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The model - surface modes

To explain the large deformations of the fragments prior the
separation one has to introduce degrees of freedoms describing the
shape of the fragments.
This is usually done by indroducing:

Surface degrees of freedom (collision time τ =
√

a/r̈o)

• INELASTIC fin(r) ∼ e−r/ain ain = 0.65 fm
(few channels but strong)
• low lying: mass (D) large NON adiabatic

force (C) small coupled-channels
• high lying: mass (D) small adiabatic

force (C) large

Of course also the exhange of nucleons is important-TRANSFER
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The model - transfer

The exchange of nucleons is characterized by the presence of
channels that are weak but very numerous. The transfer process
is governed by:

a matrix element of the form:

Mβα′ ∼
∫

d3r ′ψ†i ′(r̄ ′)Va(|r̄ ′|)ψj(R̄ − r̄ ′) ∝ e−κtrR

Where Va is the shell model potential binding the nucleon to
the projectile or target (post/prior simmetry). The range
parameter κtr is related to the binding-energy E of the nucleon

κa′
1

=
1

~

√
2mo(−Ea′

1
) ∼ 0.6fm
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The model - transfer

Optimun Q-value conditions:

Pβα′ ∼ |Mβα′(ro)|2exp
(
− (Q − Qopt)2

~2r̈oκa′
1

)
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GRAZING

The time evolution of a heavy-ion reaction is described by the
following system of coupled equations :

i~ċβ(t) =
∑
α

< β|Hint |α > cα(t)e
i
~ (Eβ−Eα)t+i(δβ−δα)

i~Ψ̇(t) = (H0 + Hint)Ψ(t)

Ψ(t) =
∑
β

cβ(t)ψβe
i
~ Eβt

where ψα are the channels wave function
(asymptotic states)

ψα(t) = ψa(t)ψA(t)e iδ(~R)
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A. Winther Nucl.Phys. A572 (1994)191, Nucl.Phys. A594 (1995)203
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The potential (frozen-density, diabatic)

Borrowed from Valery Zagrebaev (IRIS10 Workshop, March 2010)
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The actinides (Cm target)
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Toward heavier then target nuclei

What we have seen up to now concern stable projectile. To
populate heavier then target nuclei besides:

proton stripping (-1p)

neutron pick-up (+1n)

(these reactions populate nuclei with larger Z but smaller MASS)
we have to OPEN also the:

proton pick-up (+1p)

neutron stripping (-1n)

N-rich projectiles
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Bindind energy
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The Xe + 208Pb reaction at Ec .m.=700 MeV

The population of projectile-like
fragments (corrected by evaporation of
the light)

For stable nuclei the Qopt(N,Z ) is
such that only:
- proton stripping (-1p)
- neutron pick-up (+1n)
are possible.
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The Xe + 208Pb reaction at Ec .m.=700 MeV

The population of the target-like fragments:
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The 144Xe + 248Cm
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144Xe versus 48Ca
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Where multinucleon-transfer

T H A N K S
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58Ni + 208Pb

Data from
Legnaro National Lab. (INFN)
L. Corradi, et al.
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82Se + 248U
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The 64Ni + 248U and 82Se + 248U



Introduction The model N-rich End Extra

The 136Xe + 248U
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The 86Kr+ 166Er
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136Xe + 208Pb and 238U+248Cm

V.I. Zagrebaev and W. Greiner Phys. Rev. C (2011) 044618
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