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Outline

Few-body scattering with Coulomb interaction:
screening and renormalization

Applications: 3N, 4N, ...
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analytical solution of two-body Coulomb problem
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standard scattering theory

nature: Coulomb is screened at large distances

large R:
physical observables insensitive to screening,
screened and full Coulomb physically indistinguishable

in the R → ∞ limit physical results are recovered
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Renormalization of the on-shell screened Coulomb
transition matrix TR = wR +wRG0TR and wave function

TR z−1
R −−−→

R→∞
TC as distribution

(1+G0TR)|p〉z
−1

2
R −−−→
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C (p)〉

in the limit R → ∞ yields Coulomb amplitude
and Coulomb wave function
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Z
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forward scattering is not observed, p̂′ 6= p̂in

TR z−1
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short-range part: fast convergence with R



Three-particle scattering: short-range forces

Faddeev / Alt, Grassberger, and Sandhas equations

Uβα = δ̄βαG−1
0 +∑

σ
δ̄βσTσG0Uσα

U0α = G−1
0 +∑

σ
TσG0Uσα

Tσ = vσ + vσG0Tσ

G0 = (E + i0−H0)
−1
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Practical realization

Calculation of short-range part using
standard scattering theory (Faddeev/AGS)
for hadronic + screened Coulomb interaction
+ renormalization

Additional difficulties:
quasi-singular nature of screened Coulomb potential
slow partial-wave convergence

Success of the method depends strongly on the choice
of screening function
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Limits of practical applicability

p → 0:
κ = αM/p, σL = argΓ(1+L+ iκ), and zR diverge,
renormalization procedure ill-defined

⇒ slow convergence with R at low relative energies
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Convergence withR: pd elastic scattering
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Convergence withR: pd breakup at Ep = 13 MeV
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pd elastic scattering at low energies
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Nd breakup: space-star anomaly
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d p breakup at Ed = 130 MeV
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3He(γ, pn)p at Eγ = 55 MeV
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Application to 3-body nuclear reactions

p+(nA)

d +A

}

→



















n+(pA)

p+(nA)

d +A
p+n+A

with A = 4He, 10Be, 12C, 58Ni, . . .

Validity test of approximate nuclear reaction methods:
CDCC, DWBA, . . .



d(α,αp)n at Eα = 15 MeV
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Testing CDCC: d-12C and d-58Ni elastic scattering
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Testing CDCC: p(11Be,10Be)np at E/A = 38 MeV
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4N system

“theoretical laboratory” to test models
of nuclear interaction

n+ 3H → n+ 3H

p+ 3He → p+ 3He

p+ 3H
n+ 3He
d +d











→











p+ 3H
n+ 3He
d +d



4N scattering: symmetrized AGS equations

two-cluster 1+3 and 2+2 transition operators

U11 = − (G0 T G0)
−1P34−P34U1G0 TG0U11+U2G0 T G0U21

U21 = (G0 TG0)
−1(1−P34)+(1−P34)U1G0 T G0U11

U12 = (G0 TG0)
−1−P34U1G0 T G0U12+U2G0 T G0U22

U22 = (1−P34)U1G0 T G0U12

U j = PjG
−1
0 +PjT G0U j

P1 = P = P12P23+P13P23

P2 = P̃ = P13P24

T = v+ vG0T

scattering amplitude T f i = S f i〈p f φ f |U f i|piφi〉

|φ j〉 = G0T Pj|φ j〉
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Coulomb-distorted short-range part: fast convergence with R



Convergence withR: p-3Hescattering at Ep = 4 MeV
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p-3Hescattering
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p-3HeAy puzzle: 3NF, magnetic moments?
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n-3Heelastic scattering
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Ay maximum in p-3Heand p-3H elastic scattering
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Transfer reaction p+ 3H → n+ 3He
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d-d elastic scattering atEd = 3 MeV
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d +d → N +[3N] transfer at Ed = 3 MeV
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including Coulomb interaction



Summary

old idea of screening and renormalization
+ novel practical realization
⇒ momentum-space description of few-body reactions

including Coulomb interaction

hadronic and electromagnetic 3N reactions

3-body nuclear reactions

low energy 4N scattering
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