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Nuclear fusion reactions

@ =

two positive charges 1 compound

repel each other nuclear attractive nucleus
intraction Ry
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e Double Folding Potential

T4+ 1o — 11
7“1/ j?“z Vpr(r) = /d’f‘1d""2 p1(r1)p2(r2)
T Xvnn(r‘"'PQ _rl)
02— T (MBRIARTUIVILDERE

IHIZAEH)

PO
1+ exp[(r — Ry)/ag4]

aq ~ 0.54 (fm)

p(r) ~

) r (fm)

e Phenomenological potential

Vo
1 + exp[(r — Rop)/a]

Viys(r) = —

a~0.63 (fm)




V(r) (MeV)

100

|
16

O +

208

Pb _

10

15
r (fm)

20

25

20



V(r) (MeV)

100

|
16

O +

208

10

r (fm)

20



V(r) (MeV)

100

|
16

O +

208

Pb _

20

10

r (fm)

20

25



H—OL[ERE
L
D —0O &R

100

| | 16, 154 1 2NN
\N' Sm__ 1 H—ny
: REBEER 7

2. %7
EIEEES|

Potential (MeV)

—— Coulomb A 1

— Nuclear _ n
— Total 4 ARTFUIv)LEERE
' — —OfEEE
T 50 (D PEEE)

r (fm)

H—OVERSREOIRILTF—IZBTAEmE RIG

— ZRFRODEFFORILIRZR



nuclear fusion In stars

extrapolation of data
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Quantum Tunneling Phenomena
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For a parabolic barrier......
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154Sm : a typical deformed nucleus - 154Sm
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154Sm : a typical deformed nucleus 154Sm
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Effects of nuclear deformation

154Sm : a typical deformed nucleus

65

V(r) (MeV)

N
D

| | |
--- Spherical A
— 0=0deg. A
— 0 =90 deg. |

! - Spherical
i ! — 06=0deg. |
— 0=90deg.
0 L ....1’1 | | ! | |
50 55 60 65 70
E  (MeV)



Effects of nuclear deformation 1
orus(E) = [ d(cos)orus(E; 0)
14Sm : a typical deformed nucleus |
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* Sub-barrier enhancement also for non-deformed targets:
couplings to low-lying collective excitations — coupling assisted
tunneling
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Coupled-channels method: a quantal scattering theory with excitations

O+
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excitation energy excitation operator




Coupled-channels method: a quantal scattering theory with excitations

Ot 0t — entrance channel

0t — 0t
\ 2t 0+ — excited channel
coupling
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excitation energy excitation operator
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full order treatment of excitation/de-excitation dynamics during reaction



[ Inputs for C.C. calculations}

1) Inter-nuclear potential
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