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Tennessee/Warsaw

Euroschool on Exotic Beams, Piaski, September 6,  2008

• What is ENAM?
• Main research areas represented
• ENAM’08 Highlights
• Summary



������	
���������
��



�
������������������������������
� ENAM has a long history, as its origins go back to the 1950s and 1960s to Atomic 
Mass and Fundamental Constants (AMCO) and the Nuclei Far From Stability 
(NFFS) series of conferences. Held jointly in 1992, the conferences officially 
merged in 1995 in Arles, France where the First International Conference on Exotic 
Nuclei and Atomic Masses (ENAM) was held. Since then, subsequent conferences 
have been held at Bellaire, Michigan (1998), Hämeenlinna, Finland (2001), and 
Callaway Gardens in Pine Mountain, Georgia USA (2004). The fifth conference will 
be held at Castle Ryn in Mazurian Lakes District, Poland, organized by the 
University of Warsaw together with the Soltan Institute for Nuclear Studies.
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• Atomic masses and fundamental constants 
• Fundamental symmetries and interactions 
• Nuclear astrophysics 
• Nuclear moments, radii, and transition rates 
• Forms of radioactivity 
• Nuclear structure, nuclei at the drip lines 
• Heaviest elements and fission 
• Radioactive ion beam production 
• Reactions with radioactive ion beams 
• Experimental developments and applications

• Experiment
• Theory
• Technology and instrumentation



���
���

�

��������

���������
	
�������
	
����������
������������
	
�������
	
����������
���

82

50

28

28

50

82

20
82

2
8

20
��������	
���

�������	
���

126

superheavy
nuclei

��������
������

• ��
������������	�������������	���
��	�����������	����	������������

• ��	��	�������������������������
�	������

• ��	��	���������	���������������	���	��
������

• ��	���������������������������	�������
������������������

45Fe

62Ga

11Li

225Ra

149Tb

134Sn

283112

101Sn

78Ni

68Se
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Dilling
Schwarz
Jokinen
Kowalska
Block

Worldwide effortWorldwide effort





August 2008 : 252,253,254No measured at SHIPTRAP

Production cross
section only 400nb!

Block
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ANL/Cracow/Manchester/NSCL(2007)

55Ti-��	
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NSCL  (2007)

40Mg

42Al 43Al

12 28
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...provides the guidance
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Example:Example: Large Scale Mass Table CalculationsLarge Scale Mass Table Calculations
Science scales with processors

�� The SkM* mass table contains 2525 evenThe SkM* mass table contains 2525 even--even nucleieven nuclei
�� A single processor calculates each nucleus 3 times (prolate, oblA single processor calculates each nucleus 3 times (prolate, oblate, ate, 

spherical) and records all nuclear characteristics and candidatespherical) and records all nuclear characteristics and candidates for blocked s for blocked 
calculations in the neighborscalculations in the neighbors

�� Using 2,525 processors Using 2,525 processors -- about 4 CPU hours (1 CPU hour/configuration)about 4 CPU hours (1 CPU hour/configuration)

�� 9,210 nuclei9,210 nuclei
�� 599,265 configurations599,265 configurations
�� Using 3,000 processors Using 3,000 processors -- about 25 CPU hoursabout 25 CPU hours
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Jaguar Cray XT4 at ORNL

see MassExplorer.org
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Coupled Cluster Theory 
Size Extensive!

converged CCSD results for 
medium-mass nuclei  with N3LO

Medium-mass nuclei from chiral 
nucleon-nucleon interactions
G. Hagen, T. Papenbrock, D.J. Dean 
and M. Hjorth-Jensen
arXiv:0806.3478

Hagen
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Superallowed a decays and 101Sn structure Seweryniak, Darby
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Future FRIB Reach
107Zr

78Ni Critical region for light r-process
and new LEPP process

Known before

NSCL reach

NSCL Experiments done

2������������ ���	�� �����#����&���
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Decay-curves fits (mother, daughter, granddaughter)

