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ÅU.S. Nuclear Science
ÅCommunity, Long-Range Planning, Budgets

ÅMajor Program Review & Highlights (Recommendation 1)
ÅJLab
ÅFRIB
ÅFundamental Symmetries
ÅRHIC

ÅProgress on Recommendations 2 and 3
ÅTon-scale 0nbb
ÅElectron Ion Collider

ÅTheory Initiatives
Å{ƻƳŜ ά.ƛƎέ tǊƻƧŜŎǘǎ
ÅBeyond the LRP:  Quantum Information Science initiative
Å In the backups, some selected additional science highlights 
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Nuclear Physics Program in the U.S.
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ORNL
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JLAB User Meeting June 19, 2018

DOE Nuclear Physics Budgets supporting the LRP
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NSF Overall Budgets Ą Nuclear tracks roughly

Government Shutdown affected NSF (but not DOE) for 35 days.  Challenge to conduct reviews and process grants

NEW for NSF: Solicitations for Mid-scale Research Infrastructure were published late 2018

https://www.nsf.gov/news/special_reports/big_ideas/infrastructure.jsp

MsRI-1 (6 ï20 M$) will make awards in 2019, MsRI-2 (20 ï70 M$) will make awards in 2020.

In general, the budgets continue to support progress toward the 2015 LRP Vision. 

https://www.nsf.gov/news/special_reports/big_ideas/infrastructure.jsp


[wt wŜŎƻƳƳŜƴŘŀǘƛƻƴ м Χ about JLab
Exploit the physics opportunities from the 12-GeV Upgraded CEBAF, which is now complete 
and data taking has begun in all 4 halls

Á Luminosities, up to 1039 electrons-

nucleons /cm2/ s 

Á World-record polarized electron 

beams 

Á Highest intensity tagged photon 

beam at 9 GeV

Á Unprecedented stability and control 

of beam properties Č Excellent for 

low energy SM tests

Á Ability to deliver a range of beam 

energies and currents to multiple 

experimental halls simultaneously



12 GeVScientific Capabilities

Hall D ïexploring origin of confinement 

by studying exotic mesons

Hall B ïunderstanding nucleon structure via

generalized parton distributions and transverse 

momentum distributions

Hall C ςprecision determination of 

valence quark properties in 

nucleons and nuclei 

Hall Aςshort range correlations, form factors, hyper-

nuclear physics
PatriziaRossi 
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12 GeV Science Era in Full Swing! 
32 weeks of operations in FY19 (up from 26 in FY18)

Å Hall D:

o GlueX phase I complete

o Threshold J/y manuscript in preparation

o DIRC enhancement under test
o Primex- ǵetting started

Å Hall A:

o All 4 Tritium experiments complete

o APEX running in search for heavy photons

o PREX/CREX installation underway

Å Hall B:

o CLAS12 Run Group A complete

o Starting Run Group B (deuterium)

o PRad preliminary results reported (see next slide)

o Heavy Photon Search to run in summer 2019

Å Hall C: 

o 3.7 experiments completed

o F2
d/F2

p preliminary result

o Search for LHCb pentaquark starting

8

(ŜΣŜΩǇ) xsvs missing 
momentum for A=3 systems

3He/3H
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PRAD: NEW MEASUREMENT OF PROTON CHARGE RADIUS
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Proton radius determined by muonichydrogen experiments 
disagrees with previous electron scattering results

 (fm)
p

Proton charge radius R

0.8 0.82 0.84 0.86 0.88 0.9 0.92

CODATA-2014

e-p scattering

H spectroscopy

p 2013m

p 2010m

H spectroscopy 2017

H spectroscopy 2018

PRad (Preliminary)

s5.6 

PRadPreliminary result:
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[wt wŜŎƻƳƳŜƴŘŀǘƛƻƴ м Χ about FRIB 

ÅFRIB
ÅConstruction:  88% complete; Civil 99% complete
ÅAim to complete in early 2021.
ÅFirst 3 cryomodules operating
ÅAr beam accelerated to 2 MeV/u 20.3 MeV/u  (2/27)
ÅInstruments underway:

ÅSECAR, GRETA, High Rigidity Spectrometer, Beta Decay Station, Solaris

ÅIsotope harvesting opportunities being pursued 

ÅAlready preparing science and technology case for FRIB 
beam energy upgrade to 400 MeV/nucleon (!)

