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Science Drivers

• Where and how are the heavy elements made ? !
• What is the nature of dense matter, and how does it 

manifest in astrophysics ?!
• What are the nuclear reactions that drive stellar 

evolution and explosions ? 



Recent Progress and Prospects 

Neutron matter EoS: Advances in EFT, many-body 
techniques and phenomenology have come together, 
motivated key experiments, and placed useful constraints 
on the neutron matter EoS at saturation density with 
implications for neutron star radii, supernova, and neutron 
star mergers.!
!
Neutrinos and nucleosynthesis: Collaborative efforts 
involving theory and simulation have established how 
neutrino interactions and oscillations in extreme 
astrophysical environments can influence nucleosynthesis 
and detection. !
!
Advanced theories of nuclear reactions: Made 
theoretical breakthroughs in the description of light-ion 
reactions with realistic nuclear forces and in incorporating 
few body dynamics in transfer reactions for medium and 
heavier nuclei. 

Big Questions

1. Where and how are the heavy elements 
synthesized ?!

2. How do massive stars evolve and explode ? !
3. What are the nuclear and neutrino 

processes that shape cosmic explosions 
and nucleosynthesis ?    !

4. What are the phases and properties of 
matter encountered in neutron stars, 
supernova and binary neutron star 
mergers ?!

5. Can we interpret multi-messenger signals 
with advanced modeling and simulations to 
extract fundamental nuclear physics ?
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Strengths and Unique Opportunities 
Is critical to realize the scientific potential of nuclear facilities such as 
FRIB and neutrino detectors, and to connect them to the astronomical 
observations (with radio, optical, x-ray and gamma-ray telescopes, and 
gravitational wave detectors).!
!
Motivates and connects a broad range of nuclear experiments to 
compelling questions in nuclear physics and astrophysics. !
!
These connections are critical to finding the site of the r-process, 
determine the nature of dense matter, and elucidate the role of nuclear 
reactions in astrophysics.  

Resources Needed 

We recommend an increased and timely investment for creating 
a focused decade-long collaborative effort that can induct on 
the order of 10 junior scientists to develop nuclear theory and 
simulations to model extreme astrophysical phenomena.
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Explosive Nucleosynthesis and Radioactive Ion Beams 
Working Group Summary 

Conveners: Bardayan, Blackmon, Rehm, Zegers 

Ø  Astrophysics town meeting white paper used as a starting point 
•  Origin of the elements (Section 3.1) 
•  White dwarf explosions (Section 3.5) 
•  Neutron stars (Section 3.6) 
•  RIB facilities (Section 4.2) 
 

Ø  3 presentations summarizing scientific questions and required data 
•  Wrede (Novae and Thorne-Zytkow objects) 
•  Deibel (X-ray binaries) 
•  Surman (r process and origin of the elements) 

Ø  8 presentations on experimental capabilities and needs 
•  Notre Dame, FSU, ATLAS-Inflight, CARIBU, TRIUMF, NSCL, TAMU, FRIB 
 

Ø  Actually some time for discussion! 



Working Group on Explosive Nucleosynthesis and RIBs  Bardayan, Blackmon, Rehm, Zegers 

Ø  Science questions involving proton-rich nuclei (WD explosions, 
supernovae, X-ray binaries and Thorne-Zytkow objects) 
•  What determines whether an accreting white dwarf becomes a Type Ia supernova 

and/ or a classical nova system? 
•  Why do classical novae eject more mass than expected? 
•  What is the contribution of classical novae to the origin of stable and radioactive 

nuclei in the Galaxy? 
•  What are the signatures from pre-solar grains from novae? 
•  What precisely controls the durations, shapes, and frequency of X-ray bursts? 
•  Is unstable burning of carbon the cause of all super bursts?  
•  What is the origin of the unexpectedly abundant light isotopes of Mo and Ru? 
•  What is contribution of newly discovered Thorne-Zytkow objects to nucleosynthesis? 

Ø  (α,p) and (p,γ) reaction rates on key proton-rich nuclei are required 
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Ø  Substantial progress achieved in developing techniques with RIBs 
for direct and indirect measurements with p-rich nuclei 
•  In-flight radioactive ion beams (Notre Dame, FSU, ATLAS) 
⇒ Beams closer to stability with intensities of 104-106 /s 
⇒ New instruments allow efficient measurement of (α,p) reactions 

important for X-ray bursts (e.g. ANASEN and HELIOS) 
⇒  Indirect techniques for resonances important for (p,γ) reactions 

—  Scattering, transfer reactions, etc. 
•  T-Rex will provide similar intensities near A~30 
⇒  Indirect techniques:  β-delayed p emission, scattering, and ANCs to 

improve (p,γ) reaction rates 
•  ISOL beams available at TRIUMF 
⇒ Select beams with high intensity and good quality 
⇒ Direct measurements of (p,γ) reactions with DRAGON 

