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Two species

Contexts
> ultracold atom systems
> solids
> quark matter
> neutron stars

Different Fermi momenta

> first constituent costs
zero energy

> p,—p

> = second constituent
costs free energy

> might not be
compensated
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Two species
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BCS vs. unpaired
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(1962)
M1 = [+ 6u
Mo = (4 — 6l

Chandrasekhar-Clogston Limit
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> 6 < buy = 2: BCS
> 6u =6y : 1St order
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Abandoning homogeneity...

Inhomogeneous chiral condensation

Review by M. Buballa and S. Carignano,
“Inhomogeneous chiral condensates®,
arXiv:1406.1367

Inhomogeneous diquark condensation
Available on the market:

> LOFF-condensation

> DFS-phase

Andreas Windisch, [KFU, WashU] 4-fermion condensation in asymmetric systems



o - =
3 |

% |

B .- '

> A. Larkin and Y. Ovchinnikov, Zh. Eksp.
%; Teor. Fiz 47, 1136 (1964)

Translation: [Sov. Phys. JETP 20, 762 (1965)]

> P. Fulde and R. Ferrell, Phys. Rev. 135,
A550 (1964)
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LOFF in QCD
> translational and M. Alford, J. Bowers and K.
rotational not invariant Rajagopal, Phys.Rev. D63 (2001)
> condensate varies as > crystalline condensate
plane wave with 2q > net momentum
> crystalline structure, > QM and glitches:
A(r)=cos(2q-r) vortex pinning

Andreas Windisch, [KFU, WashU] 4-fermion condensation in asymmetric systems



Deformed Fermi Surface — Phase

H. Miither and A. Sedrakian, PRL 88 (2002)
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H. Mither and A. Sedrakian, PRL 88 (2002)

Legendre Polynomials
M= X2, Mr,1Pi(cos 9)

Andreas Windisch, [KFU, WashU]

0" and 2" polynomial

Hf = Hfo +Nf,2%(30032 9-1)

v

Definition u

= U0 — 3Hr2

Definition £5/4

— 3 (Had 4 Hou
esa=3 (5= '2)

Actual deformation
Mf = ljf(1 = EA Siﬂ2 \9)
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H. Miither and A. Sedrakian, PRL 88 (2002)
Superconducting vs. Normal State

Difference in free energy

H. Miither and A. Sedrakian,
PRL 88 (2002)
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H. Mither and A. Sedrakian, PRC 67 (2003)
Superconducting vs. Normal State
(LOFF included)

Difference in free energy

H. Miither and A. Sedrakian,
PRC 67 (2003)
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H. Mither and A. Sedrakian, PRC 67 (2003)
Superconducting vs. Normal State
(LOFF included)

H. Miither and A. Sedrakian,
PRC 67 (2003)
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WHY QUARTETTING?

Pairing Quartetting

Kinematically suppressed Condensation?

() =0 (qqqq) =7
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RG setting
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Scaling behavior limg_,

weak coupling, 6y < A
> (qq) : marginal

> (qqqq) : irrelevant
weak coupling, 6u 2 A
> (qq) : irrelevant
> (gqqq) : irrelevant
strong coupling, 6y 2 A
> (qq) : suppressed
> (qqqq) : ?
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Toy model: Bosonized Lagrangian SU(2)r ® SU(2).
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5%% e ® Name: =
. ® Species: Boson

- ® Occupation: complex scalar
3 .
~ ® Represents: 4-fermion condensate

® Name: @:g

!. ® Species: Ghost-like tensor field
il ® Occupation: complex, 0 baryon number
- ® Represents: 2-fermion pairing

rve
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Toy model: Bosonized Lagrangian SU(2)r ® SU(2).
g =
9% (Bu — (u+8u0s)y* +m) 50w+ 1 (104=1)% + 1 (l0u@)?
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Flow equation
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Toy model: Bosonized Lagrangian SU(2); ® SU(2).
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Coupling diagonal Three couplings
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Summary and Outlook

Summary
At strong coupling in
fermionic systems with
large asymmetry two
fermion condensation is
suppressed. Our toy model
indicates, that in this
scenario four fermion
condensation can become
a viable candidate.

Andreas Windisch, [KFU, WashU]

Outlook |

> jnclude flow of
couplings g=o

Outlook Il

> study more realistic
condensates
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