Subbarrier fusion reactions

with dissipative couplings
Role of internal degrees of freedom in lemergy nuclear reactions
Kouichi Hagino (Tohoku University)
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3. Classical treatment
e.g., Langevin calculations for superheavy elements
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nuclear spectrum
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In this talk:

U Mott scattering and quanturr
decoherence

U Role of s.p. excitations In
guantum tunneling

c.f. Random Matrix Model



Mott scattering and quantum decoherence
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Mott Oscillation

scattering of two identical particles
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Comparison betweeffO+%0 and!®0+80
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V,~ 10.3 MeV

180+180 : much less pronounced interference pattern

180 =160 (double closed shell) + 2n

—> stronger coupling to environment

mmm) Manifestation of environmental decoherence?



Optical potential model calculation
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The data can be fitted with an
opt. pot. model calculation.
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The origin of stronger absorption?
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Coupling to lowlying 2* state:insufficientto damp the oscillation

—> role of singleparticle (norcollective) excitations



Spectra up to E* = 13 MeV
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Mechanisms of the oscillatory structure
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Interference due to:

V symmetrization of wave functic
(g~ 90 deg.)

+

V another mechanism
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analogy to the double slit problem
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Introduction

Subbarrier enhancement of fusion cross section
=) channel coupling effects

Coupling of therelative motion
to collectiveexcitations in the
colliding nuclel
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Coupledchannels framework

Coupling between rel.

ling 0 _ X ., __. entrance
and intrinsic motions 0 0 channel
Ot — 0
N o+ o+ — excited
\ channel
4+ ot — excited
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U Quantum theory which incorporates excitations in the colliding n
U a few collective states (vibration and rotatiamich couple strongly
to the ground state + transfer channel
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Coupledchannels framework

Coupling between rel.

ling 0 _ X ., __. entrance
and intrinsic motions 0 0 channel
Ot — 0
N o+ o+ — excited
\ channel
4+ ot — excited
channel

U Quantum theory which incorporates excitations in the colliding n

U a few collective states (vibration and rotatiamich couple strongly
to the ground state + transfer channel

Usever al codes I n the market
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mmmmm) has been successful in describing heiavyreactions

However, many recent challenges in C.C. calculati|on




Barrier distribution
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surface diffuseness anomaly
Scattering processes:
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Deep subbarrier fusion data
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