•  NSCL 
⇒  Indirect techniques with fast beams are important 

— 58Zn with GRETINA & S800, beta-delayed p emission, etc. 
⇒ Reaccelerated beams with ReA3 are a major step towards FRIB 

— For example, scattering and reactions with the AT-TPC 

Ø  Few direct measurements → still large uncertainties in many key 
reaction rates 



Working Group on Explosive Nucleosynthesis and RIBs  Bardayan, Blackmon, Rehm, Zegers 

Ø  Science of the r process and the origin of the heavy elements 
•  What is the origin of the elements beyond iron traditionally attributed to the rapid 

neutron capture process (r-process)? Do multiple sites (e.g. supernovae and 
neutron-star mergers) contribute? 

•  Why is the r-process so robust? 
•  Sensitivity studies have been important in identifying the important nuclei and 

properties within the vast landscape of neutron-rich nuclei. 

Ø  Some important neutron-rich nuclei near the r process path are (or 
will be) soon available 
•  CARIBU @ ATLAS: Cf fission + gas catcher 
⇒  Mass and decay measurements ongoing with CARIBU beams  
⇒  (d,pγ) techniques being developed with as a surrogate for (n,γ) 

•  ARIEL @ TRIUMF: U fission + ISOL 

Ø  Masses & decay properties 
for many neutron-rich nuclei 
and neutron capture rates on 
selected nuclei closer to 
stability are crucial 
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Ø  Current program is improving reaction rates involving proton-rich 
nuclei primarily through innovative (mostly indirect) techniques. 

Ø  More intense proton-rich radioactive ion beams needed! 
•  AIRIS upgrade will provide ~100X greater beam intensity for inflight beams. 
•  FRIB is crucial to produce intense beams of nuclei further from stability. 
•  SECAR is required for direct measurements of capture reactions. 
•  Higher energy reaccelerated beams (at least ReA6) important for indirect studies. 

Ø  Science of neutron-rich nuclei is crucial for understanding the 
origin(s) of the heavy elements, one of the most important scientific 
questions of our time. 
•  Excellent progress in developing experimental techniques. 
•  Important regions closer to stability are accessible (CARIBU now, and ARIEL in the 

near future). 
•  Current capabilities are limited.  FRIB is needed to substantially increase reach 

towards more neutron-rich nuclei. 

Ø  Theory is important! 
•  Astrophysics theory guides measurements to the most important cases. 
•  Theory needed to interpret experiments (e.g. reaction theory). 
•  Nuclear structure theory since not all nuclei/quantities will be studied (even at FRIB).  

Priorities for the future: 



Working group “Stable and γ beams, stars, 
stellar burning, Big Bang, Sun” summary

Conveners: Brune, Champagne, Rogachev

11 contributions:   
 C. Brune, A. Champagne, R. Longland, G. Rogachev, 
D. Robertson, M. Couder, J. deBoer, F. Strieder, A.P. 
Galvan, (C. Bertulani and C. Ugalde contributed slides)

Physics focus of the work group: 
 Origin of Chemical Elements (Sec. 3.1 white paper) 
 How stars work? (Sec. 3.2 white paper)      
 



What are the rates of the key capture reactions in stars that define 
the sequence of stellar evolution, characterize the pattern of stellar 
life, define the relative abundance of carbon and oxygen in our 
Universe and define the fate of stellar evolution?   
"
Some of the key reactions critical for quiescent burning are: 
3He(α,γ)7Be, 12C(α,γ)16O,14N(p,γ)15O, 17O+p, heavy-ion reactions (e.g., 
12C+12C, 12C+16O, 16O+16O), and neutron source reactions (e.g., 
13C(α,n)16O, 22Ne+α, 17O+α) in stars? 
"
Is there a truly unique nucleosynthetic signature of the first stars, and 
can we infer their properties from low-metallicity stellar abundances? 
How do low metallicity stars, including the first stars, evolve and how do  

  convective processes impact their evolution and nucleosynthesis? What   
  reactions become important in case of H/He mixing at low metallicities 
"

What is the composition and low energy neutrino flux of the sun? What is 
the metallicity of the sun? 

"
How to quantify nuclear physics uncertainties in stars? 

"
What are the pathways to determine the key rates at stellar energies? 

"
"



Long term: Underground facility  
for direct measurements DIANA

Facilities: 
"
There is no single nuclear astrophysics facility, but there is a suite of facilities 
with unique capabilities. Science goals require operation of existing facilities 
AND investment in new capabilities, including accelerators, targets and  
detectors, which must be designed and built specifically for nuclear 
astrophysics 

It is important to combine direct measurements with results  
of various indirect experimental methods.