Build FRIB expeditiously

IMPORTANT
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FRIB will produce ~5000 isotopes with physics goals:

Nuclear Structure
ÁThe limits of existence for nuclei

ÁNuclei that have neutron skins

ÁSynthesis of super heavy elements

Nuclear Astrophysics
ÁThe origin of the heavy elements and explosive nucleo-synthesis

ÁComposition of neutron star crusts

Fundamental Symmetries
ÁTests of fundamental symmetries, 

Atomic EDMs, Weak Charge



ATLAS:  Continues as a Premier Stable Beam Facility

New Cryomodule

AIRIS

AGFA

ATLAS is a unique premier 

Stable Beam Facility for 

research on Nuclear 

Structure & Nuclear 

Astrophysics

AGFA

Multi-User Upgrade AIP Planned



ÅNeutrons

ÅFacilities:  LANL, SNS, NIST

ÅPhysics:  Lifetime, Beta Decay, nEDM#

ÅRecent Highlights

ÅBottled lifetime; n-flight data taking

ÅUCNA update on A

ÅNPDGammafinal result

ÅMuons

ÅFacilities:  PSI, FNAL

ÅPhysics:  g-2* , mEDM, p radius

ÅRecent Highlights

ÅMuon g-2  1st physics data 

ÅParity Violating Electron Scattering

ÅPhysics:  proton weak charge, Pbradius, 
Moller scatterin

ÅRecent:   QWEAKresult final

ÅNeutrino Mass

ÅExperiments:  KATRIN, Project 8

ÅRecent Highlights

ÅKATRIN First Tritium

ÅProject 8 CRES technique

ÅNeutrino 0nbb

ÅExperiments:  CUORE, EXO-200, MGD

ÅRecent Highlights

Demonstrator results published

ÅNeutrino scattering

ÅFacility:  SNS 

ÅCOHERENT:  continuing

ÅAtomic EDMs

ÅHg-199 EDM; at < 7.5 x 10-30 e-cm

ÅNext gen being built

*support from DOE-HEP, DOE-NP, NSF, UK, INFN, Korea, China

#Large Scale Integration and the start of data taking for SNS nEDM experiment end of 2023

[wt wŜŎƻƳƳŜƴŘŀǘƛƻƴ м Χ about FS/Nu 
ά Χ ǘŀǊƎŜǘŜŘ ǇǊƻƎǊŀƳ ƻŦ ŦǳƴŘŀƳŜƴǘŀƭ ǎȅƳƳŜǘǊƛŜǎ ŀƴŘ ƴŜǳǘǊƛƴƻ ǊŜǎŜŀǊŎƘ  Χέ



ÅNew UCNtaulifetime (last year)

ÅNew UCNA asymmetry:  A0 = ς0.12015(34)stat(63)syst (0.56%)

ÅNPDGamma(final results)

Neutronbeta decay updates developing consistent 
ǇƛŎǘǳǊŜ ǿƛǘƘ {a Χ ŜȄŎŜǇǘ άōŜŀƳέ ƴ ƭƛŦŜǘƛƳŜ ǊŜǎǳƭǘ

Outlier is in-flight 
n lifetime



Muon g-2 physics data set exceeding BNL

Å PRESENT:  3.7sfrom SM (BNL vs Thy)
Å Analysis of Run1 data in progress
Å Aim for 2019 1st result 
Å Precision expected to be  ~better than BNL
Å Substantial Nuclear Physics funding in this 

multi-disciplinary experiment

Example fit of subset of data: 1.2 ppm in 60 hours
Much more on tape



PVES: Qweak final result

Nature 557, 207ï211 (2018)



LRP Recommendation м Χ about RHIC
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STATUS

ÅLuminosity has reached 44x design luminosity

ÅOriginal PHENIX has completed data taking

ÅHeavy flavor measurements complete

ÅLow energy electron cooling in construction

Å2017: Transverse spin physics

BNL RUN PLAN SCENARIO 

Å2018: Isobar comparison run

Å2018: CompleteLE e-cooling& iTPC upgrades

Å2019: High precision scan of the QCD phase 
diagram & search for critical point

ÅMeanwhile, prepare sPHENIXfor installation

ÅProbeperfect liquidQGP with jet quenching and 
Upsilon suppressionmeasurements

ÅForward cold QCD and spin physics (?)

