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Nuclear Physics Program in the U.S.

National User Facilities
ARHIC (BNL)

A CEBAF (TINAF)
AATLAS (ANL)

A ~3,000 users

Research Groups
A9 National Laboratories
A90 Universities

Other Lab. Facilities
A88-Inch Cyclotron (LBNL)
A200 MeV BLIP (BNL)
A100 MeV IPF (LANL)
AHot Cell Facilities at BNL,

LANL, ORNL

Centers of Excellence
A CENPA (U. of Wash)
AINT (U. of Wash.)
ATAMU (Texas A&M)
ATUNL (Duke)

AREC (MIT)

NP Workforce

~700 Faculty& Lab Res Staff
~320 Postocs

~520 GraduatStudents
~1000Technical/admin

~100 Undergraduate Studen
~ 85 PhDo6s
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@ University
A Laboratory Facility

(] Laboratory

Y University Facility/
Center of Excellence
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DOE Nuclear Physics Budgets supporting the LRP

12%
1%4% Nuclear Physics ($690 M)
1%

B Trump Request* House Bill M Senate Bill ™ Final

NSF Overall Budgets A Nuclear tracks roughly

-4%
5%
4%
4%

NSF Total ($8.08 B)

M Trump Request* House Bill m Senate Bill m Final

Government Shutdowmffected NSF (but not DOE) for 35 days. Challenge to conduct reviews and process gre

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

https://www.nsf.qgov/news/special reports/big ideas/infrastructure.jsp
MsRI-1 (6 1 20 M$) will make awards in 2019, MsRI-2 (201 70 M$) will make awards in 2020.

In general, the budgets continde support progress toward the 2015 LRP Visior


https://www.nsf.gov/news/special_reports/big_ideas/infrastructure.jsp
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Exploit the physics opportunities from the G2V Upgraded CEBAF, which is now complet
and data taking has begun in all 4 halls

A Luminosities, up to 103° electrons- 12 GeV UPGRADE add new hall “Y ,
nucleons /cm?/ s - o
A World-record polarized electron S New
beams cryomodules
A Highest intensity tagged photon \ BObl G
beam at 9 GeV up-gradr;- C‘apacltc’n
) . sxisting Halls «g
A Unprecedented stability and control |t
f beam properties C Excellent for |
IO beam p OSDI\eAJE[eStC e - add arc upgrade magnets
oW energy ests = ‘ ; and power supplies
A Ability to deliver a range of beam ’ ’
energies and currents to multiple u S hew cryomodules

- .
experimental halls simultaneously - \GJ




12 GeVScientific Capabilities

Hall D 1 exploring origin of confinement
by studying exotic mesons

n

The GlueX/Hall D Project

Hall B i understanding nucleon structure via
generalized parton distributions and transverse
momentum distributions

Hall C ¢ precision determination of
valence quark properties in
nucleons and nuclei

Hall A ¢ short range correlations, form factors, hyper-
nuclear physics

PatriziaRossi



12 GeVScientific Capabilities

Hall D 1 exploring origin of confinement
by studying exotic mesons

Hall B i understanding nucleon structure via
generalized parton distributions and transverse

momentum distributions

Hall C ¢ precision determination of [{i&F S8
valence guark properties in |;
nucleons and nuclei

Hall A ¢ short range correlations, form factors, hyper-
nuclear physics

Patrizia Rossi



12 GeV Science Era in Full Swing!

32 weeks of operations in FY19 (up from 26 in FY18)

A Hall A: N
o All 4 Tritium experiments complete : \**,i
o APEX running in search for heavy photons shepy f)—
o PREX/CREX installation underway | (5 = pusmissing
; momentym fof A=3 systems
DV(T;‘ II‘M:\/:] BSA
A Hall B: -
o CLAS12 Run Group A complete 02 Clas#
o Starting Run Group B (deuterium) ot
o PRad preliminary results reported (see next slide) —PREL
o Heavy Photon Search to run in summer 2019 L
02 o oo
A Hall C: 0'3; Aso-?.:sé;.'mjéo'250T3000(§§30
o 3.7 experiments completed <
o F,9F,P preliminary result 2"
o Search for LHCb pentaquark starting =
1
A Hall D:
o GlueX phase | complete — -
o Threshold J/y manuscript in preparation e Gy |-
o DIRC enhancement under test ] —— Paats0) 2R |
(¢} PrlmEX" gettlng Started “TISI - ISS‘ . ‘9‘ - b.SI - Ili(]‘ ‘ Il‘(]‘g‘ ‘ Ilil‘ I ‘l‘li.‘S‘ I ‘12

