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Ultracold molecules

Quantum computation & simulation
DeMille, PRL 88, 067901 (2002)

Albert, Covey & Preskill, PRX 10, 031050 (2020)
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Precision measurements
Kozyryev & Hutzler, PRL 119, 133002

DeMille (Yale), Nagerl et al. (Innsbruck), Doyle (Harvard), Ye (JILA), Hinds + Tarbutt (Imperial), 
Vutha (U of T), Hessels (York U), Jayich (UCSB), Cornell (JILA), Campbell + Hudson (UCLA),
Hoekstra et al. (Groeningen), Narevicius (Weizmann), & many more

Nick Hutzler -- http://www.polyedm.com/research



Optical tweezer arrays

D. Barredo et al., Science 10.1126/science.aah3778 (2016). 

Browaeys group, Universite Paris-Saclay

Rearrangement for defect-free arrays

H. Bernien et al., Nature 551, 579 (2017)

Lukin group, Harvard

Alkaline earth atoms

Endres group, Caltech
Kaufman group, JILA

Sr
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Madjarov et al., Nature Physics 16, 857 (2020)
Young et al, arXiv:2004.06095

H. Bernien et al., Nature 551, 579 (2017)



Ultracold molecules in optical tweezers

Directly cooled molecules

Doyle/Ketterle/Ni, MIT-Harvard CUA

L. Anderegg et al., Science 365, 1156 (2019)

Assembly from laser-cooled atoms

Ni group, Harvard

Liu, Hood, Yu et al., Science 360, 900 (2018)
Zhang, Yu, Cairncross et al., PRL 124, 253401 (2020)
Yu, Wang et al. (in preparation)
Cairncross, Zhang, Picard et al., (in preparation)

Bringing complete quantum state control offered by optical tweezers to molecules
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1064 nm
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Magnetic Feshbach resonance
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Free atoms
Hyperfine states

Molecule



State prep

FB mol

Image

Bres

Merge

Forming Feshbach molecules

Magnetic field

Time

• Detect with correlated loss of Na + Cs
• Adiabatic, reversible

J.T. Zhang, Y. Yu, WBC, et al., Phys. Rev. Lett. 124, 253401 (2020) 8

Atoms

Molecules
Separate



Mapping complete control of atomic states to single molecules

COM Relative+

Atom pair 
motional states

Molecular states

External Internal 
rotational, vibrational

Magnetoassociation

9



2 4 6 8 10
Internuclear distance R (A)

0

2

4

6

8

10

12

14

16

18

En
er

gy
 (1

03  c
m

-1
)

<latexit sha1_base64="46PG/GxPzqNI5JKqOEbicP20DwI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV0f6DHgxWNE85BkDb2T2WTIzOwyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJpxp43nfztLyyuraemGjuLm1vbNb2ttv6DhVhNZJzGPVClFTziStG2Y4bSWKogg5bYbD64nffKJKs1jem1FCA4F9ySJG0FjpAR/POnesL7BbKnsVbwp3kfg5KUOOWrf01enFJBVUGsJR67bvJSbIUBlGOB0XO6mmCZIh9mnbUomC6iCbHjx2j63Sc6NY2ZLGnaq/JzIUWo9EaDsFmoGe9ybif147NdFVkDGZpIZKMlsUpdw1sTv53u0xRYnhI0uQKGZvdckAFRJjMyraEPz5lxdJ47TiX1S82/Ny1cvjKMAhHMEJ+HAJVbiBGtSBgIBneIU3RzkvzrvzMWtdcvKZA/gD5/MHS8mQBQ==</latexit>

a3⌃

<latexit sha1_base64="erJM6zstd31WTAB3MSQmYi/KDk8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclYwPdFlw47KifUg7lkyaaUOTzJBkhDL0K9y4UMStn+POvzFtZ6GtBy4czrmXe+8JE8GNxfjbW1peWV1bL2wUN7e2d3ZLe/sNE6easjqNRaxbITFMcMXqllvBWolmRIaCNcPh9cRvPjFteKzu7ShhgSR9xSNOiXXSA30869zxviTdUhlX8BRokfg5KUOOWrf01enFNJVMWSqIMW0fJzbIiLacCjYudlLDEkKHpM/ajioimQmy6cFjdOyUHopi7UpZNFV/T2REGjOSoeuUxA7MvDcR//PaqY2ugoyrJLVM0dmiKBXIxmjyPepxzagVI0cI1dzdiuiAaEKty6joQvDnX14kjdOKf1HBt+flKs7jKMAhHMEJ+HAJVbiBGtSBgoRneIU3T3sv3rv3MWtd8vKZA/gD7/MHTuGQBw==</latexit>

c3⌃

Na (3s) + Cs (6s)

Na (3s) + Cs (6p3/2)

<latexit sha1_base64="3cedbkB2HZNsdoCM9Ibe5u7s1yA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoseCF48V7Ye0a8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNE6easgaNRazbITFMcMUallvB2olmRIaCtcLR9dRvPTFteKzu7ThhgSQDxSNOiXXSQ/vR797xgSS9cgVX8Qxomfg5qUCOeq/81e3HNJVMWSqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jioimQmy2cETdOKUPopi7UpZNFN/T2REGjOWoeuUxA7NojcV//M6qY2ugoyrJLVM0fmiKBXIxmj6PepzzagVY0cI1dzdiuiQaEKty6jkQvAXX14mzbOqf1HFt+eVGs7jKMIRHMMp+HAJNbiBOjSAgoRneIU3T3sv3rv3MW8tePnMIfyB9/kDOsmP+g==</latexit>

X1⌃

Pathway to NaCs ground state
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Stokes
635 nm

Pump
922 nm

Feshbach state
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Creation of ground-state molecules

Feshbach state
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preliminary
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Creation of ground-state molecules

Feshbach state
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Feshbach molecule

Ground state molecule

preliminary
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bg  = 430(40) ms
mol  = 140(70) ms

one-way, 2.2 MW/cm 2

round trip, 2.2 MW/cm 2

one-way, 81 kW/cm 2

round trip, 81 kW/cm 2

Creation of ground-state molecules

preliminary

• Second-scale lifetime 

• Long enough for quantum 
information & simulation studies

• Limited by scattering of trap light
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Before rearrangement After rearrangement

Near future with molecular arrays
Entanglement via dipole-dipole interaction

Rearrangement for defect-free arrays

All-optical molecule creation
Y. Yu, K. Wang, et al., in preparation
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Looking forward

• Highly controlled environment

• Rearrangement

• Scalability

• Platform for atom-molecule and 
molecule-molecule interactions 

• Near-threshold states
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