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Expertise & Core Strengths:

Quantum Control

ۧ|ψ = ۧ|n, v, J, F, mF 27Al 35Cl

3/25/2 

Quantum science w/ polar molecules

Figure of merit:

Goal: 106 molecules
10 μK

PSD ~ 1

Long range (1 μm)

Long times (10 s)

Cold (≤ 20 K) – reaction rates relevant to ISM

Ultracold (< 1 mK) – quantum-state control

+

→ scattering resonances?

→ collision complexes?
+

12C 1H

½

Quantum state-controlled chemistry
organic

Short- range (10 nm)

Short-times (1 μs)



Exciting Opportunities

Short-wavelength lattice
r ~ 100 nm

Edd ~ 10-100 kHz

Tweezer arrays
r ~ 1 μm

Edd ~ 1 kHz

Browaeys
Greiner, Lukin, Vuletić

Doyle, Ni, Ketterle, 
Regal, Cornish, Bernien, 

Endres, Kaufman,…

Ferlaino, Greiner, 
Pfau, Smith …

Quantum science 
w/ polar molecules

106 in lattice2 in tweezers

Quantum Computation Quantum Simulation

“Bottom-up approach” “Top-down approach”
(engineered interactions)(‘program’ each molecule)

We can control everything... potential, interactions, quantum statistics etc. 

simplified model



Exciting Opportunities
Quantum state-controlled chemistry

organic

Already detect cold organic chemistry…

T ~ 5 K

Future: Map out potential energy surface



Exciting Opportunities

“Quantum Matters” – Exposing local high school students to QM 



Collaboration Ideas

AMO

CMP

Chemistry

Biology

Computer 
Science

Particle, 
nuclear and 
astro physics

Variation of fundamental constants -
compare spectra in space and lab 

EDMs of fundamental particles -
probe TeV, soon PeV

Interstellar cloud chemistry

Strongly interacting
many-body systems 

Optical tweezers to manipulate &
probe cells and proteins

Controlled chemistry

Designer molecules for pharmaceuticals

Metrology

Trace gas analysis – early warning
for cancer, Alzheimer's etc. 

Frequency combs to calibrate astro. spectra

Optical clocks & frequency combs 
- improved GPS
- geopotential mapping
- tracking deep-space probes

Searches for dark matter

Designer materials

Understand chiral symmetry breaking

Quantum Simulation

Quantum communication / cryptography

Quant. Computation

Improve SPAM fidelities

Error correction implemented
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