Indirect measurements:  
 ATLAS + GS + BPT (Argonne) - spectroscopy.  
 Edwards Lab. (Ohio U) - excellent neutron energy resolution, (3He,n)   
       Cyclotron Inst. (TAMU) - ANC measurements, MDM spectrometer 
       New initiatives: split-pole spectrometers at TUNL and FSU

Near term: Capitalize on existing facilities, upgrades and new initiatives
Direct measurements:  
 LENA and HIγS (TUNL),  
      St. Ana and St. George (ND),  
      JLab (direct measurement of 12C(α,γ) with bubble chamber);  
      New initiative: CASPAR, underground high current JN accelerator    

The facilities mentioned above also impact studies of explosive nucleosynthesis

Theoretical developments are important:!
   
  Modern reaction models incorporating direct and indirect information for "
" a) determining reaction rates and "
" b) linking indirect measurements to reaction rates



  

Neutron Beams, s-process and NIF

Neutron beam facilities have become quite intense, and there 
are new facilities being built or proposed

Availability of radioisotope samples remains a challenge.

We are starting to see results come out of laser facilities that 
offer real promise for measuring select reactions for 
nuclear astrophysics

For both of these classes of facilities, the facility support is 
presently coming from outside of the funding agencies that 
traditionally fund Nuclear Astrophysics.  It is critical we 
recognize the important opportunities they offer and 
support the research that can be done at these facilities.



  

Photon Strength Functions

 Important developments have taken place in the last 2-3 years on 
the ability to measure strength functions and their impact on 
reaction rates

 While direct measurements are preferred when possible, it appears 
that strength function studies may play a critical role in improving 
our ability to calculate reaction cross sections where they cannot 
be measured

 This also provides important input for the i-process where it is even 
harder to measure cross sections

 If we can understand how these strength functions evolve at more 
fundamental level, it may offer insight in reaction rates for neutron 
capture for the r-process



  

From M. Barbui et al.



  



Data and Codes Working Group - Recommendations michael smith  ornl 

1 Data and Codes  
Working Group 
Summary 
Michael Smith, ORNL 
Brad Meyer, Clemson 
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2 Compelling Opportunities 

•  Emphasis on Uncertainties 
•  uncertainties / covariances are major emphasis in data community 
•  well utilized in applied fields (reactors…) 
•  underutilized in nuclear astrophysics community 
•  strong need for  

– translation of USNDP uncertainty data sets into useful formats  
– robust communication of uncertainty quantification & methodology 
– utilization of uncertainties / covariances in nuc astro codes  
     and databases (STARLIB library) 



Data and Codes Working Group - Recommendations michael smith  ornl 

3 Compelling Opportunities 

•  New Mass Evaluation Activity 
•  nuclear masses used throughout nuclear astrophysics & nuclear science research 
•  recent personnel / structural changes in mass evaluation activity 
•  new opportunity for US to make significant contributions 

2012  
Mass  

Evaluation 



Data and Codes Working Group - Recommendations michael smith  ornl 

4 Compelling Opportunities 

 
•  Cloud Computing  

•  transformative approach for ease of use, expanded utilization of complex information 
and codes, customization, data/code sharing, and leveraged effort 
 

•  Growing the audience for Nuclear Data 
•  enhanced communication with new communities for mutual benefit & leveraged effort 

 



Data and Codes Working Group - Recommendations michael smith  ornl 

5 Resources 

•  Mass evaluation work has very limited US contribution 
•  support for junior scientist to join effort could give strong US role in the future 
 

•  Evaluation work for better handling of uncertainties is manpower limited 
•  new funds needed to launch a big community-wide evaluation effort 
•  support for junior researcher(s) could improve uncertainty utilization 
•  modest evaluation efforts primarily require more communication & coordination 

•  Growing the audience for Nuclear Data 
•  can result in leveraged effort for the nuclear data community 

 
•  Cloud computing efforts can give wide expansion of utilization of USNDP 
codes / databases and community evaluations with modest manpower 

•  modest support for programmers would bring significant impact in field 
 



Data and Codes Working Group - Recommendations michael smith  ornl 

6 Resolution 

We recommend robust support for the timely compilation, evaluation, secure 

archiving, and dissemination of nuclear data  

and  

related development and maintenance of evaluation and processing codes, 

especially using exciting current and future cyberinfrastructure technologies 

to encourage and leverage community-wide participation in these efforts. 



Astrophysics theory and computing

Architectures Changing Rapidly 2009
GPU’s Arrive

ARRA @ JLab
2014

Life will never be the same !

Next NERSC Procurement - Xeon Phis

Monday, July 14, 2014
Next NERSC Procurement!
will be a Xeon Phi system

Architectures Changing Rapidly 2009
GPU’s Arrive

ARRA @ JLab
2014

Life will never be the same !

