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Transfer reactions among heavy ions
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0 particle transfer (elastic and inelastic scattering)
1 particle transfer (single particle deg. of freedom)
2 particle transfer (nucleon-nucleon correlations)

N particle transfer (towards deep inelastic reactions)




Multinucleon transfer reactions : a link between two regimes

transferred degrees of freedom theoretical approach

nucleons
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pair modes coupled channels
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deep inelastic processes




Deep inelastic collisions : macroscopic view

diffusion effects on nucleons
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Dissipative forces : correlation between A,Z variances and energy loss

dissipation of kinetic energy generated
by the microscopic flux of nucleons
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N and Z diffusion :

x=1 uncorrelated | Experimental Clas_sl-::a.l Quantal
x=2 totally correlated slope slope slope

(see Fig, 16) x=1 x=2  x=1 yr=12
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Lagrange-Rayleigh equations of motion in multidimensional coordinate space

SCATTERING GEOMETRY
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the results indicate the importance
of the Pauli principle
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Two basic concepts for the interaction (nuclear+Coulomb) potential

the potential pocket gets smaller the effective potential depends
as Z Z, increases on the angular momentum
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Deep inelastic collisions : how TKE-6 distributions depend on Z Z,
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quasi elastic processes




Quasi-elastic regime in multinucleon transfer reactions : Q-values
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Quasi-elastic regime in multinucleon transfer reactions :

A,Z yields
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Quasi elastic processes : optimum Q-value
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open reaction channels
are those compatible
with the optimum Q-
value window
(kinematical condition).
This window has its
origin in the matching
of the orbits before and
after the transfer
process
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Quasi elastic processes : form factors
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The time evolution of a heavy-ion reaction is described by the

following system of coupled equations : X X
Tig(t) = 3 < BlHomlox > ca(t)eh s Ea)Hi(Gs-50) Senmiclassical theory

ihW(t) = (Ho + Hind) W (t)

W(t) = 3 cq(t)pger et
5

where o are the channels wave function
(asymtotic states)

balt) = pa(t)pA()eid (D)

The intrinsic Hamiltonian is:
(a) (a)
A.Winther, Nucl.Phys.A572,191(1994) Hge= Z ciala;
A.Winther, Nucl.Phys.A594,203(1995) @ and the interaction
Vint(t) = Vir(t) + Vin(t) + AU, ()

contains the well known form-factors for inelastic excitation
Program GRAZING of the surface modes and for one-particle transfer (both for
protons and neutrons).

www.to.infn.it/~nanni
The time dependence of the matrix elements is obtained

(G.Pollarolo) by solving the Newtonian equations for the relative motion in
the nuclear plus Coulomb field. For the nuclear potential we
use the Akyliz-Winther parametrisation that describes quite
well elastic scattering data for several projectile and target
combinations.




linking QE and DIC processes




Magnetic spectrometers for transfer reaction studies

70°s 80°s - 90’s recent years

Light ions (Q3D) Heavy ions spectrometers Tracking spectrometers
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PRISMA spectrometer - trajectory reconstruction A

A physical event is composed by the parameters:

position at the entrance X,y
position at the focal plane X, Y
time of flight TOF
energy DE, E




PRISMA: a large acceptance

magnetic spectrometer
Q~=80msr; Bphx=12Tm
AAJA ~ 1/200

Energy acceptance ~ +20%



Multineutron and multiproton transfer channels near closed-shell nuclei
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Differential cross sections
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forward part : mainly reflects the behaviour of the form factors
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Differential cross sections
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40 =208 _
Ca+°%Pb E_ —2490 MeV
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multinucleon transfer :
experiment vs. theory
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and CWKB
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Total kinetic energy loss distributions in 4°Ca+2%8Pb E, =235 MeV 6,,,=84°
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TKEL corresponding to the two-touching sphere configuration
(maximal amount of energy that can be lost in binary collisions)




Evaporation processes in multinucleon transfer reactions
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TKEL distributions - transition from QE to DIC processes




TKEL distributions - transition from QE to DIC processes
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connection with sub-barrier
fusion reactions




Correlation between reaction channels

In the presence of couplings the energy of
relative motion is not well defined. An
exchange of energy from the relative
motion to the intrinsic degrees of freedom

takes place
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Which range of partial waves are covered by DIC ?

cross section

partial wave

the simple-minded picture that correlates
the energy loss with impact parameters has
been used to describe reactions in terms of
classical trajectories subject to dissipative
forces

more elaborated schemes had to take into
account fluctuations around the average
behaviour. Among these, quantal
fluctuations associated with couplings to
instrinsic excitation channels have been
shown to be important

a straightforward manifestation of large
fluctuations is the lack of correlation
between impact parameters and energy loss
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Complete measurements of fusion and transfer in 335+%0.91.92Zp
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Energy ranges probed in transfer and fusion reactions

R<T
other reaction
channels have

significant yield

R = reflected incoming flux
T = transmitted incoming flux

o fusion < o capture

R~T
transfer and
fusion are
comparable

CC effects

R>T

transfer
dominates over
fusion




A smooth transition between QE and DIC processes

330 MeV

315 MeV
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excitation function of multineutron transfer channels
recently measured with the spectrometer PRISMA S 2'5' E—




Near barrier energies

R~T
transfer and
fusion are
comparable

CC effects
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Barrier distributions extracted from fusion and QE scattering

the barrier distribution D(B) is a fingeprint of the
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Importance of properly taking into acccount DIC components in
extracting quasielastic barrier distributions
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Importance
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Quasielastic barrier distributions : role of particle transfer channels
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Energies above the barrier

R<T
other reaction
channels have

significant yield

o fusion < o capture
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Overall comparison among reaction channels : the 58Ni+!24Sn system
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Energies below the barrier

R>T

transfer
dominates over
fusion




Transfer studies at energies below the Coulomb barrier
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few reaction channels are
opened

F(r),,.; has a decay length
~ 0.65 fm

F(r), has a decay length
~1.3 fm

Q-value distributions get
much narrower
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W(r) is small
nuclear couplings are

Y dominated by transfer
processes

one can probe nucleon

98 correlation close to the

ground states




Detection of (light) target like ions in inverse kinematics with spectrographs
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Detection of (light) target like ions in inverse kinematics with PRISMA

beam direction .
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MNT channels have been measured down to 25 % below the Coulomb barrier
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Sub barrier transfer transfer reactions in 26Zr+49Ca
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Some few remarks

In heavy ion reactions there is a smooth transition
between QE and DIC processes

The relative strength of the two processes
depends on bombarding energy and number of
transferred nucleons

There have been recently significant advances in
the overall understanding of the underlying
mechanism in terms of elementary degrees of
freedom, i.e. surface vibrations, single particle and
pair transfer