105Zr
107Zr106Zr

bbbb-decay  studies around 78Ni with ISOL Cu and Ga 
RIBs at HRIBF (2007)

Winger, Schatz
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Digital photography of 45Fe(2p)
Warsaw/Tennessee/ORNL/NSCL (2007)

45Fe

Janas
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7H
6H

5H

ER = 0.57- 0.21
+0.42

GR = 0.09- 0.06
+0.94

8He core

4He

8He matter

9Li

11Li core

11Li matter

30 cm
26 cm

Frisch Grid
Amplification 
wires

segmented cathode

CsI or Si wall

32 x 33 hexagonal pads   

cathode

IKAR results      G.D. Alkhazov et al., Nucl. Phys. A 712 (2002) 269
P. Egelhof et al., Eur. Phys. J. A 15 (2002) 27
A. Dobrovolsky et al., Nucl. Phys. A 766 (2006) 1

MAYA 
results
7H: M. Caamano
et al. PRL 99
(2007)062502

GMR in 56Ni:
C. Monrozeau 
Et al., PRL100
(2008)042501

Roussel-Chomaz



Next generation of active targets

ACTIVE 
TARGET, 
SPIRAL2

R3B TPC, GSI/FAIRAT/TPC, MSUTACTIC, TRIUMF

SAMURAI TPC, RIKEN

ANASEN, LSU/FSU

GEM-MSTPC, KEK



7����������#�������
2��
�����

"

"

"



"	�������������

3��/����� ����



3���������,3���������,

7�������������� �����#���� �������	
���=

��������	
��������
�����

�����������	��
��
��
������������������	���
��
�	����������
����������
��
���
�
�	�����������������
���
��������
��

���	�������
��������������
	��������
������
����	����
���	
��
��������
�
�
�������������
���������������������	���

Lifetimes of superheavy nucleiLifetimes of superheavy nuclei
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Nature 447, 72 (2007)

Türler
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6,8He & 11Li Charge Radii and Masses of Halo Nuclei
Precision measurements provide stringent test of nu clear models

ANL (2004)

ANL/GANIL (2007)

11Li

TRIUMF/GSI (2006)

nuclear radius (fm)

… and mass of 11Li: DDDDm/m=7·10 -8… and mass of 11Li: DDDDm/m=7·10 -8

8He

T1/2 � 8.6 ms

T1/2 � 806 ms

T1/2 � 119ms

Nörterhäuser
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ESA INTEGRAL Satellite
searching for novae signatures

Nova QUVul, HST 

Hernanz et al, 2003
O Ne Mg Nova

predicted g-ray flux from 
decaying radionuclides 18F, 
22Na... synthesized in explosion

predicted g-ray flux from 
decaying radionuclides 18F, 
22Na... synthesized in explosion

Example of synergy between nuclear science and astronomy

2������������ ���	�� �����#�����/��

Synthesis of e.g. 18F, 22Na, (26Al) very important for characteristic g-ray emission from nova

total energy

en
er

gy
 lo

ss

18Ne
17F

17O

on resonance 
(600 keV)

scattered

capture 
reaction

scattered

17F(p,gggg)18Ne

HRIBF
(2008)

21Na(p,gggg)22MgTRIUMF
(2004)
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Experiments addressing questions o the fundamental symmetries of nature can 
take advantage of certain exotic isotopes because aspects of their structure 
greatly magnify the size of the symmetry-breaking processes being probed

+
+
+
+
+

-
-
-

-
-

%%;2�EDM searches in 
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38mK
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Superallowed Fermi 0 +        0+ bbbb-decay studies
(testing the unitarity of the Cabibbo-Kobayashi-Maskawa matrix)

Superallowed Fermi 0 +        0+ bbbb-decay studies
(testing the unitarity of the Cabibbo-Kobayashi-Maskawa matrix)