E, (GeV)

8 J)gf.f;gon Lab
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Tagger

PRADNEW MEASUREMENT OF PROTON CHARGE R,

PRad Setup (side View)
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wl.05
O

0.95

0.9

0.85

chamber
2H00 i
Harp : CODATA-2014
Collimator & g —
indr gl np 2013
— Mmook +
’
/ —_—
\ np 2010
E a D q H spectroscopy
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PrOton EIeCtrIC Form FaCtor GE Proton Charge radius Rp (fm)
. 1.1 GeV data
B . 2.2 GeV data
I~ —_ —_ PRad (Preliminary), R = 0.830 + 0.008 (stat.) + 0.018 (syst.) fm
S Gy, dipole form factor, R = 0.811 fm
[ Gg, J. C. Bernauer et al. PRC 90 (2014) 015206, R = 0.887 fm
Gg., J. J. Kelly. PRC 70 (2004) 068202), R = 0.863 fm _
» e GE, S. Venkat et al. PRC 83(2011)015203), R = 0.878 fm — CODATA-2014
L np 2013
j —_—
- mp 2010
- PRad (Preliminary) H spectroscopy
- k- —_————
B H spectroscopy 2018
- —————— °
i H spectrolscopy 2017 | | | |
— 0.8 0.82 0.84 0.86 0.88 0.9 0.92
B Proton charge radius R (fm)
0.01 0.02 0.03 0.04 0.05 0.06 . .
Q? (GeV?) PRadPreliminary result:
R,=0.83Gt 0.008 (staty 0.018 (systfin
9

Proton radius determined bynuonichydrogen experiments
disagrees with previous electron scattering results

.ggi’,f;gon Lab
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Build FRIB eXpedlthUS|y Time of flight measurement using
beam position monitors

AFRIB T s =
A Construction:88% completeCivil 99% complete =~ 1
A Aim to complete in early 2021.
A First 3cryomodulesoperating AN SEEAINI
A Arbeam accelerated t@&-MeWu20.3 MeViu (2/127 oo
A Instrumentsunderway:
A SECARGRETA, High Rigidity Spectrometer, Beta Decay Station, Soh
A Isotope harvesting opportunities being pursued

A Already preparingcience and technology case for FRIB
beamenergy upgrade to 40MeV/nucleon (1)

IMPORTANT




FRIB will produce ~5000 isotopes with physics goals:

Nuclear Structure
A The limits of existence for nuclei
A Nuclei that have neutron skins
A Synthesis of super heavy elements

Nuclear Astrophysics
A The origin of the heavy elements and explosiveleosynthesis &
A Composition of neutron star crusts .

;' = Fundamental Symmetries
A Tests of fundamental symmetries,




ATLAS Continues

ECR 2

s e R T
Radiological
Prep Lab

as a Premier Stable Beam Facility

ATLAS is a unique premier Multi-User Upgrad@lIP Planned
Stable Beam Facility for

Fragment
Mass Analyzer

research on Nuclear
Structure & Nuclear
Astrophysics

Split-Pole

,— CARIBU Stopped Spectrometer

AIRIS
Beam Stations )

