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One neutron removal

This reaction Is an Important experimental tool to iInvestigate
weakly-bound nuclei.
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A new theory of treating removal reactions and it’s applications
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Studies on “Island of Inversion”
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Studies on “Island of Inversion”

v" One-neutron removal cross section for 31Ne
T. Nakamura, et al., PRL103, 262501 (2009).

INe + 12C |, B = 230 (MeV /nucleon)

Naive shell model
The last neutron of 3!Ne occupies Of or 1p.  *f

Measured large Coulomb breakup (~E1)

"'*-\..Esuz C25=2j+1 for *Ne(R])e¢,,

INe + 29%Ph | B, = 234 (MeV /nucleon) 2 .7

c?s=1 for 30N6(0:)®¢’n£j .

—> Halo with the 1p3/2 configuration? |

v" Theoretical analyses of 3INe
Glauber model

W. Horliuchi, et al., PRC81, 024606 (2010).
1p configuration is dominant.

Virtual photon theory with the particle-rotor model
Y. Urata, et al., PRC83, 041303(R) (2011).

Lower angular momentum configurations with deformed core are favorable.
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Reaction theories

We hope systematic analysis of removal reactions for both targets.
v" Glauber model
OExclusive reaction  Olnclusive reaction

Eikonal approximation + adiabatic approximation
Breakdown for Coulomb breakup!

v The method of Continuum-Discretized Coupled Channels (CDCC)

OExclusive reaction X Inclusive reaction

Reliable calculation

We propose a new theory to treat the inclusive reactions accurately.
Eikonal reaction theory (ERT)

M. Yahiro, K. Ogata, K. Minomo, PTP126, 167 (2011).
S. Hashimoto, K. Ogata, M. Yahiro, K. Minomo, S. Chiba, PRC83, 054617 (2011).
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Three-body model

neutron
N

One-neutron halo projectile

Three-body Schrodinger equation:

h2
— —V%+hp+U(r,,r,) — E]xp =0
2
L o
Internal Hamiltonian:hp = ———V 2 + V(r)
2pp

Potentials: U (r., r,,) = UN"(r) + U (r ) + UN (7 )



Eikonal reaction theory

v’ Product assumption Qectile
U=0%(R,7) O— g j‘

l The eikonal approximation . Target

Y

h2
(Neglect of OVZy in —Q—VR@)
7!

d
z% = OTUO?,b (cf. Eikonal-CDCC)

The S-matrix as a formal solution to the equation

S = exp [ —iP / dZO" (Ufﬂcl + U7 + Uffud) é]

— O

P Path ordering operator
(Z ordering)



Eikonal reaction theory

S = exp [ —iP / dZOM (UN*! 4+ ufot 4 U)o

— 0

We apply the adiabatic approximation to only OTuNul() .

HipNueldy UEUCI ne?gon \
R
Theerrorcoming © o >
from this approximation ~ 39,  core ~¢ ¢ Py
(OR, Opy, O, TOr 3INe+2C@240MeV/A) paet
Very good!

S ~ exp [ P / 701 (Ug\mcl n Ufoul) o"] exp [ . / 7 U}fucl]

— 00

= 5.5

cTn



Cross sections

v" One-neutron removal cross section o_,, = 0, + 0y
Stripping reaction Elastic breakup

target

O — / Pboo||S. A~ 15,D)]0)  om=3 / 2b| (2515, o) |
6

v  How to get S,
S, Is a formal solution to the below equation.

h2
5= Vht By + UNr) + USr) — B W = 0
" No U !
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Model setting

neutron

Q’ """""" Nucl | 77Coul @GN M >
core Uc +Uc -

target

12C or 2%8Pb

Up " (1)

/ dr' oo (¢! Yexn (r — 1)

UNlr) = [ dr'ds” () pr (e = o +77)
\ t-matrix interaction

B. Abu-Ibrahim, et al., PRC77, 034607 (2008).
Mean-field model
W. Horiuchi, et al., PRC81, 024606 (2010).

—> Follow the work by Niigata group



Sn

Single particle

last neutron (
— 330 (keV)

occupied -
(B(Z)Ne)

Structure of 31Ne

Core °Ne(0") + valence neutron 0f,,, or 1p,,

levels in Woods-Saxon potential

W. Horiuchi, et al., PRC81, 024606 (2010).
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Numerical results

1p3/2 orbit 0f7/2 orbit
12C zuzspb 120 zuzﬁpb
oot 00 244 29 53
Obu 23.3 799.5 3.3 73.0
0_q 114 1044 32 126
Exp. 79+ 7 712 465 9 L7 712 £65
S 0.693 0.632 2.47 5.65

Good consistency!
SAI\*’ID ~ 0.0 by M. Kimura

cf. The results with the Glauber model

W. Horiuchi, et al., PRC81, 024606 (2010).

12C 208Pb
For 1032 o =096 (mb) oL T =1140 (mb)
(S = 0.823) (S = 0.625)
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ERT for three-body projectile

valence
neutrons
Nucl
e U,

target 12C or 208pp

S = exp [ — P / dZO" (Ufucl + U+ U + Uff“d) (’)]

— OO

~ S.5,5,
v Stripping cross sections

O1n str — 2/d2b<(100||sc|2|5n|2(1 o |Sn|2)|(f90>

O2n str — /d2b<(1‘90||8c|2(1 N |Sn|2)(1 o |Sn|2)|(100>



Model setting

v Four-body CDCC with the pseudostate method

T. Matsumoto, et al., PRC70, 061601(R) (2004).
M. Rodriguez-Gallardo, et al., PRC 77, 064609 (2008).

v" A three-body model for °He

Van :KKNN interaction 614 Van @
H. Kanada, et al., PTP61, 1327 (1979). P S
Vin:Realistic nucleon-nucleon interaction N |
D. Gogny, et al., PLB32, 591 (1970). Vom\‘! /

v" Optical potentials

UNwel (. ) — / dr’ o (X ) g (i 7 — 1)

U (r,) = f dr'dr' p,(r")pp (") gan(piT. — 7' + ")
\ Melbourne g-matrix

K. Amos, et al., ANP25, 275 (2000).

Hartree-Fock calculation with Gogny D1S
J. F. Berger, et al., CPC63, 1365 (1991).
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Two-neutron removal from °He

6H€—|— 120 (208Pb) ’

Preliminary

208p}
Calc.

—o— Expt. (Aumann et al.)

L 12¢
— Calc.
. —— Expt. (Aumann ef al.)

2n str 1n str

breakup

FE1ap = 240 (MeV /nucleon)

T. Aumann, et al. PRC59, 1252 (1999).
2n removal

12C
O_(calc) _ (Il’lb)

2n rmv

(exp) _ (mb)

0-271, rmv

208Pb
O_(calc) _ (Il’lb)

2n rmv

(exp)  _ (1b)

JQn rmv

Good agreement!
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Summary

v" Eikonal reaction theory
ERT is an accurate method of treating neutron removal reaction.

It’s an extension of CDCC.

v One-neutron removal from 31Ne

The spectroscopic factors estimated by different targets are consistent.
The major component of the *'Ne, _ is **Ne(07) @ 1p3/2.

v Two-neutron removal from °He
Good agreements for 1°C and 2%8Pb targets

The applicability of ERT to two-neutron removal was clearly shown.

—> Pair correlation effect for 32Ne?