62Ga @ TRIUMF (2006-2008)
T1/2=116.100(22)ms, BR=99.858(8)%

38mK @TRIUMF (2008)
BR=99.967(4)%

50Mn,54Co @Jyväskylä (2007)
Q=7634.48(7), 8244.54(10) keV

34Ar, 34Cl @TAMU (2006)
T1/2=843.8(4) ms,1.5268(5)s

46V @ Jyväskylä (2006)
Q=7052.72(31) keV

26mAl,42Sc @Jyväskylä (2006)
Q=4232.83(13),6426.13(21) keV

46V @ ANL (2005)
Q=7052.90(40) keV

with new symmetry-breaking corrections:with new symmetry-breaking corrections:
with new symmetry-breaking corrections:

Melconian, Hardy, Eronen

• 7 cases ( 10C,14O,…, 42Sc) measured @CPT/APT (ANL) 
…stay tuned…

• Advances in isospin mixing calculations

• 7 cases ( 10C,14O,…, 42Sc) measured @CPT/APT (ANL) 
…stay tuned…

• Advances in isospin mixing calculations
Satula (Rafalski)



"	�������#�������

2�5�>���	
����

(also RNB, EMIS)
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• GSI/FAIR started
• RIKEN operating
• SPIRAL 2 started
• ISOLDE upgrade
• TRIUMF ISACII

• RIA ® FRIB
• EURISOL R&D

• New smaller projects
- SPES
- Beam at EXCYT
- CARIBU at ATLAS
- TAMU upgrade
- High power target at HRIBF
- Low energy beams at MSU
- Solenoids at Florida State
- VEC upgrade 
- Beijing upgrade

Tribble
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RIBF

Radioactive Ion Beam  Facilities Timeline

20002000 20052005 20102010 20152015 20202020

CARIBU@ATLAS

NSCL

HRIBF

FRIB

ISOLDE

ISAC-II               

SPIRAL2    

SIS FAIR     

RARF

ISAC-I

In Flight
ISOL
Fission+Gas Stopping

Beam on target

SPIRAL

HIE-ISOLDE  



1Teraflop=1012 flops
1peta=1015 flops (next 2-3 years)
1exa=1018 flops (next 10 years)
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(also EMIS, RNB)



Phys. Rev. Lett. 100, 164801 (2008) Wakasugi
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http://www.fuw.edu.pl/~szymansk/.index-en.html
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The only laboratory 
access to matter 
made essentially of 
pure neutrons 

The only laboratory 
access to matter 
made essentially of 
pure neutrons 

50 protons
50 neutrons

30 protons
70 neutrons

Dobaczewski
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GSI 2005

E1 strength

Giant dipolePygmy dipole

Bulk neutron matter equation
of state

Furnstahl 2002

208Pb

pressure

sk
in

Constraints on 
the mass-vs-
radius 
relationship of 
neutron stars

Klimkiewicz
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Social Program and Leisure
•Sunday: welcome reception. 
•Monday: a special lecture on the history of Castle Ryn and on relations 
between Poland and the Teutonic Order, given by a professional historian. 
•Tuesday: a historical performance, including a show of medieval dances, will 
be presented. 
•Thursday: poster session
•Friday:  the conference dinner with life music

There will be a number of leisure and sports attractions. They include a small 
swimming pool with jacuzzi and sauna, a fitness room, a tennis court, bows 
and crossbows, and others. Two lakes and the forest offer many outdoor 
activities. There will be possibility to rent bikes, kayaks, and sailing boats. 

�
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Program (dense but exciting)
Invited talks, including reviews 
Contributed talks 
Oral poster talks 
Poster exhibition

�������������E
•Ask at least one question during sessions
•Approach lecturers
•Talk to poster presenters
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Over the last decade, tremendous progress has been made in techniques 
to produce designer nuclei, rare atomic nuclei with characteristics adjusted 
to specific research needs. Guided by unique data on short-lived 
nuclei , we are embarking on a comprehensive study of all nuclei based on
the most reliable theoretical approaches and the massive use of the 
computer power available at this moment in time.  The prospects are 
excellent.



