Old and New Physics with
Ultracold 38Sr, Molecules

Tanya Zelevinsky

B. H. McGuyer, C. B. Osborn, M. McDonald, G. Reinaudi

Columbia University




Why?

XS
Q@*y‘\ « Pathway to dipolar gas of SrAlkali, SrYb



Why?

XS
Q@J} « Pathway to dipolar gas of SrAlkali, SrYb

p—

All-optical ultracold molecules in known quantum state

|
°

High-Q study of quantum chemistry

Anomalously large magnetizability



Why?
XS
Q@J} « Pathway to dipolar gas of SrAlkali, SrYb
 All-optical ultracold molecules in known quantum state

4 ¢ High-Q study of quantum chemistry

* Anomalously large magnetizability
&+ QED in heavy molecules

‘L « nm scale test of Newtonian gravity



Why?
XS
Q@J} « Pathway to dipolar gas of SrAlkali, SrYb
 All-optical ultracold molecules in known quantum state

4 ¢ High-Q study of quantum chemistry

* Anomalously large magnetizability
& * QED in heavy molecules

@
S
c’ L] L]
‘J[ « nm scale test of Newtonian gravity

* molecular clock based test of m, /m, variations

N L « Bridging time metrology gap between RF and optical



Sr,: Optical Possibilities

(10,
— 0 @

metastable
X ~10 us

NN
NN

:,;-. O

single potential

a
-—

40 60 80

“ interatomic separation (a,)



Sr,: Optical Possibilities

molecule creation
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Sr,: Optical Possibilities

molecule imaging
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molecule imaging
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Photoassociation Spectroscopy
bound states & FCFs
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Sr,. Optical Possibilities
X1Z," bound states & FCFs

R. Moszynski et al.
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Sr,: Optical Possibilities

molecule imaging
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Molecule Imaging in the Lattice
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Bound-to-Free Imaging in the Lattice
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Bound-to-Free Imaging in the Lattice
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Bound-to-Free Imaging in the Lattice

broadband
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Ring velocity (um/ms)

Ultracold Photodissociation
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Ring velocity (um/ms)

Ultracold Photodissociation
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Old & New Physics with Sr,

accurate Sr, potentials
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Anomalous Magnetic Susceptibility
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Anomalous Magnetic Susceptibility
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Anomalous Magnetic Susceptibility
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Anomalous Magnetic Susceptibility

10% enhancement !
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Anomalous Magnetic Susceptibility
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Anomalous Magnetic Susceptibility
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Lab Tour

atomic beam atom oven
slowing region

UHV chamber



-
S
T
O
qv)
—




-
S
T
O
qv)
—




Columbia Ultracold Team

._._...
“\
‘ A€
1\ o B \
\ a N \
. = o= 3
e |
[Ty L T
n_, i =
:

R A

k2 W

Theory collaborations:
R. Moszynski,

S. Kotochigova,

R. Ciuryto, et al.

Support:

Columbia University,
ARO,

Sloan Foundation