STAR HFT

LEReC

Exploit QGP & polarized pp spin physics selected run campaigns 

Low-Energy e-cooling upgrade for 
Beam Energy Scan

Upgrading STAR acceptance

Major Upgrades:
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Never 

been done 

before 

collider 

isobar run 

to test Both Species have 
higher achieved 
luminosity than 
projected RHIC max 

Zr96
Ru 96

Chiral Magnetic 
Effect 
interpretation 

2018 Run
Understandthe origin of charge separation with 
respect to the reaction plane

18

RHIC current physics campaigns
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Search for a critical point between the phases of 
nuclear matter.  Requires a Beam Energy Scan with 
low-energy ion beams

A critical factor is electron coolingof low energy, 
bunched heavy ion beams (3.85ς5.75 GeV/n) to 
increase luminosity.  Project is on track

2019 Run

19

RHIC current physics campaigns

The Phase Diagram for 
a Material Illuminates 
its Equation of State

Example: Phase Diagram of Water

Results from the first survey runtantalizing, 
but the statistics do not allow a conclusion. 

*Non-Poissonianscaled kurtosis (net baryon number fluctuations)
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× Forward spin run (2022):

× 500 GeV p+p with forward upgrade of STAR

× QCD spin physics studies complementary to EIC

× Runs with sPHENIX (2023-25):

× Full energy (ãsNN = 200 GeV) Au+Au, p+p, p+Au

× Precision measurements of fully resolved jets and 

Upsilon states

RHIC Run Plan 2019-25

× Beam Energy Scan II (2019-21):

× Low energy (ãsNN = 7.7, 9.1, 11.5, 14.5, 19.6 GeV) Au+Au runs using 

electron cooling to increase luminosity

× Fixed target runs at (3.0), 3.5, 3.9, 4.5, 5.2, 6.2, 7.7 GeV

× Search for signs of critical phenomena in event-by-event fluctuations



[wt wŜŎƻƳƳŜƴŘŀǘƛƻƴ н Χ about 0nbb
ά Χ ǘƛƳŜƭȅ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ŀ ¦Φ{Φ-led ton-scale neutrinolessdouble beta 
ŘŜŎŀȅ ŜȄǇŜǊƛƳŜƴǘΧέ

Meanwhile, DOE and NSF currently support first-generation NLDBD experiments and R & D 
leading to next-generation experiments. 

CUPID  nEXO LEGEND 
Toward Light-emitting 

bolometers
Liquid XeImaging 

TPC at 5 Ton

High Resolution / Low BCK Ge Xtals
(merge of MGD + GERDA)

0nbbton-scale has obtained CD-0 status
CD-0 ƛǎ άƳƛǎǎƛƻƴ ƴŜŜŘέ Χ  ǘƘŀǘ ƛǎΣ άŀ ǎŎƛŜƴǘƛŦƛŎ goal or a new capability, requiring material 
investment ŜȄƛǎǘǎΦέ   Lǘ ŘƻŜǎ ƴƻǘ ǎǇŜŎƛŦȅ the facility, technology, or configuration of the 
project yet.   It also does not imply funding exists.  But it is an important First Step



KamLAND-ZEN

EXO-200

CUORE

GERDA

MajoranaDemonstrator

0nbbis an international priority.  Significant progress in last 2 years with 
demonstrators around the world and new ideas emerging for next-generation 
concepts.   

Example recent PRLs



[wt wŜŎƻƳƳŜƴŘŀǘƛƻƴ о Χ about an EIC

New: An Assessment of U.S.-Based Electron-Ion Collider Science

In summary, the committee finds a compelling scientific case for such 
a facility. The science questions that an EIC will answer are central to 
completing an understanding of atoms as well as being integral to 
the agenda of nuclear physics today.

We recommend a high-energy high-luminosity polarized EIC as the highest priority for 
new facility construction following the completion of FRIB

National Academy report:



3 Central EIC scientific drivers
1. Understand in detail the mechanisms by which the massof nucleons, and thus 

the mass of all the visible matter in the universe, is generated. 
άIƻǿ does the mass of the nucleon ariseΚέ

Χ ǘƘŜ total mass of a nucleon is some 100 times greater than the mass of the 
valence quarks it contains.

