
Pair TransferPair Transfer 
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Neutron-rich heavy nuclei explored via 
multinucleon transfers: Uni  Zagreb  IRES Strasbourgmultinucleon transfers: Uni. Zagreb, IRES Strasbourg



Deep Inelastic and Multinucleon Transferp
Reactions with RIBS

76Rb+208Pb

94Rb+208Pbb b

GRAZING code calculations
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Super Heavy ElementsSuper Heavy Elements
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Giacomo de Angelis



LOI  LNL, Dubna (Ru)



Nuclear AstrophysicsNuclear Astrophysics
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One of the challenges: Origin of the elemental
abundances in the solar systemabundances in the solar system

Stars are mostly made of 
h d d h li  

dex=12+Log(X/Hydrogen)
hydrogen and helium, 
but each has a fairly
unique pattern of other
elementselements

The abundance of 
elements tells us aboutelements tells us about
the hystory of events prior
to the formation of our
SunSun

The plot shows the 
composition of the Suncomposition of the Sun
Photosphere

How are these elements Asplund M  et al
54

created prior to the 
formation of the Sun? 

Asplund M. et al.
Ann. Rev. Astr. 47, 481 (2009) 



i i f i

r-process nuclei: 
-decay and isomer spectroscopy

n-rich region of Pb and Ni
 ‐decay half‐lives
 neutron emission probabilities Star Mergers
different in DEFORMED and  
SPHERICAL nuclei

g

N t i  D i Wi d SPH ~ 10 x DEF
P    0 5  P

Neutrino Driven Winds

PnSPH ~   0.5 x PnDEF

 Large uncertainty in r-process location

MHD Supernova Jets

a ge u ce a y  p ocess oca o
 difficulty to extrapolate to more exotic regions

Importance of Nuclear Structure studies
in the vicinity/towards r-process path: 

… first excited states
 Isomeric states… Isomeric states

… decay lifetimes
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Direct reaction in Novae 18F(p,)15O,  30P(p,)31S, and 25Al(p, )26Si, 



Direct reactions in x-ray bursts

i t t

21Na + p

giant star

hi  d f ( ) 

18Ne + α
white dwarf (nova) 

or
neutron star (x-ray burst) 17F + p

14O + α
hydrogen

14 1 1 1 014O(p)17F,  18Ne(p)21Na, and 30S(p)33Cl 



s-process nucleosynthesis and stellar n-flux



SPES LOI: The 79Se(n,) capture cross section via the surrogate  
79Se (d,p) 80Se reaction IFIC   Spain





r-process nucleosynthesis
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r- process and abundances in ultra metal-poor stars
UMP giants stars provide crucial constraints to the stellar nucleosynthesisUMP giants stars provide crucial constraints to the stellar nucleosynthesis.

Its elemental abundances are Adapted from Sneden et al. (2011)Its elemental abundances are 
consistent with the solar 
r-process elemental distribution.

Comparisons between 10 r-process rich stars and SS 

Overproduction of stable 
S  Y  d Z i t  i  Sr, Y, and Zr isotopes in 
some UMP, compared to 
the SS r-process pattern.



LOI ORNL (USA)
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Transfer reactions to constrain
Capture cross sections



LOI ORNL (USA) Surrogate method

Transfer reactions to constrain
66

Transfer reactions to constrain
capture cross sections (direct
or statistical)







Fundamental SymmetriesFundamental Symmetries
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ONE OF THE CHALLENGES: REFLECTION ASYMMETRIC 
NUCLEI AND STATIC ELECTRIC DIPOLE MOMENT

The lopsided nuclei, described today (May 8)
in the journal Nature, could be good
candidates for researchers looking for new
types of physics beyond the reigning
explanation for the bits of matter that make
up the universe (called the Standard Model)up the universe (called the Standard Model),
said study author Peter Butler, a physicist at
the University of Liverpool in the United
Kingdom.

The findings could help scientists search for
physics beyond the Standard model saidphysics beyond the Standard model, said
Witold Nazarewicz. An electric dipole
moment would provide a way to test
extension theories to the Standard Model,
such as supersymmetry, which could help
explain why there is more matter than
antimatter in the universe.
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Merzbacher ‘Quantum Mechanics’

octupole deformed octupole vibrational



Octupole collectivity

226Ra

+
+
+

-
-

226Ra+
+
+

-

-
-

226Ra

In an octupole deformed nucleus the center of mass 
and center of charge tend to separate, 
creating a non-zero electric dipole moment.



l dV S k N A b h d VV Fl b

ONE OF THE CHALLENGES: REFLECTION ASYMMETRIC 
NUCLEI AND STATIC ELECTRIC DIPOLE MOMENT

P,T-violating n-n interaction

Schiff moment:
VSJS PTz 


ˆˆ

2

related to Q3V Spevak, N Auerbach, and VV Flambaum 
PR C 56 (1997) 1357 

energy splitting of parity doublet

Schiff moment:
EJ

S
1

2

Schiff moment enhanced by ~ 3 orders of 
it d i h d l i

J Dobaczewski (Trento, 2010)
magnitude in pear-shaped nuclei

Search candidates are odd-A Rn [TRIUMF ] 
and Ra [Argonne, Groningen/ISOLDE]

( , )

224Ra

SKOL

Ra

M i A R R

Rn, Ra
n,p

+ -
Measure: Q3 in even-A Rn, Ra 

E in odd-A Rn e

++++
+

-
-

-
-

229Pa



Coulomb excitation

impact parameter

scattering angle

Ruthfi dP
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fi

cm d
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Goal: Octupole deformation inGoal: Octupole deformation in
229Pa

229Pa by 232Thh(p,4n) reaction
Octupole strength measured
via Coulexvia Coulex



Application of Isotopic BeamsApplication of Isotopic Beams

75



ONE OF THE CHALLENGES: RADIONUCLEI FOR MEDICINE
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http://www.noaanews.noaa.gov

Ocean Acidification
Will the reef survive?

77



The burning of fossilThe burning of fossil 
fuels releases 

11 BILLION TONS11 BILLION TONS 
of carbon dioxide into the 
atmosphere every yearatmosphere every year.

http://www.independent.co.uk http://www.babble.com
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www.physicalgeography.net
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Carbon dioxide dissolves in the ocean, where it causes a 
potentially more serious problem ocean acidificationpotentially more serious problem  ocean acidification. 

Hoegh‐Gulderg et al. 2007
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Ocean acidification poses a threat to shell-forming p g
organisms like corals and calcifying plankton. 

www.greendiary.comhttp://elrid.cult.bg
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Giacomo deGiacomo de 
Angelis



The pH ScaleThe pH Scale
S

A
C

ID
S

A small change in pH is

A

A small change in pH is 
equal to a LARGE change 
in acidityS in acidity.

A
SE

S

www.thegardenersresource.com

B
A
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CO2 + H2O

Carbonic acid 
reduces 

H
H2CO3 ocean pH.3

carbonic acid

CO2 + CO3
2- + H2O           

carbonate ions         
The 

concentration 
of carbonate

2HCO3
–

bicarbonate ions

of carbonate 
ions 

decreases.decreases.
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www.divegallery.com

www.noaanews.noaa.gov
www.greendiary.com http://elrid.cult.bg
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www.travel-vancouver-island.com

bi i

www.nceas.ucsb.edu

www.bigmoviezone.com

www.noaanews.noaa.gov
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http://elrid.cult.bg



http://www.noaanews.noaa.gov
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