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2014-15 LRP Schedule
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• Charge	
  delivered	
  at	
  24	
  April	
  2014	
  NSAC	
  Meeting	
  

• LRP	
  Working	
  Group	
  formed	
  with	
  ~60	
  members	
  including	
  several	
  international	
  members.	
  	
  

• Community	
  organization	
  this	
  summer	
  

• DNP	
  town	
  meetings	
  in	
  the	
  July-­‐September	
  2014	
  

• Joint	
  APS-­‐DNP-­‐JPS	
  Meeting	
  Oct	
  7-­‐11,	
  2014	
  in	
  Hawai’i	
  

• Community	
  white	
  papers	
  due	
  by	
  end	
  of	
  January	
  2015	
  

• Resolution	
  meeting	
  of	
  the	
  Long	
  Range	
  Plan	
  Working	
  Group	
  during	
  16-­‐20	
  April	
  2015	
  in	
  Kitty	
  
Hawk,	
  NC	
  

• Report	
  writing	
  April-­‐June	
  2015	
  

• Draft	
  report	
  sent	
  to	
  “wise	
  women	
  and	
  men”	
  

• LRP	
  final	
  report	
  due	
  to	
  NSAC	
  and	
  DOE/NSF	
  in	
  October	
  2015



Town Meetings
§ Computational Theory: July 14-15, Washington, DC 
§ Education and Innovation: Early August, MSU 
§ Nuclear Structure and Astrophysics: August 21-23, 

TAMU 
§ Joint QCD: September 13-15, Temple Univ. 
§ Fundamental Symmetries: Sept 28-29, Chicago 

See http://www.aps.org/units/dnp/meetings/town.cfm 

Conveners of town meetings and members of white 
paper writing groups selected by DNP.
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LRP Resolution Meeting
§ 16-20 April 2015 in Kitty Hawk, NC 
§ Presentations on 

• Town Meeting / White Papers 
• Facilities (CEBAF, RHIC, ATLAS, FRIB) 
• Proposed facilities (EIC) 
• Initiatives (new experiments) 
• Community issues (education, etc.) 
• International context 

§ Budget discussion 
§ Discussion of recommendations 

• Recommendations will become public when report is sent to NSAC 
in October 2015 

§ See Don Geesaman’s talk at IUPAP WG.9 Conference: 
• http://www.triumf.info/hosted/iupap/icnp/nsspresentations/2015/

NSS_North_America.pptx
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“Cold” QCD



QCD: Important Questions
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“Hot” QCD



RHIC – a High Luminosity Polarized 
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Completing the RHIC Scientific Mission

versus 



New Questions
§ Do the initial conditions for the hydrodynamic expansion contain 

unambiguous information about saturated gluon fields in nuclei? 

§ What is the smallest collision system that behaves collectively? 

§ What does the QCD phase diagram look like? Does it contain a 
critical point in the HG-QGP transition region? Does the HG-QGP 
transition become a first-order phase transition for large µB? 

§ What is the structure of the strongly coupled QGP at varying 
length scales? What makes it a liquid?  

§ What do Upsilon states tell us about quark deconfinement and 
hadronization? 

§ What do transversely polarized protons tell us about the coupled 
spin-momentum dynamics of QCD at different scales?
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Completing the RHIC science mission
Status:  RHIC-II configuration is complete 

• Vertex detectors in STAR (HFT) and PHENIX 

• Luminosity reaches 25x design luminosity  

Plan: Complete RHIC mission in 3 campaigns: 

§ 2014–17: Heavy flavor probes of the QGP 
using the micro-vertex detectors;                             
Transverse spin physics 

§ 2018: Install low energy e-cooling 

§ 2019/20: High precision scan of the QCD 
phase diagram & search for critical point 

§ Install sPHENIX 

§ Probe QGP with precision measurements of  
jet quenching and Upsilon suppression 

§ Spin physics and initial conditions at forward 
rapidities with p+p and p+A collisions ? 

