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Green function partial wave expansion
(bound and continuum states form a complete set)
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Integral along the contour in the complex plane

On-shell resonant reaction amplitude (extension of scattering amplitude)
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Generalization of the resonant reaction amplitude
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Off-shell resonant form factor
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Half-off-shell resonant scattering amplitude
(ingoing state 18 off-ghell, final state 1s on-ghell)
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Relationship between the on-shell resonance amplitude and Trojan Horse
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On-shell resonant reaction cross section expressed in terms of the half-

off-shell Trojan Horse amplitude
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This reaction can also be done. We can normalize the
astrophysical factor.

S(ExA)ZExAQZW??xA Plo (EeioTo) 1 Mkaf I I F(EJESI))

M;g(kf:pm;E)

|dQ, [dQ, IM 7,k Ey) [

deQkf fkoxA ‘Mg}(kf)pr;ExA)‘z

Nuclear astrophysical reactions occur at energies significantly below

the Coulomb barner. Therefore, cross-sections of astrophysical

reactions are typically very small, and it 1s difficult, often impossible,

to measure these cross-sections at astrophysically relevant energies.

Because of the small cross sections of astrophysical reactions,
different indirect techniques are being used. Among them 1s Trojan
Horse, which allows one to measure cross sections of astrophysical
rearrangement processes. In the Trojan Horse method, a projectile
impinging on a target has high enough energy to overcome the
Coulomb + centrifugal barrier. After penetration through the barner

the projectile virtually breaks into two particles, leaving one to interact

with the target at astrophysically relevant energies. The fragment 1s
virtual, and the extracted astrophysical cross section 1s half-off-

energy-shell.
The goal of this project 1s to investigate the off-shell effects
in the Trojan Horse method for the resonant reactions.

Scattering and Reaction Amplitudes

On-shell resonance scattering amplitude:
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Resonant term (contains full Green function)

Resonant scattering amplitude
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Form factor = resonance
synthesis or decay amplitude
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On-shell resonant reaction total cross section
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Trojan Horse

Half-Off-Shell Scattering Amplitude
(ingoing state 18 off-shell, final state 18 on-shell)
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There 1s no Coulomb barrier for virtual particles.
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Here the transterred proton 1s virtual, and
there 1s no Coulomb barrier between the
proton and deuteron. The astrophysical
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tactors for both reactions at £ — 0 practically
coincide.
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On-shell resonant scattering amplitude
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On-shell resonant reaction amplitude
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There 1s no Coulomb barner tor virtual particles.

Trojan Horse Half-off-shell resonant reaction amplitude
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This reaction 1s supposed to be done here 1n
collaboration with Catania National Lab.
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Summary

1.

A comparative analysis of the resonant on-shell and half-off-shell
amplitudes has been done focusing on the impact of the off-shell
effects.

It has been shown that there 1s no Coulomb barrier for off-shell
particles. It explains why the Trojan Horse method can be used to
measure resonant reactions at astrophysically relevant energies.

. A relationship connecting the resonant Trojan Horse and on-shell

amplitudes 1s presented.

The resonant cross section and the astrophysical factor are expressed in

terms of the Trojan Horse amplitude.

The absence of the Coulomb barrier for off-shell particles explains why

the astrophysical factors for reactions d+d —n+’ He and

d+d — p+° H practically are the same.
In the future, the contribution of the background should be taken into
account. The background can mterfere with the resonant amplitude. In
addition, the scattering of the particles 1n the 1nitial and final states of
the Trojan Horse reaction should be taken into account.