General

lon Source

Purpose
Beam Line

4

Large Scattering
Facility

ECR3

lon Source

Accelerator

] [ I—‘
—
] Control Room

i "l'”!!”””_w' - New Crypmodule
LY [RAeARN ¢
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A Neutrons A Neutrino Mass
A Facilities: LANL, SNS, NIST A Experiments: KATRIN, Project 8
A Physics: Lifetime, Beta Decag DM A Recent Highlights
A Recent Highlights A KATRIN First Tritium
A Bottled lifetime; nflight data taking A Project 8 CRES technique
A UCNA update on A A NeutrinoO n b b
A NPDGammdinal result A Experiments: CUORE, EX@D, MGD
A Muons A Recent Highlights
A Facilities: PSI, FNAL Demonstrator results published
A Physics: @", "EDM p radius A Neutrino scattering
A Recent nghllghtst | A Facility: SNS
A Muon g2 T physics data A COHERENEontinuing
A Parity Viqlating Electron Scattering. A Atomic EDMSs
A Physics: proton weak chargebradius, A Hg199EDM: at< 7.5 x 18%e-cm

Moller scatterin

A Recent: Q,cacresult final A Next gen being built

#Large Scale Integration and the start of data taking for SNS nEDM expeenuo{t2023
*support from DOEHEPDOENR NSF, UK, INFN, Korea, China

X

a

é



Neutronbeta decay updates developing consisten
LA OQGdNB 6AGK {a X SEOS

A NewUCNTtauifetime (last year)
A New UCNA asymmetryA, =¢0.12015(34),(63),,; (0.56%)
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Muon g-2 physics data set exceedlng BNL

= o RN ke T

tectors along e

A PRESENT: 8.fom SM (BNL vs Thy)

A Analysis of Runl data in progress

A Aim for 2019 #result

A Precision expected to be ~better th&MNL

A Substantial Nuclear Physics funding in this
multi-disciplinary experiment

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

Azimuthally-Averaged Magnetic Field (ppm)
107 E - 60 hour dataset, preliminary 250 ppb contours

w, statistical precision: 1.2 ppm

10°
10°k

10%¢

10°

. . . . / . WAVAYAVAL
0 10 20 30 40 50 60 70 80
time modulo 87us




PVESQweak final result _0r=0y

Gy (L= dsin? )Gy - G~ AR 2701

Proton

Weak Electromagnetic Strange Quark
Form Factors Form Factor

Charge

0.14 }
[0.12 }
0.10 }
0.08

| Data Projected to Forward-Angle Limit

o
~

Short
Extrapolation|
L{0.06 Q20

U.243

+Q°B(Q°9=0)
o
w
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(ee)
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0.231 | 1l Tevatron pip {LHC
: ~de—
0.229 — e — —
Nature 557, 2071 211 (2018) e 001 al G1 v 100 100
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LRP Recommendatiom a¥out RHIC

Exploit QGP & polarized ppin physics selectedn campaigns

STATUS

A Luminosityhasreachal 44x design luminosity
A Original PHENIX has completed data taking
A Heavy flavor measurements complete

A Low energy electron cooling @onstruction

A 2017: Transverse spphysics

BNL RUN PLAN SCENARIO

A 2018 Isobar comparison run

A 2018:CompleteLEe-cooling& iTPC upgrades

A 2019:Highprecision scan of the QCD phase
diagram & search for critical point

A Meanwhile, preparsPHENIXor installation

A Probeperfect liquid QGP with jet quenching and
Upsilon suppressiomeasurements

A Forward cold QCD and spin physics (?)

Major Upgrades:

Blue Au beam

electron beam

Low-Energy ecooling upgrade for
Beam Energy Scan

upgrade

vent 'lane et

Upgrading STAR acceptance
17



RHIC current physics campaigns

2018 Run

Understandthe origin of charge separation with
respect to the reaction plane

Integrated Luminosity [nb]

4.0

3.0 -

2.0 -

1.0

0.0

96 96
102t 5o Zr

VS.

