Competition between magnetic and
pairing exchange in confined systems

I Laboratorio Regionale SuperMat

CNR-INFM
Baronissi (SA)-Italy

- e

INFM

© e

Mario Cuoco 1?4

Canio Noce 12

Huan-Qiang Zhou 4

Zujian Ying 123

2 Dip. di Fisica “E.R. Caianiello”
Universita di Salerno

Baronissi (SA)-Italy

ARTJMENTO Ol FiSicA ff_w}
“ER, CAIAMELLD" ‘ ',




Contents

v’ Motivation: pairing with mismatched chemical
potential @ coexistence of pairing and ferromagnetic
correlations

v' Mechanisms for the chemical potential imbalance of
the two spin states: ferromagnetic exchange, mass
asymmetry, external field

v’ Description: generalization of the Richardson model
with inclusion of different depairing mechanisms

v Mapping out the ground state diagram: exact
solution

v Conclusions




Relevant systems: pairing with
mismatched chemical potential

* Cold dense quark at the core of
neutron stars

- Magnetized superconductors
* Ferromagnetic superconductors

» Ultracold atomic gas of fermions with
unequal numbers of two components




Relevant systems: pairing with
mismatched chemical potential- 0
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Relevant systems: pairing with
mismatched chemical potential- 1
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Relevant systems: pairing with
mismatched chemical potential -11

UGe, phase diagram: superconductivity
within the ferromagnetic dome
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Relevant systems: pairing with
mismatched chemical potential-I11
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Spin imbalance: mechanisms and possible
oground state configurations

« Applied field

- Ferromagnetic exchange

- Mass asymmetry or kinetic energy imbalance
* Spin population imbalance

* Fulde-Ferrell-Larkin-Ovchinnikov state: pairs
possess a nonzero center of mass momentum that
breaks translational invariance

- Homogeneous Sarma or breached pair state: phase
with gapless excitations

* Mixed phase: regions of a paired BCS superfluid are
surrounded by an unpaired normal particles

- States with phase separation




Microscopic ingredients
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Effective modelling:
generalized Richardson Hamiltonian
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w, stands for the factor controlling the bandwidths amplitude for different spin polarizations
g describes the electron-electron interaction via pairing
J describes the electron-electron interaction via magnetic exchange

h is the Zeeman energy in the = direction, acting as a chemical potential spin imbalance

the problem is exactly solvable

Z.Ying, M.Cuoco, C.Noce, H.Zhou PRB 74, 012503 (2006)
Z.Ying, M.Cuoco, C.Noce, H.Zhou PRB 74, 214506 (2006)



Sketching exact solution: 1

The Hamiltonian H can be rewritten into two commuting parts H = Hp + Hg where:

|
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¢ Singlv-occupled levels do not participate in the pair scattering, thus stayving “blocked” according to the Pauli
principle

e Similarly, the double (empty) states do not enter the spin dynamics

o the effective magnetic field (w, — w_)e; in the spin channel corresponds to the kinetic energy (wy + w_ Je; of

a pair. and the transverse part of the magnetic exchange J has its counterpart in the pairing amplitude g



Sketching exact solution: 2

N =2(n+m) electrons —— 2m electrons fill a set B of singly occupied

n pairs are distributed among the set U of Ny = () — 2m unblocked levels
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e a generic eigenstate of H can be expressed as [n,m) = g} ]'[“_l li, + where:
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o |—) =Tl..5¢ |0}, with |0} being the vacuum state, and S* is the » projection of the total spin of
the electrons in the blocked levels

¢ the n parameters £, and the m+5° E ; are the solutions of the two sets of the Richardson equations
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Possible ground state configurations
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Stoner exchange vs asymmetric spin dependent
bandwidth
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Strong pairing and polarizing field: role
of antiferromagnetic correlations

0 In general, in presence of strong coupling the FM
and SC states cannot be accomodated together

o The chemical spin imbalance tends to enlarge the
region of the ground state diagram with FM
character

o Is it possible to induce a SC-FM configuration with
moderate/strong pairing?

o The antiferromagnetic exchange can represent a
mechanism for softening of the depairing process



Field response in presence of AF and pairing
exchange

*GS diagram for J=-4d

Two stage magnetization
induced by the spin-
imbalance

*Jump of the number of

polarized spins at the
interface of SC- SF

0 50 100 150 200 250 300 350 400 450 500 550
50 -

40 |

Critical value of A\ separating
smooth to sharp changeover _
in the competition between ol
pairing and spin imbalance

30 |-

10 -

. . i . I . . 1 .
0 100 200 300 400 500 600



Inhomogeneous profile of the pair
distribution function in presence of AF
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Conclusions

"We have obtained the ground state diagram for a
system of correlated pairs in presence of spin imbalance

*We scan the full phase of parameters by means of the
exact solution of the problem upon examination

"Pairing coexisting with polarized states is better
realized for asymmetric spin bandwidth

"For strong pairing correlations in presence of a
polarizing field is crucial the role of a mechanism for
softening the depairing process: antiferromagnetic
exchange can work for that

"Opening of a window for coexisting paired and
polarized spins due to antiferromagnetic exchange and
spin imbalance field includes states with an
inhomogeneous profile in the energy distribution