§ Transition to eRHIC
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RHIC remains a unique discovery facility

STAR HFT LEReC



Transverse polarized p+p collisions
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Access the dynamic structure of protons:

à Test and confirm QCD structure of color spin interactions
à  Non-universality of transverse momentum dependent functions 
à  SiversDIS = − Siverspp

à Observable: AN for Drell-Yan and W+/- production

à Test scale evolution of transverse momentum dependent functions
à Observable: compare magnitude of AN for Drell-Yan and W+/- 

       Scale:  DY: Q2 ~ 16 GeV2       W+/-: Q2 ~ 6400 GeV2 

DIS:  
γq-scattering attractive

pp:  
qqbar-anhilation repulsive
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Toward critical fluctuations
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Model independent structure of  
net baryon number kurtosis

             1st Order Phase Transition

Quark-Gluon Plasma

Color 

SuperconductorHadron Gas

The Phases of QCD

0 200 400 600 800 1000 1200 1400 1600
0

50

100

150

200

250

300

T
e
m

p
e
ra

tu
re

 (
M

e
V

)

Baryon Chemical Potential μ
B
(MeV)

Vacuum

Critical

Point?

Nuclear 
Matter

     BES-II

200 √s = 62.4 GeV

27

14.5
19.6

11.5

9.1

7.7

392
7

6
0

Possible	
  Scenario	
  
Near	
  Critical	
  Point

κσ
2 −

1



Toward critical fluctuations
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Model independent structure of  
net baryon number kurtosis
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Jets & Upsilon: sPHENIX reach
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Complete calorimetric 
jet spectroscopy

High precision  
Upsilon spectroscopy

Kinematic	
  overlap	
  between	
  RHIC	
  
and	
  LHC	
  provides	
  critical	
  tests	
  for	
  

theoretical	
  frameworks



Hot QCD Recommendations

25

Recommendation 1: 
As our highest priority we recommend a program to complete the search for the 
critical point in the QCD phase diagram and to exploit the newly realized potential 
of exploring the QGP’s  structure at multiple length scales with jets at RHIC and 
LHC energies. This requires  
• implementation of new capabilities of the RHIC facility (a state-of-the-art jet 

detector such as sPHENIX and luminosity upgrades for running at low energies) 
needed to complete its scientific mission,  

• continued strong U.S. participation in the LHC heavy-ion program, and  
• strong investment in a broad range of theoretical efforts employing various 

analytical and computational methods.

Recommendation 2: 

A high luminosity, high-energy polarized Electron Ion Collider (EIC) is the 
U.S. QCD Community’s highest priority for future construction. 
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Electron Ion Collider: 
The next QCD frontier 

Understanding the Glue that Binds Us All



Role of gluons in hadron & nuclear structure 
§ Massless gluons & almost massless quarks, through their 

interactions, generate most of the mass of the nucleons:  
      Without gluons, there would be no nucleons,  
      no atomic nuclei… no visible world!  

§ Gluons carry ~50% the proton’s momentum, ?% of the nucleon’s 
spin, and determine the transverse momentum of quarks 

§ The quark-gluon origin of the nucleon-nucleon forces in nuclei is 
not understood 

§ Lattice QCD presently cannot address dynamical properties of 
hadrons 

§ EIC will provide experimental insight and guidance crucial for a 
complete understanding of how hadrons & nuclei emerge from 
quarks and gluons
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What does a proton look like?

