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Heavy ion transfer reactions

with neutron rich beams

120

Ca +"?sn (E,,, = 150 MeV)
"I neutron stripping and

proton pick-up
1 Heavy partner to the

(neutron-rich side) of
the stability valley

with stable beams

m heutron pick-up and

proton stripping

m Heavy partner to the
“left” of the stability

Z H. Dasso, G. Pollarolo, A Winther Va”ey
Phys. Rev. Lett. 73, 1907 (1004)



Calculation performad with GRAZING code: cross section

projectile-tike reaction products in °Snh+2%Pb
target-like reaction products in **Rb+2%Pb
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Second SPES International Workshop

. ‘, 26-28 May 2014 INFN Laboratori Nazionali di Legnaro b
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Eurcpa/Rome timezonea

The search of double magic superheavy nucleus

\
in the region of neutron shell at N=134 ,;\,q’

We propose to perfc:-rm the measurements of the cross sections for the éﬂu/ctic-n of new
neutren rich nucler located aleng the dosed neutron shell IN=154 usy e beam of "Xe

prmriding b}r oPHE S fau::ﬂitj.r in collisions with 2#2Cm target b}r the@@larm detection system
PRISMA or PRISMA+CORSET. @
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One of the challenges: Origin of the elemental
abundances in the solar system

Stars are mostly made of

hydrogen and helium, 19
but each has a fairly
unique pattern of other
elements

K dex=12+Log(X/Hydrogen)

~
o

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

Logarithmic abundance [dex]
(=7
\

The plot shows the
composition of the Sun 0.
Photosphere I S S B

0 20 40 60 80

Atomic number
How are these elements Asplund M. et al.

created prior to the
formation of the Sun? Ann. Rev. Astr. 47, 481 (2009)
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r-process nuclei:
INFN : '

B-decay and isomer spectroscopy
Istituto Nazionale
L/ di Fisica Nucleare

— PB-decay half-lives
— neutron emission probabilities Star Mergers

n-rich region of Pb and Ni

different in DEFORMED and
SPHERICAL nuclei

SPES L

e

exotic beams for science\

Tpspr ~ 210X Tpper

PnSPH ~ O'SXPnDEF

MHQED Su"éemovcj Jets

b men,

- Large uncertainty in r-process location — Loptse

- difficulty to extrapolate to more exotic regions . Bdecay

\ B'decay

Importance of Nuclear Structure studies S m‘:l
in the vicinity/towards r-process path:

... first excited states

A > 60
... Isomeric states /
... pdecay lifetimes

Z

r-process
apid neutron captures

X(n,y)Y

L
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L
F
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N —

synthesis of neutron-rich nuclei

LOTI SPES D. Mengoni (Uni. Pd)



Where chemical elements are made

Supernova of Pop IITI stars and formation of Pop ITI stars

He, H, Li, D

Pop II stars going supernova

C,N, O, Mg, Si,

Ca, Fe, Sr, Ti, ... AGB stars

U, Eu, Th, ..
(via r-process) Ba, La, Y ... (via s-
process)

Neutrinos play a crucial role in many nucleosynthesis scenarios.
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Direct reaction in Novae 8F(p,a)0, 39P(py)3S, and 25Al(p, y)?¢Si,

o
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Direct reactions in x-ray bursts

white dwarf (nova)

heutron sTar (x ray burst)

& .

hydrogen

“O(a,p)’F, BNe(a,p)?Na, and 3°S5(a.,p)33Cl



s-process hucleosynthesis and stellar n-flux

Stellar nucleosynthesis: the s process

7, small = s process in AGB (Red Giant) Stars
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Gallinoet al., Ap. J. 497 (1998)



s-process nucleosynthesis and stellar n-flux
AGB- and Massive Stars: the neutron source of the S-PROCESS

s-process sites
Two components were identified and connected to stellar sites:

TP-AGB stars 1-3 M, massive stars > 8 M,

shell H-burning He-flash core He-burning shell C-burning

0.9-108 K 3-3.5-108 K 3-3.5-108 K =110 K

kT=8 keV kT=25 keV kT=25 keV kT=90 keV

107-108 cm-3 1010-10" cm-3 106 cm3 101-10"2 cm-3

13C(o,n)1%0 22Ne(a,n)*°Mg 22Ne(o,n) Mg

é 0.67 He -

8 intershell

';:‘ BC(atyn)

