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Dipolar Hamiltonian

» Hamiltonian for magnetic atomes (Cr, Er, Dy) in a strong Zeeman Field[1, 2]:

XXZ model for a 1D Spin chain with dipolar coupling (/,, = Iiicj)'l3)
H=-3 - (555; + 5;’5J¥—2555J.Z) + B, (57)
i) /

» Quadratic zeeman field (tunable via both magnetic fields and lasers [3, 4])
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Cat states with 2 spins
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Cat State :
> Cat state at t = 2i for any S: possibility to ;.
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realize a cat state with Cr, Er or Dy atoms [1]or 00 25 50 75
two BECs as two giant spins [2]

» Cat-state correlation function:

€% =2 KW@ ) (WP a



1000

| —-—— Bg=-0.27 1l0F———————————mr ===
800 By=025 e
1
| _ I -
400 |
! 1
: |
200 : i
! 0.6 i
0 T T II T T T U — Ly :
-1.00 -0.75 -0.50 —-0.25 0.00 0.25 050 075 1.00 N |
B O I
1.0 : g e i
0.8 - :
- :
" 0.6 i 0.2 1 i
© : :
0.4 1 |
1
| :
0.2+ i 0.0 ; —L— . T . T
0.0 ! 0.0 2.5 50 7.5 10.0 12.5 150 17.5
~1.00 -0.75 -0.50 -0.25 000 025 050 075 1.00 Time t
BQ‘

. S _ el
Evolution of t.,, and C%,, with B, for N=2 spins S=6 Evolution of C** in time for N=2 spins 5=8

» Best cat state for B, = 0.25 & Slowest dynamics for B, ~-0.27. We can use both properties
to prepare a long-lived cat state by switching the value of Bqg at the right time.

» Robust phenonemon, especially for B, <0

> Cat state maximizes the variance of /3., » maximal sensitivity to an external

magnetic field along x. 4



Cat states with 3 or more spins
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Hamiltonian spectrum & Quantum Scars
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» Thermal average at the temperature
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Variation in time of the mean total spin compared to its statistical mean value restored. ©



Twin Spin states for 2 spins

» Initial state fully polarized along x. After t = 2 and with B, = 0.25, appearance of a highly
entangled state : |Ypyim) = Yoo _sCplm,m)_
> The |c,,|* follow a Gaussian distribution of standard deviation o ~ 0,85VS
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Wavefunction density in the X and Z basis. Entanglement criterion versus time

» This state satisfies a bipartite entanglement criterion, E; < E, [5], around t =27 :

Ey = Var (J{ — g, J5) Var (J{ — g,J5) FEa>= iy ( 212 + |g;%y! )2 ga = cov (J', J3) [Var (J3)
' 4 (J3)2) T (7)) )2
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