Next NERSC Procurement - Xeon Phis

Monday, July 14, 2014
Next NERSC Procurement!
will be a Xeon Phi system

Type II (core-collapse) Supernovae

Entropy in 3D simulation, 15 solar masses

3D codes with!
spectral neutrino transport!

now becoming available

Exciting prospects in:!
nucleosynthesis!
neutrino physics / signal!
gravitational waves

Architectures Changing Rapidly 2009
GPU’s Arrive

ARRA @ JLab
2014

Life will never be the same !

Next NERSC Procurement - Xeon Phis

Monday, July 14, 2014
Next NERSC Procurement!
will be a Xeon Phi system



Hierarchical Parallelism
• MPI parallelism between nodes (or PGAS)
• On-node, SMP-like parallelism via threads (or 

subcommunicators, or…)
• Vector parallelism 

– SSE/AVX/etc on CPUs
– GPU threaded parallelism

• Exposure of unrealized parallelism is essential to exploit all near-future 
architectures.                 (from the largest HPC resources to workstations)

• Uncovering unrealized parallelism and improving data locality improves 
the performance of even CPU-only code.

• Most of the work (OLCF studies suggest 70-80%) moving extant code 
to modern architectures is restructuring data and loops.

• This makes programming model differences between GPUs and Xeon 
Phi’s (and even vector units on x86 CPUs) less important.

11010110101000
01010110100111
01110110111011

01010110101010



Needs
•Without new investments in people, we are in danger of 
ceding US leadership in nuclear astrophysics.
–The advent of multi-core, accelerated architectures 

exacerbates this need.

•Computational instruments exploiting leadership-class 
computers, smaller clusters, and workstations is 
needed. 

•Funding is needed for computational instrument 
development and support, including community 
supported, open source instruments.



Recommendations

•We endorse the recommendations of the 
Computational Nuclear Physics Working Group. 

•We recommend new investments in SciDAC and 
complementary efforts to restore personnel 
strength in computational nuclear astrophysics.

•  We recommend the development of a multi-
disciplinary workforce in computational nuclear 
theory as called for in the Tribble Report.



Supernova models, merger models 

and chemical evolution

Working Group Summary

Low Energy Nuclear Physics Town Meeting, 21-23 August 2014
1



Open questions

• What is the nucleosynthesis from SNe, NS 

mergers, and novae?

• How does the mechanism affect the 

nucleosynthesis in these events?

• What is the mechanism for CCSNe?

• What are the progenitor systems for TNSNe?

• What are the nature and quantity of the ejecta 

from mergers?

• How and when does mixing occur in novae?

2



Thermonuclear supernovae

• Need full physics 3D TNSN for all progenitor 

scenarios, but also computationally-efficient, 

calibrated alternatives for parameter studies.

• Nova simulations must reach dimensionality & 

flame sophistication of TNSN models.

• Inputs: Nuclear reactions (heavy ion, electron • Inputs: Nuclear reactions (heavy ion, electron 

and α-capture; proton capture), accurate 

stellar evolution, improved understanding of 

mass transfer and accretion.

• We need stable beam and RIB facilities to 

improve reaction rates.

3



Massive star SNe & NS Mergers

• Need full physics 3D CCSN simulations, but 

also computationally efficient, calibrated 

alternatives for parameter studies.

• Need merger simulations, must reach 

microphysics & neutrino sophistication of CCSN 

models.

4

models.

• We need FRIB for r-process, p-process & 

electron capture data.

• Inputs: EOS, neutrino microphysics and 

oscillations, more and multi-D stellar evolution, 

radiation transfer.

• Need multi-messenger observations (ν, γ, GW)



Recommendation

Large-scale simulations and increased personnel 

are essential to understand stellar explosions and 

realize the full scientific potential of future 

experimental facilities: Determining the site(s) of 

the r-process is essential for FRIB.

Needs:

• New investments in SciDAC and complementary 

efforts needed to harness next generation HPC.

• Increased investments in multi-disciplinary 

workforce in theoretical and computational 

nuclear astrophysics.

5











Low-Energy Nuclear Theory Working Group
Exciting progress across nuclear theory:

The frontier: medium-mass nuclei 
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6He Energy Spectrum of States!

ELECTROWEAK PROPERTIES OF LIGHT NUCLEI

• Great progress has been made in ab initio calculations of nuclear binding energies starting
from realistic Hamiltonians with two- and three-nucleon potentials

• Current efforts aimed at studying electroweak structure and response in s- and p-shell nuclei
• Two-body terms in nuclear electroweak currents are crucial to reproduce experimental

magnetic moments and M1 transitions
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Outstanding Science Opportunities

Present Status of Calculations
Comparable level ofagreement in 2014.

proton-neutron (pn) QRPAShell ModelInteracting Boson ModelProjected HFBGenerator Coordinates
From P. Vogel, 2010

Calculations fall into two broad classes:I. DFT Generator Coordinates (and projected HFB)QRPAII. Shell Model and derivativesShell Model itselfIBM-2 Goal: improve all of these.