2 “Ne(o,n) )

i 0.6 ) £t rupe

AN AN—— ~—>
200 33000 200 35000

SPES LOI: The 7°Se(n,y) capture cross section via the surrogate
7°Se (d,p) 8Se reaction IFIC Spain



s-process nucleosynthesis and stellar n-flux

A “Desired” reaction
dog_— » =
Qo
C X .
o }
C o

“Surrogate” reaction

‘® “ |
C.

e
D ‘'®°

N

The Surrogate Nuclear Reactions
approach is an indirect method for
determining XS of CN reactions
difficult to measure directly.



r-process nhucleosynthesis

The origin of elements

C _‘Illl-llilllllllllll |IIII|IIII|IIII|IFII|I!IT’,IIII|IIII|IIII|IIIIIIII

o 5 Big oldest r-process solar system

‘..5. 10° — Bang —, Stars I~
s 4 .

e 6% 8 = — . A Neutrinos not only

Y A .

» 10° . Aag play a crucial role
@ [ - = . .

2 . ., CEAE ks in the dynamics of

E 1o _I | _I | .I _I I | | | | | | | I These SH'QS, bU'l'
0 50 0 50 1000 SO 100 150 200 O 50 100 150 200 they also control

the value of the
electron fraction,
the parameter
determining the
yields of the r-
process.

mass number

velocity

Balantekin et al., arXiv:1401.6435 [nucl-th]

L

Possible sites for the r-process
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r-process nhucleosynthesis
Estimated Final Abundances With Uncertainties

Neutron Star Merger
107 )
E * . ]
" i % .
L
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% wind
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120 130 140 150 160 170 180 190 200
A

Variations in masses of N~82 and N~126 nuclei of +/- 1 MeV

Mumpower et al. (in prepy
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LOI ORNL (USA) r-process sensitivities

Sensitivities to global structure, and to ~3f W | | | R
individual n-capture rates -4 \f V«ﬁ\w
% —5— - A AA M N —

Adjustment of TBME to reproduce 1+ state in 130In ¢ - B :

— —— n-capture rates
—@— solar r-abundances 1 g :
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|. Dillman et al., Phys. Rev. Lett. 91, 162503 (2003)
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Transfer reactions to constrain
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LOI ORNL (USA) Surrogate method
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ONE OF THE CHALLENGES: REFLECTION ASYMMETRIC
NUCLEI AND STATIC ELECTRIC DIPOLE MOMENT

o "l "

HEATED
ARGLIMENT

THE Al L
THE AR

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),
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, 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.



The double oscillator
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octupole deformed
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octupole vibrational

Merzbacher ‘Quantum Mechanics’



energy

Octupole collectivity

excitation energy (keV)

0 L 1 1 1 L

124 126 128 130 132 134 136 138 140 142 144 146 148 150 152

L 0 K
octupole deformation

neutron number

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



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

V Spevak, N Auerbach, and VV Flambaum related to O,
PR C 56 (1997) 1357 PT-V|oIat|ng n-n interaction

J <S >S< Vo >
J+1 AE

energy

Schiff moment: S — —2

L 0 R

energy Spllttlng of parlty doublet octupole deformation
J DobaczewskKi (Trento 201 0) 107 — Schiff moment enhanced by ~ 3 orders of
’ magnitude in pear-shaped nuclei
| cs
—- ‘ 225R 3 i . Search candidates are odd-A Rn [TRIUMF ]
T ' ' 5 | and Ra [Argonne, Groningen/ISOLDE]
o 04} - =
E 8 102 —
g P
= .
£ -
o) 0.2 B . g 1026 —
£ £
B i m 28
o 0.0 —8—-BCS 0
0 1 2 3 4 5 00 & — , , Rn, Ra
-10-3 Standard Model
Measure: 0, in even-A Rn, Ra //
_10 -36
- AE in odd-A Rn [ % e
L1038

+



Projectile (Z1,A1)

Coulomb excitation
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Octupole strength measured
via Coulex



~ SPES

exotic beams for science

75



ONE OF THE CHALLENGES: RADIONUCLEI FOR MEDICINE

The chart of nuclides — nuclear medicine perspective

SPECT

PET

Therapy 20171
Ty

133X

123I131|

111|

S IC
18F

11 C “exotic” isotopes



http://www.noaanews.noaa.gov

Ocean Acidification

Will the reef survive?




