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Role of Correlations in Spin Polarized Neutron Matter
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In collaboration with …
 Artur Polls (Univ. Barcelona)
 Victoria Durant (TU Darmstadt)
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²  Purpose: Identify the nature and role of correlations on spin polarized and non-polarized neutron matter
 ² Method: BHF with Av18+TBF & Hellmann-Feynman Theorem
 ² Conclusions: Realistic interactions do not favour this transition. Non-polarized neutron matter is more correlated than totally polarized one
 For details see:   Phys. Rev. C 94, 054006 (2016)
 (Editor’s Suggestion )
 The existence or not of a phase transition to a ferromagnetic state in NS interiors is a consequence of diferent role of nucleon-nucleon correlations in polarized & non-polarized matter
 The message of this talk
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Spin-Polarized Neutron Matter
 n n
 ρ = ρn↑+ ρn↓
 Δ =ρn↑ − ρn↓
 ρ
 ² 
 ² 
 In good approximation
 E ρ,Δ( ) = ENP + Ssym ρ( )Δ2 +O(4)
 I. V. et al., (2002)
 Ssym ρ( ) = 12∂2E ρ,Δ( )∂Δ2
 Δ=0
 ~ ETP ρ( )−ENP ρ( )
 Energy of Non-Polarized
 Matter
 Spin Symmetry
 Energy
 In the same spirit of nuclear matter one can define
 LS ρ( ) = 3ρ∂Ssym ρ( )∂ρ
 Magnetic Suceptibility
 χ ρ( ) = µ 2ρ∂2E ρ,Δ( ) /∂Δ2
 Δ=0
 =µ 2ρ
 2Ssym ρ( )
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BHF approach of Spin-Polarized Neutron Matter in a Nutshell
 Partial sumation of pp ladder diagrams
 Infinite sumation of two-hole line diagrams
 EBHF (ρ,Δ) = 1A
 2k2
 2m+
 12A
 k ≤kFσ
 ∑σ
 ∑ 2k2
 2mk ≤kFσ
 ∑σ
 ∑ Re Uσ (k )$
 %&'
 Free Fermi Gas Correlation Energy
 ü  Pauli blocking
 ü  Neutron dressing
 G ω( )σ1σ 2σ3σ 4=Vσ1σ 2σ3σ 4
 +1Ω
 Vσ1σ 2σ iσ j
 Qσ iσ j
 ω −εσ i−εσ j
 + iηG ω( )σ iσ jσ3σ 4
 σ iσ j
 ∑
 εσ (k) =
 2k2
 2m+Re Uσ (k)[ ]
 Uσ (k ) = 1
 Ω
 kσk 'σ ' G
 k '≤kFσ '
 ∑ (εσ (k )+)εσ ' (
 k ')kσk 'σ '
 Aσ '∑
 , σ =↑,↓
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Hellmann-Feynman theorem
 €
 dEλ
 dλ=ψλ
 d ˆ H λdλ
 ψλ
 ψλ ψλ
 Proven independently by many-authors: Güttinger (1932), Pauli (1933), Hellmann (1937), Feynman (1939)
 §  Writing the nuclear matter Hamiltonian as:
 €
 ˆ H = ˆ T + ˆ V §  Defining a λ-dependent Hamiltonian:
 €
 ˆ H λ = ˆ T + λ ˆ V
 è
 €
 ˆ V =ψ ˆ V ψψ ψ
 =dEλ
 dλ$
 % &
 '
 ( ) λ=1
 H. Hellmann R. P. Feynman
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Kinetic and Potential Energy Contributions
 (Empirical saturation point of SNM ρ0=0.16 fm-3)
 §  Potential energy contribution
 ü  LS: dominates in all the density range (~ 75% of the total at ρ0)
 §  Kinetic energy contribution
 ü  Esym: smaller than that of <V> in the whole density range but not negligible in
 contrast with the nuclear matter case
 ü  SSym: dominates in all the density range (~ 61% of the total at ρ0)
 ü  LS: very small in the whole density range and negative above ~ 0.4 fm-3. Much smaller than the FFG one (~ 41 MeV at ρ0)
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Spin Channel & Partial Wave Decomposition
 (Empirical saturation point of SNM ρ0=0.16 fm-3)
 ü  Largest contribution from S=0 (almost all Ssym & ~ 70% of Ls ) in particular from the 1S0 and 1D2 partial waves
 ü  Contributions to Ssym from p.w. where the tensor force acts (3P2-3F2, 3F4-3H4, 3H6-3J6 & 3J8-3L8) compensate with other p.w. (i.e., 3P1 & 3P2 compensate) or are small
 è Tensor force plays a less important role for Ssym & LS than for Esym & L
 
 (<V>) (<V>)
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A way of estimating the importance of correlations in a fermionic system is simply to evaluate
 ΔT = T −EFFG The larger ΔT the more important is the role of correlations
 ü  Correlations become more important when increasing density
 ü  SM more correlated than TP & NP NM
 ΔTSM > ΔTNP > ΔTTP
 ü  NP NM more correlated than TP NM
 ΔTSM −ΔTNP > ΔTSM −ΔTTP
 è spin dependence of short range NN correlations less strong than its isospin one
 Estimation of the role of correlations
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Contributions from different terms of the NN force
 ü  Largest contribution from spin-spin terms
 ü  Contribution from other terms amounts ~ 16% of Ssym and ~ 23% of Ls
 §  Ssym: 21.947 (Total: 26.266)
 §  LS: 58.603 (Total: 75.914)
 (Empirical saturation point of SNM ρ0=0.16 fm-3)
 è Spin correlations dominate
 both Ssym & LS
 (<V>) (<V>)
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The Take Away Message
 ² Realistic interactions do not favour a ferromagnetic transition in neutron matter
 ² Non-polarized neutron matter is more correlated than totally polarized one
 ² Spin dependence of short range NN correlations is less strong than its isospin one
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§  You for your time & attention §  NewCompstar & COST for its support
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