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» Single Barrier Model — good description of fusion cross sections
for light nuclel

* Observation of fusion enhancement for heavier systems below

barrier (e.g. **O + ASm)
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* (Good description of fusion cross section with several barriers
emerging from couplings to many reaction channels — barriers

distribution
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A “structure” in BHD appears r - T —
not only for deformed nuclei:  58N|j + 60Nj 4 phonon
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A. M. Stefanini et al., Phys. Rev. Lett. 74 (1995) 864



A tunneling through a barrier — a fundamental phenomenon essential in

many domains (physics, chemistry, biology, technology):
In nuclear physics — studies of fusion phenomenon

An environment has an influence on a tunneling.
In nuclear physics: environment = nuclear structure which influences

nuclear reaction channels and their couplings

A

Barrier heights distribution reflects these couplings

Test of the “standard” Coupled Channels Method — where most often only
strong channels are taken into account (*)

(*) strong channels = channels connected with collective excitations



« projectile: ??Ne — strongly deformed nucleus:
B,=0.46, 8,=0.39, B, =0.27

¥ Fujiwara et al., Suppl.Progr.Th.Phys, 53( 19801111




* projectile: ?Ne — strongly deformed nucleus:

B,=0.46, B, =0.39, B, = 0.27

e Coupled Channels Method predicts “structured” barrier height

distribution for systems ??Ne+X
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Aproximate equivalence of both methods is shown in L.F. Canto ef al., Phys. Rep. 424 (2006)1



o - CUDAC:
compact chamber
(diameter 40 cm)



30 PIN diods 1x1cm
@130°, 140°, 150°

. x : '-Ill‘ /
\ 2 PIN ledS @ 350
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» weak reaction channels? not taken into account in CC
calculations e.g. transfer a, n, ...

A

» check of the hypothesis: measurements of transfer cross sections



» product identification:
» mass: E - ToF
» charge: E — AE



EXperimental set-up

E x 4 @142°

STOP _
3 X Si
e beam energy

T MCP measurement

20Ne
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e©
» weak reaction channels? not tql@?i’nto account in CC
calculations e.g. transfer a‘n&..

00“0

= weak reaction channels: non-collective (single particle) excitation?



07r, °2Zr and *2Ni, °°Ni, 'Ni

> isotopes differ by levels density

Level density [1/MeV]
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Transfer cross sections measured at 142° with beam energy
around Coulomb barrier
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influence of 1n transfer on D . is marginal



» The Coupled Channels method using Schrodinger
equation describes reversible processes (coherent
superposition of a few intrinsic states)

» Excitation of non-collective levels — irreversible damping
of relative motion into many internal degrees of freedom

» Moreover, interaction of quantum system with a complex
environment results in destruction of the coherent
superposition (decoherence)

» Dissipative (decoherent) dynamics — beyond the standard
CC model



* irreversible dynamics: A.Diaz-Torres

 CC + random matrix theory: S. Yusa, K. Hagino
90,92

PRC 88 (2013) 054621 — Ne +  Zr
PRC 88 (2013) 044620 -




irreversible dynamics: A.Diaz-Torres
CC + Random Matrix Theory (RMT) S. Yusa, K Hagino

90,92

PRC 88 (2013) 054621 — Ne +  Zr
PRC 88 (2013) 044620

new improved CC+RMT calculations for “Ne +°*7r and
PNe + 7 'Ni in progress

e preliminary results very promising




Summary & Conclusions

® The weak reaction channels can considerably influence the barrier
height distribution via:

s transfers (°°®Pb)
s non-collective single particle exctiations (°'Ni, %Zr)

e Single particle levels are excited during nuclear reactions — nuclear
intrinsic degrees of freedom act as environment for nuclear reaction
— coupling to environment — dissipation



® near future: studies of barrier height distribution using Mg projectile —
accepted proposal @ LNS Catania (tandem beam, CHIMERA chamber)

*Ne,*Mg + *Zr; Calculated (CCQEL)
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© further future: measurement of barrier height distribution for 2°Ne+%Zr
systems employing fusion method



Thank you for your attention
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This is the end...
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