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In-Medium Magnetic Field




Neutron Stars
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Sketch of Bvs U phases of a Color Superconductor
with Three-Quark Flavors
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Magnetic Effects on the Gluon Sector

EJF & de la Incera, PRL 97 (2006) 122301

Because of the modified electromagnetism, gluons are charged
in the color superconductor
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Gluon Mean-Field-Effective Action in the CFL Phase:
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Charged Gluons Effective Action
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Magnetic Instability for Charged Spin-1 Fields

Assuming that there is an external magnetic field H lén the z-
direction, one mode becomes unstable when 1 >m",
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Gibbs Free-Energy:
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Minimum Equations:
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Surface Energy Density and Vortex Nucleation
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| Conventional Superconductor vs Color Superconductor
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Variation of internal magnetic field (B) with applied magnetic
field (H) for Type I, Tipe Il and Color Superconductors
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Linearizing the minimum equation for G* around the critical field
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Vortex Solution

From the experience with conventional type Il superconductivity, it is
known that the inhomogeneous condensate solutions prefer periodic
lattice domains to minimize the energy. Then, putting on perlodlmty |n the _

y-direction:
Ay=b = k=2mxn/b, n=0,x1,£2,...

The periodicity is also transferred to the x-direction:
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Neutrality Conditions




Cooper Pairing and Neutrality Conditions

» The optimal Cooper pairing occurs when
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« Matter inside a star should be electrically neutral to guarantee the
star stability and to minimize the system energy
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» There are no enough electrons in 3 equilibrium to balance the charge
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Chromomagnetic Instabilities in 2SC

Color Neutrality and beta equilibrium ‘ )
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Some Suggestions

» Crystalline Superconductivity
Alford, Bowers & Rajagopal, PRD 63 (2001) 074016

= Phases with Additional Bose Condensates
Bedaque & Schéfer, NPA 697 (2002) 802

» Homogeneous Gluon Condensate
Hashimoto & Miransky, PLB 632 (2006) 305




| Chromomagnetic Instabilities & G-B Condensates in 25C |
EJF & de la Incera, PRD 76 (2007) 114012
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Neutrality Conditions




Effective Action
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Weakly First-Order Phase transition
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Free-Energy:
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Linear Equations
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Gluon-Condensate Solution
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Condensate Free-Energy

Inhomogeneous Condensate: EJF & de la Incera, PRD 76 (2007) 114012
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Meissner Masses & Chromomagnetic Instabilities in
Gapless-Three Flavor Quark Matter
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Origin of Stellar Magnetic Fields
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Conclusions
and Future Directions

Magnetism in Color Superconductivity is totally different
from magnetism in Conventional Superconductivity

Magnetism is reinforced in Color Superconductivity

Magnetars <—> CS Cores (?)

Numerically solving the nonlinear equation, looking for
the realization of the vortex state

Exploring the possibility to induce a magnetic field in a
three-flavor system: vortex state in gCFL




