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1) WHY Mg and Na RIBs?

[Na and Mg n-deficient beams are mainly needed for two experiments a’r]

ISOLDE-CERN.

NUCLEAR ASTROPHYSICS @ REX-ISOLDE
Lund - CERN Coll. - J.Cederkall

22Na nucleosynthesis in nova phenomena ?

L

1 p-transfer reaction
L> COLLAPS (Pr‘oposal available)

(COLLinear LAser sPectroScopy)

Leuven - Mainz - CERN Coll. o UNIEINED
G.Neyens-M.Kowalska

Mg exotic isotopes nuclear structure study

(O*, 1-, 2* moments) 3




[ 2) Exp goal & outline ]

NUCLEAR ASTROPHYSICS @ REX-ISOLDE
Lund - CERN Coll. - J.Cederkall

- Constraint and improvement of nova models.

-Problem concerning the predicted
and observed abundance of 22Na.

- Development of a beam to study the reactions that occur in novae just after
the break out from the hot CNO cycle.

- Study of the proton capture 22Mg(p,y)?3Al reaction

INVERSE KIMEMATICS
INDIRECT METHOD

23 Al

22 Mg

22 Na

Elastic scattering exp

Optical parameters
needed for 2"d step

Plastic (PE) target
Set of Si detectors

p-pickup on 22Mg
via p-transfer

More complicated set-up
Deuterated PE target
New detectors

New spectrometer 4




2) Exp goal & outline

ONe white dwarf stars —— Accretion
binary system onto w.d.

|

Thermonuclear
runaway

|

Nova explosion Radiative p-capture

On unstable nuclei

|

Synthesis of light
and intermediate-
p-p chain e::-:-- CNO e:-:-::-> NeNa mass elements




The rp-process in short:

Onset of the proton captures: F17
64.8s

The CNO-cycle

unstable SIOWCST

B

triple alpha process

closure via strong
interaction

Be8

N15(p,a)12C

CN cycle:
C12(p,y)N13
N13(e+,v)C13
C13(p,y)N14
N14(p,y)O15
O15(e+,v)N16

CNO bicycle:

N15(p 1)016
O16(p,y)F17
F17(e+,v)O17

closure

017(p,)N14

tricycle... 017(p 1)18F; O18(p,0)15N : O18(p.y)F19, F19(p,0)016




The rp-process in short:

Hot CNO cycle and the break-
out into the rp-path

T=1E8-1E9 K interior of sun T6 = 16

v

Energy becomes high enough for
reactions on unstable nuclei to
occur.

The limiting factor is now the p +
decay of O14 and 015 (instead
of the N14 p-capture)

Other cycles can form again
at higher mass number

Rate increase: 1.6

T=5E8K

Reactions on ( at same
distance from the line of
stability):

NeNa cycle: 23Na(p,a)20Ne
MgAl cycle: 27Al(p,a)24Mg

unstable

- s’rabﬁe



2) Exp goal & outline
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[ 2) Exp goal & outline ]

f
22Na production

in ONeMg novae
& <

pervious studies

P

"Cold" NeNa cycle:

"Hot" NeNa cycle:

21Na 22N a

SN

*°Ne (p,7)*'Na(B+,v)*'Ne(p,7)*’Na

**Ne (p,y)?'Na(p,y)*?Mg(B*,v)**Na

?!Na (p,7) *>Mg

TRIUMF: 2!Na ISOL beam available

*!Na (p.7) Mg
studied via 22Mg

p-decay

Davids et al.,

Inverse kinematics

Phys. Rev C 68, 055805 (2003)

22Mg
21Nq I \22Na

20Nle I Production depleted by
22Na(p,y)?3Mg process

24Mqg (7Li,8He) 23Al

Caggiano et al.,
Phys.Rev.C 64,025802 (2001).

Beta decay and proton pick up to 23Al to be compared: escape mechanism




22Mg nuclear structure

Energy level diagram HF-BCS single particle spectrum
Exp. HF-BCS+QRPA
‘ keV
Sk=5508 KeV

AN = 2.3 MeV Ap = 1.6 MeV
RN=2.84 fm Rp=2.84 fm

Calculations performed by fortran codes: Nuclear theory group University of Milan (private communication)

The mean field (HF-BCS+QRPA with SLy4 Skyrme interaction) results are in good agreement with the

experimental ground-state and excited states data: the pairing effects are well reproduced at the proton drip-line.
In this mirror open-shell system, proton-neutron correlations are very enhanced (overlap between 1d5/2 orbitals).
The excited states 0+, 2+, 4+ around 5 MeV (proton separation energy) are important:

