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Dynamical quantum 
phase transition(DQPT) 

• Type I DQPT arises when the quench dynamics undergoes a non-analytic 
change  with respect to a system parameter in a quenched Hamiltonian. 

• Type II DQPT  appears when one global order parameter under the quench 
Hamiltonian has a non-analytic singularity in its time evolutions (such as 
the Loschmidt echo) 
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Difficulty: observing DQPTs in systems with short-range 
couplings requires measurements of long-range 
correlations (e.g., infinite-range in the thermodynamic 
limit for type-II DQPTs), or asymptotic long-time 
dynamics (e.g., infinite-time in the thermodynamic limit 
for type-I DQPTs) 



Type I DQPT observed in short time 

trapped ion-53 qubits Rydberg atom-51 qubits  Spinor BEC-       atoms 
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Due to limited size Due to effectively 
infinite-range couplings 
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Theoretical model of N spin-1 atoms 

Hamitonian (infinite range coupling) 

SMA(single  mode  aproximation) 



Observables 
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To simulate the quench dynamics, we numerically 
diagonalize the model Hamiltonian in the Fock basis 
|N1, N0, N−1⟩ = |n, N − 2n, n⟩ 
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DQPT experiment procedure 



Quadratic Zeeman coefficient 



Experiment & simulation result 







Microwave induced relaxation and (negligible) atom loss 
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We attribute this to the breakdown of the SMA for the atomic 
motional state: the atoms in this case are in significantly 
excited states of the spin Hamiltonian and their energy can 
relax to the motional state through the spin-dependent 
collisions and thus invalidate the prediction from the single-
mode Hamiltonian (2) in the long-time dynamics. 



Conclusion 

• observed a DQPT associated with an 
interacting model Hamiltonian of spin-1 
particles with effectively infinite-range 
couplings. 

• the DQPTs can be identified by short-
time dynamical properties of local 
observables, which enables its detection 
in a large spinor condensate, saving it 
from the complication of long-time 
relaxation dynamics inevitable in open 
quantum many-body systems. 

DQPT diagram for anti-ferromagnetic spinor-1 BEC 
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