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Neutron rich heavy nuclei
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— Surviving nuclei
O Unknown isotopes

----- Expected yield without shell effects
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Experimental data from
chemical separation
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Large acceptance magnetic
spectrometers

* VAMOS - GANIL, Caen (France)
* PRISMA — INFN, Legnaro (ltaly)
* MAGNEX — INFN, Catania (ltaly)
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PRISMA @ INFN Legnaro

Target MCP
Istituto Nazionale
di Fisica Nucleare

Quadrupole magnet

About 80 msr acceptance
Position sensitive detector systems
Time of flight measurements
Trajectory reconstruction

Up to nuclei with A = 140
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Grazing

Interactive Fortran code evaluating
collisions between heavy nuclei at
moderate bombarding energies

- Cross section
- Mass distribution
- Charge distribution
- Kinetic Energies
- Excitation Energy

Winther, Nucl. Phys. A 572, 191 (199/)
Winther, Nucl. Phys. A 594, 203 (1995)
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VAMOS @ GANIL
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Prompt y-ray spectroscopy



Prompt y-ray spectroscopy

y rays (Energy, Time, Multiplicity, Angles, Polarization)

Recoil
(Energy, Angle, Isotope, Time)

lon Beam (Energy, Intensity, Isotope, Time)

Target (Thickness, Isotope)

Ny =0 X IBeam X NTarget X E)/ X ESBP

Ejectile (Energy, Angle, Isotope, Time)
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Thick target yy(y) experiments
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Abstract. Multi-nucleon transfer reactions have been shown to be an important tool for high-spin
spectroscopic studies of Rn, Ra and Th nucle1 with N =~ 134. These nucle1 have been populated
using the heavy-ion collisions of >°Fe + 232 Th, ®*Kr + 232Th and *°Xe + 2*>Th at beam energies
15-20% above the Coulomb barrier. Excited states with spins as high as 287 have been observed
using the latter reaction. Yield distributions of binary-reaction products stopped 1n thick targets
have been derived from the analysis of y—y and y—y—y coincidence events. These yields indicate
that there 1s significant fission of the target-like reaction products. Intensities deduced for products
resulting from neutron transfer or proton transfer appear to be Q-value dependent, while processes
mvolving transfers of several protons and neutrons are governed by mass and charge equilibration.
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Heavy lons with thin targets and
particle identification

Reaction:
Multi Nucleon Transfer
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AGATA

- Advanced Gamma Tracking Array

Bazzacco, Nucl. Phys. A 746 (2004) 248-25/
Akkoyun, Nucl. Instrum. Meth. A 668 (2012) 26

- 8 Triple cryostats / 24 capsules
Wiens, Nucl. Instrum. Meth. A 618 (2010) 99

- Full digital electronics
- Online PSA and Tracking

- High resolution position sensitive
Y ray spectroscopy
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Heavy lons with thin targets and
particle identification
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Identifcation of
nuclear charge 7

- AE - E from the segmented IC
(two sets of AE were used)

- Lighter / beam-like particles

- Fission and MNT are registered

- Resolution Z/AZ = 52.7(1)
(huge yield of Xe isotopes)

AEIC, first two segments [a u ]
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Discriminate between fission and MNT
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Discriminate between fission and MNT
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Compare results with calculations
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Neutron evaporation
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Suppression of Neutron evaporation
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X ray spectroscopy
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Gamma Ray Spectra
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Spectrum of B4Xe
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Spectrum of ?40U
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Outlook

N—y =0 X IBeam X NTarget X E)/ X Esep

AGATA @ GANIL

24 Capsules 2015 Campaign

32 Capsules 2016 Campaign




Outlook

y rays (Energy, Time, Multiplicity, Angles, Polarization)

Recoil
(Energy, Angle, Isotope, Time)

lon Beam (Energy, Intensity, Isotope, Time)

Target (Thickness, Isotope)

