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ω bҐрл ƛƴ ǘƘŜ ǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ {Ǉƛƴ-Orbit (Intruder-Extruder)  
magic numbers  

ω ƎŀǇ ǎƛȊŜ  ½Ґон άǎƛƴƎǳƭŀǊƛǘȅέ 

ω ǎƘŀǇŜ ŎƻŜȄƛǎǘŜƴŎŜ 

ω ƴŜǳǘǊƻƴ ǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘǎ ŀƴŘ ǘƘŜ question of first-forbidden 
transitions in the 78Ni region 

http://www.google.fr/url?url=http://www.u-psud.fr/fr/charte-graphique.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiE8Lj23u3OAhUJVRoKHc2aB0wQwW4IHDAD&usg=AFQjCNEXd708d63grFPtCOUL-Fg0KHkAXg


D. Verney            SRNA  τ  IPHC  τ  22-24/11/2017   2 

SO magic numbers in nature 

Neutron stars merging event detected by LIGO-Virgo 
followed quickly by EM emission at all frequencies 
August 17th 2017 
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on earth 
fission of actinides 

kilonova 

Wolf et al. PRL 110 
(2013)  

having precise nuclear data (in 
SO regions)  will help in 
understanding an increasing 
number of astro-physical 
observations 
 
άƛƴǘŜƎǊŀǘŜŘέ ǉǳŀƴǘƛǘƛŜǎ ƴŜŜŘŜŘΥ 
mass, T1/2, Pn Χ 
 
nuclear structure 
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at reach more difficult 

άǘǊǳŜέ ¢ŜǊǊŀ LƴŎƻƎƴƛǘŀ 

????? 

SO magic numbers : a long-term roadmap (on earth) 
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SO magic numbers in historical nuclear physics 
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SO magic numbers in modern RMF 

Protons Neutrons 
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spin-orbit : universal effect for quantum systems made of particles having 
spin : atoms, nuclei, hyper-nuclei, quarkoniaΧ 
important role in condensed matter : cold atoms, spintronics, topological 
insulators... 
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vector potential (short range repulsion) συπ -Å6 

scalar potential (medium range attraction) τππ -Å6 

Dirac equation gouverning the single particle motion 
dynamics  

nucleon mass ωτπ -Å6 
in atomic system: 

סּͯ ρπ  
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{h ƳŀƎƛŎ ƴǳƳōŜǊǎ Υ ŀƴ άŜƳŜǊƎƛƴƎέ ǇƘŜƴƻƳŜƴƻƴ 

28 

Holt, Otsuka, Schwenk, Suzuki 
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SO magic numbers : ŀƴ άŜƳŜǊƎƛƴƎέ phenomenon 

nucleon-nucleon 
interaction 

in medium 

many body problem 

varying in-medium 
conditions  

ḳ explore exoticity 

Ὦ 

ὔᴐ  

ὔ ρᴐ  

άŜŦŦŜŎǘƛǾŜέ ƴǳŎƭŜŀǊ ǎǇƛƴ-orbit 

tensor 

3-body 

diffusivity,  
orbit size etc 
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historical case N=20 (32Mg region) 
Klapisch PRL 31 118 (1973) 
Thibault PRC 12 644 (1975) 
Détraz PRC 19 164 (1979) 

N=28 (42Si region) 
Bastin PRL 99 022503 (2007) 
GANIL 

N=20 
(zone C) 

Z=50 
(zone J) 

SO magic numbers from a shape-coexistence point of view 
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¢ƘŜ ½Ґон άǎƛƴƎǳƭŀǊƛǘȅέ 

32 

p1/2 

g9/2 

d5/2 

neutrons 

50 

Yrast spectroscopy 

O. Sorlin, M.G. Porquet  

Prog. Part. Nucl. Phys. 61 (2008) 602 

N=50 gap extrapolation 

Ÿ 78Ni =3.0(5) MeV 

ǎƻƳŜ άǎƘŜƭƭ ǉǳŜƴŎƘƛƴƎέ 

Fusion-fission experiment within AGATA@GANIL 
campaign (spokespersons G. Duchêne and G. De Angelis) 
run in 2015 
search for core-breaking Yrast states in 80Zn 
Ҧ ǳƴǎǳŦŦƛŎƛŜƴǘ ǎǘŀǘƛǎǘƛŎǎ 
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K. Sieja and F. Nowacki, Phys. Rev. C 85, 051301R (2012) 

minimum in gap D 

pf-shell orbitals for protons 
f5/2, p, g9/2, d5/2 orbitals for neutrons 

K. Sieja and F. Nowacki,  
Phys. Rev. C 85,  
051301R (2012) 

EXP 

1p-1h N=50 core breaking states 

¢ƘŜ ½Ґон άǎƛƴƎǳƭŀǊƛǘȅέ 

5+ 6+ lifetime measurement soon available:  
plunger AGATA + VAMOS ς Exp. E669 GANIL  


