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Low energy nuclear reactions

O Nuclei as quantum many-body systems

<— 1n terms of nucleon d.o.f.

> static properties: nuclear structure £ <0

» dynamics: nuclear reactions £ >0

v" Nuclear Reactions as a tool to investigate nuclear structure
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Two aspects of nuclear reactions
v" atool for nuclear structure  <— this is often emphasized.. ..

v’ reaction dynamics _ this talk fusion barrier distribution
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v’ g.s. properties (mass, size, shape....)
v’ excitations



quantum many-body dynamics (nuclear reactions)

elastic scattering inelastic scattering fusion

physics of nuclear reactions:
a unified description of these processes




Subbarrier enhancement of fusion cross sections
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A typical example of the interplay between structure and reaction
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Coupled-channels method: a quantal reaction theory with excitations

a many-particle treatment

still very challenging for low energy scattering
cf. a quantum many-body tunneling

____ two-body problem + internal excitations (C.C. approach)
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a reduction to the entrance channel — Optical Potential approach



a recent review of C.C. approach (Hagino, Ogata, and Moro)
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Nuclear Reactions

(nucleus: a composite system A v elastic scattering
v" arich reaction processes v’ inelastic scattering
v arich interplay between v’ transfer reactions

nuclear structure and reaction v" fusion reactions

N J

Another aspect of nuclear reactions
: a variety of quantum mechanical natures
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a figure from “Quantum Theory” by Jim Al-Khalili



Manifestation of Quantum Nature 1n Nuclear Reactions

a superposition principle Y = a1 + 8o
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interference

when two processes are 1n principle indistinguishable
— take square after adding two amplitudes
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Manifestation of Quantum Nature 1n Nuclear Reactions

Mott Scattering: scattering of 1dentical particles

do 2
= |f(0) £ f(m —0)|
dQ
_
07T T T N
= e Expt. =
5 — 1.0 !
~ 10" ~ -0 E
E - — | £(0) + £ (n—6) | :
g 10F E
G E -
S F ¥ )
< 2
e . :
150 4 150 (B TSEMeV) o Vo~ 10.3 MeV - ® ®
. | — :
IOgO 60 90 120 150 /
(deg) i
cm _e

expt: D.A. Bromley et al., Phys. Rev. 123 (‘61)878



» Coulomb-Nuclear interference
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> near side - far side interference
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» barrier wave — internal wave interference
cf. D.M. Brink and N. Takigawa, NPA279 (‘77) 159
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160Q+10 system
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Comparison between '°O+'°0 and '*0+!30

' [ ' |
o 160 N 160 (Ecm ~ 6.5 MeV) 16(), 180: | (g.s.) = ("

e 040 (E_=26MeV) (both are bosons)

Vi, ~10.3 MeV

— Ecm ~2.5 Vb

do / dQ (mb/sr)

30+1%0 : much less pronounced interference pattern

180 = 160 (double closed shell) + 2n
—> stronger coupling to environment

mmmm) manifestation of environmental decoherence?



Optical potential model calculation
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Spectra up to E* = 13 MeV
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C. Von Charzewski, V. Hnizdo, and
C. Toepfter, NPA307(‘78)309

W(E,R) = —-Wof(R)
0 dE*
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Origins of oscillations

strong oscillations even in
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Fourier transform of scattering amplitude
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Application to a double slit problem K. Hashimoto, Y. Matsuo, and
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applications in particle physics

a double slit scattering of imaging black holes
problem string through AdS/CFT

K. Hashimoto, Y. Matsuo, and T. Yoda, PTEP2023, 043B04 (2023)
K. Hashimoto, S. Kinoshita, and K. Murata, PRL123, 031602 (2019)
PRDI101, 066018 (2020)
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Fourier transform of scattering amplitude

Imaging of nuclear reactions
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Imaging of nuclear reactions

Fourier transform of scattering amplitude
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Imaging of nuclear reactions
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Imaging of nuclear reactions
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Summary

Nuclear Reactions as quantum many-body phenomena

v'strong interplay with nuclear structure
v'several nuclear intrinsic motions
v'Coupled-channels approach

v'a variety of interference phenomena

* scattering of 1dentical nuclel
e farside-nearside interference
* barrier-wave-internal-wave interference

—

v'Imaging: a new approach

* a Fourier transform of scatt. amplitudes
* an intuitive way to understand physics
of interferences
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