The burning of fossil

- - W W =B =

fuels releases

11 BILLION TONS

of carbon dioxide into the
atmosphere every year.

http://www.independent.co.uk
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Carbon dioxide dissolves in the ocean, where it causes a
potentially more serious probiem - ocean acidification.

Hoegh-Gulderg et al. 2007




Ocean acidification poses a threat to shell-forming
organisms like corals and calcifying plankton.

e
-'#F _5-_'_..1\:_.

b o M
http://.eirid.cult.bg r:eendlarzﬁ_e?@u_



Ocean acidification - numbers

Ocean/atmosphere exchanges of CO, are very
important

Atmosphere
46%

| (10.4 billion

tonsin 2011)

Net uptake by oceans of 25-30% of man-made
CO, emissions: 24 million tons CO, per day!

83PgCy!

9.3 billion Vegetation
tons C y1 4 289,

Key defence (buffer) against global warming,
but drawback: causing an increase in acidity
(decrease in pH).

Oceans [*
27%

Acidity of the oceans has increased by 30% CO. per day
since the onset of the industrial revolution.

image courtesy of J.-P. Galluso
If CO, emissions continue at the current rate,
acidity will increase by 150% by 2100 (highest
acidity experienced by marine ecosystems
since at least 800 000 years).

The current rate of pH change is : | 210040

PIT Oceanic pH 2150AD—**'
unprecedented for 300 millions years.
25 -20 15 -10 5 0 5

. | time (million years before present)
lacomo de
. Image courtesy of C. Turley
Angelis




ACIDS

BASES

Concentration of Hydrogen
ions compared to distilled water  Examples

10,000,000
1,000,000
100,000
10,000
1,000

100

10

1

110

1/100
1/1,000
1/10,000
1/100,000
1/1,000,000
1/10,000,000

Battery acid

Hydrochloric acid

Lemon juice, vinegar
Grapefruit, soft drink
Tomato juice, acid rain
Black coffee

Urine, saliva

<1 B “Pure” water

Sea water

Baking soda,
Great Salt Lake
Ammonia solution
Soapy water

1 MEN Bleach

Liguid drain cleaner

www.thegardenersresource.com

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



CcO

Carbonic acid
reduces
ocean pH.

CO32' 2HCO3_ The
carbonate ions bicarbonate ions concentration

of carbonate
ions
decreases.




As the ocean acidifies, organisms such as corals,
snails, and calcifying plankton will not be able to
make their shells and grow.

WWW.noaanews.noaa.gov

Zooplankton

Phytoplankton
(Pteropod) (Coccolithophore )
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s SR : = 450-500 ppm
'4:;‘15*1' "_ “‘.‘ +2°C

http://www.noaanews.noaa.gov




Ocean acidification

Ocean Acidification is a major, global environmental pressure
due to increasing atmospheric CO, concentration in surface

m a rl n e W ate r . Mauna Loa hﬂontﬂly\M?a:n \_cl?{au_rbon Dioxide

It is predicted to have major impact
on key marine ecosystems, including
on biodiversity, safety and security
of seafood resources and
ecosystems services, especially in .. ™ _
fragile ecosystems such as tropical "'?f'f‘fj,’“ﬁ",‘_?‘E',E','T'C*T’Q”

coral reefs and polar regions. | - ,;::\ u .

1855 1865 75 1885 1895 2005 2015

G0 abecrbesd drom tha aomcaphers
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0 } #
lacomo de “ ’
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consumption of carborace lons impedes calcification




Ocean acidification — Nuclear and isotopic applications

Unique tools to assess biological effects
under projected pCO, scenarios, identify
vulnerable organisms, evaluate potential
coastal economic impacts (fisheries,
aquaculture, ecosystem services), e.g..

« Use of Ca-45 to assess growth and
calcification rates

Use of C-14 to assess primary
production of marine phytoplankton

Use of radio-tracers to assess change
in pollutant availability
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