Bag Model: Gluon field distribution is 
wider than the fast moving quarks. 
Gluon radius > Charge Radius 

Constituent Quark Model: Gluons and 
sea quarks hide inside massive quarks. 
Gluon radius ~ Charge Radius  

Lattice Gauge theory (with slow moving 
quarks), gluons in between quarks:                           
Gluon radius < Charge Radius

28

Need transverse images of the quarks and gluons in protons 

Static             Boosted



Electron Ion Collider

29
AGS BNL

JLab

Two proposals for 
realizing the science case1212.1701.v3 

A. Accardi et al



US EIC: Kinematic reach & properties
For e-N collisions at the EIC: 
✓ Polarized beams: e, p, d/3He 
✓ Variable center of mass energy 
✓ Wide Q2 range à evolution  
✓ Wide x range à spanning 

valence to low-x physics

For e-A collisions at the EIC: 
✓ Wide range in nuclei 
✓ Lum. per nucleon same as e-p 
✓ Variable center of mass energy  
✓ Wide x range (evolution) 
✓ Wide x region (reach high gluon 

densities



US EIC: Kinematic reach & properties
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Physics vs. Luminosity & Energy
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Exquisite precision
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w/EIC data



EIC: Why now?
§ A set of compelling physics questions about the gluon’s 

role in nucleons and nuclei has been formulated 

§ Measurements that provide answers to those compelling 
questions about have been identified 

§ Powerful formalisms that connect the measurements to 
rigorously defined properties of QCD structure & dynamics 
of the nucleons and nuclei have been developed 

§ Based on the accelerator R&D since the 2007 LRP, technical 
designs of an EIC re-using existing facility infrastructure 
now exist
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Joint Recommendation

We recommend a high-energy, high-luminosity polarized Electron-
Ion Collider (EIC) as the highest priority for new facility 
construction, following the completion of FRIB.  The EIC will enable 
three-dimensional imaging of the internal landscape of nucleons 
and nuclei with unprecedented resolution to reveal the roles of 
abundant gluons and sea quarks, and exploration of a new QCD 
frontier where a universal form of gluon matter with characteristic 
collective behavior is predicted to dominate nuclear dynamics.  
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Other Nuclear Subfields



Fundamental Symmetries
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Neutrinoless double beta decay

Observation of NLDBD would be direct evidence of new physics,
with far-reaching implications:



Neutrino masses
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• Next generation experiments are moving forward 
to improve sensitivity by factor ~100.

• The field is rapidly approaching readiness to 
proceed with tonne scale experiments led by 
U.S. scientists.



Fund. Symmetries & Neutrinos
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Nuclear structure / astrophysics
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Nuclear astrophysics goals
➢ Nuclear reactions far off stability
➢ Electron capture and decay processes
➢ Neutron capture and photodisintegration
➢ Pycnonuclear fusion 

Nuclear structure goals
➢ Constraints for ab initio calculations
➢  Complete isotopic chains (e.g. Ca) 
➢  New magic numbers off stable ridge 
➢  Double number of known nuclei
➢ Understand r-process



Rare isotope production
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FRIB



Nuclear Structure / Astrophysics

1. The highest priority in low-energy nuclear physics and nuclear 
astro-physics is the timely completion of the Facility for Rare 
Isotope Beams (FRIB) and the initiation of its full science program. 

2. We recommend appropriate support for operations and planned 
upgrades at ATLAS, NSCL, and university-based laboratories, as 
well as for the utilization of these and other facilities, for continued 
scientific leadership. Strong support for research groups is 
essential. 

3. We recommend targeted major instrumentation and accelerator 
investments to realize the discovery potential of our field.

41

Joint recommendations:



Summary
§ Broad community support for a vigorous exploitation of the 

investments made as a result of the 2007 Long Range Plan: 
• CEBAF 12 GeV 
• RHIC II 
• New instrumentation at ATLAS 
• Completion of FRIB 

§ Broad consensus that an EIC is the future facility for QCD 
research in nuclear physics 

§ Broad support for experiment(s) capable of discovering 
neutrinoless double beta decay 

§ Necessity of vigorous R&D on EIC and NLDBD 
§ Broad support for continued investments in nuclear theory, 

esp. for collaborative and computational research 
§ Stay tuned for official recommendations
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