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Outline

Experimental work at Texas A&M. MARS separator (2-stage): “°Ar,%Kr + Ni,Sn
Experimental work at Texas A&M. BigSol Line Separator: **Ni+%*Ni,'?4Sn,2%Pb
Experimental work at: LNS/INFN Italy with MAGNEX: 7°Zn+%4Ni

Recent work with the MARS Separator (3-stage) : “8Ti+*®Ti

Reaction/Dynamics simulations with DIT and CoMD followed by GEMINI
Detailed filtering for the spectrometer acceptance

Conclusions and future steps
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MARS Recoil Separator for Heavy Rare Isotope Studies*
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Reactions Studied with MARS

85Kr (15MeV/u) + ®Ni, %Ni  (4° and 7° data) [1,2,3]
8Kr (15MeV/u) + 1%4Sn, 2Sn  ( 4° and 7° data) [1,2,3]

85Kr (25MeV/u) + ®Ni (2° and 4° data) [3,4,5]
8Kr (256MeV/u) + %4Sn, 12Sn ( 4° data) [3,4,5]

“Ar (15MeV/u) + #Ni, 8Ni  ( 4° data) [6,7]

[[1] G.A. Souliotis, M. Veselsky et al., Phys. Rev. C, 84, 064607 (2011)
[2] P. Fountas, G.A. Souliotis et al., Phys. Rev. C, 90, 064613 (2014)

[3] G.A. Souliotis, M. Veselsky et al., Phys. Lett. B 543, 163 (2002)

[4] G.A. Souliotis, M. Veselsky et al., Phys. Rev. Lett. 91, 022701 (2003)
[5] O. Fasoula, G.A. Souliotis et al, arXiv: 2103.10688 (nucl-ex 2021)

[6] A. Papageorgiou, G.A. Souliotis et al., J. Phys. G 45, 095105 (2018)
[7] K. Palli, G.A. Souliotis et al., Eur. Phys. J. WoC 252, 07002 (2021)
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do/d2 (mb/msr)

Differential Cross Section

15 MeV/nucleon %¢Kr + %4Ni / 1Sn — Inelastic Channel

Angular and p/A Distributions
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I BigSol Separator and Setup (2003-2009)

Beam from Vacuum
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MAGNEX Spectrometer at LNS

S800 Cyclotron Beam:
0Zn (15 MeV/nucleon)
N target 1.18 mg/cm?

Omacnex = 9°

quadrupole

focal plane detector

F. Cappuzzello, C. Agodi, D. Carbone and M. Cavallaro, Eur. Phys. J. A., 52:167 (2016)

G.A.. Souliotis, S. Koulouris, F. Cappuzzello, D. Carbone, A. Pakou et al., Nucl. Instrum. Methods A 1031 (2022) 166588



Angular distributions of ejectiles from °Zn (15 MeV/nucleon) + *Ni
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MARS Recoil Separator ( standard 3-stage ). ¥Ti beam from the K150
Cyclotron
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Experimental Details for the “Ti+%*Ti experiment |

Extracted quantities :

Energy loss (AE),
Total Energy E=AE +E,

velocily (vic)

Velocity (from AE,E)

Mass-to-charge ratio: A/Q

Atomic Number Z
lonic charge Q

Mass number A

0.21

ions_ti1 g 17:(55°2($2))
‘ions_ti140.out’ using 17:E$5'ZE$2;)
‘ions_ti120.out’ using 17:($5*Z($2))
‘ions_ti100.out’ using 17:($5*Z($2))
‘ions_ti090.out’ using 17:($5*Z(%$2) )
‘ions_ti080.out’ using 17:E$5*Z($2))
‘ions_ti070.out’ using 17: $5'Z($'f))
X /
//‘/
///
///
.
=
//
=
///"
/
-
L L L L L L L
2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

ns_ti 60.0|.l1t’ usin

(Etotal / sgrt(DE) ) ** 1/3

Bp = p/A* AIQ

Z ~u AE'?
Q ~ f(E, u, Bp)

A= A(Y)

Reconstructed: Fragment Yield Distribution Y(Z, A, p/A)
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AE, Er Calibrations
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Cross Section (mb)

Yield distributions: Data, Calculations: 48Ti (11.1 MeV/u) + “3Ti
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Diff. Cross Section

p/A distribution:

48Ti (11.5 MeV/u) + *Ti

5Ti(11.1MeV /nucleon) + *°Ti
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Diff. Cross Section

p/A distribution: 48Ti (11.5 MeV/u) + *Ti

10% ¢ o “Tj+%Ti(11.5 MeV/u) exp. data
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Diff. Cross Section

p/A distribution: 48Ti (11.5 MeV/u) + *®Ti
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Summary - Discussion

Systematic studies of peripheral collisions with a variety of beams,
targets and spectrometers at energies below the Fermi energy.

Recent measurements and analysis of *®Ti(11.5MeV/u) + *°Ti

Extraction of cross sections, momentum p/A distributions
and angular distributions. Binary kinematical analysis.

Detailed calculations and analysis with DIT and CoMD models.
Details of the mechanisms to be disentangled:

— Nucleon exchange

— Charge exchange

— pair transfer (nn,pp)

e EONIKON & KANOAIETPIAKON
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— Cluster transfer (mainly alpha)
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Pathways to neutron rich isotopes
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Calculations

DIT/GEMINI (dotted blue line,
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line, )
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velocily (v/c)

I Calibrations

Extracted physical quantities :
Velocity (TOF) from Energy loss and Total Energy

0.21 T T T T
‘ ‘ions_ti160.out using 17:($5°2($2)) ;
'ions_ti140.out’ using 17:($5"Z($2))
02 | ions_ti120.out’ using 17:($5*Z($2)) )
'ions_ti100.out’ using 17:($5*Z($2))
- ‘ions_ti090.out’ using 17:($5*Z($2))
0.19 | + ‘ions_ti080.out’ using 17:($5*Z($2)) |
’ + ‘ions_ti070.out’ using 17:($5*Z($2))
0.18 |- -
017 | =
0.16 |- 1
0.15 | .
0.14 - =
0.13 | o
012 - 4
011 1 1 Il 1 1 Il |
2.4 2.6 28 3 3.2 3.4 3.6 3.8 4

(Etotal / sqrt(DE) ) ** 1/3



velocily (v/c)

Extracted physical quantities :

Velocity (TOF) from Energy loss and Total Energy

0.21 T T T
‘ions_ti160.0ut using 17:($5°2(32)) | '
'ions_ti140.out’ using 17:($5*Z($2))
0.2 | ‘lons_ti120.out’ using 17:($5*Z($2)) ]
'ions_ti100.out’ using 17:($5*Z($2))
|+ ions_ti090.out’ using 17:($5*Z($2))
0.19 |- + 'ions_ti080.out’ using 17:($5Z($2))
) ' ‘ions_ti070.out’ using 17:($5*Z($2))
—— f(x) A
0.18 |-
(135 7l o =
0.16 |- .
0.15 |- / |
0.14 1
0.13 | -
042 |
0'1 1 ] 1 L 1 | | |
2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

(Etotal / sqrt(DE) ) ** 1/3
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