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Big question of nuclear physics:  are magic numbers reallymagic?
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The global mass market
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Observations and statistics (from results published 2008-2010):
(source:  AME2011 update of G. Audi & M. Wang)

Total of about 200 direct measurements:
ESR-IMS (35); ESR-SMS (6); NSCL (21); 

TRAPS (160):

CPT (2)
FSU (42)
ISOLTRAP (70)
JYFL (120)
SHIP (21)
LEBIT (19) 
TITAN (7) 

100 new reaction/decay data from
RIKEN, JYFL, GSI, JINR, 
Kyoto, Berkeley, Andreyev (!)
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JYFLTRAP @ IGISOL - Jyväskylä



* J. L. Fisker, R. D. Hoffman, and J. Pruet, arXiv (2007)

*

CPT @ ANL - Argonne

for observed
92Mo/94Mo



LEBIT @ MSU-East Lansing



CSR @ HIRFL
Lanzhou

64Ge not an rp
waiting point



SHIPTRAP @ GSI - Darmstadt



year article physics nuclides

2008 W. Geithner et al., PRL structure (halo) 17Ne
2009 D. Neidherr et al., PRL 102, 112501 structure 223-229Rn
2009 M. Breitenfeldt et al., PRC 80, 035805 rp process 99-109Cd 
2009 D. Neidherr et al., PRC 80, 044323 structure 136-146Xe 
2010 M. Breitenfeldt et al., PRC 81, 034313 structure 112−124Ag; 114-128Cd 
2010 S. Naimi et al., PRL 105, 032502 structure (shape) 96,97Kr
2011 S. Naimi et al., PRC submitted structure (N = 40) 58-66Mn

ISOLTRAP @ CERN-ISOLDE



Oct. 2011 ISOLTRAP measurement of 82Zn mass 
most exotic test yet of the N = 50 gap
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Using ISOLDE UCx target plus extras:
neutron converter
laser ionization
quartz transfer line
isobaric mass purification
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S. Woosley
and T. Janka, 
Nature Physics
(2005)

D. Price and 
S. Rosswog, 
Science (2006)

mass‐
model
drip
lines:
a drip
zone!
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Would like a microscopic model (based on an interaction) to calculate…everything!
(Gospel of St. Marcel:  microscopicism)
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Garvey-Kelson FRDM HFB

A (very) simplified overview of mass models



From:  D. Lunney, “Nuclear masses:  
Experimental programs, theoretical models and astrophysical interest,” p. 296

13 years ago
(in Greece!)

Models diverge – but not as bad as 12C(α,γ)16O !



HFB mass tables Explorations
HFBCS: S. Goriely et al., At. Nuc. Data (2001) 
HFB 1: M. Samyn et al., Nucl. Phys. A (2002)
HFB 2: S. Goriely et al., Phys. Rev. C (2002)
HFB 3: M. Samyn et al., Nucl. Phys. A (2003) I:    pairing density dependence
HFB 4-7: S. Goriely et al., Phys. Rev. C (2003) II:   effective mass 
HFB 8: M. Samyn et al., Phys. Rev. C (2004) III:  particle number projection
HFB 8: M. Samyn et al., Phys. Rev. C (2005) V.   extension to fission barriers
HFB 9: S. Goriely et al., Nucl. Phys. A (2005) IV:  neutron-matter constraint
HFB 10-13:S. Goriely et al., Nucl. Phys. A (2006) VI:  weakened pairing
HFB 14: S. Goriely et al., Phys. Rev. C (2007) VII: simultaneous barrier fits
HFB 15: S. Goriely & J.M. Pearson, Phys. Rev. C (2008) VIII: role of Coulomb exchange
HFB 16:   N. Chamel et al., Nucl. Phys. A (2008) IX:   constraint to neutron pairing gap
HFB 17: S. Goriely et al., Phys. Rev. Lett. (2009) X:   microscopic pairing (σrms < 0.6 MeV)
HFB 18: N. Chamel et al., Phys. Rev. C (2009) XI.  stabilizing n-stars against collapse
HFB D1M: S. Goriely + CEA, Phys. Rev. Lett. (2009) First HFB-Gogny table
HFB 19-21:S. Goriely et al., Phys. Rev. C (2010) XII. stability of neutron-star matter

?

S. Goriely, N. Chamel, Université Libre de Bruxelles; 
J.M. Pearson, Université de Montréal 

A brief history of HFB mass tables



Other “recent” work:  macroscopic ‐microscopic / liquid drop

Kazuhiro Oyamatsu, Kei Iida, Hiroyuki Koura, Phys. Rev. C82 (2010) 027301
Kazuhiro Oyamatsu, Kei Iida, Phys. Rev. C81 (2010) 054302

Wigner‐Kirkwood:
A. Bhagwat, X. Vinas, M. Centelles, P. Schuck, R. Wyss, Phys. Rev. C81 (2010) 044321

Ning Wang, Zuoying Liang, Min Liu, Xizhen Wu, Phys. Rev. C82 (2010) 044304
Ning Wang, Min Liu, Xizhen Wu, Phys. Rev. C81 (2010) 044322

FRDM: Finite Range Droplet Model ‐ New fit to 2011 AME!
P. Moller et al., At. Data Nuc. Data Tables 59 (1995) 185

Other microscopic “fundamentalist” models

Delaroche et al. PRC (2010) D1S‐5DCH (Gogny force)
Bender, Bertsch, Heenen, PRC (2006) SLy4‐GCM (Skyrme force)

only even‐even nuclides!



N  = 50 gap
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ISOLTRAP
82Zn result

Z = 30,31
from JYFLTRAP:
Hakala et al.
PRL (2008);
rest from AME



New (August 2011) ISOLTRAP measurements



Delaroche et al. (D1S‐5DCH):  no Fr (Z odd) and only 234Ra (‐11.9 MeV…)
Bender‐Bertsch‐Heenen (SLy4+GCM):  no predicted masses…

HFB‐D1M

Fr

Ra

Comparison with new (August 2011) ISOLTRAP measurements



S. Goriely, N. Chamel, H.‐T. Janka, J.M. Pearson, A&A (2011)
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J.M. Pearson, S. Goriely and N. Chamel, PRC 83 (2011)





Acropolistic view of the mass surface 
and the columns of nucleosynthesis
More mass data of better quality

N=50 shell for Z=30 + heavy Fr/Ra
Microscopic models with good predictions
Shell quenching phenomenon quenched ?
Neutron stars a promising r‐process site ?
Are x‐ray bursts a viable observable ?