Becquerel discovers
radioactivity

The Curies discover
polonium

����

Isotopic  tracer
technique by 
von Hevesy

���� ����

6-He produced
in Copenhagen

Fermi builds 
controlled fission
reactor

Radiochemistry
used to monitor 
nuclear weapons 
tests

Explanation of
magic numbers

Explanation of
magic numbers

Nobel Prize for
magic numbers

Nobel Prize for
magic numbers

First ISOL 
experiment in 
Copenhagen

Mössbauer 
effect

Z=100 (Fm) 
discovered

First in-flight 
separator at 
Oak Ridge

BBHF theory of 
nucleosynthesis

BBHF theory of 
nucleosynthesis

beta-NMR 
demonstrated 
at ANL

Invention 
of PET 
scanner First in-flight 

fragmentation 
experiments at 
Berkeley

First application 
of radiochemistry 
to inertial fusion 
target diagnosis

Neutron halos 
discovered at 
Berkeley

Measurement of 
half-life of  r-
process nucleus 
at TRISTAN

NSCL HRIBF

Trapped 
francium 
at Stony 
Brook

6-He enhanced 
reaction cross 
sections at 
TwinSol

Studies with 
accelerated 132-Sn 
and 82-Ge at HRIBF

Shell structure 
changes in 
exotic nuclei at 
ATLAS/HRIBF/
NSCL

Charge radius of 
6-He at ATLAS

78-Ni lifetime at 
NSCL

21-Na b-
n correlation
s at 
Berkeley

Beta-delayed proton 
radioactivity 
discovered  at  
Dubna and McGill

ISOLDE

Z=105 (Db) 
discovered 
in Dubna

Proton emission 
discovered at 
Harwell

First mass 
measurement of 
short-lived nuclei 
at PS in CERN

Island of inversion at 
N=20 and shape 
coexistence  in proton-
rich Hg at iSOLDE

GANIL

RIKEN

IGISOL at 
Jyväskylä

Measurement 
of half-life of  r-
process 
nucleus at 
Studsvik

First accelerated 
beam experiment 
(13-N) at LLN

100-Sn 
discovered at 
GSI and GANIL

GSI

ISOLTRAP

Acceleration of 
RIBs at  LLN

Laser ion 
source at 
ISOLDE

ISAC-I 
SPIRAL1

Relativistic 
Coulomb 
excitation of 
32-Mg at 
RIKEN

Projectile-fisson of 238-U 
and Z=112 discovered at 
GSI

REX-ISOLDE

Targeted alpha 
therapy at 
ISOLDE

Two-proton    
emitters 
discovered at GSI 
and GANIL

Direct 
radiative 
capture with 
21-Na  at 
ISAC-I

38m-K b-
n correlations 
at TRINAT

����

Radioactive Ion Science Timeline

EuropeEurope

CanadaCanada
JapanJapan

United StatesUnited States

Nobel Prize for
unified model

Nobel Prize for
unified model

Nobel Prize for 
nucleosynthesis

Neutron-induced 
fission

Z=108 
chemistry at 
GSI

Shell structure 
of exotic 
nuclei with 
knockout 
reactions at 
NSCL

Momentum distribution 
of halo at RIKEN

Parity 
violation in 
beta  decay

Becquerel discovers
radioactivity

The Curies discover
polonium

Becquerel discovers
radioactivity

The Curies discover
polonium

First  therapeutic  
application of 
artificial 
radionuclide

First  therapeutic  
application of 
artificial 
radionuclide

Theory of 
nucleosynthesis
Theory of 
nucleosynthesis

Neutron halos 
discovered
Neutron halos 
discovered

Explanation of
magic numbers
Explanation of
magic numbers

Element Z=112 
discovered
Element Z=112 
discovered

Collapse of 
magic numbers
in exotic nuclei

Collapse of 
magic numbers
in exotic nuclei