2. Understand the origin of the internal angular momentum or spin of nucleons

άIƻǿ does the spin of the nucleon ariseΚέ

Howthe angular momentum, both intrinsic as well as orbital, of the internal quarks 
and gluons gives rise to the known nucleon spin is not understood. 

3. Study the nature of gluons in matterτthat is, their arrangements or states, and 
the details of how they hold matter together.
ά²Ƙŀǘ are the emergent properties of dense systems of gluonsΚέ

Gluons in matter play a crucial role. An EIC would potentially reveal new states 
resulting from the close packing of many gluons within nucleons and nuclei



¢ǿƻ ƳŀŎƘƛƴŜ ŎƻƴŎŜǇǘǎ ŜȄƛǎǘ Χ ŀƴŘ ǘƘŜȅ ŘƛŦŦŜǊ

ÅJLEIC:
Å5 ςмн DŜ± Ŝπ ƻƴ Ǉ нл ς200 GeV or ions to 80 GeV/nucleon

ÅeRHIC: 
Å5 ς18 GeV e- on p to 275 GeV or  ions to 100 GeV/nucleon

ÅDOE is making steady progress toward an EIC.  There are many steps to take 

The NAS study did not state a preference 
for one machine or the other

Expect real accelerator R&D efforts 
to determine feasibility of designs



LRP Recommendation 4Χ about projects
We recommend increasing investment in small-scale and mid-scale projects and 
initiatives that enable forefront research at universities and laboratories

Example from the National Science Foundation

Continued investment in next-
generation neutron EDM experiment

9ȄǇƭƻǊŀǘƛƻƴ ƻŦ ǘƘŜ άǇǊƻǘƻƴ ǊŀŘƛǳǎ 
ǇǳȊȊƭŜέ Ǿƛŀ Ƴǳ-p and e-p scattering



LRP Recommendation 4Χ about projects
We recommend increasing investment in small-scale and mid-scale projects and 
initiatives that enable forefront research at universities and laboratories

Examples from DOE:

Critical instrumentation to exploit FRIB physics A major new detector for RHIC

GRETA
4ptracking detector capable of reconstructing the energy and 
three-dimensional position of g-ray interactions

Full solid angle coverage and high efficiency

Excellent energy and position resolution

Good background rejection (peak-to-total)

sPHENIX
High-rate detector with full program of light and 
heavy-flavor jets, photon, upsilons, and 
correlations

Investigate underlying dynamics of the QGP



LRP Recommendation 4Χ about projects
Exciting Projects representing JLabfuture priorities

Å MOLLER experiment 

ï Precision Standard Model Test

ï DOE science review ïstrong endorsement

ï CD-0 approved, Dec. 2016

ï Will be started soon with funding

Å SoLID 

ï Large acceptance, high luminosity

ï SIDIS and PVDIS

ï CLEO Solenoid P

ï International collaboration

ï Directorôs review (Feb. 2015) 

ï Awaiting science review from ONP



[wt LƴƛǘƛŀǘƛǾŜǎ Χ about Theory:  3 components

Å FRIB Theory Alliance (FRIB-TA): SUCCESSFULLY GOING
Å Funding at $645k in 2018.  
Å An organizational structure is in place.  
Å Two FRIB-TA bridge faculty appointments have been made 3rd search initiated 
Å Further information is available at http://www.fribtheoryalliance.org/.

Å Theory Topical Collaborations: (see next slide)
Å Four five-year Topical Collaborations, started in 2016 with significant matching 

funds from NNSA.  

