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# Quasiparticle approach
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Previous works: Alt er al.

Quasiparticle approach

Approximations of hadronic interaction:
> low partial waves

> rank-1 separable NN potentials
Approximations in the treatment of screened Coulomb
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# Coulomb interaction:
> standard scattering theory not applicable
> analytical solution of two-body Coulomb problem
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# Screened Coulomb WR(F) — % e (R)

> standard scattering theory

> recovering unscreened Coulomb results:
renormalization at R — o

> short-range Coulomb effects with finite R

# Unscreened limit: screening-independent results
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Screening and renormalization

Two-particle screened Coulomb transition matrix
Tk = wr+wrGoTg

Infinite R limit for on-shell T and wave function

exists after renormalization with diverging phase factors

R == eXp(—2i(oL —MNrr))
== exp(=2ix[In(2pR) —C/n])
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Strategy for more complicated systems

# |solate diverging screened Coulomb contributions in
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)G()T(R)

with long-range and Coulomb-distorted short-range parts
TR = Tr + (1 4+ TrGo) TR (1 + GoTi)
TR =y 4+ vGrT®

Renormalized amplitude:

1
2

[T(R) - TR]ZR

DI —

T(R)zl,g1 — T =T+ lim z,

R—o R0

short-range part: finite R



Proton-deuteron scattering

AGS equations
BB(XG + Z 8[36 G()Ué(x)

U(goc) — GE _l_ZTG GOUc(soc)
G
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Proton-deuteron scattering

long-range part

d d d ~(R) ~pd
ToIZR — WOIZR T WOIL)R Gt(x )Tolch



Proton-deuteron scattering

pd
WocR

Split into long-range part
Tok = Wik + Wik God Tix
and Coulomb-distorted short-range part

d d R) R d
Usy) = Spa T + [1+ T G105 [1 + GO TR
R)

Usd) = [1 + TrGol U 1 + GO Trd:




Proton-deuteron scattering

pd
WOLR

Split into long-range part
Tok = Wik + Wik God Tix
and Coulomb-distorted short-range part

d d R) R d
Usy) = Spa T + [1+ T G105 [1 + GO TR
R)

Usd) = [1 + TrGol U 1 + GO Trd:

Renormalized amplitudes:

_1
Upoe = Bpa Ty + lim Z UP 8y, 1012,
1 1

Upa = lim 2 *Upg, 7

(04



Proton-deuteron scattering

pd
WocR

Split into long-range part
Tok = Wik + Wik God Tix
and Coulomb-distorted short-range part

d d R) R d
Usy) = Spa T + [1+ T G105 [1 + GO TR

Usd) = [1 + TrGol U 1 + GO Trd:

Renormalized amplitudes:

_1
Upo: = Spa T + lim Z, UP 85,1012,

1 1

Upg, = lim szUé )Z 2

R— o
short-range part: finite R
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e.m. current matrix elements with screened Coulomb:
(=)(R)| .u| p(R
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Electromagnetic reactions

Renormalization of
e.m. current matrix elements with screened Coulomb:

l . — °
Z (b BEY (w8

l\.)lr—*

<\|Ippn |J‘U‘B > R—o0 <\|Ippn‘]‘u|B>



Electromagnetic reactions

Renormalization of
e.m. current matrix elements with screened Coulomb:

l\Jlf—*

Z 20wl BEY e (w18

2 (W1 1BY) = (Wil 141B)

l\.)lf—*

short range: finite R
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Practical realization

Symmetrized AGS equations in isospin formalism

U® = PG, + PTRGUWR
Us® = (14 P)Gy' + (1+P) TR GoU®

Renormalized amplitudes: 1

pd : —2177(R) pdy 72
U=T""4+1imZ,*|U" —T,"|Z,

R—o0
Up = lim 2,077,
0= Mg~y Zg
—>00
Problem: slow partial-wave convergence
Solution: special choice of screening
perturbation theory for high partial waves
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Screened Coulomb potential

wp(r) _ 6_(1%)11
w(r)
1 n =4 —
Oo - 1\ 2
'R R (fm)

optimal choice: 3 <n <6
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Perturbation theory for high partial waves

T — T+ AT

(U+AU) = PG, + P(T +AT)Go(U + AU)

1st order in AT, all orders in T':

U =PG,' +PTGyU
AU =PAT GyU + PT GoAU

Exact limit:

iIncrease the number of partial waves included in T until
U + AU becomes stable

Practical calculations: Ly ~ Lar/2



Screening and renormalization:
Convergence test



400 1

do/dQ (mb/sr)