96 96
44R11 —|_44 RU

= =Projection Lmin (55% Calendar-Time-in-Store)

Projection Lmax (70% Calendar-Time-in-Store)
= <Lint> STAR Zr 4.60b Xsection
= <Lint> STAR Ru 4.47 b Xsection

~
Never 7 -
been done i ~
before ~
collider - -
isobar run // / STV
to test gt Both Species have  / T A € _A
_ < Chiral Magnetic higher QChieVed / .
Hfect luminosity than / \\
interpretation projected RHIC majx
1 2 3 4 5 6 7 8 9

Weeks in Physics




RHIC current physics campaigns

Searclhfor a critical point between the phases of
nuclear matter Requires a Beam Energy Scan with &

2019 Run

low-energy ion beams

Temperature (MeV)

Normal Normal
N el e e V)

E i | The Phase Diagram for
® Solid Liquid Gas ! . N
H i . | a Material llluminates
= its Equation of State
4 A
458 (B8 7' j/";'Triplta point
il
0 0.01 100
Temperature (°C)

Example: Phase Diagram of Water

300
The Phases of QCD
250
SIS 10045 Quark-Gluon Plasma
200
150 [we® e
100 — Critical
r Point?
50 [—
C v Nuclear
L acuum Matter
_||||||||||||||||\C||||||||||||
0 200 400 600 800 1000 1200 1400 1600

Baryon Chemical Potential p,(MeV)

A critical factor is electronoolingof low energy,

bunched heavyon beams (3.886.75 GeV/n}o
increase luminosityProjectis an track

4F ¥70-5% === Poisson ]

070—80% 0-5% UrQMD

3F STAR Preliminary ]

ol ]

b 2 [ 3
¥ %

10Oy 8-

[ : Net-Proton - Au+Au ]

or ﬁ?&& 0.4 < p_(GeVic) < 2.0,1y| <05 ]

20 30 40 100 200
(S (GeV) -
Results from the first survey ruantalizing,

but the statistics do not allow a conclusion.

7 10

*Non-Poissoniarscaled kurtosis (net baryon number fluctuati



RHIC Run Plan 2019-25

x Beam Energy Scan Il (2019-21):

x Low eneugy.7,93311.5, 14.5, 19.6 GeV) Au+Au runs using
electron cooling to increase luminosity

x Fixed target runs at (3.0), 3.5, 3.9,4.5,5.2,6.2, 7.7 GeV
x Search for signs of critical phenomena in event-by-event fluctuations

x Forward spin run (2022):
x 500 GeV p+p with forward upgrade of STAR
x QCD spin physics studies complementary to EIC

x Runs with sPHENIX (2023-25):
x Full energy (& an = 200 GeV) Au+Au, p+p, p+Au
x Precision measurements of fully resolved jets and
Upsilon states

20
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Onb Hon-scale has obtained CD status
CDOA& AaYAaaarzy Yy SSRégoakra nawdapability,dexuiriag matérial?
investmentSEA & (G & d¢ lthéé fadii®y, Sedhnologyiior Gonfitii@tiorF of the
projectyet. It also does not imply funding exists. But it is an important First Step

Meanwhile, DOBNdNSFcurrently supporffirst-generationNLDBD experiments and R & C
leading tonext-generationexperiments.

CUPID NEXO LEGEND

Toward Lightemitting Liquid Xelmaging High Resolution / Low BCK Géals
bolometers TPC at 5 Ton (merge of MGD + GERDA)
gl

Photodiodes

LEGEND 1000



On b ibaninternationalpriority. Significant progress in last 2 years wit

demonstrators around the world and neseas emerginfpr nextgeneration
concepts.

Example recent PRLs
Half-life (y) mgg (meV)

WECK Cndmg

PRL 117, 082503 (2016) PHYSICAL REVIEW LETTERS 19 AUGLST 2016
5 KamLANEZEN
Search for Majorana Neutrinos Near the Inverted Mass Hierarchy 136 Xe > 1 071 026 < 61-165

Region with KamLAND-Zen

PHYSICAL REVIEW LETTERS 120, 072701 (2018)

EXQG200
136 Xe >0.18-1026 < 147-398

Search for Neutrinoless Double-Beta Decay with the Upgraded EXO-200 Detector

PHYSICAL REVIEW LETTERS 120, 132501 (2018)
CUORE
130Te >0.15-1026 < 110-520

First Results from CUORE: A Search for Lepton Number Violation
via Ouff Decay of *'Te

