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Summary of Many-body Treatment

Adiabatic Evolution

e Consider an initial many-body state, |¥q)
o Example: in the (two-)flavor-basis, |Vev ve)

o Adiabatically evolve with Schrodinger's Eq.
|\I/> ~ Ve—i fg E(t/)dt/%T |\IJO>

e V. Vy real mapping of energy eigenstates to mass product states,
parametrized by the 2V solns of A = (A1,...,AN), at times ¢,0

o X = VHVT real, diagonal; any energy degeneracies split by
differing X parameters

e Obtain both V, X efficiently using methods of Patwardhan et al.,
2019
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Summary of Entanglement Measures
Density Matrix, Polarization Vector, & Entanglement Entropy

Consider a pure, many-body neutrino state p = |U)(W¥|. Then, a
single-neutrino reduced density matrix:

2
pg=Tr 5. Nlpl = Z (Viy - Uiy o Vi PV - Ty - Vi)

B yeenigyein=1
° ﬁ(wq), Polarization vector of neutrino ¢: py = 5 (I + ﬁ(wq) - &)
@ S(wy), Entropy of entanglement between neutrino ¢ and rest:

S(P)Z—l_Pln<1_P)_1+Pln<1+P)

(w

2 2 2 2

with P = |P(w,)|
NB: S and P = |P| are one-to-one, inversely related
e P=1<«< S=0 (Unentangled)
e P=0 < S=1In(2) (Maximally Entangled)
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Evolution of All-Electron Flavor Initial State
First Comparison of MF and MB

P-(wy)

e Consider spectra of freq wy,...,wy where w, = pwo
e For N =2,...,9, evolve from |¥o) = |ve...Ve)

@ As u~0 (r> R,), H diag in mass-basis
— plot final spectra as P, = ni1 —ny
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NB: In the MF case, S = 0 always
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Correlation of P, Discrepancies and S
Wider Comparison of MF and MB

Calculate AP, (w) = |PMF(w) — PMB(w)| at r > R,
e For N = 4: all ICs with definite flavor v, v, (e.g., |Ve, Va, Vs, V)

@ For N = 8: same ICs, but plus four v, to top/bottom of spectrum
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Trendline: y(S) = PMF(S) — PMB(S) =1 — P(9)
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Comparison of P, Spectra
Weakening the Spectral Swap

@ Evolve |Vg) = |VelelelelylylsVy) until 7> R,

e Pairs (p, q) with P,(wp) = —P,(wq,) also share S(w,) = S(wy)
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Cervia, Patwardhan, Balantekin, Coppersmith, Johnson
arXiv e-print:1908.03511
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Comparison of Intermediate P, Spectra

Whi

PYF()

le r > R,

@ Same IC, but observe P, before r > R,
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Comparison of Intermediate P, Spectra
While » 2 R,, N = 8 alternative IC

|\IIO> = |VeVeVeVeVeVeVer>
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Future Work

@ Y. Predictions — Nucleosynthesis yields o \
0.6 \\\
Many-body

@ Next steps in calculations 0

Larger N 0
Inclusion of 7 <= w < 0, here

Inclusion of frequency degeneracies ’ v
Beyond single-angle approximation it — fipq
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Comparison of Intermediate P, Spectra
While » 2> R,, N = 2 mono-flavor initially

o |¥)) = |vere), and observe P, before r > R,
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Comparison of Intermediate P, Spectra
While » > R,,, N = 2 different-flavor initially

o |Vg) = |very), and observe P, before r > R,

1
0.8

0.7

j Many-body j
Mean-field

0.6 -
0.4 0.5
~ 027 04
30 _ E)
S o2l 03
—0.4 H 0.2
—0.6 |
0.1
—0.8 |
- . . . 0 . . .
200 500 1000 2000 200 500 1000 2000
7 (in units of wy') 7 (in units of wy)

11/9



Entanglement in Individual Eigenstates

Highest frequency v to the rest, N =5
o |U) eigenstates of H, for N =5

S(u)

S(p)

@ hightest/lowest-weight states are trivial
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