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Membership of WG.9
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Major Questions for Modern Nuclear Physics
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Facilities to Address these Major Questions

WG.9 Report identifies 90 “User Facilities” world-wide

BUT many are relatively small with mainly local users

• Play an important role in: 
- student training
- applied nuclear science

• Frontiers mainly addressed by larger facilities

Arbitrarily chose >300 users and ≥ 15% international users
and exclude applied labs – e.g. ITHEMBA, ILL…)

⇒ much smaller number (13) of “Major Facilities”
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Expert Advice to OECD GSF

• Prepare booklet with International Landscape for NP

• AT, WvO, WH represent WG.9: provide expert advice

• Meetings in Washington, Rome, Tokyo; final 
meeting Nov. 4,5 in Paris

• Report was important source of information for that 
group
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Facility % NP
Users

Total 
No. Users

% Inter
national

GSI (FAIR) 75%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
10%

1300 40%
Jefferson Lab 1200 39%
RHIC 1100 50%
CERN (LHC Alice) 760 100%
GANIL 630 36%
TRIUMF 600 66%
RIKEN 500 19%
J-PARC 480 60%
ANL (Atlas) 410 40%
Legnaro 400 50%
COSY 390 56%
CERN (Isolde) 350 98%
DESY 3000 47%
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Europe
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EURISOLEURISOL
1 GeV protons,HI

ISOL
150 A.MeV

G S IG S I
fragmentatio

n
1000 A.MeV

SPIRALSPIRAL
ISOL

25 A.MeV

Rex Rex 
ISOLDEISOLDE
ISOL

3 
A.MeV

SPIRAL 2SPIRAL 2
ISOL

1 to 20 A.MeV

HIE HIE 
ISOLDEISOLDE
ISOL

>3 A.MeV

2000

2005

2015

European RNB Facilities - Road Map

Running Projects Under Construction Design Study

2010 SPESSPES
ISOL
5 A.MeV

LouvainLouvain
ISOL
1-3 

A.MeV

FAIRFAIR
fragmentation
200 to 1500 A.MeV

EURISOL EURISOL 
DS 6FPDS 6FP

1 GeV protons
ISOL

100 A.MeV

ALTO Orsay
Photofission

30KeV
3.1011 fiss/s
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Brussels, 19 
October 2006
European 
Research
Infrastructures –
The ESFRI 
roadmap 
identifies 35 
large-scale 
infrastructure 
projects 

FAIR & SPIRAL 2 on the ESFRI list
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SPIRAL 2@GANIL SPIRAL 2@GANIL -- A world leading ISOL Facility   A world leading ISOL Facility   

Super conducting LINAC

40MeV d ,5mA ,14MeV/n HI

Production building
C converter +UCx target
≤ 1014 fissions/s

GANIL facility

LIRAT 

Stable Heavy-Ion 
Exp. Hall

Heavy-Ion ECR 
source (A/q=3), 1mA

Heavy-Ion ECR 
source (A/q=3), 1mA

CIME Cyclotron
Acceleration of RI Beams 

E < 25 MeV/n, 6-8 MeV/n for FF

CIME Cyclotron
Acceleration of RI Beams 

E < 25 MeV/n, 6-8 MeV/n for FF

RFQ

1+

A/q=6 Later
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100 m

UNILAC
SIS 18

SIS 100/300

HESR

Super
FRS

NESR

CR
RESR

GSI todayGSI today Future facilityFuture facility

ESR

FLAIR

Rare-Isotope
Production Target

Antiproton
Production Target

CBM

PP / 
AP

CN     DE      ES       FI        FR     GB      GR     IN      IT       PL       RO     RU     SE

Observers
A
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Japan
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J-PARC Facility

Nuclear 
Transmutation

J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA

3 GeV Synchrotron
(25 Hz, 1MW)

Hadron Beam Facility
Materials and Life Science

Experimental Facility

Neutrino to 
Kamiokande

50 GeV Synchrotron
(0.75 MW)

500 m

Linac
(330m)
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North America
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• We recommend the completion of the 12 GeV Upgrade at Jefferson Lab.  
The Upgrade will enable new insights into the structure of the nucleon, the 
transition between the hadronic and quark/gluon descriptions of nuclei, 
and the nature of confinement.

