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• U.S. Nuclear Science
• Community, NSAC, Budget health

• The Big Labs …and some highlights
• JLab
• RHIC
• FRIB
• The Electron-Ion Collider

• The Diverse FS/nu portfolio
• Toward Ton-scale 0nbb

• Medium Big: nEDM, Nab, MOLLER, sPHENIX, 
• Theory Initiatives
• Quantum Information Science – See M. Savage talk yesterday

(getting to be rather mature)
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Nuclear Physics Program in the U.S.
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• ~3,000 users

Research Groups            

• 9 National Laboratories

• 90 Universities

NP Workforce

~700   Faculty & Lab Res Staff

~320   Post-docs

~520   Graduate Students

~1000 Technical/admin

~100   Undergraduate Students
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Centers of Excellence
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• 200 MeV BLIP (BNL)

• 100 MeV IPF (LANL)

• Hot Cell Facilities at BNL, 

LANL, ORNL

INL

PNNL

ORNL

Laboratory
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JLAB User Meeting June 19, 2018

Nuclear Physics Budgets have been supporting  the LRP

2

NSF NP budget is much smaller, but follows its own complicated path from PBR to 

eventual NP allocations.  

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

• President’s Request for DOE NP: $624.8 M
• House Mark for DOE NP: $735.0 M
• Senate Mark for DOE NP: … not yet 

In the U.S., the Executive Branch proposes a budget: “The President’s Budget Request”  (PBR)
But, Congress legislates actual spending, which can be quite a different plan.

In the previous two years, these differed significantly for Science, with the final budget being a 
modest growth.

An example for FY2020 DOE funding , which is still in process



JLab in the 12 GeV Era

Hall D – exploring origin of confinement 

by studying exotic mesons

Hall B – 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
From Patrizia Rossi 
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PRAD: Solving the Proton Charge Radius Puzzle

Submitted for publicationSubmitted to Nature



Hall A Recent Results
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• Ran tritium family of experiments in 2018 –
all 4 complete!

• Successful run of APEX in spring 2019
• Now running PREX-II, neutron skin 

thickness in Pb

Published in Phys. Rev. C98 (2018) no.1, 014617

Submitted for publication

3He(e,e’p)/3H(e,e’p)

??

 d(x)/u(x) at high x
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Still no experimental evidence in (e,e'p) for CT.



RHIC: Exploring QGP and the Nucleon Spin  

10

STATUS

• Luminosity has reached 44x design luminosity

• Original PHENIX has completed data taking

• Heavy flavor measurements complete

• Low energy electron cooling in construction

• 2017: Transverse spin physics

• 2018: Isobar comparison run complete

• 2018: Complete LE e-cooling & iTPC upgrades

BNL RUN PLAN SCENARIO 

• 2019: High precision scan of the QCD phase 
diagram & search for critical point

• Meanwhile, prepare sPHENIX for installation

• Probe perfect liquid QGP with jet quenching and 
Upsilon suppression measurements

• Forward cold QCD and spin physics (?)

STAR HFT

LEReC

Low-Energy e-cooling upgrade for 
Beam Energy Scan

Upgrading STAR acceptance

Major Upgrades:
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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 (√sNN = 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 (√sNN = 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
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Never 

been done 

before 

collider 

isobar run 

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

Zr 96
Ru 96

Chiral Magnetic 
Effect 
interpretation 

The 2018 Run
Understand the origin of charge separation with 
respect to the reaction plane
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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 cooling of low energy, 
bunched heavy ion beams (3.85–5.75 GeV/n) to 
increase luminosity.  Project is on track

2019 Run

13

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 run tantalizing, 
but the statistics do not allow a conclusion. 

*Non-Poissonian scaled kurtosis (net baryon number fluctuations)
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sPHENIX moving forward
A major new detector for RHIC

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



FRIB  Build it expeditiously

• FRIB
• Construction:  92% complete
• Aim to complete in early 2021.
• First 3 cryo modules operating
• Ar beam accelerated to 2 MeV/u 20.3 MeV/u  (2/27)
• Instruments underway:

• SECAR, GRETA, High Rigidity Spectrometer, Beta Decay Station, Solaris

• Isotope harvesting opportunities being pursued 

• Already preparing science and technology case for FRIB 
beam energy upgrade to 400 MeV/nucleon 
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FRIB will produce ~5000 isotopes with physics goals:

Nuclear Structure
 The limits of existence for nuclei

 Nuclei that have neutron skins

 Synthesis of super heavy elements

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

 Composition of neutron star crusts

Fundamental Symmetries
 Tests of fundamental symmetries, 

Atomic EDMs, Weak Charge



See detailed talk on NSAC meetings link by Heather L. Crawford



Heather L. Crawford



Heather L. Crawford



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



The next big NP accelerator project: 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 mass of nucleons, and thus 

the mass of all the visible matter in the universe, is generated. 
“How does the mass of the nucleon arise?”

… the 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
“How does the spin of the nucleon arise?”

How the 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 matter—that is, their arrangements or states, and 
the details of how they hold matter together.

“What are the emergent properties of dense systems of gluons?”