PHYSICAL REVIEW LETTERS 120, 132503 (2018) GERDA
76 Ge > 0.8-1026 < 120-260

Improved Limit on Neutrinoless Double-ff Decay of "%Ge from GERDA Phase 11

PHYSICAL REVIEW LETTERS 120, 132502 (2018) Majorana Demonstrator
| Featured in Physics |
diors” Suggestion 76Ge >0.19-1026 < 240-520

Search for Neutrinoless Double-§ Decay in "Ge with the MAJORANA DEMONSTRATOR
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We recommend a higkenergy higHduminosity polarized EIC as the highest priority for
new facility construction following the completion of FRIB

New: An Assessment of U-Based Electreion CollideScience

Insummary, the committee findsampelling scientific cager such

a facility. Thescience questiorthat an EIC will answer are central to
completing an understanding of atoms as welbasg integrako

the agenda of nuclear physics today.

National Academy report:

COMMITTEE OXN U.S.-BASED ELECTRON-ION COLLIDER SCIENCE ASSESSMENT

GORDON BAYM, NAS ! University of Illinois, Urbana-Champaign, Co-Chair
ANT APRAHAMIAN, University of Notre Dame. Co-Chair
CHEISTINE ATDATA University of Michigan

PETER. BEAUN-MUNZINGEE. G5I, Germany

HATYAN GAQ, Duke University

EAWTAR HAFIDI, Argonne National Laboratory

WICK HAXTON, NAS, University of California, Berkeley

JOHN JOWETT, CEEN

LARRY McLERFAN, University of Washington

LIA MEEMINGA, Fernm MNational Accelerator Laboratory
ZEIN-EDDINE MEZIANI, Temple University

EICHARD MITNEFE. Massachusetts Institute of Technology
THOMAS SCHAEFEF., North Carclina State University

EEN5T SICHTERMANN, Lawrence Berkeley National Laboratory
MICHAEL TUENER, NAS, University of Chicago

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

Comumittee on U.S.-Based Electron-Ion Collider Science Assessment
Board on Physics and Astronomy
Division on Engineering and Physical Sciences
A Consensus Study Report of

The National Acaderies of

SCIENCES - ENGINEERING *+ MEDICINE

PREPUBLICATION COPY—SUBJECT TO FURTHER EDITORIAL CORRECTION

Copyright National Academy of Sciences. All rights reserved.




3 Central EIC scientific drivers

Understandn detailthe mechanisms by which the masfknucleons, and thus
the mass of all th@isible mattenn the universejs generated

a | 2daes the mass of the nucleon arikes
X  {(tdabmass of a nucleon is some 100 times greater than the mass of the
valence quarks it contains.

Understanadthe origin of theinternal angular momentuner spin ofnucleons
a | 2dées the spin of the nucleon arige€
Howthe angular momentum, both intrinsic as well as orbital, of the internal quar
and gluons gives rise tbe knownnucleon spin is not understood.

Studythe nature of gluons in mattar that is,their arrangement®r states, and
the details of how they hold mattdopgether.

& 2 K areéithe emergent properties of dense systems of gluené

Gluons in matter plag crucial role. An EMiould potentiallyreveal new states
resulting from the close packing of many gluons within nucleonshaictei
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A JLEIC
A5cmH DS+ ScR00&5¥V okdons ta 8GeV/nucleon
AeRHIC

A 5¢18 GeV eon pto 275 GeV or ions to 100 GeV/nucleon
A DOE is making steady progress toward an EIC. There are many steps to tak

FFAG Recirculating Electron Rings ERL Cryomodules
1asacev 3 i ,, The NAS study did netate a preference
X ev £ B = I
ke, : for one machine or the other
Ener
Elegz'girg:oler Ri?::gg N Polarized
1.32 GeV Electron

Source

Detector |

hadrons
Detector Il

lon Collider Ring

electrons
100 meters

From AGS

Electron Collider Ring

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

12 GeV CEBAF

100 meters



LRP Recommendatiof X about projects

We recommend increasing investment in snsahle and miecale projects and
Initiatives that enable forefront research at universities and laboratories

