Barrier distributions

Fusion studies
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From single barrier to barrier height
distribution

¢ Single Barrier Model - good description of fusion cross sections for light nuclei

¢ Observation of fusion enhancement for heavier systems below barrier (e.g. 160

+ ASm)
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¢ @Good description of fusion cross section with several barriers emerging from
couplings to many reaction channels — barrier distribution




From single barrier to barrier height

distribution
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¢ @Good description of fusion cross section with several barriers emerging from
couplings to many reaction channels — barrier distribution




Experimental determination of barrier height distributions
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Experimental determination of barrier height distributions
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BD studies @ HIL (so far)

e projectile: 22Ne — strongly deformed nucleus:

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

* Coupled Channels Method predicts “structured” barrier height

distribution for systems ??Ne+X
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D,. - intriguing experimental results

20Ne+58,60,61 Nl
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D,. - intriguing experimental results
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D,. - intriguing experimental results
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D,. - intriguing experimental results

qe

24Mg + °°92Zr @ LNS Catania
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D,. - intriguing experimental results

24Mg + °°92Zr @ LNS Catania

“Mg +*%Zr; 0, =142°
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Explanation of difference
between CC calculations and experimental data?

¢ weak reaction channels not taken into account in CC calculations: in the

case of %2Zr, 8'Ni - single particle excitations: more numerous that in *Zr,
58,60Ni

¢ consequence of this phenomenon: irreversible damping of relative
motion into many internal (collective and non-collective) degrees of
freedom — dissipation — in quantum systems dissipation results in
destruction of the coherent superposition (decoherence)

experimental results ,triggered” new theoretical approaches:

¢ combining CC (Coupled Channels method) + RMT (Random Matrix
Theory)

¢ replacing the stationary Schrodinger equation by Lindblad equation




CC+RMT calculations- first results

for all systems only 1 parameter fitted
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Future plans and possibilities:
back-scattering experiments

new chamber for back-scattering experiments: improved, with
possibility@k-scattering measurement for ~symmetrical sys@

beam




Future plans and possibilities:
back-scattering experiments

new chamber for back-scattering experiments: improved, with
possibility of back-scattering measurement for ~symmetrical systems

idea of measuring the *®Ni+®Ni case with back-scattering method

4 phonon
+ j
N
+
\ 1 i EJ{ Ni beam required
90 100 110

A. M. Stefanini et al., Phys. Rev. Lett. 74 (1995) 864



Future plans and possibilities:
fusion measurements

velocity filter (Wien Filter)

* compact (~25x15 cm, ~18 kg) device built in collaboration with LNS
Catania; under tests in 2018 and 2019

magnets

—1

electrodes

* possibility to bring to HIL and install in ICARE chamber (some
modification/extension of the chamber will be needed)



Future plans and possibilities:
fusion measurements

finger
»
beam ) \
| velocity position sensitive Si detector
target J6° filter

moni tor

e direct measurements of o;,(E) and Dy,

. B

* continuation influence of dissipation on fusion process studies



Future plans and possibilities:
fusion measurements - what new?

20N + 90927
measurement of D, — confirmation of the observation for D, (disspation in %Zr) ?
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Future plans and possibilities:
fusion measurements - what new?

measurement of o, (E)

——coll. only ]
——coll. + 200 s.p.| |
44 48 52 56 60 64
Ecms [MeV]

10° 5
102'5

101-§

Cf,s [MD]

100-§

10'1-5

1024/

44

48

52
Ecms [MeV]

56

60

64



Future plans and possibilities:
fusion measurements - what new?

measurement of o, (E)
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Summary

¢ Barrier distribution studies show that weak but numerous excitations can
influence the fusion.

« This observation triggered new theoretical approaches to describe the fusion
([a] RMT+CC, [b] non-stationary equation)

¢ Future plans:

¢ measurements of semi-symmetrical systems with back-scattering method,;

« direct fusion measurements with velocity filter (after tests
in LNS Catania, installing filter @HIL and modification ICARE chamber):
studies of dissipation effect on o,(E) and Dy,

¢ further CC+RMT improving and calculations
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I Dziekuje za uwage
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