Ny =0 X IBeam X NTarget X E)/ X ESGP

Ejectile (Energy, Angle, Isotope, Time)



Thank you

B. Birkenbach.!"" A. Vogt.! K. Geibel.! F. Recchia,>? P. Reiter.! J. J. Valiente-Dobén.* D. Bazzacco.® M. Bowry.® A. Bracco.®
B. Bruyneel,7 L. Corradi,* F. C. L. Crespi,6 G. de Angelis.4 P. Désesql.lelles,8 J. Eberth,! E. Farnea,? E. Fioretto,* A. Gadea.’
A. Gengelbach.10 A. Giaz.b A. Gérgen.”']2 A. Gottardo.* J. Grebosz,!3 H. Hess,! P. R. John,%3 J. Jolie,! D. S. Judson,'*
A. Jungclaus,15 W. Korten.'? S. Lenzi.® S. Leoni.? S. Lunardi.>? R. Menegazzo,3 D. I\/Iengoni.lé’g'3 C. l\/licl"lelagm:)li.Q'-?''Jr
T. Mijatovi¢,'” G. Montagnoli,>? D. Montanari,>*+ D. Napoli.* L. Pellegri.® G. Pollarolo.'® A. Pullia.® B. Quintana,"
F. Radeck.' D. Rosso.* E. .S}r,-lhirl,‘i'-§ M. D. Salsac.'? F. Scarlassara.>® P-A. Soderstrom.?%-! A. M. Stefanini.* T. Steinbach,’
0. Stezowski.?!' S. Szilner.!” B. Szpak,]3 Ch. Theisen.!? C. Ur.? V. Vandone.® and A. Wiens'

Unstitut fiir Kernphysik, Universitit zu Koln, 50937 Koln, Germany
2Dr'l,'mrr."mem’r} di Fisica e Astronomia, Universita di Padova, I-35131 Padova, Italy
3Istituto Nazionale di Fisica Nucleare, Sezione di Padova, I-35131 Padova, ltaly
*Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Legnaro, 1-35020 Legnaro, Italy
SDepartment of Physics, University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom
®Dipartimento di Fisica, Universita di Milano and INFN Sezione di Milano, 1-20133 Milano, Italy
"CEA Saclay, Service de Physique Nucleaire, F-91191 Gif-sur-Yvette, France
8Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse (CSNSM), CNRS/IN2P3 and Université Paris-Sud,

F-91405 Orsay Campus, France
nstituto de Fisica Corpuscular, CSIC-Universidad de Valencia, E-40071 Valencia, Spain
Department of Physics and Astronomy, Uppsala University, SE-75121 Uppsala, Sweden
" Department of Physics, University of Oslo, Post Office Box 1048 Blindern, N-0316 Oslo, Norway
2 nstitut de Recherche sur les lois Fondamentales de I'Univers (IRFU), CEA/DSM, Centre CEA de Saclay,

F-91191 Gif-sur-Yvette Cedex, France
B Henrvk Niewodniczariski Institute of Nuclear Physics (PAN), PL-31342 Krakéw, Poland
YO0liver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, United Kingdom
Bnstituto de Estructura de la Materia, CSIC, Madrid, E-28006 Madrid, Spain
' Nuclear Physics Research Group, University of the West of Scotland, High Street, Paisley PAl 2BE, Scotland, United Kingdom
T Ruder Boskovié Institute, HR-10 002 Zagreb, Croatia
BDipartimento di Fisica Teorica dell’Universita di Torino and INFN, I-10125 Torino, Italy
¥ Laboratorio de Radiaciones lonizantes, Universidad de Salamanca, E-37008 Salamanca, Spain
2 Department of Physics and Astronomy, Uppsala University, SE-75120 Uppsala, Sweden
2 Université de Lyon, Université Lyon-1, CNRS/IN2P3, UMR5822, IPNL, F-69622 Villeurbanne Cedex, France



