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• Quantum computing: processors that manipulate entangled 
qubits (or more generally qudits) coherently

• Quantum algorithms: mapping pieces of HEP problems to 
quantum computers/simulators

• Quantum sensors: using quantum devices as sensors, 
exploiting quantum properties such as entanglement, 
squeezing, and quantum non-demolition measurements

• Quantum communications: moving quantum information 
over macroscopic distances coherently, with applications 
such as networking of quantum computers or sensors 

Quantum Science and Technology
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• Goal: Produce high impact quantum science and technology 
results in the near term, while building capacity for HEP needs in 
the long term 

• Fermilab is engaging with the National Quantum Initiative in 
ways appropriate to our role as the main HEP lab: 

• • • • • • 
• Focus on the science
• Exploit existing Fermilab expertise and infrastructure
• Keep Fermilab activities aligned to HEP program needs
• Engage partners who already have leading quantum expertise
• Find out where HEP can have impact on QIS, including tech 

transfer 
• Act as a gateway and hub for the larger HEP community to engage 

with quantum science and technology 

Fermilab Quantum Science and Technology Program 
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• Task 1: QIS and HEP Theory (Marcela Carena PI)
Collaborating institutions: Caltech, MIT, U. Wash, UIUC, 
Purdue 

• Task 2: Quantum Networks and Analysis (Gabe Perdue PI) 
Collaborating institutions: Caltech

• Task 3: SRF-based Quantum Technology and Sensing (Alex 
Romanenko PI)
Collaborating institutions: Northwestern, U. Colorado/NIST, U. 
Wisc. 

• Task 4: Quantum Sensors for Dark Matter (Aaron Chou PI) 
Collaborating institutions: Caltech/JPL, MIT, LBNL, U. 
Chicago, U. Colorado/NIST, Yale, U. Wisc. 

FY20 DOE QuantISED funding consolidates the core 
quantum research program hosted at Fermilab 
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FQI organization

Lykken | PAC | Status of FNAL Quantum6/29/206

Nigel Lockyer, FNAL Director
Joe Lykken, Deputy Director for Research

Panagiotis Spentzouris
FQI Head of Quantum Science
Alex Romanenko
FQI Head of Quantum Technology

Farah Fahim 
FQI Deputy Head of Quantum Science
Eric Holland 
FQI Deputy Head of Quantum Technology

Most FQI members are matrixed 
from the Fermilab divisions
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Fermilab lab for SRF-based quantum systems

Lykken | PAC | Status of FNAL Quantum6/29/207

Now expanding to a 
second test stand, and a 
microwave channel 
connecting the test stands

our first strategic quantum hire: 
Eric Holland from Livermore
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Sept 16-17 2019

Aug 22-23 2019
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The MAGIS-100 experiment has been funded by the        
DOE QuantISED program and by the Moore Foundation

• This is the first experiment funded by QuantISED, with first 
results expected in three years

• We will be hosting the world’s largest cold atom interferometer 
system, sensitive to both ultralight dark matter and gravity waves

• The collaboration includes Stanford, Northwestern, NIU, Johns 
Hopkins, Univ. of Liverpool, and Cambridge U.

MAGIS-100 experiment moving forward

6/29/209

Jason Hogan PI 
(Stanford)

Lykken | PAC | Status of FNAL Quantum



8/11/20 Farah Fahim | Quantum Science and Technology at Fermilab10

• Finalized the configuration and lens 
geometry design of the in-vacuum 
telescope for the interferometry laser 
beams.

• Laser vendor can test frequency 
stabilization and control in house. 

• Progress on laser transport system 
vibration analysis, design details for the 
laser transport system, 

MAGIS-100 recent progress

Lykken | PAC | Status of FNAL Quantum6/29/2010
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Linda Valerio

Rob Plunkett

supported by the DOE HEP QuantISED program
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Nine recent quantum papers from Fermilab
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Quantum non-demolition measurements of single, signal photons
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Many QND 
measurements agree 
that the cold cavity 
contains 0 photons

Many QND measurements of 
the single photons.  
Averaging improves fidelity.

Start injecting mock signal photons

In a dark matter experiment, repeatedly measure the qubit clock frequency to 
determine whether the cavity contains 0 or 1 signal photons:

Akash Dixit, Aaron Chou, David Schuster

DOE HEP QuantISED
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Fermilab is working with Google to 
explore physics problems where NISQ 
era quantum computers might show the 
possibility of a quantum advantage

From Quantum Supremacy to 
Quantum Advantage

Lykken | PAC | Status of FNAL Quantum6/29/2013

Running on Google: Variational Quantum 
Eigensolvers (VQE) for non-relativistic 
fermion-boson systems, in a codesign 
activity
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Quantum Computing as a High School Module
arXiv:2004.07206 , arXiv:1905.00282
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Quantum Computing as a High School Module
arXiv:2004.07206 , arXiv:1905.00282
Quantum Computing as a High School Module
arXiv:2004.07206 , arXiv:1905.00282
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• Collaboration of Fermilab, Northwestern, Caltech, and Argonne to 
demonstrate a quantum network connecting Fermilab to the 
Northwestern campuses in Chicago and Evanston using existing fiber 
links

• A 4-year project funded by DOE ASCR with Panagiotis Spentzouris PI

• Leverages off the technology developed for FQNET

Illinois Quantum Express Network (IEQNET)

Lykken | PAC | Status of FNAL Quantum6/29/2018
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• Built leveraging deployment and R&D at the FQNET and 
CQNET teleportation experiments
– Optical photonic qubits over telecom fiber, cutting edge single 

photon detectors (SNSPD), electronics and control systems 
developed for HEP experiments

– Achieving excellent teleportation fidelity and stability of operations
• IEQNET incorporate transparent optical switches and SDN 

technology for multi-user network use cases

The IEQNET testbed

6/29/2019 Lykken | PAC | Status of FNAL Quantum
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inqnet

• Quantum teleportation technology 
ready to move from labs to real 
networks.

• Record fidelities achieved for time-bin 
qubit teleportation.

• First complete theoretical model of the 
experiment.

• Advanced data acquisition techniques.

RV

inqnet
Caltech Quantum Network
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DOE SC National Quantum 
Information Science Research Centers 

Lykken | PAC | Status of FNAL Quantum6/29/2022

• $25M/yr for 5+5 years to multi-
disciplinary consortia of labs, 
universities, and industry

• Sponsored by DOE BES, ASCR, 
and HEP

• Expect up to five Centers to be 
funded in FY20

• Must be transformative value added to the quantum core program
• Must contain both fundamental science and technology development

Fermilab leading on one proposal 
and is a core partner on another


