Four- and three-body dynamics in °Li scattering
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CDCC & Breakup effects

CDCC Continuum Discretized Coupled Channels
v' CDCC is a fully quantum mechanical
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Problem of 3-body CDCC in °Li scattering
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Competition: 4-body channel vs 3-body channel
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Which of these 4- and 3-body channels
is favored in °Li scattering?




Purpose 1 We apply 4-body CDCC to °Li scattering to treat
both 4-body & 3-body channels explicitly.
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Purpose 2 We estimate 4-body and 3-body breakup
channel-coupling effects,
and clarify the reaction dynamics.




Model Hamiltonian of 4-body CDCC

B 4-body Schrodinger equation
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We have no adjustable parameter from now
on.



Result 1: 3-body CDCC vs 4-body CDCC
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Result 2: Breakup channel-coupling effects
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In 4-body CDCC, both four- and three-body
channels are mixed with each other.
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da probability (
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Four-body channel-coupling effect

Channel coupling

Elastic channel
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Three-body channel-coupling effect

Channel coupling
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Proposal of an effective 3-body model

Elastic channel

“deuteron” (n-p subsystem) of °Li R
hardly breaks up during Q%“ *O
scattering. .
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We can describe °Li scattering
with three-body CDCC?

(Why traditional three-body CDCC does not work?)



Effective d+a+T three-body model
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cross section with U °F.
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We have studied four-body dynamics (n+p+a+T)

of °Li scattering in a wide energy range.

SW, T. Matsumoto, K. Ogata, and M. Yahiro, PRC 92, 044611 (2015).
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da-probability for the g.s.

Radius of the n-p system

“d” in Li d in free space
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(by Bonn-A int.)

v’ The n-p system shrinks in Li.

v Deuteron g.s. is still included
with T'igs7(da) =70%.
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Discussionl: Coulomb breakup effects

1.2

Without Coulomb BU (present model)
UlCoul =eT2 ZILi ZIT /R

With Coulomb BU (more accurate)
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Coulomb breakup effect is
negligibly small.
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Why is the

Coulomb BU so small?
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Dipole operator becomes 0 for °Li (d+a).



Why is the Coulomb BU so small?

® Three-cluster model
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Energy spectrum of °Li

5.39 5.65 1
4.497 LI +0.6111 MeV
5 ) P
He+ St [ =130 MeV
3.5078 ; . 369891 5 56 0%
SHe L He+n+pl ' -1.5129 MeV
-2.2259 MeV «_ 2.186 sof  [=0.024 MeV
L TN1473
4
-3.6989 MeVv | HE®d
Y
A - 1%;0
N -0.992 67 *
\\- Li+d-t Li



Feshbach theory 1

Problem setting
HY=£Y, H=h+Kk+V

d = Target
HOj=cl010)  (W=]0)p0 +[1)pdl 4 ) R )

P=[0)0], ©@=1-7

Problem: Find the effective Hamiltonian #(») for A¢=|0)440 .

Thatis  A@P)PY=EPY - (A)

Once, we have Eq.(A), we can get
(K+0)yd0 =£10 yl0, £I0 =£—&l0

U=0V0=0/N

0 +0PVQ(ET+ —QHQ)T—1 QVFAO

Folding potential Dynamical polarization potential



Feshbach theory 2

HY=F£Y, H=h+K+V (P=10)140 +]1)1d1 +--)
P+0=1
PHPY+PHQY=EPY ---(1)
OHPY+QHQY=£Q¥ --(2)
From Eq. (2), we have
Q¥V=(£—QHQ)T-1 QHPY ---(3)
By substituting Eq. (3) into Eq. (1), we can get

(PHP+PHQ(E—QHQ)T-1 QHP)PY=E£P¥---(4)
=H(P)




Feshbach theory 3

HY=FY, H=h+K+V (WP=10)40 +|1)41 +-- )

(PHP+PHQ(E—QHQ)T—1 QHP)PY=EPY---(4)

Since 2is commutable with zand #;

PHP=P(h+K+V)P(5) an Ta(rgjet
PHQ=PVQ-(6) o
QHP=QVP-+(7)

are obtained(.sl%y substituting Egs. (5)-(7) into Eq. (4), we have
YN

P+ K+V) P+ (PVQ(E—QHQ)T—1 QVP)PY=EPY--(8)

(K+PVP+PVO(E—QHQ)T—1 QVP)PY=FEL0 PY---(9)

£I0 =£—&£l0



Feshbach theory (Summary)

HY=F£Y, H=h+Kk+V (P=10)¢40 +|1)rd1 4+ )
HP)PY=EPY --- (A) d. . \ Target
H(P)=PHP+PHQ(E—QHQ)1—1 QHP o Q
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(K+PVP+PVQ(E—QHQ)T—1 QVP)PY=FEL0 PY---(9)
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(K+V )PY=FI0 PY

X (0| C
(K+0)yd0 =£40 yJ0

U=0V0=0V§

10 +0PVO(ET+ —QHQ)T—1 QVPO

Folding potential Dynamical polarization potential

v: Generalized optical potential



d-breakup effects on d+2%°Bi scattering

v' We can check d-breakup effects directly with 3-body CDCC.
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experimental data
A. Budzanowski et al., Nuclear Physics 49, 144 (1963).

d-breakup is significant for d + 2°°Bi scattering



Direct comparison between U ,°" and U "

ULdTOP = UIdISF +0PVQ(ET+ —QHQ)T—1 QVPO

Dynamical polarization potential
= d-BU effects
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Results for °Li (Input for reaction calculations)

Energy spectrum obtained by GEM

y 17 270 3
[(52) (50) (54) ™ €, [MeV] R, [fm]
10+ — — Calc. 1+ -3.69 2.43
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8T _ = = Exp. A. V. Dobrovolsky et al., Nucl. Phys. A 766, 1 (2006).
. = — D. R. Tilley et al., Nucl. Phys. A 708, 3 (2002).
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24 = T T dia We have no adjustable parameter
Jd — as from now on.




