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Introduction
1. Spin-down Evolution (SDE) 2. Differential Rotation (DR) slow "~ fast 20 gas

> Low-mass stars spin down Metcalfe & van Saders (2017) » Asteroseismology with Rg’;ﬁ;i?:;l Equator-fast (Ro < Rog)
by magnetized stellar wind. rotational splitting
> Problems of SDE models: ' ] | (e.g. Benomar et al. 2018) ) Transport

B The solar wind torque 7, o : = i . m Rapid DR is common. e
Star : 7y o ~ 7 x 103 erg £ o i 3D MHD simulation (e.g. Brun et al. 2022)

40_|.......=.......l.......|.....‘]‘..r_ . ranspor
Sun 7y o ~ 3 % 1030 erg e B Ro = Rog : Polar-fast (Ro ~ Rog) \

*Ro (x Q71 : Rossby number ¥
> Previous SDE models : uniform rotation Polar-fast (Ro = Rog)
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(Finley et al. 2019)
B Decreasing of the spin-down rate (in t = 4 Gyr)

Weak AM
Transport

Purpose : Consider the effects of DR to solve the problems of previous SDE models.

Method

1. Outline 2 Model Const.< 0 E Const.> 0 E < Ro™*

|. Stellar evolution by MESA » Angular momentum : L = [Q,. No DR
M(t), R(t), TS () * I : moment of Inertia Sun
Il. Rossby number, DR model » The solar wind torque : 7, 5 = 3 x 10°° erg

> DR model : (cf. Brun et al. 2022)
Ro ('Qcorer tgzs): 'Q'equa (ﬂcore,: Ro )

o« Ro~2 at Ro < Rogp
. AQ s crit
lll. Stellar wind torque model core — J aes (Const.> 0) at Rogr S Ro S Rog

TW(M' R, R0, Qcpre, Q'equa) eore A pf (Const.< 0) at RO@ < Ro
V. Calculate spl;Levqutlon with | - 1l * Aoore = Qoqua — Qeore : EXtent of DR (>0 : Eq, <0 : Po)
dr  tw > Stellar wind Torque model : (cf. Matt et al. 2015) RS T
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15y - Empirical convective turnover time
(Cranmer & Saar 2011) Our

*Ro = 21/(QeoretSS) : Rossby number (in Obs.)
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*We set to p =3 (Skumanich’s law)

Result

1. Solar spin-down evolution 2. Spin-down rate decreasing

The rapid equator-fast DR the transition from (rapid) equator-fast DR to polar-fast DR
= Reproduction of the solar value using 7, o = 3 x 10°° erg = Spin-down rate decreases.
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Angular velocity

T = 3 x 1030 erg,. No DR : TW,@. =7 x 103 erg

Conclusion & Future work

1. Conclusion

» We construct the spin-down evolution model considering the DR effect for wind torque.
> Assuming the rapid equator-fast DR, the discrepancy of the solar-wind torque can be solved.
> Due to the transition from equator-fast DR to polar-fast DR, the trend of spin-down evolution can be reproduced.

2. Future work
DR effect in MHD simulation, The effect of metallicity, The indices of the stellar wind torque etc.




