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The present nuclear landscape
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Approaching the limits

Radioactive lon Beams: Intense beams of non stable nuclei

- High beam currents of stable nuclei
- Large effective target thicknesses (relativistic energies or neutrons/gammas)

- Reactions leading to residual nuclei with the most wide-spread element and

proton-to-neutron ratio A |

v’ fragmentation/spallation (evaporation/fission) & .."f

v neutron or gamma induced fission

Nuclei far from stability: Especific reactions with stable (non stable) beams

- Beams of stable or non stable nuclei T
Z

IJ P \\§§ b

- In general thin targets

. . . .. . . . EU
- Reactions producing residual nuclei in particular regions of the chart of nuclides
v fusion/evaporation or nucleon transfer around de Coumb barrier SR | L~ et

’ ”5 8| 'ﬁ

v deep-inelastic at Fermi energies 7

José Benlliure, EURISOL Town Meeting e Lisbon, October 2012
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Approaching the limits

World-wide efforts
GSI (Germany): spallation/fragmentation (100 — 1000 A MeV)

GANIL (France): fragmentation (50 — 100 A MeV)
deep inelastic (20 — 50 A MeV)

®Ni +%7r (250 MeV)

Legnaro (ltaly): deep inelastic (20 — 50 A MeV) N=48 | N;,?
(g ——

Isolde (CERN): spallation (600 MeV) >

Jyvaskyla (Finland): proton induced fission (40 MeV) : ;

NSCL-MSU (USA): fragmentation (50 - 140 A MeV) P o

Wi e e g, o,
Texas AM (USA): deep inelastic (20 A MeV) o iy =
RIBF (Japan): fragmentation (400 A MeV) QH_ 171 L
B sai 7 u B New radioisotenes nracant work]
o | oi BEEE. [ee=RIBF |
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Investigating fragmentation/spallation reactions

Inverse kinematics

ACCELERATOR FACILITIES
G S I AND EXPERIMENTAL AREAS
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More than 1000 fission
fragments identified in the ,
reaction 238U(1 A GeV)+d
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Investigating fragmentation/spallation reactions

Z8(1 A GeV)+p

=>10 mb

> 5mb
“> 1mb
=> 0.5 mb

« > 0.5 mb
- >0.1 mb

"E Casarejos, J, Pereira U. Santiago
B. Fernandez, W. WIazIo C. Vlllagrasa Saclay

>10 mb
> 5mb
> 1mb
. >D.5 mb
- >0.1 mb

Lisbon, October 2012
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Investigating fragmentation/spallation reactions

New models with high predictive power: fragmentation/spallation

o

[
5 mb
1 mb

E3
K.H. Schmidt, A. Kelic GSI
José Benlliure Experiment (FRS) ABRABLAQO7  Lishon, October 2012




Production of medium-mass neutron-rich nucle

Low-energy fission: new data and models

Coulomb induced fission of different actinides

- experiment (k.H. Schmidt et al, NPA 665 (2000))

- ABLA predictions (J. Benliiure et al., NPA 628 (2000) ) U
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Production of heavy neutron-rich nuclel

Cold-fragmentation reactions o
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wclei produce ‘n'fragmentanon
of 28U and 28Ph beams
H. Alvarez et al., PRC 82, 041602 (2010)

Predicted cross sections with COFRA

28J(1 AGeV)+Be

Cross section (mb)

— “Bpp(1 AGeV)+Be o
¥ >10pb %W (1 A GeV)+Be
> 100 nb
m >1nb
>10pb ~ei ]
. >100fb : - LG
 >11h
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Primary production cross section in future RIB facilities

converter(d->n) + ISOL
e

VW 2

r T &- SP@Sé

exotic beams for science

FAIR

José Benlliure, EURISOL Town Meeting Lisbon, October 2012
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Production yields

Final production yields do not only depend on cross sections but also:

- primary beam power and target thickness
(fission rate for medium-mass neutron-rich nuclei)