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



Two machine concepts exist … and they differ

• JLEIC:
• 5 – 12 GeV e‐ on p 20 – 200 GeV or ions to 80 GeV/nucleon

• eRHIC: 
• 5 – 18 GeV e- on p to 275 GeV or  ions to 100 GeV/nucleon

• DOE 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



Targeted Portfolio of experiments in Fundamental 
Symmetries and Neutrino physics

• No “one” facility.  U.S. nuclear physics groups* are 
supported with efforts at various labs:

• Neutrons (beta decay, lifetime, HPV, EDM):  LANL, SNS, NIST

• Muons: (p radius, g-2) PSI, FNAL

• Parity Violating Electron Scattering: (Qweak, MOLLER) Jlab

• Neutrino Mass: (KATRIN, Project 8) KIT, CENPA/UW

• Neutrino 0nbb: (CUORE, Majorana Demonstrator) Gran Sasso, SURF

• Neutrino scattering: (CEnNS) SNS 

• Atomic/Molecular EDMs:  (various) universities and national labs

An increasingly growing priority for DOE and NSF as driven by many Proposals

Most of these are international priorities and involve either international collaborations 
or parallel efforts outside of the U.S.

*A representative list, by no means complete



Fundamental Symmetries/ Neutrino main points:
Strong progress on major efforts from LRP

• Ton-scale 0nbb is doing R&D in preparation for a down-select
• Major collaborations are looking intently into building or exercising their isotope supply 

chains in order to ensure viability. (slide)
• The most significant highlight might be that we are at the point of preparing to accumulate 

enough isotope for the ton-scale.

• Neutrons 
• n lifetime measurements are either chasing down systematics (beam) or building statistics 

(trap). 
• Nab is commissioning (aims at “little a” to ~  10-3 in neutron beta decay)
• nEDM is building (slide)

• Muons
• Muon g-2 finished 2 running years;  new result just before end of this year? (slide)
• MUSE at PSI toward low-energy mp scattering related to proton radius

• Parity-Violating Electron Scattering
• MOLLER set to get large influx of construction money

• Neutrino Mass
• KATRIN is working out kinks and starting to acquire significant data. (slide)
• Project-8 is clarifying what demonstrations will be needed to determine the feasibility of a 40 

meV neutrino mass experiment and how to build it: An experimental project is likely 5 years 
from start of construction and 10 years from data. (slide)



Toward Ton-Scale 0nbb experiments

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 Xe Imaging 

TPC at 5 Ton

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

In the U.S., 0nbb ton-scale has obtained CD-0 status
CD-0 is “mission need” …  that is, “a scientific goal or a new capability, requiring material 
investment exists.”   It does not specify the facility, technology, or configuration of the 
project yet.   It also does not imply funding exists.  But it is an important First Step



Neutron Electric Dipole Moment
• nEDM@SNS (Oak Ridge)

• Polarized neutrons + superfluid 
4He + polarized 3He: T = 0.5 K

• Measure neutron precession 
directly in E+B fields

Status: under construction (ORNL 2022)

• Many parts fabricated/in assembly 
including main cryostat

• First test of dilution fridge (80 mW @ 
T=300 mK)

• Turn on: Tmin = 120 mK, 75% of design 
power

• Measured breakdown fields >75 kV/cm in 
superfluid with realistic electrodes

Main cryostat at Caltech for magnet testing

Dilution fridge head at Illinois



Muon g-2 Physics



Muon g-2 status:  Beyond the BNL experiment

• Completed Run-1 and Run-2  Data Campaigns
• S Statistics >3x BNL by now
• Analysis of Run-1 rather mature; aim release in 2019

p
p

m

Typical systematic consistency test of 
blinded frequency for 3 running periods 
versus start-time of the fill



Probing Neutrino Mass Using Tritium 
β-Decay

?



KATRIN: KArlsruhe TRItium Neutrino experiment

Tritium source

Rear section

Spectrometer

Detector section

Detector wafer

Germany, Czechoslovakia, Russia, Spain, U.S.



KATRIN Accomplishments in 2018 - 2019
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Waveguide cell
1-T uniform magnet, 

weak magnetic trap (~10-4T), 
cryogenic low-noise amp

Cyclotron radiation emission spectroscopy

The Basic Idea
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Phase II: First tritium CRES results

The fully assembled apparatus

The first tritium release

10/02/2018

The first CRES signal from T2 gas

The first CRES T2 spectrum

Restarted measurements 
with T2 gas on June 1st, 2019!



Theory efforts beyond individual grants 

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

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

funds from NNSA.  

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

SciDAC projects in computational nuclear physics was re-competed.  Three 
project funded:

• Low energy nuclear physics, (“NUCLEI,” PI Joe Carlson at LANL), 
• Lattice QCD (PI Robert Edwards at JLAB), 
• Nuclear astrophysics (“TEAMS,” PI Raph Hix at 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 Neutrinoless Double 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



NSAC Charge on QIS / QC

See Martin Savage’s Talk 
yesterday at the NSS

Expect Report this Fall



Summary: A Diverse and Rich Program
• Major Facilities

• JLab 12 GeV program is running all 4 halls

• RHIC Beam-Energy Scan and Isobar runs in progress

• FRIB at 92% completion

• FS/Nu progress on many experiments

• EIC has National Academy endorsement; a big step

• 0nbb demonstrators running well; aiming at Ton Scale

• Lots of MidScale Projects are underway and new funding 
for several more starting (see slides)

• Theory
• LRP priorities addressed

• Quantum Information Science and NP Report this Fall



extras



• New UCNtau lifetime (last year)

• New UCNA asymmetry:  A0 = –0.12015(34)stat(63)syst (0.56%)

• New PERKEO III asymmetry A0 = –0.11985(17)stat(12)syst (0.17%) !!!

• The puzzle of the Beam lifetime measurement remains unsolved

Neutron beta decay updates developing consistent 
picture with SM … except “beam” n lifetime result

Outlier is in-flight 
n lifetime


