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Overview

Abstract
• use the non-parametric Bootstrap method to estimate the stablity of protons

emission for each nuclide
• propose 2 formulas to calculate the binding energy and proton separation energy
• use the Sp and S2p energy to predict the boundary of the region
• find a new dripline by extrapolation
• predict the unstable nuclides to bound about proton-emission
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Introduction

P Nuclei
• neutron-deficient stable nuclei(from 74Se to 196Hg )
• related to p-process(γ process) with photodisintegration reactions of (γ,n),

(γ, p),(γ,α)
Mass And Half-lives of Nuclei

Before Now
• semi-empirical droplet model of nuclei

masses and deformations
• finite-range liquid-droplet model
• ...

• full f5pg9 shell model calculation

Introduction
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Calculation of Binding Energy And Separation Energy
f5pg9 Shell Model Space
p3/2, f5/2, p1/2, g9/2

Effective Interaction
JUN45

Binding Energy of Valence Nucleon
EBE,SM (Z,N):ignore the Coulomb interaction ,just refers to the binding energy
between the valence nucleons in the shell model calculations
Binding Energy
EBE(Z,N) = EBE,SM (Z,N)+const+a(Z−28)+b(Z−28)2+c(N−28)2+d(N−28)

(1)
consider the core ，const = EBE(

56Ni)

EBE(Z,N) = EBE,SM (Z,N)+EBE(
56Ni)+a(Z−28)+b(Z−28)2+c(N−28)2+d(N−28)

(2)
consider the isospin, the (Z −N)2 is added
EBE(Z,N) = EBE,SM (Z,N)+const+a(Z−28)+b(Z−28)2+c(N−28)2+d(Z−N)2

(3)Calculation Uncertainty Analysis



Calculation of Binding Energy And Separation Energy

Binding Energy
the last 2 terms show a hyperholoid-like distribution

EBE(Z,N) = EBE,SM (Z,N)+const+a(Z−28)+b(Z−28)2+c(Z−30)(Z−2N+50)
(4)

Separation Energy

Sp = EBE(Z,N)− EBE(Z − 1,N) Sp = EBE(Z,N)− EBE(Z − 2,N) (5)

Sp(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 1,N) + aZ + bN + d (6)
S2p(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 2,N) + aZ + bN + d (7)

consider the isospin, the (Z −N)2 is added

Sp(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 1,N) + aZ + bN + c(Z −N)2 + d (8)

S2p(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 2,N) + aZ + bN + c(Z −N)2 + d (9)
Calculation Uncertainty Analysis



Calculation of Binding Energy And Separation Energy

Separation Energy

b is no more robust ,which is neglected.
Sp(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 1,N) + aZ + c(Z −N)2 + d (10)
S2p(Z,N) = EBE,SM (Z,N)− EBE,SM (Z − 2,N) + aZ + c(Z −N)2 + d (11)

Calculation Uncertainty Analysis



Framework of Uncertainty Analysis

Total Uncertainty
The total uncertainty : the experimental uncertainty,the statistical uncertainty and the
systematic uncertainty.But the experimental uncertainty is neglected.
Residual

r(Z,N ,SBS,i) = ycal(Z,N ,SBS,i)− yexp(Z,N) (12)
SBS,i is the ith Bootstrap sample in the M Bootstrap samples
Statistical Uncertainty

σ2
stat(Z,N) =

1

M − 1

M∑
i=1

(ycal(Z,N ,SBS,i)− ȳcal(Z,N))2 (13)

The global statistical uncertainty of a formula: K is the number of the combinations of
protons and neutrons in the datasets

σ2
stat =

1

K

K∑
k=1

σ2
stat(Z,N) (14)

Calculation Uncertainty Analysis



Framework of Uncertainty Analysis

Systematic Uncertainty

σ2
sys(Z,N) = (

∑M
i=1

ycal(Z,N ,SBS,i)
M − yexp(Z,N))2

= ( 1
M

∑M
i=1 r(Z,N ,SBS,i))

2
(15)

the global systematic uncertainty:

σ2
sys =

1

K

K∑
k=1

σ2
sys(Z,N) =

1

K

K∑
k=1

r̄2(Z,N) (16)

total uncertainty and prediction uncertainty

σ2
total(Z,N) =

1

M

M∑
i=1

r2(Z,N ,SBS,i) =
M − 1

M
σ2
stat(Z,N) + σ2

sys (17)

σ2
total = σ2

sys + σ2
stat (18) σ2

pred(Z,N) = σ2
sys + σ2

stat(Z,N) (19)
Calculation Uncertainty Analysis



Framework of Uncertainty Analysis

Bootstrap Method

The original dataset is divided in 2 parts: training
group(Bootstrap sample) and test group.

σtr(SBS,i) =

√√√√ 1

ni,tr

ni,tr∑
k=1

r2(Zk,Nk,SBS,i) (20)

σts(SBS,i) =

√√√√ 1

ni,ts

ni,ts∑
k=1

r2(Zk,Nk,SBS,i) (21)

Calculation Uncertainty Analysis
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Binding Energy

Parameter

Repulsion,Neutron Shell Effect, Isospin Effect
• repulsion between protons decreates the single

particle energy of orbit and the released energy
• residual:the competition between the neutron

shell effect and the isospin effect
• less parameters to control the uncertainty

Binding Energy Others



Binding Energy

Decomposed Uncertainty
The dataset is divided into 2 parts:
N < 45, &Z > 33(middle region), and the
outer region.

Random Perturbation

• The influence of the perturbation on
ND TBME is weak

• The rms is sensitive to the diagonal
TBMEs

• Calculated spin and parity of ground
state are consistent with the
experimental data

Binding Energy Others



Separation Energy

Correction
Equation (10) overestimate the odd-Z nuclides but underestimate the even-Z nuclides,
which indicates the pairing strength may not be well described in shell model.
S2p(Z,N) = EBE,SM (Z,N)−EBE,SM (Z − 2,N)+ aZ + c(Z −N)2 + d+ eδZ (22)

δZ = 0 ,if Z is even,δZ = 1,if Z is odd.

Binding Energy Others



Thanks！

CHEN Ruonan · Shell-model study on properties of proton dripline nuclides with
Z,N =30-50 including uncertainty analysis
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