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Plan:

- Jadrowy funkcjonat gestosci - kilka stow przypomnienia.

- Jak konstruowaé potencjat i jak okresli¢ state sprzezenia?
- Czes¢ tensorowa funkcjonatu gestosci

- Wptyw na masy i strukture jader atomowych.



Towards the unified description of the nucleus

The Nuclear Many-Body 126 1 HOhenbef‘g-KOhn-Sth
i theorems - energy is a
functional of density,

* They don't tell how to
construct this functional,

* We have to construct a
functional which incorporates
important physical acpects of

our system

V =0E/op
densities — ohe-body hamiltonian _l

e

— s.p. wave functions «——— diagonalization



Local Energy Density Functional

Let assume that wave function is a Slater determinant
(independent particles).

By calculating expectation value of the hamiltonian with two-
body Skyrme interaction one obtain following expression for
the energy of a nucleus.
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HgTE)(ﬂ = Cfp; + C2PpsApy + Cf pe1i + Cl Ji+ CY peV - Iy,

HgTO) (r) = C:s? +C22%8,A8;+Cf 8¢ T, +Cij; +CYs¢- (V X gi)

Cci=-C], C/=-Cf ¢V =¢C

Different densities are needed to describe nuclei: p, 7, J,s,j, T



one-body density matrix:

p(z,z’) zf‘P*(x,mz,--- ZN) V(2 Ta, - Ty )dTy - - -dTy
T = {7, s,t}

p,,(F]=p,,(?,?]=2p(?ar;?ar] isoscalar (T=0) density (p=p,+p,)

p(r)=pl7.7)= Y plForirarle  isovector (T=1) density (p.=p,-p,)

5,(r)= Eﬂ{’:ﬂ'ﬂ;”’ )0, isoscalar spin density
5(r)= EP(;WLFG'T waT isovector spin density

7 0= (7)o ),

current density

| I(7) =§(ﬁ"ﬁ]@ 5(F ,F']L.___. spin-current tensor density |

w(F)=V-Vip, (7.7, kinetic density

I L(F)=V-V 5, (7F), kinetic spin density I

20 parameters are fitted to:

O Symmetric NM:

- saturation density ( ~0.16fm3)

- energy per nucleon (-16+0.2MeV)

- incompresibility modulus (210£20MeV)
- isoscalar effective mass (0.8)

O Asymmetric NM:

- symmetry energy ( 30+2MeV)

- isovector effective mass
(GDR sum-rule enhancement)

- neutron-matter EOS
(Wiringa, Friedmann-Pandharipande)
© Finite, double-magic nuclei
[masses,radii, rarely sp levels]:
-surface properties




Spin current tensor in case of the spheical symmetry:

1 . . Spin orbit current is a strong shell
Jalr) = 43 Z (27 +1) Fﬁjf eFfec‘r: :
n,7.¢ " g _— -
? o - vanishes if nuclei is spin saturated,
X [;f'(,f' +1) —L(f+1) - ﬂ Unje(r) - large if only one from spin-orbit

partners is occupied,

H;™ = ct ;O; + C, pﬁr&ﬁr + C/ pits
Al ™ ledd ; :
Tensor 4d"l “rjuﬂr ul i "oV - i, » standart spin-orbit

one-body spin-orbit potential (for neutrons):

E
W,(r) = —— - e,
| 7 (’1 } rj".]” (}} =

T
— H (2‘?;}«” + ‘F;}p}}l—

TENSOR: dependance on
neutron AND proton spin-orbit
currents

SHELL ERFECT!

Standard spin-orbit potential



How to determine spin-orbit and tensor coupling constants?
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How to determine spin-orbit and tensor coupling constants?
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How to determine spin-orbit and tensor coupling constants?
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E(1f,,)-E(1f,,) [MeV]

11 spin-orbit splitting

9,0

8,0 1

745) ]

7,0

6,5

6,0

5,5 ]

3 56N
g5 |° “Ca

48Ca: 8.01 MeV

"~ %Ni: 6.82 MeV
SLy5

5,0
140

4“Ca: 5.24 MeV

150 160 170 180 190 200
W,

Spin-orbit splitting of f orbitals is completely wrong in 4°Cal



Single-particle levels splittings [MeV]
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VALUES OF COUPLING CONSTANTS:

m*/m COVJ COJ 1J
SLy4 0,67 -60 -45 -60
SKO 090 -62 -33 -92
SKP 1,00 -60 -38 -61
SITT 0,76 -58 -51 -65H
SkM* 0,67 -26 -42 -68
isoscalar isovector
spin-orbit A o

[Coupling constant more or less the same for completly different forces.}




Examples of band terminating states in

Terminating states:

-the best example of almost
unperturbed single particle
motion,

-uniquely defined (N£Z),
-configuration mixing beyond
mean-field expected to be
marginal,

-shape-polarization effects
included already at the level of
the SHF,

-good to test badly known time-
odd fields,

-seem to be ideal for fine tuning
of particle-hole interaction.
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In some sense it is a wrong result:
- level density is scaled with an effective mass
- we should expect that AE grows when m*/m decreases.

Why nearly all force give the same AE?

This is due to the fact that parameters are fitted to
masses and not to spectroscopic data.
Large spin orbit coupling constant counterbalance the

influence of small m* on AE. 20 ' ' ' J
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How does tensor influence masses?

H{ P () = CPP2 + CPPplap + CF peri +CY pV - Ty,
HTO) () = C582+ CL8,Asy+ CL s - Ti+ CY 32+ CY 8¢ - (V X Gt)

ci=-C;, Cl=-Cf =6

v
- negative coupling constant,

- this term provides more binding,
- depend on which shells are filled,



How does tensor influence masses?

H(TE)( ) = CPp2 + CPpApy + Cf 7 GV N = T
(TO)( ) OtASStASt—FCtTSt E—FC”_]'E—I—CFJS,; . (V X jt)

' i3 Y Vi AV . Vi

Spin-Orbit Coupling
/2,302 572, 72

\J
- negative coupling constant,
e - this term Pr'OVid es more binding,
= | - depend on which shells are filled,
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Summary

Tensor part of the functional 1s necessary to describe single-
particle properties,

We have proposed a way to constrain tensor coupling
constants.

Tensor contribution to energy features strong shell-
dependance.

Subtle interpley between spin-orbit and tensor terms.
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