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Abstract: The advent of ultracold molecules opens the possibility to explore chemical reactions with perfect control of the quantum states of the
reactants. We report on several surprising results of our work with ultracold NaLi molecules. First, we demonstrate a factor of 100 control of
reaction rates between NaLi molecules and Na atoms by changing the atom's spin state. This ability to slow reactions allowed us to demonstrate
sympathetic cooling of molecules for the first time. Next, we explore two very different collisiona resonances. A resonance in NaLi+Na reactions
exemplifies the standard description of chemical resonances. The other, for NaLi+NaL.i, is the first ultracold molecule-molecule resonance observed
and runs completely counter to the standard description. Simple models relate the complex chemical dynamics to the simple physics of a
Fabry-Perot resonantor and point a number of open questionsin chemical dynamics that can be explored with ultracold molecules.

Pirsa: 22070023 Page 1/27



QUANTUM STATE CONTROL OF
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A PRYSICIST'S PICTURE OF CHEMISTRY
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SCATIERING CHEMISTRY

Reactants
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MOLECULES: STRUCTURE

* STRUCTURAL HIERARCHY
« ELECTRONIC (~10,000 K)
« VIBRATIONAL (~1-100 K)
« ROTATIONAL (~0.1-1K)
* HYPERFINE (~1-100 pK)

236 +33%

IX 1 s+
!
1 1 1
10 15 20
Internuclear distance (a,)

Pirsa: 22070023 Page 7/27



THE THREE-BODY PROBLEM

From J.F.E. Croft and J. Bohn
PRA 89, 012714 (2014)
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THE THREE-BODY PROBLEM

Fram J.E.E. Erofft énd.). Bohn
PRA 89, 012714 (2014)
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ULTRACOLD TRIPLET NALI

Free Atoms
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ATOM-MOLECULE COLLISIONS
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ATOM-MOLECULE COLLISIONS
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ATOM-MOLECULE COLLISIONS

Ground State Molecule Numbers as functions of Time
in 1596nm Lattice with Na Atoms
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ATOM-MOLECULE COLLISIONS

Ground State Molecule Numbers as functions of Time

in 1596nm Lattice with and Without Na atoms
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SYMPATHETIC COOLING

* MOLECULES PRODUCED HOTTER THAN

ATOMS

» ~80 ELASTIC COLLISIONS PER REACTION
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N:a\Li without I\Ila
NaLi with Na

Hold time (s)

Q without Na
¥ with Na

AW

—_

Molecule num. (x10%)

—_
-

0.5
Hold time (s)

Collisional cooling of ultrcold molecules
Nature 580, 197 (2020)
H Son, JJ Park, W Ketterle, AO Jamison
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CHEMICAL RESONANCES

+ NALI + NA RESONANCES
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Control of reactive collisions by
quantum interference

Science 375, 1006 (2022 92 960 10 1040
H Son, JJ Park, YK Lu, AO Jamison, T Bias field (G)

Karman, W Ketterle
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CHEMICAL RESONANCES

+ NALI + NA RESONANCES
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CHEMICAL RESONANCES

« NALI + NA RESONANCES

Cubic Spline Interpolaticn
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CHEMICAL RESONANCES

(4.2uK)

« NALI + NALI RESONANCE!
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On the arXiv soon!

Bias field (Gauss)
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QUANTUM @ WATERLOO

\ 2 g /
* BUILDING QUANTUM SIMULATOR WITH ULTRACOLD MIXTURES ;H

AND MOLECULES

» LOOKING FOR POST DOCS AND STUDENTS (MSC AND PHD)! ! i:
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