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v" What to do when experimental information is not available.
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Weakly bound nucl

A unified description of intrinsic and relafive degreeé_

Mean-field:

Self-consistent
Mean-field

“Simple” Trial state:
‘P(rla"‘,7'121"'17'1'231"') - |®HF) = Haj]- |O>

H=) T@+> V@) + > VOjk)

i<j i<j<k

v' The particles do not interact with each other, but
through an average mean-field.

v' The complex N-body wave function is replaced by a
Slater determinant.
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v' The particles do not interact with each other, but

through an average mean-field.

v' The complex N-body wave function is replaced by a
Slater determinant.

Self-consistent
Mean-field

v' The presence of
the loosely bound
nucleons distorts
the mean-field.
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v The distorted
field modifies the
nucleon interaction a
the wave function of the
valence nucleons.

Self-consistent calculation
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v’ Some formal hints about the formalism
v' The case of 20

v Proton dripline: 70Kr

v Approaching the dripline: Ca isotopes
v Summary and possible extensions
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Formalism:

Self-consistent
Mean-field
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Hartree-Fock Calculations with Skyrme's Interaction. I. Spherical Nuclei
D. Vautherin and D.M. Brink qi (= .
PRC 5 (1972) 626 € qbz (7“) =

630 D. VAUTHERIN

concludes that the single-particle wave functions
¢, have to satisfy the following set of equations
(see Appendix C):

—_ ﬁz — = BV =
=V o V+U(T) + W, r)‘(—z)(VxU)] i=e;Py, =
[ 2m*(¥) ol o Pi=ed Eg?,bg(rl, 7‘2) =
(20)
where g stands for the charge of the single-parti-
cle state i. Equation (20) has the form of a local

Schrddinger equation with an effective mass m*(T)
which depends on the density only,

n? . L
W=2—”?+i(t,+tg)9+‘é(tg—tl)Pq; (21)

whereas, the potential U(¥) also depends on the
kinetic energy density,

Uo(F) = [ (1+3x0) p = (x0+ 2) p) +1 t5(0% = p.2)

-5 (3t = 1,)V2p +4 (32, +1,)V%p, + (L, +1,)T

+%(t2 -tl)'rq - %WD(-V. ':I’+-V- ':fq)-'- 6%“’% Vc(‘f) '

(22a)

The form factor W of the one-body spin-orbit po-
tential is

W (F) = 3 W,(Vp+Vp,) +5(t, — 1,)T,(F) . (22b)
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The case of 2°O:;
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The unbound excited states of the peutron drip-line isotope **O have been investigated via the
#0O{p, p' )70 + n reaction in inverse kinematics at a beam energy of 62 MeV /nucleon. The decay
energy spectrum of **0" was reconstructed from the momenta of >0 and the neutron. The spin parity of
the first excited state, observed at E, = 4.65 + (114 MeV, was determined to be J™ = 2% from the
angular distribution of the cross section. Higher-lying states were also observed. The quadrupole transition
parameter B, of the 2] state was deduced, for the first time, to be 0.15 * (.04. The relatively high
excltation energy and small /3, value are indicative of the N = 16 shell closure in 34().]
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The decay energy spectrum for neutron unbound states in 240 (7 =8, N = 16) has been observed for the
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240 is, to a large extent, a spherical nucleus




The case of 2°O:;
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(Received 27 August 2015; published 9 March 2016) proton removal from “°F. The red-shaded histogram shows the fit,

The unbound nucleus O has been investigated using invariant-mass spectroscopy following one-proton after accounting for the expenmenml Iesponse of the setup,
removal reaction from a *'F beam at 201 MeV /nucleon. The decay products, ** O and two neutrons, were Elﬁﬁ'l]l‘l‘lil‘lg popU lation of the gmund state of = 0. The blue curve
detected in coincidence using the newly commissioned SAMURALI spectrometer at the RIKEN Radiocactive represents the overall detection effic iency.
Isotope Beam Factory| The 2O ground-state resonance was found to lie only 18 = 3(stat) = 4(syst) keV
above threshold. In addition, a higher lying level, which i1s most likely the first 27 state, was observed
for the first time at 1.287]);1} MeV above threshold. Comparison with theoretical predictions suggests that
three-nucleon forces, pf-shell intruder configurations, and the continuum are key elements to under-
standing the structure of the most neutron-rich oxygen isotopes beyond the drip line.
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The case of 2°O:;
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s, p, d, and f waves are
included in the calculation




The case of 2°O:;
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The case of 2¢QO: -
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The case of 2°0O:;

w00 170 3727 — I Sudden approximation
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FIG. 4. The invariant mass spectra of core neutron for the SkM*
(dash-dotted, orange) and SLy4 (solid, red) Skyrme parameters. The
SLy4 core-neutron d-wave contribution (dashed, blue) and neutron-
neutron (dotted, purple) invariant mass spectrum is also included. The
black step curve is the measurements from Ref. [26].




The case of 2°0O:;

Experimental =— L
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black step curve is the measurements from Ref. [26].




Two-proton capfture: 7OKr
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FIG. 1. [Illustration of 2p-capture reactions through ®*Br by-
passing the ®®Se waiting point. The slow 8 decay of ®®Se restricts
the rp-process reaction flow in type | x-ray bursts.
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A.M. Rogers et al., PRL 106, 252503 (2011)




Two-proton capture: 7OKr
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Two-proton capfture: 7OKr
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Two-proton ccp’rure 70Kr

2

A

(E)> [cmﬁs'lmol-']

N

lxlO

o
X
oI

]

cpp

<R
=
X
o|
=

SLy4

A———A F(27) = 0.5 MeV
#——x E(27) = 1.0 MeV
——0 E(27)=2.0MeV
E(2") = 4.0 MeV

— — — Background

———
-

SkM*

%8Se + p+p — PKr + v

)
8w n [ E, NE)
(”CPﬂCP,p)g/Q c? !

Rppc(E) —

UA(EW) =

) (2m)°(A+1) (EvYA 1 4 B(EA0F = A7)

Y+ 12 \ Aie dE

[fm?]

6]

120~

60 -

WNf ===-

EQ2")=05MeV.p
+
EQ2")=05MeV.p
EQ2") = 1.0 MeV
E(2") =2.0MeV
E(2") = 4.0 MeV

=200 fm
=150 fm

Thick: SLy4
Thin: SKM*

Ey=FE+ |Eg-s|

d . D0 2
EBENOY 5 x7) = 3 |@2 || On || Wor)| (B — E)

1
— / E?R,p.(E)e /5T R

(Bypel ) = 503

v' Dominated by the E2 transition 2* - 0*




V_(p) [MeV]

)
P ==

S N
= — = —
_— — -
i~

S N e e e e

5__ Thick: SLy4
I / Thin: SkM* ——= 2"
-10F Y- -
| I | I | I
5 10 15 20
p [fm]
n/2 | | 5
4.5
4
3n/8 7 B 3.5
— 3
g n/4 — — 2.5
o] 2
1.5
/8 — — 1
0.5
on 0

p [fm]

Capture mechanism

P(a, p) = sin® a cos® a / 1D(p, o, Qp, 2,))|?dQ,dS,

A

m; . m

TJ & _ T; = pjk(r; — Tr)
. Y; = Wik (r. SR LE mk"”f)
T 'S ‘ ) .2 T mj + my
my

T; = psin q;
Yi = pCOS &y

v’ Sequential capture through the
fs;, resonance in ¢Br at 0.6 MeV.
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