
Quantum simulation of dynamical gauge fields using  ultracold 
atomic mixtures

• Fermions(matter), bosons(gauge field), and local gauge 

invariance

• High Energy Physics             Quantum gas mixtures

• Gauge fields are replaced by quantum mechanical spins 𝐿𝑛.

• A discrete ‘Electric field’ is represented by 𝐿𝑛,𝑧.
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U(1) gauge theory with cold atoms 

Similar  experimental  works: Schweizer et al. arXiv: 1901.07103 (2019)

Görg et al. Nature Physics (2019)

Related Theory: Uwe- Jens Wiese, Ann. Phys. (Berlin) 525, No. 10–11, 777–796 (2013)

Zohar et.al, PHYSICAL REVIEW A 88, 023617 (2013)

𝐻 =

𝑛

𝐻𝑛 + ℏΩ 𝑏𝑛,𝑣
† 𝑏𝑛,𝑝 + ℎ. 𝑐

𝐻𝑛: hamiltonian of the building block.

Ω : Coupling strength between the two matter states.

𝑏𝑛,𝑣
† , 𝑏𝑛,𝑝: creation and annihilation operators for ‘vacuum’ 

and ‘particle’ states. 
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𝑁𝐿𝑖 ≈ 30 × 103

𝜔𝐿𝑖 = 2𝜔𝑁𝑎

𝑁𝑁𝑎 ≈ 300 × 103

𝜔𝑁𝑎 = 2𝜋 × 200 Hz

Sodium Lithium 

𝐵 ≈ 2 G

14/11/2020 Cold-atom On-line Meeting 2



Initial state preparation and dynamics 

Create a coherent superposition in Sodium: 

Observed dynamics: Spin transfer in Lithium 
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Scanning the interaction time Scanning the gauge field 
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Fluctuations in the dynamics 

Nature of the fluctuations observed in the data

Truncated Wigner Approximation 

• Fluctuations in the initial state 

• Randomly selecting an initial state from 

Gaussian distribution

• Incorporate uncertainty in 𝐿𝑧 of Sodium
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Projection noise of Sodium is seen in Lithium transfer

Li

Na


