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Deep Inelastic Reactions in Heavy Systems
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e Reaction mechanism studies

e Synthesis of new isotopes




Required Beam Intensities

Required beam intensities to obtain 10 events per day
at the given cross-section

500 ug / cm? targets

Reaction mechanism studies
(quasi-fission, fusion-fission)

broad-band physics program on deep inelastic reactions
requires beam intensities of 210°/s for a large variety of isotopes
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RIBs at FAIR, ISOLDE and SPIRAL
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In-flight technique

ISOLDE, SPIRAL.:
ISOL technique

RIB intensities — representative examples
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FAIR — particularly high yields for RIBs with A < 30



Synthesis of New Isotopes with RIBs

n-deficient heavy nuclei from
fusion reactions with RIBs
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new superheavy nuclei from
fusion reactions with RIBs
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n=rich nuclei around N = 126
or Z>92in deep inelastic
126 transfer reactions with RIBs



Synthesis of Superheavy Nuclel with RIBs

Pb, Bi targets
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Synthesis of ,,heavy“ SHN

Influence of projectile neutron number on oy

Predictions from macroscopic-microscopic models (e.g. ANi + 29%Pb — A110%)

Efx Pex oe Wur ol Org
(MeV) (mb)
62Ni+20%pb— 26?110+ 1n 123 45x107% 35 5x107* | 7pb | 35171 pb
O4Ni+2%8pb— 21110+ 10 107 1x107° 34 5x107* | 17pb | 151 pb
TONi4298pb - 2771104+ 1n 135  7x107% 31 5x1073 | 1.1pb

T2 208 281 —8 -2
N Pb 110 + 1 150 6 x 10 3.0 2x10 3.6 pb .
L+ — +in x * P G.G. Adamian, N.V. Antonenko,

T8Ni+208pb - 2841104+2n 175  2x 1077 3.0 6x107% | 36pb W. Scheid et al.

Ogr = O-cap ' I:)CN ) Wsur

projectile neutron number has no strong influence on the ER cross-sections

* Ogqyp INCreases with increasing 3, deformation but only for E ., << By,
* P\ can fluctuate due to deformation effects or binding energies
+ W, increases with increasing neutron number

expected yields for o = 10 pb and 10° p/s — 1073/ day



Synthesis of ,,heavy“ SHN

Cold fusion reactions of ARb + 209B| — A120*

— allows for reaching the predicted shell closures at N =184, Z =120
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E*cny < S, =10 MeV — no neutron evaporation

E*cn<B;=5MeV — no CN fission hindrance to fusion increases with Z
E*cn <O — no CN formation — requires increasing beam energy




Synthesis of ,,light*“ SHN

Fusion reactions with light n-rich RIBs (O, Ne, ...) + actinide targets
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V. Zagrebaev, W. Greiner

predicted cross-sections: (1 —10) nb — yields at 10° p/s: (0.1 -1) / day

— feasibility depends on final RIB intensities at Coulomb barrier energies



Synthesis of SHN in Transfer Reactions

Example: Transfer reactions of ACa + ?#Cm — ARf (Z = 104)
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yield of transfer products is influenced by
the Q-value: Q = [m, + m, — (M3 + m,)]c?

cross-sections increase by up to factor 102 with neutron-rich projectiles
but: effect is cancelled by the much lower intensities of RIBs



SHE-related Reaction Studies

Ocr = Ocqp * Pon  Psur| =9 Study of quasi-fission and fusion-fission

* large cross-sections
» simple setups

363 + 238 — 274Hs (Z = 108)
E*cy = 56 MeV

TOF *
> 250 -
/ tstop E % |
Lstart \\ W 2007

’ h'd

l_

- <
-
-
-
-
-
P
-
-
-
-
-

E, TOF - A

1 {4
plus 8 and TKE ' | } {1 %

50 100 150 200 50 100 150 200
mass number

e
Ty

e e y.\.“!._;i ' 1

yield / rel. units
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» Deep inelastic reactions with RIBs at Coulomb barrier energies
(quasi-fission, fusion-fission, fusion):

e Reaction mechanism studies > N, .., 210°/s
e Synthesis of new isotopes — N,_.,,=210°/s

» Synthesis of ,,heavy” SHN (Z > 108) requires N, .., 2 10'? /s
Synthesis of ,light“ SHN (Z < 108) requires N, ,, 2 10°/s

» special feature at FAIR — high intensities for light RIBs with Z <30 (£101°/s)

» critical point: beam losses during preparation for Coulomb barrier energies



