a more stable environment 
for the development of technological civilizations

Summary of conclusions
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