100

0.04

Convergence with R: pd elastic scattering

200

no Coulomb —

R=10fm —

R=20fm —
R=30fm —

60 120
Oc.m. (deg)

180

0.02

T21

0.00

0.05 |
I_c'?l 0.00

-0.05

0 60 120 180

Oc.m. (deg)



1000

do/dQ[mr/sr]

100

do/dQ [Lnb/ sr]
o
o

100

do/dQ[mb/sr]
=

T I T T I T T I T T

3 MeV

T llllll'

T

1 lllllll

1

T

T T llllll'

lll'

1

11 lllllll

1 lllllll

llll

o

45

[{e]
o

135
0. m[deg]

—_
(0]
o

pd elastic scattering:
Comparison with configuration-space results

0.04

0.03

< 0.02

0.01

0.00

0.00
0.40

0.20

> 0.00
<<

-0.20

-0.40

-0.60

T T I T T I T T I T T

~—

T

1 1 l 1 1 l 1 1 l 1 1

0 45

90 135
O [deg]

180

0.02

0.01

0.00
0.06

0.04

0.02

0.00
0.20

0.00

-0.20

-0.40

T T I T T I T T I T T

1 1 l 1 1 l 1 1 l 1 1

0

45

90 135
0. m[deg]

180

Kohn
variational

principle

screening and

renormalization



(=]
AN

T20

T20

0.02

0.01

0.00
-0.01
-0.02
-0.03
-0.04

0.05

0.00

-0.05

-0.10

0.20

0.00

-0.20

-0.40

-0.60

T T I

T T I T T

1

1 1 l 1 1 l 1 1 l 1 1

0

45

90 135
0. m[deg]

180

pd elastic scattering:
Comparison with configuration-space results

0.03
0.02
0.01
0.00
0.04

0.02
-~ 0.00
(aV}

-

-0.02
-0.04
-0.06

0.00
-0.05
_-0.10

(qV]
F 0.5

-0.20
-0.25

T T I T T I T T I T T

0.00

-0.01

-0.02

-0.03

0.00

-0.02

-0.04

-0.06

-0.08

T I T I T I T I T I T

1 1 l 1 1 l 1 1 l 1 1

0.00

-0.10

2

[aV]
= -0.20

-0.30

o

45

90 135
0. mdeg]

-0.40
180

T T I T T I T T I T T

1 1 l 1 1 l 1 1 l 1 1

0

45 90 135 180
0. m[deg]

Kohn
variational

principle

screening and

renormalization



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 *He
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Convergence with R: 3N photodisintegration of *He
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Results

Coulomb effect
CD Bonn + A + Coulomb

CD Bonn + A }
} A effect

CD Bonn + Coulomb

A 1sobar:

# effective 3NF
> Fujita-Miyazawa, lllinois, ...
> T, P, W, 6 exchanges

o effective 2N and 3N currents
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pd breakup: nucleon analyzing power
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dp breakup at £; = 130 MeV
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dp breakup: deuteron analyzing powers
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Three-nucleon photodisintegration *He(y, pn)p
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Two-body electrodisintegration of >He

)

—

d°c/dE, dQ, dQy (nb MeV 'sr

| Q =434.8 MeV
5 [ Qo =661 MeV
40 60

Oy (deg)

60

0

40

20

C')oullomb —
A —
A+Coulomb —

/Q = 430.0 MeV
Qg = 99.8 MeV
40 60
Oy (deg)

80



SHe(e, ¢'): inclusive response functions
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Comparison with previous works

our work Alt et al.

full three-body equations quasiparticle equations
realistic potentials with 3ANF rank-1 separable potentials
perturbative approach for
high partial waves Tk ~ wg
well under control
new type of screened Coulomb Yukawa screening




Comparison with configuration-space treatments

our work Pisa, Los Alamos




Comparison with configuration-space treatments

our work Pisa, Los Alamos

pd elastic scattering
at very low energies




Comparison with configuration-space treatments

our work Pisa, Los Alamos

pd elastic scattering
at very low energies
reactions at higher energies




Comparison with configuration-space treatments

our work Pisa, Los Alamos

pd elastic scattering

at very low energies

reactions at higher energies
3N breakup reactions
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Convergence with R: pd radiative capture

1.0 |
%
O
é _
a 057
K, _
©
O
' Ep=3 MeV
OO t + ; + + } } ' ; ' :
" no Coulomb —
! R=10fm —
0.1 R=20fm —
- R=30fm —
~ 00|
Al
|_
-0.1 ¢
0.2 |
0 60 120 180

O m. (deg)



pd elastic scattering:
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