Example from thélational Science Foundation

ﬁ Midscale: nEDM Continued investment in next
generation neutron EDM experiment

Critical Component Design = Large Subsystem Integration

Prepare polarized *He

Isotopically purify 4He;
each meas’t cycle

Generate electric field

Store 3He & neutrons Midscale: MUSE ‘g 15
Monitor 3He & neutron Proton Radius Problem: Atomic meas’t pi-H = p radius '
precession frequencies 7 ¢ smaller than e-H and e-p scattering

Generate uniform B-field | precise comparison of e-p and p-p

scattering @ PSI

R Pls: Brad Filippone (Caltech) and Doug Beck (UIUC) Preparing for full commissioning
/’ . l run (late Fall 2018)
e Data taking: 20 weeks,

May — Dec, 2019

Goal: © for elastic scattering of
~ W+/-and et/- with sup sub-1%

9 E LJt 2 NJ GAZ2Y 27F K|S reate leddudbvil 2o
LJdzl T £ S ﬂJ and &plscattedng 0.002 to 0.07 GeV

Pls: R. Gilman (Rutgers), E. Downie
(GWU), M. Kohl (Hampton), W. Lorenzon
(U Mich), S. Strauch (USC)

\




LRP Recommendatiof X about projects
We recommend increasing investment in srsallle and migcale projects and
initiatives that enable forefront research at universities and laboratories

Examples fronDOE

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

GRETA SPHENIX
4p tracking detector capable of reconstructing the energy andHighrate detector with full program of light and
three-dimensional position offrayinteractions heavyflavor jets, photon, upsilons, and

correlations
Full solid angle coverage and high efficiency _ _ _
Investigate underlying dynamics of the QGP
Excellent energy and position resolution

Good background rejection (pedd-total)




LRP Recommendatiof X about projects

Exciting Projects representidg alfuture priorities

A MOLLER experiment
I Precision Standard Model Test
I DOE science review T strong endorsement
I CD-0 approved, Dec. 2016
I WIll be started soon with funding

A SoLID
I Large acceptance, high luminosity
i SIDIS and PVDIS

|
i  CLEO Solenoid P

I International collaboration
I Directorodos review
i Awaiting science review from ONP
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A FRIBTheory AlliancgFRIBTA): SUCCESSFULLY GOING
A Funding at $645kn 2018.
A An organizational structure is in place.
A TwoFRIBTA bridge faculty appointments have been ma&fesearch initiated
A Furtherinformation is available dittp://www.fribtheoryalliance.org/.

A TheoryTopical Collaborations(see next slidp
A Four fiveyearTopical Collaborations, started 2016 withsignificant matching
funds from NNSA.

A Computational Nuclear Theoryjust some examples of activities hgre
A In 2017 in collaboration witASCR, progranf multi-institutional five-year NP
SciDA@rojects in computational nuclegohysics was reompeted. Three
project funded:

A LowSYSNH& ydzOf SIF NJ LIKeaaoasx oab! /[ 9L

A Lattice QCD (PI Robert Edwards at JLAB),
A Nuclearl & i NP2 LIK & & A ORaphBligatGRNIg).{ ¢ t L


http://www.fribtheoryalliance.org/

The Four theory Topical Collaborations

C

Toward a 3D picture of the Nucleon
Transverse Momentum Distributions

Collaboration

|dentify signature of the QCD Ciritical %:i
Point in the RHI@eam Energy Scan

0 F

DBD Nuclear Matrix Elementalulations
to support NeutrinolessDouble Beta

Collahotation Decay,and other FS experiments

FIRE Search for the astrophysical site of /g
_ the r-process requires NP inpuiGet m,_gi
fellEzlelo]eNilola] Fission(rates)in r-process Elements =\ P




New NSAC Charge: QIS

Fundamental Science That Advances QIS

ASCR

Quantum
algorithms;
uncertainty

quantification and
verification &
validation
methods;
software stack;
quantum
networks

BES

Synthesis,
characterization,
theory, modeling,

and
instrumentation to
advance guantum
materials &
chemical
phenomena

HEP NP

Isotopes; trapped
ions for guantum
devices; lattice
quantum
chromodynamics;
fundamentals of
nuclear spin-

Black hole
physics;
quantum gravity
and quantum
error correction;
fundamental
aspects of
entanglement

NSAG. SUBCOMMITTEE

I NSTC Strategic Overview for Quantum Information Science

NATIONAL STRATEGIC
OVERVIEW FOR QUANTUM
INFORMATION SCIENCE

QUANTUM.INFORMATION AND

QUANTUM COMPUTING




Where Do Things in NP Stand Now?