> proton pairing inhibites B+ decay to 22Na ?




proton & neutron densities 22Mg

1mdius

4 6
radial position [fm]

mean field Mg

radial position [fm]



Theoretical prediction of transfer cross-section

DWBA amplitude M = Z<Xerx(

spm

VL, (6, >

Optical model parameters set on elastic scattering

Vex(in)~ Wa Rex in
Spectroscopic method 1%, (%) = S8, (7o ) —222— S%b, Eerin)
...
ex(in)
W (R )
. Tor(im) >R a \"ex(in)
ANC cross section iy Fowiny ) ————>C,,
rex(in)

W = Whittakaer function
(asympt.behav.of 2 charged particle bound state w.f.)

If an ANC approach gives a good prediction :> peripheral reaction

The ANC method can be used tentatively for proton transfer also
(see Azhari et al., Phys. Rev. C 63, 055803 (2001))

Uncertainties on spectroscopic factors and nuclear part of optical potential
(WoodSaxon) can be eliminated. 13




Nuclear structure along Mg chain: the Collaps experiment

Leuven - Mainz - CERN Collaboration

Which aspects can be investigated?

Proton-neutron interaction for systems between the shell closures 8 and 20:
known shell scheme is preserved in exotic nuclei (n-deficient / n-rich) ?
how pairing correlations and spin-orbit interaction are modified?

the neutron excess (defection) changes the ground state and
the collectivity of the excited states:
Nuclear radius trend and halos,m

Method: | B- NMR techniques g-factors

quadrupole moments

hyperfine spectra measured by
collinear laser spectroscopy methods

mean square charge radii

e



[ 3) ISOLDE@CERN

~—

15



Isolde physics

SPS(t) SPS() #(7

East Hall physics

ccelerator chain of CERN (2

LIL & EPA

S

J-M Elyn & E Roug 2001

West Area

Est Area

|
BOOSTER 'SOLDE (—w) .
Leir

p p (proton) pb (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion =+~ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutrons Time of Flight
b neutrons P neutrinos SPS Super Proton Synchrotron CNGS Cern Neutrinos Grand Sasso
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(4) e |

|||:> Primary |||:> | Ion |||:> | Mass
o ' \Target Source separation
|

- r
Nuclear reactions in the target: SPALLATION

ISOL method: "thick" target in
which nuclei are stopped < FISSION

and then diffuse out. FRAGMENTATION
\

Diffusion study:
radioactive nuclei have to diffuse out of the target matrix to be ionized

OFF-LINE Release from different materials
! IMPLANTED SAMPLES TRRADIATED SAMPLES

|
|
: Selection of potential ISOL TARGETS

\ 4
ON-LINE  Selected samples are now used as real targets to extract RII13§
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4) RIBs & Target Time resolved 28Mg
concentration in Si sample

Initial ion distribution set with
a Montecarlo simulation (TRIM)

Dynamics simulated (Fortran code)
by the ““Quadratic filling”~ method

At short times, the evolution follows
a quasi-gaussian smooth shape
(independent on the I.C.)

Differences respect to an isotropic
diffusive process:

asymmetry of the peak, which
moves slowly into the sample

desorption effects (hardly to evaluate)
at the implanted surface.

22



In(D) (cm’/sec)

D(T)=D, exp(—%T)

O Activation energy for diffusion (jump mechanism)
D, =limD(T)

t—0

Si3-28Mg-impIanted-Arrhenius Plot
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R*=0.879




4) RIBs & Tar'ge’r 28Mg-Si3-IMPL-QUADR

q@&& \9@0&
Quadratic filling method: S |
g 1.00E-16 i
The distribution evolves § HORAT .
inside the sample, following = O0E " & = 05760 ¢
the discrete relation: LeHas o 20Mg-SMPLQUADR
1T (K™ —— o T
Ax~(At) 12
28Mg-Si3-IMPL-QUADR-split
s <+ < <+ & s o edifferentregimes emerge
& & ¢ ¢ & & & from data at low (short time)
1.00E-15 ¢ ‘ ‘ ‘ ‘ ‘ and high (long time) temperature:
"~ g
é Y iz S The activation energy changes
= ? (induced vacancies, sputtering...)?
S or the desorption effect is
100819 | 1 e important at short time?
1T (K™) o 28Mg-Si-QUADR-Higher T

Expon. (28Mg-Si-QUADR-Lower T)

24

Expon. (28Mg-Si-QUADR-Higher T)



In(D) (cnflsec)
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28Mg-Si23-IRR-LINEAR
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b) Conclusions and perspectives

Radioactive beams of 22Mg and other n-rich Mg isotopes
will be obtained at Isolde-Cern for future experiments.

