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I. Motivation

» Thermonuclear reaction rate
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» The Gamow factor comes from the assumption that the energy is much smaller than the Coulomb barrier.



I. Motivation

» Coulomb barrier height
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Motivation

Coulomb barrier height
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Il. Formalism

e Square-well potential

V(r
. . “( ) . Boundary condition
Radial equation !
— i —
d’u 2m !
72 + Y [E-V(™)]u=0 (1= 0) :
* : :
i I !
d_u_|_ kK2u=0 > u(r) = aeikr + Be—ifcr i : !
dr? |
i <R, U, = Aelt ple T K? = Zh—T(E + V)
_VO T
. r > RO Uout = elkr + D’e_ikr kz = zh_TE RO — TO(A:ILQ/g +Ai/3)

Barrier radius



Il. Formalism

e Square-well potential
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Il. Formalism

e Square-well potential

» The transition probability is not always equal to 1 even when only attractive potential are present.

» The transition probability of the potential well depends on the potential depth.

Vo =0.0

1.0

0.5

_1.0 -

T T T T T T T
0 5 10 15 20 25 30

r (fm)

Ry = 3 fm, E =1MeV



Il. Formalism

« Square-Barrier potential
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Il. Formalism

Square-Barrier potential
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Assumption : The energy E is much smaller than the potential barrier V;.
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Il. Formalism

« Square-Barrier potential
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Il. Formalism

« Coulomb potential
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Il. Formalism

« Coulomb potential
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Ill. Result : Gamow factor
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Ill. Result : Gamow factor
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Ill. Result : Gamow factor
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Table 1

Values of potential parameters for fusion reactions.

Reactions Vi [MeV] Vi [keV] ro (fm)
D+D —48.52 —263.27 2.778
D+T —40.69 —109.18 1.887
D+>He —11.859 —259.02 3.331
p+D —55.0 —0.0235 1.177
p+OLi —44.25 —7500 1.180

p+'Li —85.0 —395.0 1.330




Ill. Result : Gamow factor
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I11. Result : Gamow energy

« Gamow peak
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I11. Result : Gamow energy
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IV. Summary

» We found that the Gamow factor has two problems.
1. The assumption used in the Gamow factor could be wrong.

2. The Gamow factor is independent of the potential depth.

» We modified the Gamow factor using numerical calculation without the assumption.

» The modified Gamow factor depends on the potential depth, and it tends to be greater than the Gamow factor.

» We modified Gamow energy using our modified Gamow factor model.
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