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Coulomb interaction:
B standard scattering theory not applicable
B analytical solution of two-body Coulomb problem

Screened Coulomb wR(r) = α
r e−( r
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B recovering unscreened Coulomb results:

renormalization at R→ ∞
B short-range Coulomb effects with finite R

Unscreened limit: screening-independent results
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Screening and renormalization

r < R :

wR(r)≈ w(r)

e−iηRL ψRL(r)≈ e−iσL ψCL(r)

z
−1

2
R ψRL(r)≈ ψCL(r)

zR = e−2i(σL−ηLR)
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Screening and renormalization

Two-particle screened Coulomb transition matrix

TR = wR + wRG0TR

Infinite R limit for on-shell TR and wave function

TR z−1
R −→R→∞ TC

(1 + G0TR)|p〉z−
1
2

R −→R→∞ |ψ
(+)
C (p)〉

exists after renormalization with diverging phase factors

zR −→R→∞ exp(−2i(σL−ηLR))

−→R→∞ exp(−2iκ[ln(2pR)−C/n])
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form of on-shell transition matrix and wave function

Apply renormalization to obtain unsreened Coulomb
limit
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Proton-proton scattering

pp transition matrix

T (R) = v + wR +(v + wR)G0T (R)

with long-range and Coulomb-distorted short-range parts

T (R) = TR +(1 + TRG0)T̃ (R)(1 + G0TR)

T̃ (R) = v + vGRT̃ (R)

Renormalized amplitude:

T (R)z−1
R −→R→∞ T = TC + lim

R→∞
z
−1

2
R [T (R)−TR]z

−1
2

R

short-range part: finite R
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Proton-deuteron scattering

AGS equations

U (R)
βα = δ̄βαG−1

0 +∑
σ

δ̄βσT (R)
σ G0U

(R)
σα

U (R)
0α = G−1

0 +∑
σ

T (R)
σ G0U

(R)
σα
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Practical realization

Symmetrized AGS equations in isospin formalism

U (R) = PG−1
0 + PT (R)G0U (R)
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0 = (1 + P)G−1

0 +(1 + P)T (R)G0U (R)

Renormalized amplitudes:
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C + lim
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Z
−1

2
R [U (R)−T pd
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Problem: slow partial-wave convergence
Solution: special choice of screening

perturbation theory for high partial waves
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Screened Coulomb potential
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Perturbation theory for high partial waves

T → T + ∆T

(U + ∆U) = PG−1
0 + P(T + ∆T )G0(U + ∆U)

1st order in ∆T , all orders in T :

U =PG−1
0 + PT G0U

∆U =P∆T G0U + PT G0∆U

Exact limit:
increase the number of partial waves included in T until
U + ∆U becomes stable

Practical calculations: LT ≈ L∆T/2
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Screening and renormalization:
Convergence test



Convergence with R: pd elastic scattering
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Convergence with R: pd breakup
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Convergence with R: pd breakup
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Convergence with R: pd breakup in pp-FSI kinematics
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Convergence with R: 3N photodisintegration of 3He
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pd elastic scattering at low energies

 100

 1000

0 60 120 180

dσ
/d

Ω
 (m

b/
sr

)

Θc.m. (deg)

Coulomb
∆

∆+Coulomb

0.00

0.04

0.08

0 60 120 180

A
y 

(N
)

Θc.m. (deg)

Ep = 5 MeV

 0.00

 0.02

 0.04

0 60 120 180

iT
11

Θc.m. (deg)

-0.04

0.00

0.04

0 60 120 180

T 2
0

Θc.m. (deg)

0.00

0.02

0.04

0 60 120 180

T 2
1

Θc.m. (deg)

-0.06

-0.04

-0.02

0.00

0 60 120 180

T 2
2

Θc.m. (deg)



pd elastic scattering at higher energies
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pd breakup: space-star configurations

 0.0

 0.5

 1.0

 1.5

5 10

Ep = 10.5 MeV

(49.4o,49.4o,120.0o)

 0.0

 0.5

 1.0

 1.5

0 5 10

d5 σ/
dS

 d
Ω

1 
dΩ

2 
 (m

b 
M

eV
-1

sr
-2

)

S  (MeV)

Ep = 13 MeV

(50.5o,50.5o,120.0o)

 0.0

 0.5

0 5 10 15

Ep = 19 MeV

(52.0o,52.0o,120.0o)

 0.0

 0.1

0 20 40 60

S  (MeV)

Ep = 65 MeV

(54.0o,54.0o,120.0o)

Coulomb
∆

∆+Coulomb



pd breakup: QFS configurations
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pd breakup: collinear configurations
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pd breakup: nucleon analyzing power
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d p breakup at Ed = 130 MeV
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d p breakup: deuteron analyzing powers
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pd radiative capture at low energies
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pd radiative capture
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Three-nucleon photodisintegration 3He(γ, pn)p
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Two-body electrodisintegration of 3He
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3He(e,e′): inclusive response functions
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pp scattering: 1S0 phase shift
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Convergence with R: pd radiative capture
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Ay-puzzle and Doleschall potential
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