Astrophysical motivation:

1-proton transfer reaction 22Mg(p,y)?3Al will be realized in order to
obtain an estimation of the rate of the proton capture reaction between
the same nuclei, at novae outburst temperature:

22Na nucleosynthesis will be investigated.

Nuclear structure information:

The study of the evolution of the ground state along the Mg isotopic
chain will be allowed, exploring the effect of the correlations beyond the
standard shell model: highly deformed systems?

Analyses of diffusion processes in different targets allows to select
the major candidates to obtain a beam with the sufficient intensity:
This study presents some fundamental physics problems: their experimental
and theoretical investigation can also improve the knowledge of the
microscopic solid-ion interaction.
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EURISOL

European Isotope Separation
On-line Radioactive Nuclear Beam facility

Operating ISOL facilities

ISOLDE - CERN (Geneve, Switzerland)
GSI-ISOL (Darmstadt, Germany)
SPIRAL - GANIL (Caen, France)

CRC (Louvain-la-Neuve, Belgium)
LISOL (KU Leuven)
PARRNE (IPN Orsay, France)
OSIRIS (Studsvik, Sweden)
IRIS (PNPI, Gatchina, Russia)
ISAC (TRIUMF, Vancouver, Canada)
BEARS - LBL (Berkeley, CA, USA)
IRIS - LBL (Berkeley, CA, USA)
HRIBF - ORNL (Oak Ridge, TN, USA)
RNB facility at INS - KEK/Tanashi
(Tokyo, Japan)

IMP Lanzhou (Lanzhou, China)

Proposed ISOL facilities

EXCYT INFN-LNS (Catania, Italy)

SPES INFN-LNL (Legnaro, Italy)
MAFF (Munchen, Germany)
SPIRAL-Il - GANIL (Caen, France)
SIRIUS - CASIM (Daresbury, UK)
SPL - CERN (Geneve, Switzerland)
DRIBS FLNR (Dubna,Russia)
MASHA FLNR(Dubna, Russia)
Rare Isotope Accelerator RIA @
Argonne - RIA @ MSU/NSCL (USA)
High Intensity Proton Accelerator
Facility JAERI (Tokai, Japan)
VEC-RIB (Calcutta, India)

29



http://isolde.web.cern.ch/ISOLDE/
http://www.cern.ch/
http://www-aix.gsi.de/~msep/isol.html
http://www.ganil.fr/spiral/
http://www.cyc.ucl.ac.be/
http://www.fys.kuleuven.ac.be/iks/lisol/hardware/lisol.htm
http://ipnweb.in2p3.fr/~divac/instrumentation/parrne/parrne.html
http://www.studsvik.uu.se/Facilities/Osiris/OSIRIS.HTM
http://www.pnpi.spb.ru/~mezilev/
http://www.triumf.ca/people/baartman/ISAC/
http://www.triumf.ca/
http://cerny3.lbl.gov/BEARS/homepage.html
http://www.lbl.gov/
http://ecrgroup.lbl.gov/iris.htm
http://www.lbl.gov/
http://www.phy.ornl.gov/hribf/hribf.html
http://www.ornl.gov/
http://ccwww.kek.jp/main2000/programs/index.html
http://www.ihep.ac.cn/
http://lnsuni2.lns.infn.it/~celona/intro.html
http://www.lnl.infn.it/spes/introspes.pdf
http://www.ha.physik.uni-muenchen.de/maff/
http://www.ganil.fr/spiral2/
http://www.sirius.ac.uk/
http://www.casim.dl.ac.uk/
http://vretenar.home.cern.ch/vretenar/spl_sg/report.html
http://159.93.28.88/dribs/home.html
http://159.93.28.88/linkc/masha/index.html
http://www.phy.anl.gov/ria/w.html
http://www.phy.anl.gov/ria/w.html
http://www.nscl.msu.edu/research/ria/home.html
http://jkj.tokai.jaeri.go.jp/NuclPart/NuclPart.html
http://jkj.tokai.jaeri.go.jp/NuclPart/NuclPart.html
http://www.veccal.ernet.in/~vecpage/rib.htm
http://www.ganil.fr/eurisol
http://www.ganil.fr/eurisol
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