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phase shifts in degrees
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Tamagaki and Takatsuka (1970,1971,1972)

p ~ 0.7po . Transition from 1S to 3P; Is predicted to occur.



Order Parameter

The 3P, order parameter: traceless symmetric tensor



Ginzburg-Landau Free Energy (1)

Fujita and Tsuneto (1972)

TozB Richardson (1972)
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Ginzburg-Landau Free Energy (2) ZaE

Ginzburg-Landau Free Energy Density (4th order): G = SO(3)r4+s x U(1)
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3P, Phase Diagram Spin2-BEC Phase Diagram
Sauls et. al. (1978) Kawaguchi and Ueda (2010)
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REGION REGION 1

REGION II

1<r<
- = 2

Ground state is degenerate
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Ground State (oth + B)
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U(T) winding number k

E ~ k*logL

The vortex of winding number 2

l

two vortices each of unit winding number

Number of Vortices

900MeV 10km
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Set Up (6th+B(z) 10” Gauss) REAE

Neumann

g'(0)=0




Spontaneous Magnetization AL
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Result1: 6th+B(z) 10" Gauss BRERI




Result2: 6th+B(z) 10" Gauss RITAE

Spontaneous
Magnetization




Summary

- BN phase can be realized in NSs
It magnetic field is very strong or if T is near Tc.

- Vortex core has spontaneous magnetization.

> 1S0 phase has no spontaneous magnetization.

Future Works
. Effects on NS observables.

. Treat 3P2 by using Bogoliubov-de-Gennes equation

(zero modes, topological superfluidity, ...)
Thank you !



