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• QIS identified as a national (interagency) and Office of Science priority
• HEP QIS emphasis (both near-term and long-term) is on: 

– P5 science drivers – exploiting entanglement and QIS technology

– New computational and foundational techniques via QIS

– Advancing the national QIS enterprise  

• Approach: Interdisciplinary partnerships via connections with other SC programs 
and/or other federal agencies

• Areas of focus for HEP research via coordinated partnerships:
– Quantum Computing and Foundational QIS

• Simulations, entanglement, algorithms, machine learning, 
data analysis on qubit systems

– Quantum Sensor Technology 
• Sensors developed in alignment with qubit technology that 

expand the measurement ranges for experiments

– Experiments Exploiting Quantum Entanglement
• New windows on research utilizing QIS foundations, tools, 

and techniques 

• Reports available at: 
– http://science.energy.gov/hep/community-resources/reports/

• Program Manager:  Lali Chatterjee

Quantum Information Science (QIS)

18HEP FY 2018 Budget Request
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What are the overlaps between HEP and Quantum Science?

Foundational entanglement theory: e.g. holography, black holes, emergent 
gravity or spacetime, long-range entanglement
Beyond Moore’s Law computing: even if general purpose quantum computers 
or quantum-accelerated computers are 15-20 years away, they are relevant for HEP 
experiments underway now (ATLAS/CMS/DUNE etc) that will be running in 2035+
Quantum sensors: almost any device developed for quantum computing is also a 
quantum sensor with potential applications to HEP, e.g. detection of dark sector 
particles, and a variety of small experiments
HEP applications of near-term quantum computers: e.g. multiparticle beam 
dynamics, quantum machine learning for LHC and neutrino data, etc.
HEP has investment and expertise in deploying and scaling the relevant 
technology: superconducting cavities, sub-Kelvin sensors, controls and readout, 
etc.
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Fermilab and quantum connections

Lab has already done a lot of homework on overlaps between HEP and 
the fast-moving QIS field

•  DOE HEP/ASCR roundtable Feb 2016
•  OSTP quantum computing meeting Oct 2016
•  POTUS meeting SpaceX Jan 2017
•  ASCR quantum testbeds workshop Feb 2017
•  U. Chicago – Argonne – Fermilab meeting May 2017
•  Visits to Google, IBM, AT&T

 

 

 

  

 

 

 

 

  

 

Co-Chairs:  Swapan Chattopadhyay, Roger Falcone, and Ronald Walsworth 

Report of the DOE Roundtable held February 25, 2016 

Participants and Contributors: 
David DeMille, Peter Graham, Evelyn Hu, Misha Lukin, 
Mark Kasevich, Nergis Mavalvala, Chris Monroe, 
Holger Mueller, Surjeet Rajendran, Cindy Regal, Mike 
Romalis, David Schuster, Alex Shuskov, Irfan 
Siddiqui, Kartik Srinivasan, Chris Stubbs, Jun Ye 
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Fermilab has identified partners who want to work with us:
Caltech, U. Chicago, industry, other labs, private foundations

In particular we are part of the recently-announced Chicago Quantum 
Exchange; David Awschalom is the director.

In addition, many of our international partners for neutrinos have 
expressed interest in collaborating on quantum: Canada, Australia, UK       

Fermilab and quantum connections: partners
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Based on discussions with partners, we have identified four thrusts as 
entry points for Fermilab to participate in the DOE SC quantum initiative

Supporting initially with LDRD, private foundation and industry funding

Coordinating closely with DOE HEP

Together with partners, we submitted successful pre-proposals to both of 
the recent ASCR quantum program announcements

We are also trying to develop a fifth thrust on quantum field theory 
applications

  Quantum initiatives
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Fermilab thrusts  

1.  Quantum sensors

2.  Superconducting technologies (cavities, materials, systems)

3.  HEP applications of near-term quantum computers, algorithms

4.  Quantum networks
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1. Quantum sensors

1-1: Quantum computers as axion detectors
1-2: SENSEI dark matter detection with “skipper” CCDs
1-3: Cold atom interferometers for dark sector expts

 

Adapting quantum devices for use as quantum sensors for particle physics 
experiments such as direct dark matter detection

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)

Proposal: 100 meter detector at Fermilab

• MINOS, MINERνA and NOνA experiments 
use the NuMI beam

• 100 meter access shaft

• Atom DM detector (small scale project)

• 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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NuMI shaft

See next talk by William Wester
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 2. Superconducting technologies for quantum systems                         
Hosting and improving scalable superconducting quantum computers that 
use microwave photons in cavities
	  	  
•  Working with U. Chicago David Schuster group (and talking to other PIs)
•  Fermilab has the world’s leading SRF/superconducting materials effort
•  We have the 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 and a 2017 
Presidential Early Career Awardee	  
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 2. Superconducting technologies for quantum systems                         
•  We have begun R&D toward higher Q cavities for quantum computers, which 

translates e.g. to longer coherence times
•  Supported by LDRD

This is superconducting materials 
science of the kind we already do, 
but in a new regime
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3. HEP applications of near-term quantum computers
HEP	  has	  shovel-‐ready	  use	  cases,	  e.g.	  quantum	  machine	  learning	  for	  LHC,	  
supported	  by	  DOE	  HEP,	  partnership	  of	  Caltech/USC/Fermilab	  

To	  appear	  in	  Nature	  
Embargoed	  not	  for	  circula5on	  	  
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3. HEP applications of near-term quantum computers

Fermilab has deep experience in co-design, middleware, interface, and 
algorithm development for distributed classical computing, will apply this to 
near-term quantum computers

Partnered on two pre-proposals to the ASCR solicitation on Quantum 
Algorithm Teams; both made it to proposal stage

Partnered on two pre-proposals to the ASCR solicitation on Quantum 
Testbeds; both made it to proposal stage
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4. Quantum networks
•  Secure communication networks using entangled photons to link 

quantum devices & computers over large distances with optical fiber 
and quantum repeaters

•  Caltech and AT&T have formed a strategic 5-year partnership for co-
design, systems engineering and integration of INtelligent Quantum 
NEtworks & Technologies, i.e. the INQNET
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4. Quantum networks

•  Maria Spiropulu is the Caltech PI
•  AT&T support is through the AT&T Foundry in Palo Alto

•  Fermilab will host the INQNET backbone for technology demonstrators 
(photonics, fiber and repeaters)
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HEP science and technology overlaps with quantum science make it 
appropriate for DOE HEP to have a major role in the Office of Science 
quantum initiative

Fermilab has done a lot of homework to identify appropriate entry points, 
and have found strong partners with relevant expertise

We are exploiting leverage and flexibility from LDRD, industry, and private 
foundation support

We are focusing on areas where high impact results can be achieved on 
relatively short timescales, but also looking to the longer term

Summary