Å Computational Nuclear Theory(just some examples of activities here)
Å In 2017 in collaboration with ASCR, program of multi-institutional five-year NP 

SciDACprojects in computational nuclear physics was re-competed.  Three 
project funded:
Å Low ŜƴŜǊƎȅ ƴǳŎƭŜŀǊ ǇƘȅǎƛŎǎΣ όάb¦/[9LΣέ tL WƻŜ /ŀǊƭǎƻƴ ŀǘ [!b[ύΣ 
Å Lattice QCD (PI Robert Edwards at JLAB), 
Å Nuclear ŀǎǘǊƻǇƘȅǎƛŎǎ όά¢9!a{Σέ tL RaphHixat ORNL).

http://www.fribtheoryalliance.org/


The Four theory Topical Collaborations

Toward a 3D picture of the Nucleon
Transverse Momentum Distributions

Identify signature of the QCD Critical 
Point in the RHIC Beam Energy Scan

DBD 
Collaboration

Nuclear Matrix Element calulations
to support NeutrinolessDouble Beta 
Decay, and other FS experiments 

FIRE 
Collaboration

Search for the astrophysical site of 
the r-process requires NP input. Get 
Fission (rates) in r-process Elements



New NSAC Charge:  QIS / QC



RHIC User Meeting June 15, 2018 25

Where Do Things in NP Stand Now?

Early activities involving nuclear scientists

Å INT workshop took place

Å Calculation of the binding Energy of the Deuteron

Å Workshop at ANL: Intersections between Nuclear 

Physics and Quantum Information Physics Division, 

Argonne National Laboratory, 28ï30 March 2018

Requested Resources:

Å FY18 PR: $45M requested by SC

Å NP may have some resources in FY2018

Å Proposals should be submitted to the open solicitation 

pursuant to the :Dear Colleagueò Letter: éòDOE SC 

encourages submission of innovative research ideas via 

any appropriate existing mechanism

Å FY19 PR: $105M SC request; $8.3M requested by NP

Å NP POC: Gulshan Rai

Joseph Carlson (Los Alamos National Laboratory) 

David J. Dean (Oak Ridge National Laboratory) 

Morten Hjorth-Jensen (Michigan State University) 

David Kaplan (Institute for Nuclear Theory) 

John Preskill (California Institute of Technology) 

Kenneth Roche (Pacific Northwest National Laboratory) 

Martin J. Savage (Institute for Nuclear Theory) 

Matthias Troyer (Microsoft)

Institute For Nuclear Theory Report 18-008



Summary
ÅMajor Facilities
ÅJLab12 GeV program is running all 4 halls
ÅRHIC Beam-Energy Scan and Isobar runs in progress
ÅFRIB at 88% completion
ÅFS/Nu progress on many experiments
ÅEIC has National Academy endorsement; a big step
Å0nbbdemonstrators running well; aiming at Ton Scale

ÅTheory
ÅLRP priorities addressed
ÅQuantum Information Science ςNP booming (new since LRP)

ÅProjects
ÅFunds directed to strategic efforts underway 

ÅMuch more Χ
ÅΧ see additional highlightǎ ƛƴ ōŀŎƪǳǇǎ Χ



Selected Science 
Highlights

Provided by the labs



Flavor dependence of sea quark spin 

Result: For 0.05<x<0.25 ṉNSAC Milestone HP8

ñMeasure flavor-identified quark contributions 

to the spin of the proton via the longitudinal 

spin asymmetry of W productionò

New global fit based on RHIC results 

extracted from W+ and W AL  at 510 GeV

New Fit

2011 2013 Data

Opposite sign of spin-averaged 

quark-sea flavor asymmetry!

ӶὨὼȟὗ όὼȟὗ

ӶὨὼ όὼ



Evidence for small QGP droplets

The QGP droplets created in collisions of 

p+Au, d+Au, 3He+Au have characteristically 

different shapes resulting in different emission 

patterns (flow).

v2

v3

v2(d,3He+Au) > v2(p+Au)

v3(
3He+Au) > v3(p,d+Au)

The ordering of flows 

follows the ordering of 

shapes (Ů2, Ů3).



Results Published in Nature

37

Final Qweak results: 

Nature 557, 207ï211 (2018)

The weak charge of 

the proton ïñQweakò, 

represents the (tiny) 

difference of the 

charge of the proton 

and itôs mirror image

The pressure distribution in the proton:
Nature 557 (2018) no.7705, 396-399

An accurate calculation of the nucleon 

axial charge with lattice QCD:

Nature 558, 91-94 (2018) 

Analysis of 6 GeV 

CLAS DVCS data on 

the proton. 

