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Paramagnetic (Spin) Resonance

Uniform magnetic field BZ splits initially degenerate spin levels

Level splitting is ∆ = gµBBZ
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Paramagnetic (Spin) Resonance

External perturbation F (t) ∼ σxbxe iωt does not conserve spin and results
in the spin-flip processes

Spin response of the system is describe by paramagnetic susceptibility
sα = χα,β(ω)bβ and the absorbed power is expressed via P(ω) ∼ −Imχ(ω)

V.M. Kovalev (ISP) International Workshop May 15, 2017 4 / 10



Paramagnetic (Spin) Resonance

Transitions between spin-split states produce resonance at ω = ∆

External uniform magnetic field (to split spin states)
Transverse perturbation (to flip spin)
Two spin states produce single resonance
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Ferromagnetic EP BEC: Hamiltonian

H0 =

(
p2

2M αp2
−

αp2
+

p2

2M

)
, Ψ =

(
ψ+

ψ−

)
(1)

Hint =
U0

2
(
|ψ+|2 + |ψ−|2

)
+ (U0 − 2U1)|ψ+|2|ψ−|2 (2)

Ferromagnetic BEC occurs if U1 < 0 and Antiferromagnetic if U1 > 0
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Ferromagnetic EP BEC: ground state and excitations

Ground state

Ψ =

( √
nc
0

)
(3)

Excitations

Ψ =

( √
nc + δψ+(r, t)
δψ−(r, t)

)
(4)

Two branches: a) Gapless Boboliubov-type quasiparticles

εk = sk
√

1 + (kξ)2, s2 = U0nc/M, ξ = 1/2Ms (5)

and b) Massive excitations with a gap (produced by exchange interaction)

Ek = 2|U1|nc +
k2

2M
(6)

V.M. Kovalev (ISP) International Workshop May 15, 2017 7 / 10



Paramagnetic resonance in EP BEC: Absorbed power

External perturbation

F(r, t) =
1
2
gsµBσzbz(r, t) (7)

Absorbed power

Pkω ∼ −ωImχzz(k , ω), (8)

χzz(k , ω) ∼ 1
(ω + i0)2 − ε2k

×

×
[
1 +

(2Mα)2

(ω + i0)2 − E2
k

]
(9)
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Paramagnetic resonance in EP BEC: Lines broadening

a) Gapless Boboliubov-type quasiparticles scattering via disorder

εk → εk − iγ+k , γ
+
k =

(kξ)3

τ
<<

1
τ

b) Massive excitations scattering via disorder

Ek → Ek − iγ−k , γ
−
k =

1
τ

(
2U1

U0

)2

≈ 1
τ
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Paramagnetic resonance in EP BEC: Conclusions

BEC operates as quasi-3-level system: double-line structure of
paramagnetic resonance
no external uniform magnetic field: spin splitting occurs due to
exchange interaction
non-uniform perturbation: transfer of external momentum to excite
particle from uniform BEC

Thank you for your attention!
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