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Dipolar Hamiltonian
➢ XXZ model (∆= -2) for a 1D Spin chain

with dipolar coupling (𝐽𝑖𝑗 =
𝐽0

|𝑖−𝑗|3
)

➢ 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:

Staggered
state along x
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Cat State
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➢ 𝐶2𝑆 = 2| ψ 𝑡 ψ+ ψ 𝑡 ψ− |: cat-state 
correlation function

➢ Exact result for Bq = 0.25:

where 𝐽𝑠𝑡𝑎𝑔
2 = 𝐽𝑠𝑡𝑎𝑔

𝑥 2
+ 𝐽𝑠𝑡𝑎𝑔

𝑦 2
+ 𝐽𝑧 2

➢ Cat state at t = 2π for any S: possibility to 
realize a cat state with Cr, Er or Dy atoms
[3]

➢ Even possible with two BECs as two giant
spins [4]

Cat states with 2 spins
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➢Best cat state for  Bq = 0.25
➢ Slowest dynamics for Bq ≈ -0.27
➢Robust phenonemon, especially for Bq < 0

➢ Use both for a long-lived cat state
➢ Cat state maximizes the variance of 𝐽𝑠𝑡𝑎𝑔

𝑥

➢ Maximal sensitivity to an external
magnetic field along x

Evolution of tcat and C2S
max with Bq for 2 spins 6 Evolution of C2S in time for 2 spins 8



Cat states with 3 or more spins

Cat state formation for 3 spins 3 (left) 
and 6 (right)

Cat state formation for 4 spins 6 (left) 
and 5 spin 3 (right)



Hamiltonian spectrum & Quantum Scars

Total spin and energy associated to the Hamiltonian eigenvectors for 4 spins 3

Variation in time of the mean total spin compared to its statistical mean value

Bq = 0.2 

Bq = 0.2 

Bq = 0 

Bq = 0 

➢ Red dots corresponds to the staggered
initial state

➢ For Bq = 0 : the band at Jstag = NS forms a 
well separated eigenspace of H

➢ For Bq = 0.2, these states are mixed in the 
bulk of other states

➢ Thermal average obtained with the 
expected temperature of the initial state

➢ For Bq = 0, 𝐽𝑠𝑡𝑎𝑔
2 almost conserved: 

dynamics confined in a tiny subspace of the 
Hilbert Space : Weak Ergodicity Breaking 

➢ For Bq = 0.2, explore a much larger number
of states: almost No Ergodicity Breaking
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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 Bq from -5 to +0.5 
(in units of the constant coupling J0) for 2 spins    

• Robustness due to weak ergodicity breaking in the Hamiltonian 
spectrum, leading to a quasi conservation of J²stag

• Possible implementation with two giant spins using two condensates, 
allowing for huge metrologic improvements as cat states sensitivity 
scales with their size 𝑁 × 𝑆