SRC implications: ν-A scattering  (e.g. MiniBooNE) 

Weak Rates and Double-Beta Decay

Correlations, Currents, Neutrinos

T.#Janka#(2014)

yellow#is##
ejected

Microphysics for!
Nuclear Astrophysics and Nuclei

4

FIG. 4: (Color online) Vibrational wave functions squared!
K |ΦαIK(β, γ)|2 of the 0+1 , 2

+
1 , 0

+
2 and 2+2,3 states in

30−34Mg. Contour lines are drawn at every eighth part of
the maximum value.

tern of the K = 02 bands in 30Mg and 32Mg, noticed
above, can be seen more drastically in the inter-band
E2 transition properties. In the lower panel of Fig. 3,
we plot the ratio B(E2; 0+2 → 2+1 )/B(E2; 0+1 → 2+2,3) of
the inter-band transition strengths between the K = 01
and K = 02 bands. If the K = 01 and K = 02 bands
are composed of only the K = 0 component and the in-
trinsic structures in the (β, γ) plane are the same within
the band members, this ratio should be one. These ra-
tios for 34Mg and 36Mg are close to one, indicating that
the change of the intrinsic structure between the 0+ and
2+ states is small. In contrast, the ratios for 30Mg and
32Mg are larger than 10, indicating a remarkable change
in the shape-fluctuation properties between the 0+ and
2+ states belonging to the K = 01 and K = 02 bands.
Figure 4 shows the vibrational wave functions squared

!

K |ΦαIK(β, γ)|2. Let us first examine the character
change of the ground state from 30Mg to 34Mg. In 30Mg,
the vibrational wave function of the ground 0+1 state is
distributed around the spherical shape. In 32Mg, it is re-
markably extended to the prolately deformed region. In
34Mg, it is distributed around the prolate shape. From
the behavior of the vibrational wave functions, one can
conclude that shape fluctuation in the ground 0+1 state is
largest in 32Mg. To understand the microscopic mecha-
nism of this change from 30Mg to 34Mg, it is necessary to

take into account not only the properties of the collective
potential in the β direction but also its curvature in the
γ direction and the collective kinetic energy (collective
masses). This point will be discussed in our forthcoming
full-length paper. As suggested from the behavior of the
inter-band B(E2) ratio, the vibrational wave functions
of the 2+1 state are noticeably different from those of the
0+1 state in 30Mg and 32Mg, while they are similar in the
case of 34Mg. Next, let us examine the vibrational wave
functions of the 0+2 and 2+2,3 states in 30−34Mg. It is im-
mediately seen that they exhibit one node in the β direc-
tion. This is their common feature. In 30Mg and 32Mg,
one bump is seen in the spherical to weakly-deformed
region, while the other bump is located in the prolately
deformed region around β = 0.3−0.4. In 34Mg, the node
is located near the peak of the vibrational wave function
of the 0+1 state, suggesting that they have β-vibrational
properties.
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FIG. 5: (Color online) (a) Vibrational wave functions
squared, |Φα,I=0,K=0(β, γ = 0.5◦)|2, of the 0+1 states in
30−34Mg. Their values along the γ = 0.5◦ line are plotted
as functions of β. (b) Probability densities integrated over γ,
P (β) ≡

"
dγ|Φα,I=0,K=0(β, γ)|

2|G(β, γ)|1/2, of the 0+1 states
in 30−34Mg, plotted as functions of β. (c) Same as (a) but for
the 0+2 states. (d) Same as (b) but for the 0+2 states.

To further reveal the nature of the ground and excited
0+ states, it is important to examine not only their vibra-
tional wave functions but also their probability density
distributions. Since the 5D collective space is a curved
space, the normalization condition for the vibrational
wave functions is given by

"

#

K

|ΦαIK(β, γ)|2|G(β, γ)|1/2dβdγ = 1 (5)

with the volume element

|G(β, γ)|1/2dβdγ = 2β4
$

W (β, γ)R(β, γ) sin 3γdβdγ,
(6)

Collective Motion and Dynamics



Low-Energy Theory Group: Recommendations

An FRIB theory center: !
    A national program including bridge positions and FRIB fellows,!
            ensuring the highest impact for FRIB Science.!
    Addressing the full diversity of the FRIB program, tying it to!
            simultaneous advances in nuclear physics and astrophysics.!
!
We endorse the Computational Nuclear Physics Initiative:!
    New investments in SciDAC and related initiatives needed to !
            maximize the impact of the experimental program!
    Development of a workforce bridging physicists, applied!
            mathematicians and computer scientists!
    Deployment of capacity computing to fully exploit leadership!
            class computers

Building upon the successes of the nuclear theory program  enhanced by 
investments and initiatives (INT, topical collaborations, inter-disciplinary 
connections, international programs, and TALENT), we recommend two new 
initiatives to ensure the experimental program reaches its full potential:!