• We recommend the construction of the Facility for Rare Isotope Beams, 
FRIB, a world-leading facility for the study of nuclear structure, reactions 
and astrophysics. Experiments with the new isotopes produced at FRIB 
will lead to a comprehensive description of nuclei, elucidate the origin of 
the elements in the cosmos, provide an understanding of matter in the 
crust of neutron stars, and establish the scientific foundation for 
innovative applications of nuclear science to society.

• We recommend a targeted program of experiments to investigate neutrino 
properties and fundamental symmetries. These experiments aim to 
discover the  nature of the neutrino, yet unseen violations of time-reversal 
symmetry, and other key ingredients of the new standard model of
fundamental interactions. Construction of a Deep Underground Science 
and Engineering Laboratory is vital to US leadership in core aspects of 
this initiative.

• The experiments at the Relativistic Heavy Ion Collider have discovered a 
new state of matter at extreme temperature and density—a quark-gluon 
plasma that exhibits unexpected, almost perfect liquid dynamical behavior. 
We recommend implementation of the RHIC II luminosity upgrade, 
together with detector improvements, to determine the properties of this 
new state of matter.

NSAC: LRP Recommendations



Galveston May 2007                                         27 LRP Resolution Meeting

RISAC Report Science Drivers

• Nuclear Structure
– Explore the limits of existence and study new phenomena
– Possibility of a broadly applicable model of nuclei
– Probing neutron skins (study of neutron matter)
– Synthesis of Superheavy elements

• Nuclear Astrophysics
– The origin of the heavy elements
– Explosive nucleosynthesis
– Composition of neutron star crusts

• Fundamental Symmetries
– Tests of fundamental symmetries with rare isotopes

• Other Scientific Applications
– Stockpile stewardship, materials, medical, reactors

• Nuclear Structure
– Explore the limits of existence and study new phenomena
– Possibility of a broadly applicable model of nuclei
– Probing neutron skins (study of neutron matter)
– Synthesis of Superheavy elements

• Nuclear Astrophysics
– The origin of the heavy elements
– Explosive nucleosynthesis
– Composition of neutron star crusts

• Fundamental Symmetries
– Tests of fundamental symmetries with rare isotopes

• Other Scientific Applications
– Stockpile stewardship, materials, medical, reactors

Figure 1.1.1
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6 GeV CEBAF1112

Two 0.6 GV linacs1.1

CHLCHL--22

Upgrade magnets Upgrade magnets 
and power and power 
suppliessupplies

Enhanced capabilities 
in existing Halls

Lower pass beam energies 
still available
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Physicists want:
•Cosmic-ray Shielding
•Seismic quiet
•Low radioactivity
•Access

Data: Hime & Mei, astro-ph/0512125
Curve: Miyake, N.Cim. 32, 1505 (1964)



DUSEL S3 competing sites
Cascades

SNOLAB

Kimballton

Soudan

San Jacinto

WIPP

Homestake

Henderson
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New update on C1q couplings – Dec 2006

Dramatic 
improvement in 

knowledge of weak 
couplings!

95%

(Young et al.)

Factor of 5 increase
in precision of 
Standard Model test



RHIC II and LHC Golden Age of Heavy Ions

RHIC II LHC

RHIC II high luminosity and substantial energy range are 
critical to quantitative understanding and advances.
LHC highest energy achievable is also compelling.

One Example

Uranium beams 
with EBIS extend 
the RHIC range.
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A High Luminosity, High Energy Electron-Ion Collider:
A New Experimental Quest

to Study the Glue which Binds Us All

How do we understand the visible matter in our universe 
in terms of the fundamental quarks and gluons of QCD?

Explore the new QCD frontier:
strong color fields in nuclei

Precisely image the sea-quarks
and gluons in the nucleon

BNL, CERN, JLab….
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Future Role of WG.9

WG.1 is ICFA – is there a similar role for WG.9?

Created to promote international cooperation 
in nuclear physics…

Are there projects in NP too big for a 
single country?

Series of workshops to stimulate discussion
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Agreed Actions
• Prepare a concise report on what it requires to operate

an effective, truly international user facility 
- includes difficulty of access for users from 

“small countries” (ASL, JMP, MM, WH) 

•Develop sources of funding for networking activities
along lines so successfully employed by EC 

(WH, AT, ML, RT)

• Establish sub-committees to coordinate workshops/plans 
for facilities likely too large for single country/region

- Future RIB facility  (SG, RC, BF ….)
- Future electron-ion collider (SA, AT ….)

• Pursue implementation of OECD recommendations…..
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