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Introduction

O Three-body model in nuclear reactions
« extensively used, various theoretical approaches
* nuclear structure, reaction, astrophysics

elastic scattering

9l:ib (dcg)

extract optical potentials, rms radii,

density distributions...
F.F.Duan, et al., PLB 811(2020)135942

do/dQ (mb/sr)

rearrangem ent
E T T T T F T T T =
) :(a 26(p.d)''C 1® 2Mg(p.d)*Mg gé ]
10 S = s o exp-gs ©®
exp-ex ®

0 MeV(3/2*) e

2.052 MeV(7/2*)

2 3G Sy
oMev(aRY) R

" H  2.164 MeV(7/2%) & 3.640 MeV(9/27)

P U B ST B EE T ST BT T
0 30 60 90 120 0 30 60 90
6. m. (deg)

extract spin, parity,
spectroscopic factors...
Y. P. Xu, et al., PRC 98, 044622 (2018)

breakup
v
i —— Be(1=0"
[0) B =2 55 MV — - 19ge(21)
+

0 10 20 30 40 50
ec.m. (deg)

cluster structure, outgoing particles...
R. de Diego, et al., PRC 95, 044611 (2017)




do/dQ (mb/srad)

Introduction

30

25

20

15

10

O Three-body model in nuclear reactions
breakup and rearrangement channels are handled independently in many cases

what if rearrangement and breakup channels couple nonnegligibly?

Faddeev method: fully includes elastic scattering, breakup and rearrangement channels
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Introduction

O Three-body model in nuclear reactions
« Faddeev method:
« Isolate important degrees of freedom in a reaction
«  Keep track of important channels
«  Connect back to the many-body problem

three nucleon system

benchmark for nuclear interaction
no Coulomb force, well studied by
Faddeev method

requirement from nuclear data
evaluation

~
s

-

Reduce many-body to _ o
few(3)-body problem start point > solving Faddeev equation with
n+d reaction Wave-Packet Continuum
Discretization (WPCD) approach
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Faddeev-AGS equation
O Three-body total Hamiltonian
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Faddeev-AGS equation

O Faddeev-AGS equation for n+d system
U=PG;! + PtGyU

P = Py,Py3t Py3 Pys

D DIffICUItIeS . Logarithmic Singularities of the "Potential" Z

e t-matrix

 varies with energy

« pole at deuteron binding energy [Provauatir
° GO

 logarithmic singularity at breakup threshold
« P

»q"

 variable integration limits

Fig. 16. Position of singularities in the kernel of Eg. (5.62)




Faddeev-AGS equation

O Faddeev-AGS equation for n+d system
U=PG;! + PtGyU

P = Py,Py3t Py3 Pys

O Difficulties:
e t-matrix
 varies with energy
« pole at deuteron binding energy

° GO
 logarithmic singularity at breakup threshold
e P

 variable integration limits
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Faddeev-AGS equation

O Equivalent form B
«  O.A.Rubtsova, et al., Ann. Phys. 360 (2015) 613-654 Q"
U= Pv+ PvG,U
G, =1/(E +i0" — Hy — v)

O Properties:
* v:no pole and no energy-dependence (in many cases)

* (. diagonally matrix within the eigen-states of H, + v

10



WPCD approach — 2-body system

O continuum momentum space === diScrete momentum interval
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O Orthogonal basis based on wave packets (WP)
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WPCD approach — 2-body system

O Compare: Bound state and scattering phase shift
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WPCD approach — 3-body system

O Three-body total Hamiltonian
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O 3-body wave packet
« direct product of g WP y; and p pseudo states(including bound states) ¢,,
»  pseudo states are generated from hf diagonalization with p WPs
« approximate the eigen-states of H,
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WPCD approach — 3-body system

O Equivalent form of Faddeev-AGS equation

U= Pv+ PvG,U

O integral equation === linear equation
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WPCD approach — 3-body system

O Equivalent form of Faddeev-AGS equation

U= Pv+ PvG,U

O Advantages within WPCD approach
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channel green function G, has analytical form
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Results and discussion

O n+d elastic scattering (Nijmegen potential)
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Results and discussion

0 Above 20 MeV
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Results and discussion

O n+d breakup (Yamaguchi potential)
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Results and discussion

O n+d breakup (Yamaguchi potential)
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Results and discussion

0 n+d reaction cross section
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do,/dQ(mb/sr)

Results and discussion
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O Low energy: still sensitive to nuclear force
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Summary and outlook

O

We have solved Faddeev-AGS equation for n+d reaction within WPCD approach
M elastic scattering (S-wave interaction, realistic nuclear force)
M breakup (S-wave separable interaction)

We are working on n+d breakup reaction calculations with realistic nuclear force

We plan to extend the application of Faddeev-AGS equation and WPCD approach
Into
* n-induced reactions on light nuclei

 d-induced reactions
e etc

To build an effective tool for spectroscopic factor analysis and outgoing particle
cross section calculations.
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Summary and outlook

O

We have solved Faddeev-AGS equation for n+d reaction within WPCD approach
M elastic scattering (S-wave interaction, realistic nuclear force)
M breakup (S-wave separable interaction)

We are working on n+d breakup reaction calculations with realistic nuclear force

We plan to extend the application of Faddeev-AGS equation and WPCD approach
Into
* n-induced reactions on light nuclei

: S{;nduced reactions Thanks for your attention!

To build an effective tool for spectroscopic factor analysis and outgoing particle
cross section calculations.
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