Early activities involving nuclear scientists —

A INT workshop took place

A Calculation of the binding Energy of the Deuteron

. Institute For Nuclear Theory Report 18-008
A Workshop at ANL: Intersections between Nuclear

Physics and Quantum Information Physics Division, QUANTUM COMPUTING
Argonne National Laboratory, 281 30 March 2018 FOR THEORETICAL

NUCLEAR PHYSICS

N I I A White Paper prepared for the U.S. Department of
Energy, Office of Science, Office of Nuclear Physics

Joseph Carlson (Los Alamos National Laboratory)
David J. Dean (Oak Ridge National Laboratory)

Requested Resources: Morten Hjorth-Jensen (Michigan State University)
David Kaplan (Institute for Nuclear Theory)
. John Preskill (California Institute of Technology)
A FY18 PR $45M requeSted by SC Kenneth Roche (Pacific Northwest National Laboratory)
. Martin J. Savage (Institute for Nuclear Theory)
A NP may have some resources in FY2018 Matthias Troyer (Microsoft)
A Proposals should be submitted to the open solicitation
pursuant to the :Dear Coll eagueo
encourages submission of innovative research ideas via Clond Quantum Computing of an Atomic Nuclens®

any appropriate existing mechanism

E. F. Dumitrescn, A, J. MeCaskey ? G. Hagen,®* G. R Jansen,®* T. D. Morrs,®#

A FY19 PR: $105M SC request; $8.3M requested by NP 1 Pepenbrock ST G Poceer 55D Dean ® end B Lengesic®
A NP POC: Gulshan Rai arXiv:1801.03897v1 [quant-ph] 11 Jan 2018

25



Summary

AMajor Facilities
AJLabl2 GeV program isinning all 4 halls
ARHIC BearEnergy Scan and Isobar runs in progress
AFRIB at 88%ompletion
A FS/Nu progress on many experiments
AEIC has National Academy endorsement; a big step
A0On b demonstrators running well; aiming at Ton Scale

ATheory

A LRP priorities addressed
A Quantum Information ScienaeNP booming (new since LRP)

AProjects
A Funds directed to strategic efforts underway

AMuch moreX
A X seeadditionalhighligheae A Yy 0| Cv)‘l dzLJa X



Selected Science
Highlights

Provided by the labs



Flavor dependence of sea quark spin

n NSAC Milestone HP8

N Me a s u r adentiflechquaskr contributions
to the spin of the proton via the longitudinal
asymmetry

Spin

o f

New global fit based on RHIC results
extracted from W*and W AL at 510 GeV
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Evidence for small QGP droplets

0.18F Sy = 200 GeV 0-5%

0.16 +°He+Au
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Results Published in Nature

Final Qweak results: An accurate calculation of the nucleon

Nature 557, 2077 211 (2018) axial charge with lattice QCD:

Nature 558, 91-94 (2018)
021 The weak charge of B — —
o~ N p LQCD ePhus g w) |
0250 the proton i rQweako , L4 xeta? o jgmi;_m/(g;)
S oo represents the (tiny)
= 0. . 1.3 - _ _ b
o difference of the B T
< 0235 - | E e
charge of the proton S Ll SRS ——
023 and ités mirror i m —
—— galer 7, ajwo) HH e ~ 130 MeV
0.231 1.1F o g,,(EE—.zm:‘,a/lL“U) 1 me ~ 220 MeV [
0.229 ' - —ga(eéf ajwn) o me e S10 MeV
0.0001 0.01 1 100 10000 1.0L . ‘ — ‘ : ‘ .
Q(GeV) 00 01 02 03 04 05 06 07 08
(a/wy)?