Session Summary – Nuclear Structure and Reactions 
(starring: Gade, Carpenter, Fallon, Higinbotham, Jones-Grzywacz, Wuosmaa
and 48 speakers)

• 3 overview talks on Direct Reactions, In-beam Spectroscopy, Decay Spectroscopy

• 45 (!) 5-minute short presentations covering EVERYTHING from mass 
measurements to the spectroscopy of hypernuclei

• 5 of the talks were from JLab community that relate to our science thrusts 
through:

heavy
nucleifew

body

quarks
gluons

vacuum

Precise
few-body data:

Charge radii
Form factors

Mom. distributions

SR Correlations (2N, 3N)
Neutron skin
Hypernuclei

Hadrons in-medium
Effective NN (+LN) force



Beyond the neutron dripline
• Existence
• Spectroscopy
• Correlations
• New forms of radioactivity

Heavy elements
• Production
• Spectroscopy
• Chemistry 
• Fission

Evolution of nuclear structure
• Direct reactions
• Inelastic scattering
• Decay spectroscopy
• Excited-state properties 
• Weak-interaction strength
• Hypernuclei
• Short-range correlations

Simple patterns in complex nuclei
• Exploring symmetries
• At the limit of spin

Precision ground-state properties
• Decay spectroscopy
• Penning trap mass spectrometry
• Laser spectroscopy 
• g factors and Q moments
• Neutron skins

How do nuclei react with each 
other?
• Near- and sub-barrier fusion
• Elastic scattering
• Optical potentials
• Statistical approach to 

reactions

Many broad programs across the nuclear chart
Critical to addressing the challenges of the field



Resources needed
• The Structure and Reactions community needs FRIB and

• Targeted experimental equipment to realize scientific potential

• Reaccelerated rare-isotope beams with >10 MeV/u across all species

• Needed at existing facilities:
• Beam time – efficient utilization of capacity

• Keep equipment and facilities at the cutting edge

• A flavor of needs by program
Direct R.        In-beam S.       Decay S.         Precision GS            Heavy E.                 Reaction Dyn.
GRETA
HRS
ISLA
Neutron det.
Si arrays
Solenoid
TPC
…

GRETA
HRS
ISLA
Neutron det.
Si arrays
Superchico
…

al
p

h
ab

et
ic

al

Decay station
TPC
Traps
…

Laser Spectroscopy
MR-TOFs
Traps
…

AGFA
BGS + target 
developments
Charged p. arrays
GRETA
ISLA
…

Charged p. arrays
ISLA
Neutron detectors
…

• Healthy support of research efforts across the community (experiment + theory)



Nature of Dilute and Dense Nuclear Matter and Equation of State

https://groups.nscl.msu.edu/hira/meetings/LECM_EOS_2014/
presentations.pdf

Conveners: Chuck Horowitz (IU), Joe Natowitz (TAMU), Lee 

Sobotka (WU), Betty Tsang (MSU)

Participants: 40+

16 Presentations at WG12: Friday, 8:30-12 noon

web site created and managed by Zbignew Chajecki

This presentation is possible only with help from conveners and WG participants.

Thank you

https://groups.nscl.msu.edu/hira/meetings/LECM_EOS_2014/presentations.pdf


Nature of Dilute and Dense Nuclear Matter and Equation of State

 To probe fundamental questions on the nature of nuclear matter 

especially the isospin asymmetric matter.

 To recreate and study astrophysical environments

Creation of asymmetric nuclear matter from very low (0.01r0) to high      

(~2-3r0) density in the laboratory environment using nucleus-nucleus 

collisions.

 Map out the EoS and thermodynamics parameters (T, ρ, P) of 

asymmetric nuclear matter.

 Study n-rich supernova neutrinosphere physics at very low densities.

 Understand n-star properties and dynamics

From Earth to Heavens:

Femto-scale nuclei to Astrophysical objects 



Future Plans and Challenges

 At r<<r0: Establish observables to benchmark:

• Studies relevant to the neutrino-sphere;

• Clustering effects in low-density EoS; 

• a clustering at the nuclear surface of heavy nuclei.

 At rr0: Obtain results from both structure and 

reaction experiments:

• Measure masses, skins (PREXII and CREX), 

polarizability, Giant Resonances etc.

• Obtain more precise isospin transport, n/p, t/3He

• Measure sub-barrier fusion cross-sections and 

fission barriers of exotic nuclei;

• Map out thermodynamic properties of isospin

asymmetric nuclear matter.