Ultrafast Nucleons in Asymmetric Nuclei:
Nature 560 (2018) no.7720, 617-621

Modified Structure of Protons and 
Neutrons in Correlated Pairs (accepted)



Quantum Computing of an Atomic Nucleus
Computation of the deuteron on a quantum chip demonstrates that 
ŜǾŜƴ ǘƻŘŀȅΩǎ ǊǳŘƛƳŜƴǘŀǊȅ ǉǳŀƴǘǳƳ ŎƻƳǇǳǘŜǊǎ Ŏŀƴ ǎƻƭǾŜ ƴǳŎƭŜŀǊ 
physics questions.

vǳŀƴǘǳƳ ŎƻƳǇǳǘŜǊǎ ǇǊƻƳƛǎŜ ǘƻ ǎƻƭǾŜ άŜȄǇƻƴŜƴǘƛŀƭƭȅ ƘŀǊŘέ ǇǊƻōƭŜƳǎΣ ǎǳŎƘ ŀǎ ŎƻƳǇǳǘƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ƳƻƭŜŎǳƭŜǎΣ ŀǘƻƳǎΣ ƻǊ 
atomic nuclei. A collaboration of nuclear physicists and quantum information scientists at Oak Ridge National Laboratory reported 
on the first quantum computation of the deuteron, the lightest atomic nucleus, using publicly available software and accessing 
quantum processors via the cloud. To accomplish this feat, they employed a simple-yet-realistic model for the deuteron and 
tailored the calculation to the constraints imposed by cloud computing on noisy quantum chips. The quantum computation 
ȅƛŜƭŘŜŘ ǘƘŜ ŘŜǳǘŜǊƻƴΩǎ ōƛƴŘƛƴƎ ŜƴŜǊƎȅ ǘƻ ǿƛǘƘƛƴ ŀ ŦŜǿ ǇŜǊŎŜƴǘ ƻŦ ǇǊŜŎƛǎƛƻƴΣ ƳŀƪƛƴƎ ǘƘƛǎ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ǘƻǿŀǊŘ ǎŎŀƭŀōƭŜ ƴǳŎƭŜŀr 
structure computation on quantum processor units.

E.F. Dumitrescu, et al, PRL 120, 210501 (2018)
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Isomer depletion as experimental evidence of nuclear excitation 

by electron capture

C. J. Chiara1, J. J. Carroll2, M. P. Carpenter3, J. P. Greene3, D. J. Hartley4, 

R. V. F. Janssens3 n1, G. J. Lane5, J. C. Marsh1 n1, D. A. Matters6, M. 

Polasik7, J. Rzadkiewicz8, D. Seweryniak3, S. Zhu3, S. Bottoni3 n1, A. B. 

Hayes10[é] & S. A. Karamian

Nature volume 554, pages 216ï218 (08 February 2018)

The atomic nucleus and its electrons are often thought of as independent 

systems that are held together in the atom by their mutual attraction. Their 

interaction, however, leads to other important effects, such as providing an 

additional decay mode for excited nuclear states, whereby the nucleus 

releases energy by ejecting an atomic electron instead of by emitting a ɔ-ray. 

This óinternal conversionô has been known for about a hundred years and can 

be used to study nuclei and their interaction with their electrons1,2,3. In the 

inverse processðnuclear excitation by electron capture (NEEC)ða free 

electron is captured into an atomic vacancy and can excite the nucleus to a 

higher-energy state, provided that the kinetic energy of the free electron plus

the magnitude of its binding energy once captured matches the nuclear energy difference between the two states. NEEC was 

predicted4 in 1976 and has not hitherto been observed5,6. Here we report evidence of NEEC in molybdenum-93 and determine 

the probability and cross-section for the process in a beam-based experimental scenario. Our results provide a standard for the 

assessment of theoretical models relevant to NEEC, which predict cross-sections that span many orders of magnitude. The 

greatest practical effect of the NEEC process may be on the survival of nuclei in stellar environments7, in which it could excite 

isomers (that is, long-lived nuclear states) to shorter-lived states. Such excitations may reduce the abundance of the isotope 

after its production. This is an example of óisomer depletionô, which has been investigated previously through other 

reactions8,9,10,11,12, but is used here to obtain evidence for NEEC.

