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The present Chart of Nuclides

Superheavy nuclei

118 known elements

~4000 known isotopes
~4000 further isotopes expected
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Nucleosynthesis in the Lab

4 Bp=tMeV

Fragmentation

How can we fill the empty areas?



Proceeding of Low-energy Heavy lon Reactions
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Neutron-rich N =126 Nuclel

Fragmentation or transfer —what is better?

Theoretical predictions for transfer products along N = 126, Z < 82
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Neutron-rich N =126 Nuclel

Experimental results: state-of-the-art

54N + 208PD: Legnaro; W. Krolas et al., NPA A 724, 289 (2003)
64Ni + 297Pb: velocity filter SHIP, GSI; O. Beliuskina et al., EPJ A 50, 161 (2014)
136X e + 208Pp, 196pt: 3.s. Barrett et al., PRC 91, 064615 (2015)
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— isotope ID via gamma decays
— cross-section limits: pyb

l:‘ 136xe + 208Pb;198pt

m 64Nj + 207,208ph

— NO new isotopes discovered in those experiments



Neutron-rich N =126 Nuclel

Measured transfer and fragmentation cross-sections

Pt isotopes (representative example);

102 = T T T T T T T T T T T T T T T T
10000; f y 78Pt : n 136xe
] | o * .7 A& Z 5z 1 1] 64, .. i
1 #* 1 i/; A-—K I | 10 E L ] Nl
i /é + iﬁ%; J.\J_ \ . E E e F 5 [ ]
1 000 | x i \ _ E O L ' ] E E
e yan F 2\ £ . o § _
] x %‘\'L ~— 10 E E =
- L\ 5 [ ; ts f
L ﬁi\\ E : L]
AL 5§ ]
1004 4 % 10k %
| I O 2 I
] _ X 10 : Pt lIsotopic Distributions E
104 64N| + Pb 1 i F
] -3 [ T R SR | [P NP B
186 188 190 192 194 196 198 200 202 110 112 114 116 118 120 122 124 126
nucleon number A N
W. Krolas et al., Legnaro; W. Krolas et al., Legnaro;
O. Beliuskina et al., SHIP J.S. Barrett et al., Argonne

for n-rich nuclei: Oqanster 2 OFragmentation



Neutron-rich N =126 Nuclel

And what's about yields?

Experimental conditions in transfer and fragmentation

| Transfer | Fragmentation

Npeam ~5.1012/s ~ 1019/ s

Oarget 500 pg / cm? 59g/cm?

efficiency << 100 % (50 — 100) %

Emission angle ~50° few degree

(Coulqr_r_l_lq_barrier) (relativistic energies)

Isotope ID " a, B decays > E, AE, TOF, Bp >
only applicable for nuclei applicable for
with appropriate decay all nuclei
properties

— more favourable in fragmentation reactions



Neutron-rich N =126 Nuclel

Transfer and fragmentation yields
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Transuranium and Superheavy Nuclel

. U+Cm
Model predictions
100k
‘r; gsy\i 238 + 248Cm
Ca+Cm "0F /\QNL
10 v L v T 7 T v T 1nb 10_3? /q\ﬁ"
FSMd. = I\AIO = 107%4F
256! @ :GOLr “EE 10-'52' } \w 1 nb
o~ 10 Md NO x:G:LI' 5 ZG'S 5 E
© or a5y, Db S8 T 1076F
B N Llw(,\ th:“Db. .0: ““Bh e 10 7F
= RI e g, e g 107 /
b“‘ 10 .‘(iSRf Db = :68A A b 1 G-B 1 %
*'1. Bh :-IH" " 106
0 ol ok
10 . ] . ] ) ] . _17311 p Hs 107108 1 nb \
102 104 106 108 o O<1n Y
z o2f / \8
F . . , L\ N
. 250 260 270 280
= Dinuclear system model mass number
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= diabatic internuclear potentials (V. Zagrebaev, W. Greiner et al.)

= New n-rich superheavy isotopes up to Z ~ 105 are experimentally feasible

» the expected ,,island of stability” at Z=114, 120 or 126, N=184, is too far above
this range
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Early studies of transuranium nuclel
In MNT reactions

= years 1975 — 1995, LBL and GSI

= radiochemical methods for isotope
separation and 1D

= [iImit values:
o~ 20 nb; T, >30min.

= observation:
- MNT products with Z < 101
- no new nuclides observed



Our New Approach: a Velocity Filter for Separation

Velocity filter SHIP,
GSI| Darmstadt
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Transfer Reactions in 4Ca + 24Cm at SHIP
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= |dentification of ~100 transfer products up to Z = 102
= Observation of 5 new neutron-deficient isotopes with Z = 92

H.M. Devaraja et al., PLB 748, 199 (2015).
H.M. Devaraja et al., EPJ A 55, 25 (2019).



N-deficient Transuranium Nuclel: Transfer vs. Fusion

Yield of uranium isotopes from transfer and fusion reactions

O DIT, this experiment
-3 X fusion-evaporation
10 P
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= for very n-deficient isotopes with Z = 92 and above: 0& .., = O anser
= but MNT reactions enable wide-band population of isotopes

— MNT reactions might become preferable to populate this region



Summary and Outlook

» MNT reactions are intensively discussed as a means to produce new
isotopes in the region of neutron-rich superheavy nuclei and in the
region Z < 82, N = 126 (r-process nuclei)

» In MNT reactions at the velocity filter SHIP we reached the so far lowest
limit cross-sections for MNT products: 0, .. ~1 Nb and observed several
new n-deficient transuranium isotopes

» Are MNT reactions suitable / favourable for the production of heavy nuclei?

e Z>92, N=126 — MNT appears favourable for n-deficient transuraniums
e /<82, N=126 — Fragmentation appears favourable
e n-rich SHN — new isotopes up to Z ~ 105 seem feasible



