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Experiments with Ultra -cold Atoms



Harness the strange properties of quantum mechanics such as superposition

and entanglement for enhanced ways of information processing

Coherent manipulation of quantum systems

Born from the tests of òspookyaction at a distanceó

Computational capacities Unconditional security

Quantum communication Quantum computation 
and simulation

Super-resolution

Quantum Metrology

Quantum Information Science



Excellence Center for Quantum Information and Quantum Physics

ÅJointly supported by CAS and the Ministry of Education

Hosted by USTC

includes top institutes and universities on quantum physics

and excellence groups among Chinaôs universities:

Tsinghua University, Peking University, Fudan University, etc. 
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National Quantum Communication Backbone Project
¦ Inter -city quantum communication backbone with 32 trusted relays (~ 2000km )

¦ Inter -connection of four intra -city metropolitan networks

¦ For financial applications, public affairs, etc .

¦ Test-bed for quantum foundations (e.g. frequency dissemination)

Beijing

Jinan

Hefei

Shanghai
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¦Mission 1: QKD between satellite and ground

Key rate ~1kbps, 20 orders of magnitudes higher than

using telecommunication fiber channel at 1200 km

[Nature 549 , 43 (2017)]

Beijing
Urumqi

CAS Strategic Priority Research Program: Quantum Satellite
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¦Mission 2: Quantum entanglement distribution over

1200 km, and test of òspookyaction at a distanceóunder

strict Einstein's locality condition

[Science 356 , 1140 (2017)]

Lijiang

Delingha

~1200km

CAS Strategic Priority Research Program: Quantum Satellite
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¦Mission 3: Quantum teleportation between

ground and satellite

[Nature 549 , 70 (2017)]

Ngari

QKD and teleportation papers

CAS Strategic Priority Research Program: Quantum Satellite
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Intercontinental Quantum Key Distribution

Beijing

Vienna

Collaborations with Italy, Germany, Russia, Singapore, Sweden etc . are ongoing

Urumqi

[PRL 120, 030501 (2018)]

CAS Strategic Priority Research Program: Quantum Satellite
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Introduction to our group
Research field: quantum information processing with photons and atoms

¦Quantum computation and simulation with

Multi-photon entanglement Superconducting qubit Atom-atom entanglement

Ultra-cold Bose gases Ultra-cold Fermion mixture Ultra-cold molecule





Global Quantum 

Communication Networks

Scalable Quantum 

Computation and Quantum 

Simulation

Super-resolution 

Quantum Metrology

The Center is now playing a leading role in organizing

¦National Science and Technology Project on Quantum Information in

the next 15 years, similar to European Quantum Technologies Flagship

¦National Laboratory for Quantum Information Sciences (NLQIS)

/ƘƛƴŀΩǎ CǳǘǳǊŜ bŀǘƛƻƴŀƭ tǊƻƧŜŎǘǎ



énature isnót classical, dammit, and if you want to 

make a simulation of nature, you'd better make it 

quantum mechanical, and by golly it's a wonderful 

problem, because it doesn't look so easy. 

ïRichard P. Feynman, May 1981

Published:  Int. J. Theo. Phys. (1982)



make the simulator (the computer) itself quantum 

mechanical effective memory scales up due to 

superposition

FEYNMAN ôS 
ANSWER

Idea: quantum simulator

Åcan efficiently do a specific class of simulation problem

Åstructure of implementation similar to the problem: ñmodelò

Quantum computation and Simulation
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Why ultra-cold atoms

laserlaser

ɚ/2= typ. 500 nm

For low enough energies: described 

by Hubbard model Hamiltonian:

Optical standing wave: perfect lattice

Ultracold atoms: move in optical lattice just like the electrons

Optical standing wave: perfect lattice
low enough means: nano-Kelvin required!
a billion times colder than real material
Bose-Einstein-Condensate territory



Why ultra-cold atoms

3D Lattices2D Lattice potential

Like real crystal, 

but 1000 times larger

ion lattice ź light

electrons ź atoms



Two-species mixture of Li and K atoms

Larger atom number, lower temperature, high resolution

üMass imbalance: ratio about 7

üBose-Fermi mixture
üBose and Fermi superfluid mixture

üBose polaron

üFermi-Fermi mixture
üFermi Hubbard model with impurity

üNon-equilibrium physics with vortices

41K

Physical System
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Experimental Setup

















A disk-like trap

900 cross beam with aspect ratio of 4: rz = 48 ɛmιrx = ry = 200 ɛm



Two species superfluid in a Disk-like trap

̂1̃K41̔trap frequency 2ʌ¦(20̆85)Hz, trap depth 46.7 nK, 

BEC 1.5¦105 (106 w/o Li6 )

ʈ ρψȢυÎ+, Tomas-Fermi radius ςςȢσʈÍ̆ υȢυʈÍ̆

Peak Density ὲ σȢω ρπὧά

̂2̃Li6̔ trap frequency 2ʌ¦(40̆237)Hz, trap depth 517nK̆

N =ᴻN =Ȣ7.5¦105 (2¦106 each w/o K41)

ʈ ʊEF=198nK,  Fermi radius ρςρʈÍ̆ ςρʈÍ̆

Peak Density ὲ ρȢψφρπὧά ȟ πȢπχȟ

ςχρὲά



Collision Properties



Asymmetric Lorentz function

ὔᶿρȾτὄ ὄπ
ς ‫

ʖ ςʖπȾ ρ ÅØÐ &Ͻ" "π

Elastic channels: 

|aa>, |ba>, |ca>, |cb>

Inelastic channels: 

|ab>, |ac>, |bb>, |bc>, |cc>, |da>

Examples of loss spectroscopy of |ca> channel
ü 56 resonances

ü All are narrow

where

s-Wave Resonances of 41K-6Li Mixture 



Examples of loss spectroscopy of |cb> channel

p-Wave Resonances of 41K-6Li Mixture 

Elastic channels: 

|aa>, |ba>, |ca>, |cb>

ü13 resonances

üDoublet split structure

üInversed doublet distribution

and asymmetric lineshape



d-Wave Resonances of single 41K 

Channels: |aa>, |ab>, |bb>, |cc>

ü7 broad resonances

üTriplet split structure

üInversed triplet distribution

and asymmetric lineshape

Examples of loss spectroscopy of |bb> channel



MQDT calculation

üRich d-wave resonances
üExtremely wide shape resonance

üWide Feshbach resonance

üNarrow Feshbach resonance

üIdeal high partial wave system 

for study three-body physics

üd-wave molecular BEC?

Yao et al., arXiv:1711.06622 

d-Wave Resonances in 41K 



Loss curve measurement


