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Introduction to our group

Excellence Center for Quantum Information and Quantum Physics

AJointly supported by CASand the Ministry of Education

Hosted by USTC
iIncludes top institutes and universities on quantum physics

Shanghai Institute of SN Institute of
Technical Physics Y Semiconductor
Institute of Opt.lcs s Nanjing University
and Electronics Dl

and excellence groups among Chinads wun
Tsinghua University, Peking University, Fudan University, etc.
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Intfodu‘ction to our group

Natlonal Quantum Communication Backbone Project

~Inter - city quantum communication backbone with 32 trusted relays (~ 2000km)
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Introduction to our group
CAS Strategic Priority Research Program: Quantum Satellite
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Introduction to our group
CAS Strategic Priority Research Program: Quantum Satellite
Intercontinental Quantum Key Distribution

_ [PRL120, 030501 (2018)]

)

Vienna |

- | Beijing

=
- S )
-

N
X A%

Collaborations with Italy, Germany, Russia, Singapore, S

% i \ 5 =-${'_~m.""~j' { o




Introduction to our group

Research field: quantum information processing with photons and atoms
1 Quantum computatlon and S|mulat|on W|th

Multi-photon entanglement Superconductlng qub|t Atom-atom entanglement
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Ultra-cold Bose gases Ultra-cold Fermion mixture Ultra-cold molecule
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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)

Global Quantum Scalable Quantum Super-resolution
Communication Networks Computation and Quantum Quantum Metrology
Simulation



énature 1 snot classical, d:
make a simulation of nature, you'd better make it
guantum mechanical, and by golly it's a wonderful

',’/-l
N A ~

I Richard P. Feynman, May 1981
Published: Int. J. Theo. Phys. (1982)



Quantum computation and Simulation

make the simulator (the computer) itself quantum
mechanical effective memory scales up due to

superposition

FEYNMAN &

ANSWER
ldea: quantum simulator

Acan efficiently do a specific class of simulation problem
Astructure of implementati on




Why ultra-cold atoms

Optical standing wave: perfect lattice

laser laser
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.
o/ 2= typ. 500 nm



Why ultra-cold atoms

Optical standing wave: perfect lattice

laser laser
IAVACAVAVAVAVAVARS

.
o/ 2= typ. 500 nm

Ultracold atoms: move in optical lattice just like the electrons

Ci,ﬂ'cjaa

For low enough energies: described ) 2 S Z A e Uz,ﬁi |
by Hubbard model Hamiltonian: (.70 o



Why ultra-cold atoms
4 )

low enough meansiano-Kelvinrequired! 4 A
a billion times colder than real material ‘ I
BoseEinsteinCondensate territory

. /

Ultracold atoms: move in optical lattice just like the electrons

For low enough energies: described ) 2 S Z Ejaéj .t Uz,ﬁi |
by Hubbard model Hamiltonian: Qo o



Why ultra-cold atoms

Like real crystal,

jon lattice Z light 3D Lattices

electrons Z atoms



Physical System

Two-species mixture of LI and K atoms
Larger atom number, lower temperature, high resolution

U Mass imbalance: ratio about 7

U Bose-Fermi mixture

U Bose and Fermi superfluid mixture
U Bose polaron

U Fermi-Fermi mixture
U Fermi Hubbard model with impurity
U Non-equilibrium physics with vortices



Experimental Setup

Science
Chamber

Imaging Beam
I

{mﬂg ing Beam
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A disk-like trap

90° cross beam with aspect ratio of 4: r, =48 emt r, =r, =200 em



Two species superfluid in a Disk-like trap

- 1" K41 trap frequency 2n; (20 85)Hz,trap depth 46.7nK,
BEC 1.5 105(106wl/o Li6)
t p @I ,AomasFermiradius ¢ &t T v®t |~
PeakDensity ¢ 0B pTIWA
" 27 L6 trap frequency 2n; (40 237)Hz, trap depth 517nK
N,=N,=7.5! 10°(2] 10°each w/o K41)
[  WE=198nK, Fermiradiusp ¢p ™ ¢pt |~

PeakDensity ¢ PO pTtwd h— Tt

— ¢XxPpa



Collision Properties

50 100 150 200




s-Wave Resonances of 41K-°L| Mixture
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Elastic channels:
|aa>, |ba>, |ca>, |cb>
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Inelastic channels:
|ab>, |ac>, |bb>, |bc>, |cc>, |d

o
(N

X

<t
z

(@]
<
<

©

£

0]

—_
i®)

)
N
5

£
z

o
o

380 385 390 395 400
Magnetic field (G)

Examples of loss spectroscopy of [ca> channel

U 56 resonances

. Asymmetric Lorentz function
U All are narrow

U9 pFt(0 0,)5 T
where
S o F p AWD &



p-Wave Resonances of 41K-°Li Mixture

Elastic channels:
|aa>, |ba>, |ca>, |cb>

U 13 resonances

U Doublet split structure

U Inversed doublet distribution
and asymmetric lineshape
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Magnetic field (G)
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Examples of loss spectroscopy of |cb> channel



d-Wave Resonances of single 41K

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

564.5 564.9 565.3
Magnetic field (G)
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U 7 broad resonances

U Triplet split structure

U Inversed triplet distribution
and asymmetric lineshape

63.2 64.0 64.8
Magnetic field (G)

Examples of loss spectroscopy of |bb> channel




d-Wave Resonances in 41K

U Rich d-wave resonances
U Extremely wide shape resonance
U Wide Feshbach resonance
U Narrow Feshbach resonance

U Ideal high partial wave system
for study three-body physics
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U d-wave molecular BEC?

MQDT calculation
Yao et al., arXiv:1711.06622



. 0SS curve measurement



