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Nuclear physic m
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Binding Energy := BE(Z,N) := (Myuyciear(Z, N) — Nmy, — Zm,,)c?
my, = mass of the neutron m, = mass of the proton
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Theory of the Nuclei: a many body problem

Description of nuclei : a theoretical challenge
® Quantum many-body problem (A= 100)

® |nteraction between nuclei — residues of the
interactions between quarks
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Theory of the Nuclei: a many body problem

Description of nuclei : a theoretical challenge
® Quantum many-body problem (A= 100)

® |nteraction between nuclei — residues of the
interactions between quarks

It needs simplifications
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a () =

How much less bonded is the new neutron pair with respect to the last one
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Experimental values

e\\

o/
/
/

\ N —o— AME 2016

—o— AME 2012
—— NSCL Cr2016
@“’ \e —e—NSCL Ar 2015

—
>
()
2 \ea
> 9‘99
o0 m(‘aqa
g ~o
o K
= 15 o \é
.2
= ‘®~o
s O
g ®‘@§®
g 16 \e\ '
E10
3 g |
T
o
z P
= 1
1
5 I 1 |
24 26 28

30

32 34 36 38 40 42 44 46

Neutron Number

HF study of
Island of
Inversion

Introduction
Problematic

Methodology

Deformation
Results
Conclusions
Appendi




Shell Model
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® Single particle behaviour in Wood-Saxon
potential
® Spin-orbit coupling

® Emergence of all magic numbers
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Island of Inversion m
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Hartree-Fock Method

Variational principle:
{¢a(7)} form a Slater determinant

Vo () € {05 (M)}

9 L (7 —
W {E(C’ Doa eafd7'1|(;)(,[(71)|2} =0

Mean field equations:

Toi(7) 4+ {> [ driol (/) V(7
= [dr {32, L)V (i) da (1)}
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Hartree Fock Method m

Toi(7) + !Z Il drlqb;(?])ﬂ?ﬁ]cpa(?l)}(p,-(?)
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Skyrme forces

Modelisation of the two body interaction :

Vsky(l, 2) = (1 -+ .’L‘opg)é(Tl — 7‘2)
t1 (L4 21 P7) [0(r7 — )k + kK26(r7 — 713)]
to(1 + 22 P7)K'0(r12)k
iWo(o1 +02) - kK x 6(r7 —ra)k
Lta(1 + 23P%) pY oo (BF2)5(r — 13)

+ + + +
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BCS Theory (BARDEEN, COOPER, SCHRIEFFER)

Interaction :
® pair coupling

® short range

® between particles of equal in norm and
opposed spin

Figure: A = Pairing gap

E = single particle energy

E¢f = Fermi level

f(E) = single particle level occupation
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Deformation

HF study of
Island of
Inversion

Introduction
Problematic
Methodology
Deformation
Results

Conclusions

Appendix




deformation of the nuclei

® Wood-Saxon + spin-orbit :
spherical solutions

® Hartree-Fock + Skyrme +
BCS : Allow deformed nuclei

Q20>0

_ Vom Q20(pe)
P 3 ZeR%
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Process

is file contains the input data for htda cod
The infomations are found by using a "keyword
where these info. are given. These keywords are

in the line preceding the one

*Many - bod
106 1D-25

Nuclid: N Z
4828 *Residual interaction
]
*K/pi

Skyrme force type: (1:SIII, 2:SKM*, 3:SLY4)

0101

Mixing parame
4D-1 5D-1
hods: Hermite Laguerre — E oo

(HF,HTDA)

Truncated basis: Ne(major shells) Bo(oscillator para
12 0.5000 1.1560
Degree of Gauss integration

Q(deformation para

50 16 oOptions

Maximum numbers of iterations of the type: HF<=1000, HTDA<=1000, BCS<=1000 *Initial potential from (0: Calcul(Woods-Saxon), 1: file HFfields.in)
100 0 100 0

Deformation contraints: (C1 Q2(barn) C4 Q4 (barn“2)) *Limitations for one pair transfers

0.0D0 ©.0D0 1

Matrix calcul 1:

on (0: do,

0.6D0 6D

PN coupling included (6: not, 1: do)

BCS parameter

Pairing force (GO)(neutrons, protons) and truncation BCS parameter (MeV)
16.1 13.3

65D-1

Converged condition
50-6 1D-2 1D

HTDA parameters
Delta force: (neutrons protons npl npo)
-300D0 - 00d0  -600d|

Do simplex (1

file for

Lanczos precision, Lanczos iteration number, vectors

*Fenetre REDUITE (Delta E, Cut-off in energy, Weight-function's X and mu,)
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Binding Energy m

Binding Energy for Z=28

Binding Energy for Z=24
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two neutron separation
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comparison with other calculations
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constrained calculations (SIII) m
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Summary m

HF study of
Island of
Inversion
® Problematic :

® Liquid drop and shell models struggles in some area of the nuclear chart Introduction
® Island of inversion around %®Ni Problematic
e What we did : Methodology
® Study Cr,Fe and Ni around N=40 using Hartree-Fock calculations Deffoiine i

® (Creation of an environment in C++ in order to produce results Results
Conclusions

® What we found :
® Some features of the Cr,Fe and Ni isotopes lines can be explained with predicted
deformations
® Predicted sphericity of Ni points toward double magicity of 58Ni
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Figure: (Color online) PNVAP potential energy surfaces as a function of the (52, ) deformation
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Skyrme forces

Viky(1,2) = to(1 4 20 P?)S(r7 — 73)
+ (@ PO [8(7 — )2+ K26(r — 1)
+ to(1 4 29 P7)K'6(r12)k
+ iWo(a1 +02) - k' x 8(ri —r2)k
+ Tts(1+ 23 P?)p00(E2)5 (17 — 13)

k = %(61 —V3) ; K = k acting on the left ; P7 = 2(1+ di0%)
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Skyrme parameters
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constrained calculations (SIII)
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BCS equation
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