 At r  1.5 - 2r0 : Probe symmetry energy at supra-

saturation densities and determine the momentum 

dependence of the symmetry (isovector) potential.

From Masses

Constraint 
from Isospin
diffusion

Skyrm
e

in
teractio

n
s

SE>0



Theoretical Challenges

Being intimately tied to the observations at current 

and planned facilities, theory is critical to the 

success of these facilities.

Near-term theoretical tasks should include:

 More accurate theoretical modeling of isospin

transport, of cluster production mechanism and 

Giant Resonances.

 Better understanding of cluster formation in the 

collisions and of alpha clustering in the nuclear 

surface.

 Better understanding of meson production 

mechanisms in collisions and of threshold effects.

Verification and validation of theory and data

Stiffness of symmetry energy

R
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)

R=Y(p-)/Y(p+)

p Kinetic Energy (MeV)

0          40        80        120       160    

soft

Stiff

 Improved connections to neutron star physics.

 Theoretical uncertainties need to be quantified.



Resources Needed

 US RI/stable beam facilities (FRIB, NSCL, TAMU, FSU, JLAB); 

 Complementary facilities worldwide: RCNP, RIKEN, GANIL, GSI, Mainz,...

 Instrumentation

• High Rigidity Spectrometer (HRS) to detect residues;

• HRTPC at the HRS for FRIB (but can be used at NSCL now);

• Instrumentation to measure neutrons and charged particles.

 Need theory support with immediate impact on experimental plans.

 Coordinate international effort to study EOS of neutron rich nuclear   

matter over a range of densities.

 Coordinate communications between interdisciplinary fields.

 Manpower: faculty, postdocs and students

Multi-Laboratory programs: new instrumentation & collaborations 



Facili&es	  and	  Instrumenta&on	  
session	  summary	  

One	  session	  ….	  25	  presenta&ons	  



Facili&es	  and	  Instrumenta&on	  Session	  



Facili&es	  

FRIB	   NSCL/Rea3	  
ATLAS/CARIBU	  



Major	  new	  instruments	  
ISLA	  

SECAR	  



New	  instruments	  /	  upgrades	  



See	  the	  forest	  from	  the	  trees	  

•  Facili&es	  
–  FRIB	  is	  highest	  priority	  	  
–  Need	  to	  maintain	  exis&ng	  facili&es	  at	  forefront	  

•  Great	  physics	  capabili&es	  
•  Cost	  effec&ve	  and	  oPen	  unique	  capabili&es	  
•  Prepare	  community	  for	  FRIB	  era	  

•  Instrumenta&on	  
–  Need	  to	  prepare	  future	  now	  

•  Major	  instruments	  for	  FRIB	  
– Modest	  investments	  yield	  great	  return	  at	  exis&ng	  facili&es	  

•  Access	  to	  new	  physics	  
•  Learning	  to	  work	  with	  weak	  beams	  



Report to Town Hall Meeting 
Nuclear Applications and Data Session 

Mark A. Stoyer for organizers and participants 



Session was organized by Mark Stoyer, Anna 
Hayes, Filip Kondev, Suzy Lapi, Libby McCutchan, 
and Kai Vetter 

NSAC presentation list 
(ordered as presented) 

Overview: Applications – Steve Wender gave a Plenary session talk on applications 

Overview: Nuclear Data – Alejandro Sonzogni (20 minutes) 

5 -10 min talks 

0 Thoennesen Introduction and connection to MSU town hall meeting on Education and Innovation 
  

1 Stoyer “Nuclear Data Needs for Super Heavy Element Research” 

2 Hye Young Lee "Nuclear Data Experiments at LANSCE - Update and Progress" 

3 John Kelly "Meanderings from a USNDP Nuclear Structure & Decay Data Evaluator" 
  



Continued (35-40 people attend the sessions) 

4 John Greene “Nuclear Data Measurements at ANL” 

5 Filip Konev “Nuclear Data Needs for Medical Radioisotopes Production & Applications” 

6 Ninel Nica “Precise Test of Internal-Conversion Theory: Transitions Measured in Five Nuclei Spanning 50 ≤ Z 
≤ 78" 
  
7 Scielzo “Beta-decay spectroscopy for applications” 
  

8 Stoyer “Nuclear Physics Needs for Stockpile Stewardship Applications (LLNL perspective)” 

9 Vetter "Nuclear physics at the intersection of basic and applied research, training, and society" 

10 Carl Brune “Applied Nuclear Science at Ohio University” 

11 Lee Bernstein "Statistical nuclear properties for applied nuclear science" 

12 Tonchev “Modernizing Fission Basis” 
  
13 Chowdury “Applied Nuclear Science at UMass Lowell” 



The impact of the research described in this 
session is ubiquitous, solves a wide range of “real 
world” problems, and improves people’s lives  

PET/CT image using Zr-89 Herceptin 



Overview from Session 
• Some common themes emerged 

• Synergy between basic and applied research – many connections between the 
communities and the scientific work that are mutually beneficial 
• Opportunity for complementary nuclear data efforts 
• Modest investment in nuclear data and technologies has large impact on nuclear science and 

education  

• Several of the talks presented here provide significant contributions to nuclear 
science – PRLs, etc. 

