Multi-spin cat state in small
arrays of large dipolar spins
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Dipolar Hamiltonian

» XXZ model (A= -2) for a 1D Spin chain
with dinolar counling (/.. — 2 ¢ T T /)jc

2
H=—3 = (S;‘Sj‘ + 5SS —2555;') + B, (57)
i 7] /
» Quadratic zeeman field (which can be fine tuned using both magnetic
fields and lasers [1][2]) coupled to a One Axis Twisting term

» Expected time evolution:
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Cat states with 2 spins
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it S =18 \ » Cat state at t = 2rt for any S: possibility to
_ 271PY realize a cat state with Cr, Er or Dy atoms
- Y e\ 3]
¥ » Even possible with two BECs as two giant
0070 25 50 75 100 125 150 175 200 spins [4]
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Evolution of C% in time for 2 spins 8

Evolution of t_,

and €=, with B, for 2 spins 6

» Use both for a long-lived cat state

> Cat state maximizes the variance of 5,

» Maximal sensitivity to an external
magnetic field along x

» Best cat state for
» Slowest dynamics for B, = -0.27
» Robust phenonemon, especially for B, <0



Cat states with 3 or more spins
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Hamiltonian spectrum & Quantum Scars

a et = a . » Red dots corresponds to the staggered
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Outlook

* Possible to prepare cat states with magnetic atoms as Cr, Er and Dy
with already known experimental methods

* Robust phenomenon, with the possibility to tune B, from -5 to +0.5
(in units of the constant coupling J,) for 2 spins

* Robustness due to weak ergodicity breaking in the Hamiltonian

spectrum, leading to a quasi conservation of stmg

* Possible implementation with two giant spins using two condensates,
allowing for huge metrologic improvements as cat states sensitivity
scales with their size N X §




