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One-neutron removal

projectile
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Which quantity should be extracted from this reaction?

Both ANC and spectroscopic factor with theoretical error bar
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Studies on *!Ne

v’ Experiment on one-neutron removal reaction
T. Nakamura et al., Phys. Rev. Lett. 103, 262501 (2009)

3INe + 2C |, Eup, = 230 (MeV /nucleon)
*INe +2%°Pb ,  Flap = 234 (MeV /nucleon)
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v" Reaction analysis with Glauber model
W. Horiuchi et al., Phys. Rev. C 81, 024606 (2010) 075,
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In the naive shell model, Of;,, or 1pg,?
They suggested a strong 1p,,, configuration.
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Reaction theories

v’ Glauber model
OExclusive reaction Olnclusive reaction

Eikonal approximation + adiabatic approximation
Breakdown for Coulomb breakup!

v" Continuum-Discretized Coupled Channels (CDCC) method

OExclusive reaction X Inclusive reaction

Reliable calculation

We propose a new theory to treat the inclusive reactions accurately.

Eikonal reaction theory (ERT)
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Eikonal reaction theory (ERT)

One-neutron halo projectile ne?‘_gon Nl
ch Ug\lucl + UCCoul . >
target
Three-body Schrodinger equation 12C or 2%5pPp
h2
— —V%+hp+U(r,,r,) — E]xp =0
2
h2
Internal Hamiltonian:hp = ———V2 + V (7)
2pp

Potentials: U (r., r,,) = UN"(r) + U (r ) + UN (7 )
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Eikonal reaction theory (ERT)

Projectile

v" Product assumption
U =Oy(R,r & ;
(R.7) g N
OA — Leif{'z K _ \/QM(E B h’P) D= — “ Target
ho h 7

2

l The eikonal approximation
h
(Neglect of OVZy in —2—V rY)

i— = O'UOvy

P : Path ordering operator
(Z ordering)

S = exp [ — iP / dZO" (UCNucl + U + Uff“cl) O]

— 00

The S-matrix as a formal solution
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Eikonal reaction theory (ERT)

We apply the adiabatic approximation to only OTUNu<l() .

Nucl
OAT UNUCIOA > Un ne]‘%sn Nucl
The error coming R ) — SO >
from this approximation ~ 3% core

\Very good! target

S = exp| —iP / dZOM (U 4 Ut + Uhne!) o"]

— 0

~ exp| — iP / dzO (Ufucl+U§°ul)O] exp[— L / iz U}}T“d]

— 00 hUO — 00

=S5.5

c™n
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Eikonal reaction theory (ERT)

How to get .S and S

S. = exp { — P / dZOT (UL 4 U,fqucl)o“]

— OO

S, is a formal solution of

h2
= 5=kt by + US4 U ) - B e =0
7

S, = exp [ — P / 4701 U]};*Tudé] CDCC calculation

S., is a formal solution of /

h2
[— 2—v2R + hp 4+ UM (r ) — E] ¥, =0
i
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Cross sections

v One-neutron removal cross section o_,, = 04, + 0y

Stripping reaction Elastic breakup

target

v Stripping cross section
e = [ Polian]IS. (1= 18] 0)

v" Elastic breakup cross section
Ophu — /d26(<(100’|8(:sn|2’(100> o ’<(1‘90|Scsn|(100>’2)
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Reaction model

v Three-body Schrddinger equation

h2
5=kt By UNr) + UEr) + UFr) = B |9 =0
[

neutron

v" Optical potentials

Nl () — / dr'dr" p, () pp (X" e (7o — 1 + 1)

Effective Interaction ¢y : Niigata interaction

B. Abu-lbrahim, W. Horiuchi, A. Kohama, and Y. Suzuki,
Phys. Rev. C 77, 034607 (2008).
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Structure of 31Ne

Single particle level in Woods-Saxon potential .
Neutron separation energy

3INe Core (®**Ne) + valence neutron (0f,, or 1p;,) B, = 0.33 (MeV)

1 ¢
_ —~ 102L \
1p3y —— £
last neutron . E.: 107 F
ST .
0f70 —— 5
= [
@ = 10°F
o :
0d;» -000e- = [ -, Ne31 (0/7/2)
, s, —@0— Z stk
occupied - . 5 Ne30..
(3'Ne) -
L 10-10' ! L
0 5 10 15 20
Neutron levels

Radius (fm)

2011/3/10



Numerical results

e target 208 pp target
P32 J7/2 CXP P3/2 J7/2 CXP
Ostr 90 29 244 53
Obu 233 3.3 799.5 73.0 (540)
o_, 114 32 T79+L7 1044 126 712 £+ 65
S 0.693 2.47 0.682 5.65

cf. Horiuchi et al.
o_n = 96(mb) (S = 0.823)

o_pn = 1140(mb) (S = 0.625)
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Reaction mechanism
In the ERT, 0.9}

G — / b0 15121 — 1542)|0) |

core valence

strength
)

[Sel?

v" The case of small b
[Sel2(1=[Sn[?)

Strong absorption 0.1
00 5 10 15
v The case of large b Impact parameter (fim)
No reaction

Peripheral reaction!

I-> Application of the ANC method
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Spectroscopic factor and ANC

Potential (MeV)
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U(r) =W 1 4+ exp|(r — r9)/agp]
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Spectroscopic factor and ANC

Spectroscopic factor and ANC
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Summary

v" Theoretical framework

The eikonal reaction theory (ERT) is an accurate method to treat
neutron-removal reactions.

v" Quantitative analysis
INe + 12C, B = 230 (MeV /nucleon)
INe +2%%Pb |, B, = 234 (MeV /nucleon)

ANC has small error bar and weak target dependence.
Meanwhile, s-factor has large error bar compared with ANC.
But, s-factor Is convenient for comparison with theoretical
prediction made by the shell model.

This means that s-factor should be extracted from the
experimental data with the theoretical error bar.
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