• Applied research often benefits basic research (and vice versa) 
• Diversity of funding sources and research labs 
• Impact to society is huge in national security, medicine, nuclear energy, industry, 

materials, and education (examples: Single-Event-Upset electronics testing benefits 
airline industry – 825 million passengers last year*; Nuclear power industry generates 
~20% of US electricity – 60 million US residents; 99mTc for medicine – 20 million 
treatments last year**; NNDC data retrievals > 3 million last year) 

• Economic impact would be another metric that could be used (example: US nuclear 
energy industry generates ~$500 million total economic output) 

*US Department of Transportation 
**Wikipedia 



Draft recommendations 

• Applications 
• Because of the broad economic and societal benefits of applied nuclear 

physics efforts to national security, medicine, nuclear energy, industry, 
materials, and education, we recommend increased support for innovation 
and applications within DOE/SC/NP and NSF. 

• Nuclear Data 
• Because of the critical and pervasive use of nuclear data in a variety of basic 

and applied scientific efforts, we recommend strong support for the US 
Nuclear Data Program, which includes timely compilation, evaluation, secure 
archiving, and dissemination of nuclear data. 

We recognize the similarities between the recommendation from the Education and Innovation town 
meeting held earlier at MSU and these, and therefore also endorse that draft recommendation 



Joint Nuclear Structure and Nuclear Physics Townhall
Texas A+M, August 2014

Low-Energy Nuclear Physics 

Computational Nuclear Physics
Working Group Summary

Martin J Savage

Friday, August 22, 2014



• Theoretical Needs Established for US to remain 
Internationally Competitive in NP:

• 2009 : Exascale meeting - report, Trivelpiece committee report
                (http://science.energy.gov/ascr/news-and-resources/program-documents/)

• 2012 : CNP meeting in D.C. - whitepaper 
                 (http://wwwold.jlab.org/conferences/cnp2012/)

• 2012 : National Academies Report 
• 2012 : Tribble Committee Report 
• 2014 : CNP meeting in D.C. - whitepaper 

                (http://www.jlab.org/conferences/cnp2014/)

• Experimental Needs (Partially-) Established:
• 2009 : Exascale meeting - experimental/facility design/simulation
• experimental data analysis not included in estimate

Working Group
Future Computational Needs

Community Organization

Friday, August 22, 2014

http://wwwold.jlab.org/conferences/cnp2012/
http://wwwold.jlab.org/conferences/cnp2012/
http://www.jlab.org/conferences/cnp2014/
http://www.jlab.org/conferences/cnp2014/


• Enhanced HPC-trained workforce is required to execute 
the NP mission 

• Provide guidance for, and physics extraction from, experiment

• Low-energy nuclear theory objectives cannot be accomplished without 
this workforce.

• Enhanced collaborations with Computer Scientists,  
Applied Mathematicians, and between Nuclear Physicists, 
are critical, e.g.  SciDAC projects

Working Group
Future Computational Needs

Human Resources

Friday, August 22, 2014



Working Group
Future Computational Needs

Computational Resources

Requirements for accomplishing DOE low-energy mission: 

• Continued access to Leadership-Class computing
• ASCR , INCITE and ALCC awards
•~constant fraction of US facilities (with Moore’s Law growth)

• Significantly increased Capacity computing resources
• not ASCR
• in addition to NERSC awards

Friday, August 22, 2014



Unanimously Endorsed by Working Group

Working Group
Future Computational Needs

HPC for Nuclear Theory

Recommendation
Realizing the scientific potential of current and future 
experiments demands large-scale computations in nuclear 
theory that exploit the US leadership in high-performance 
computing. Capitalizing on the pre-exascale systems of 
2017 and beyond requires significant new investments in 
people, advanced software, and complementary capacity 
computing directed toward nuclear theory.

2014

Request
To this end, we ask the Long-Range Plan to endorse the creation 
of an NSAC subcommittee to develop a strategic plan for a 
diverse program of new investments in computational nuclear 
theory.  We expect this program to include: 
 - new investments in SciDAC and complementary efforts 
needed to maximize the impact of the experimental program;
 - development of a multi-disciplinary workforce in 
computational nuclear theory as called for in the Tribble Report;
 - deployment of the necessary capacity computing to fully 
exploit the nations leadership-class computers;

with support ramping up over five years towards a level of 
around $10M per annum.

2014

Friday, August 22, 2014
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