- secondary beam production efficiency
(ion optical transmission, release and ionization efficiencies)

reaction beam power | fissions
EURISOL spallation/fission p1lGeV 100 kW | ~5 108 st
EURISOL fission (moderator) | p 1 GeV 4-5MW | ~10%°st
Spiral2. Aff" fission (converter) | d 40 MeV 200kW | ~10M4 st
@— fEE.Eé fission (direct) p 40 MeV 8kw | ~1013s1
*&iQLDi fission/spallation P1GeV 0.4kW | ~410?s?
FAIR fragmentation 238U 1 AGeV 12kw | ~310% st

José Benlliure, EURISOL Town Meeting Lisbon, October 2012



Production yields
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ISOL production efficiency:

» Precise information on difussion, efussion,
lonization and transport
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Production yields

ISOL production efficiency: In-flight transmission efficiency:

» Precise information on difussion, efussion, » Main limitation for fission fragments
lonization and transport
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Production yields in FAIR
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Production of medium-mass neutron-rich nucle

7 10" = 10"
EURISOL vs FAIR: L g0 P ELRBCL
é 0E ", s 107 E T
oo " I W5,
3 10°F 3 10°F
® 10'f «Rb ® q00f  eST
10°F . | 10°F "
60 65 70 60 65 70
Neutron number Neutron number
= 10" F - 10" —
10" e, g 10"
% 107 EE % 107 E ..................
o« - [ e,
3 10°F 3 10°F
T jo0f  «Cd T S
EURISOL 10° é 10° E ",
— 80 90 85 90 95
Neutron number Neutron number
non refractory
—10"F =10"F
21011; ey g.loﬁE
% 10°F ", % 1075
. o :: ......... m. : ._:"’.
[ 8 10°E e 3 10°F N
- = oy, ¥, = - v
a o ", o
r 10" - 5sCs -.‘_:".‘.’ 10! E s¢Ba
- -,,~ =
10 o, 10°F
90 95 100 90 95 100 105
Neutron number Neutron number

José Benlliure, EURISOL Town Meeting Lisbon, October 2012



SC

UNIVERSIDADE
DE SANTIAGO
DE COMPOSTELA

Production of medium-mass neutron-rich nucle

(Im)possible beams @ EURISOL:

H He
Li |Be B|IC|N|O|F |Ne
Na|Mg Al(Si|P | s |Cl|Ar

K |Ca|Sc|Ti| V |Cr({Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|Kr
Rb|Sr| Y |2r |Nb|Mo| Tc |RU/Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | |Xe
Cs|Ba|La|/|Ta|W |Re|Os| Ir [Pt |[Au|Hg| Tl |Pb| Bi |Po| At [Rn

Fr ([Ra|Ac

wanthaioes —t Ce | Pr|Nd |Pm|{Sm|Eu |Gd| Tb|Dy [Ho | Er |Tm| Yb | Lu

acthices — Th(Pa| U [Np|Pu|Am|Cm|Bk| Cf |Es |[Fm|Md No| Lr

>200 MeViq
D+ Aig=2

A post-acceleration stage is proposed to overcome A possivl schemaric asou
. . oy ey . Jora EURISOL facility
the extraction (im)possibilities of the ISOL technique

High-resolution
- Mmass-selector

el e
"

20-150 MeVin - 9.3- 62.5 MeVil -19.9
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To high-enesgy ‘ l To low-energy areas

il medium-energy experimental areas E u Fﬂ‘ _J SOL
José Benlliure, EURISOL Town Meeting Lisbon, October 2012
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Production of medium-mass neutron-rich nucle

A two-step reaction scheme:

1. Production of $32Sn/lGa
by fission in a UC target

n-generator uc, target

3-spoke ISCL  Elliptical ISCL
325 704 MHz

Elliptical ISCL
MHz 704 MHz

60 MeViq 140 MeViq
rr_ l>§00Al:|eVéfq
+, Aiq=;
8 H lon
H a E sources ) Low-resolution
— A possible schematic layout mass-selector
Ion Intensity thickness | Ion Intensity thickness | Ion Intensity thickness Jor a EURISOL facility
(pps) (mg/cm?) (pps) (mg/cm?) (pps) (mg/cm?)
15185 2.63x10% 211 1379n  5.96x10% 250 85Ga  8.20x10% 350 8HWRs J0ARs  OWR
X ) ) ISCL 8':3';‘2 a'f’cul’-‘z Bunching  Charge
MTcs  1.69%x10% Bocd  2.76%x10% 250 86Ga  2.30x10%  » RFOs selector
[4 95 ¥ 4 Ch
150Cs  2.94x104 9B Kr 3.97x107 300 ONi  7.10x10° 420 Fad
: i B=0.14 p=0065
130Gy 3.55%x 1011 250 BKr  2.20%x107 TINi  3.60x10°
).3-62.5MeVi 2.1-19.9 MeViu ¢ - —
13lgn  2.76x10M Kr  3.60x10° Ni  1.90x10° ” I ! iy aross =i
132gy 1.39x 1011 98Ky 3.09x 105 T3Ni 6.80x10% » o medium-energy experimental areas EU RJSOL
1335y 9.36x109 7 81Ga  5.10x107 350 TANi  3.20x10%* 7
1345y 1.37x109 7 82Qa 1.80x107 ” BNi 2.90x10%  ” .
135811 4.42% 107 R:IGH 240)(106 2- USe COld frag mentatlon Of
13650 4.44x 106 $1Ga  2.30x100 1326n/81Ga to produce medium-

post-acceleration efficiencies ~ 10%
José Benlliure, EURISOL Town Meeting

A neutron-rich nuclei

Lisbon, October 2012



Production of medium-mass neutron-rich nucle

Invetigating the two-step reaction scheme at GSI:
FO-F2: 238U(950 A MeV) + Be — 132Sn

A7 scintillator SC
ABp/p ~ 3 10

DR cameeric  ATOF ~ 72 ps
. L~18M  wemp AA/A~13107%

Primary Beam from SIS
238U@950 MeV/u

fission
target

o position
@'  detector TPC

fragmentatigu/ L SCH4
target - music4

F2-F4:; 12413250 + Be —» X

’
dispersive

mid-plane e ; ABp/p ~3104
o ATOF ~ 100 ps
L~36m
final focus *
F4 l
Bratislava, GSI, Santiago, Varsow, Vinca
AA/A~1103

José Benlliure, EURISOL Town Meeting Lisbon, October 2012
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Production of medium-mass neutron-rich nucle

A two-step reaction experiment at GSI:

Primary Beam from SIS
238U@950 MeV/u
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fission ionization
target chamber IC
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fragmemaiiga/ ¥
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Production of medium-mass neutron-rich nucle

Optimum energy for the post-acceleration:

Charge-state distribution for Z = 50 in aluminium
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and a better focusing of the emerging fragments

José Benlliure, EURISOL Town Meeting
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Production of medium-mass neutron-rich nuclel

EURISOL (post-acceleration):

Fragmentation @ 150 A MeV of:
147,150CS 132,137Sn 95’98KI' 81,84Ga 7073N|

on beryllium (20% of range) f
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Production of medium-mass neutron-rich nucle

EURISOL (post-acceleration) vs FAIR: :,g...&{m
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Conclusions

v During the last years important efforts have been devoted to investigate the nature and yields of
residual nuclei produced in reactions considered for RIBs production.

v This comprehensive data collection has made possible to develop reliable model calculations
describing the in-target production of exotic nuclei.

v Production yields for in-flight facilities can be obtained directly from these calculations.

v In the case of ISOL facilities these calculations made possible:

- investigate the optimum energy of the accelerator driver
- characterize global release efficiencies from the ISOL target

- determine the production yields of residual nuclei using a two-stage reaction scheme with an
additional post-accelerator to produce (im)possible ISOL beams

v’ These investigations have revealed that the post-acceleration option for EURISOL would allow to
produce the most neutron-rich medium-mass nuclei at reach with the present technology .

José Benlliure, EURISOL Town Meeting Lisbon, October 2012