The pressure distribution in the proton:
Nature 557 (2018) no.7705, 3#D9

Ultrafast Nucleons in Asymmetric Nuclei:
Nature 560 (2018) no.7720, 63621

Analysis of 6 GeV
CLAS DVCS data on
the proton.
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Modified Structure of Protons and

Neutrons in Correlated Pairs (accepted)
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Quantum Computing of an Atomic Nucleus
Gomputationof the deuteron ona quantum chip demonstrates that

SOSY (2RI é&Qa&a NUZRAYSYUOlF NE ljdzZ vy
physics questions.

E.FDumitrescyet al, PRL 1210501 (2018)

vdzl yidzy O2YLIMzi SNBA LINRPYA&AS (2 &2t @3S GSELRYSYyiGAlffeée KINF
atomic nuclei. A collaboration of nuclear physicists and quantum information scientists at Oak Ridge National Laboratedy
on the first quantum computation of the deuteron, the lightest atomic nucleus, using publicly available software and gcces

guantum processors via the cloud. To accomplish this feat, they employed a-sietpéalistic model for the deuteron and
tailored the calculation to the constraints imposed by cloud computing on noisy quantum chips. The quantum computationg
BASEtRSR (GKS RSdziSNRPYyQa O0AYRAY3a SyYySNEHeE (2 gA0GKAY | ¥S¢
structure computation on quantum processor units.




Discovery of Isomer Depletion Via Electron Capture \

Isomer depletion as experimental evidence of nuclear excitation
by electron capture

C. J. Chiaral, J. J. Carroll?, M. P. Carpenter3, J. P. Greene3, D. J. Hartley?,
R. V. F. Janssens30l, G. J. Lane®, J. C. Marsh!nl D. A. Matters®, M.
Polasik’, J. Rzadkiewicz8, D. Seweryniak3, S. Zhu3, S. Bottoni3oi, A. B.
Hayes®[ é ] S.4&. Karamian

Nature volume 554, pages 216i 218 (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

This o6internal conversiond has been
be used to study nuclei and their interaction with their electronst2:3, In the
inverse processd nuclear excitation by electron capture (NEEC)d a 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
predicted? in 1976 and has not hitherto been observed¢. 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 environmentsZ, 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

rel eases energy by ejecting an atray.mi

(@]

k

after its production. This is an example of ©6éisomer depl et

reactions&2101L.12 hyt is used here to obtain evidence for NEEC.
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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
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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

Fundamental Science That Advances QIS

SC will leverage the groundwork already established in DOE National Labs and the academic
groups to maximize SCO6s impact on QI S. Exampl e

Record-breaking 45-qubit Quantum
Computing Simulation Run at NERSC

lllustration of a topological

In April 2017, the researchers have insylator with a Tensor networks are akey A |aser cooled, RF
successfully run the largest ever  syperconducting layer on top theoretical tool for confined ion trap at
simulation of a quantum computer for detection ofMajorana understanding _ Argonne National

at NERSC, LBNL. The simulation wasrmions (colored lines). Once ~ SMtanglement, topological L aboratory: tranped ions
made possible by the performance identified and isolated, order, and other aspects y- trapped
boost gained through the use of Majoranafermions could form of quantum ?yStemS. can be used aS qu|tS an
Roofline model during the the basis of qubits. Electrons | '6Y comprise a broad as quantum simulators.
optimization process. The Roofline (green) travel along the edges ~ @Mily of techniques (2D

model was developed by SCIDAC  of the structure. Spported in Multi-scale Entanglement

Institutes; a flagship ASCR programpart by the BES Energy Frontier cnormalization Ansatz

Research Center (EFRC) (MERA) shown here).
program.
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Next-to-Next-GenerationO n hdeas
¢cKS 3J2Ff A& %9wh -¥5®3 INABHR
(not just a peak at the Q value)

ANot an official list here, but what | am aware of in

this category includes
AVariousBa taggindR&D efforts
ASELENA (tracking in a pixel detector)
AGasXeTime Projection Chamber
A, 2dzNJ ARSI KSNB X
AEspe(:laIIy of interest If the normal hierarchy Is
Sa0llo0f AAKSR® WAIKI Y2653

global analyses



