
Joe Lykken
CPAD Workshop on Quantum Sensing
Dec 12, 2017

Fermilab and Quantum Sensors



12/12/17 Fermilab and quantum sensors2

Fermilab develops cutting-edge accelerators, detectors, 
computing, and theory for fundamental physics experiments
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Collaboration between Fermilab and U. Chicago, 
with support from the Heising-Simons Foundation

Goal is to put a microwave cavity coupled to 
superconducting qubits in a strong magnetic field, 
and demonstrate sensitivity to dark matter axions
in the cosmologically-preferred mass range.

Aaron	Chou,	Andrew	Sonnenschein, Daniel	Bowring,	Fermilab

David	Schuster	U.	Chicago

Qubit-based axion dark matter detectors
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MAGIS-100 will be a 100 meter cold atom interferometer, 
sensitive to space-time distortions in the laboratory

100 m Detector Proposal at FermilabProposal: 100 meter detector at Fermilab

• MINOS, MINERνA and NOνA experiments 
use the NuMI beam

• 100 meter access shaft

• Atom DM detector (small scale project)
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• 100 m atom interferometer (accelerometer) drop tower 

• >3 s drop time to split and recombine atomic wavefunctions 

• Detect dark matter through oscillatory force 

• Also gravitational waves from unknown sources 

• Lead to ~km scale detector for GW’s (e.g. BH mergers) and DM, 
opens band below LIGO and above LISA (~ 0.1 - 10 Hz)

NuMI Gradiometer Proposal
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• 100-meter Sr clock gradiometer

• Drop atoms from two Sr sources

• >3 seconds free-fall

• Search for DM in range 0.1 Hz – 10 Hz
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Jason	Hogan
Peter	Graham
Stanford

MAGIS-100 Cold Atom Interferometer

Rob	Plunkett
Fermilab

MINOS	shaft
Fermilab

Jon	Coleman
U.	Liverpool

Swapan
Chattopadhyay
NIU/FNAL

Roni	Harnik
Fermilab
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Superconducting Quantum Systems                         
• Fermilab has world leading SRF/superconducting materials effort
• Fermilab has relevant expertise in subkelvin cryogenics, controls, readout and 

systems engineering for scaling up superconducting quantum computers

Fermilab SRF team includes 3 DOE 
Early Career Awardees, 2017 
Presidential Early Career Awardee, 
two Peoples Fellows
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We have begun R&D toward higher Q cavities for quantum computers, which 
translates to longer coherence times and other good things

A. Romanenko and D. I. Schuster, ‘’Nature of the low field Q degradation in 
superconducting niobium cavities’’, https://arxiv.org/abs/1705.05982, about to appear in 
Physical Review Letters.

Superconducting Quantum Systems                         
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INQNET Program
with Caltech and AT&T

Chicago Quantum Exchange
with U. Chicago and Argonne

Partnerships                         

Fermilab	strategy	in	quantum	science	is	to	maximize	partnerships	
with	university	groups,	industry,	and	other	labs			