Discovery of Isomer Depletion Via Electron Capture

https://www.nature.com/articles/nature25483#auth-1
https://www.nature.com/articles/nature25483#a1
https://www.nature.com/articles/nature25483#auth-2
https://www.nature.com/articles/nature25483#a2
https://www.nature.com/articles/nature25483#auth-3
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#auth-4
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#auth-5
https://www.nature.com/articles/nature25483#a4
https://www.nature.com/articles/nature25483#auth-6
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#n1
https://www.nature.com/articles/nature25483#auth-7
https://www.nature.com/articles/nature25483#a5
https://www.nature.com/articles/nature25483#auth-8
https://www.nature.com/articles/nature25483#a1
https://www.nature.com/articles/nature25483#n1
https://www.nature.com/articles/nature25483#auth-9
https://www.nature.com/articles/nature25483#a6
https://www.nature.com/articles/nature25483#auth-10
https://www.nature.com/articles/nature25483#a7
https://www.nature.com/articles/nature25483#auth-11
https://www.nature.com/articles/nature25483#a8
https://www.nature.com/articles/nature25483#auth-12
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#auth-13
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#auth-14
https://www.nature.com/articles/nature25483#a3
https://www.nature.com/articles/nature25483#n1
https://www.nature.com/articles/nature25483#auth-15
https://www.nature.com/articles/nature25483#a10
https://www.nature.com/articles/nature25483#auth-16
https://www.nature.com/articles/nature25483#ref1
https://www.nature.com/articles/nature25483#ref2
https://www.nature.com/articles/nature25483#ref3
https://www.nature.com/articles/nature25483#ref4
https://www.nature.com/articles/nature25483#ref5
https://www.nature.com/articles/nature25483#ref6
https://www.nature.com/articles/nature25483#ref7
https://www.nature.com/articles/nature25483#ref8
https://www.nature.com/articles/nature25483#ref9
https://www.nature.com/articles/nature25483#ref10
https://www.nature.com/articles/nature25483#ref11
https://www.nature.com/articles/nature25483#ref12


RHIC User Meeting June 15, 2018

Fundamental Science That Advances QIS

Illustration of a topological 
insulator with a 
superconducting layer on top 
for detection of Majorana
fermions (colored lines). Once 
identified and isolated, 
Majoranafermions could form 
the basis of qubits. Electrons 
(green) travel along the edges 
of the structure.  Supported in 
part by the BES Energy Frontier 
Research Center (EFRC) 
program.

In April 2017, the researchers have 
successfully run the largest ever 
simulation of a quantum computer 
at NERSC, LBNL. The simulation was 
made possible by the performance 
boost gained through the use of 
Roofline model during the 
optimization process. The Roofline 
model was developed by SciDAC 
Institutes; a flagship ASCR program.

SC will leverage the groundwork already established in DOE National Labs and the academic 

groups to maximize SCôs impact on QIS. Examples include:

A laser cooled, RF 
confined ion trap at 
Argonne National 
Laboratory: trapped ions 
can be used as qubits and 
as quantum simulators.

Tensor networks are a key 
theoretical tool for 
understanding 
entanglement, topological 
order, and other aspects 
of quantum systems.  
They comprise a broad 
family of techniques (2D
Multi-scale Entanglement 
Renormalization Ansatz 
(MERA) shown here).
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Next-to-Next-Generation 0nbbideas
¢ƘŜ Ǝƻŀƭ ƛǎ ½9wh ōŀŎƪƎǊƻǳƴŘ ŀƴŘ άaǳƭǘƛ-ƳŜǎǎŜƴƎŜǊέ ǎƛƎƴŀƭ 
(not just a peak at the Q value)

ÅNot an official list here, but what I am aware of in 
this category includes
ÅVarious Ba tagging R&D efforts

ÅSELENA (tracking in a pixel detector)

ÅGas XeTime Projection Chamber

Å̧ ƻǳǊ ƛŘŜŀ ƘŜǊŜ Χ

ÅEspecially of interest if the normal hierarchy is 
ŜǎǘŀōƭƛǎƘŜŘΦ  wƛƎƘǘ ƴƻǿΣ ƛǘΩǎ άƭŜŀƴƛƴƎέ ǘƘŀǘ ǿŀȅ ŦǊƻƳ 
global analyses


