Fourteen billion years after the big bang.

Physics and the Real World, F.R. Ellis, Physics Today, July 2005



*‘Intruder States in fp shell
Shell Model - DFT
Time-odd terms
T=0 pairing?
*Microscopic Leptodermous: Expansion
Robustness of LDM
What can we learni'about LEDF?

Witold Nazarewicz (UT/ORNL)
DFT Workshop, INT 2005

Selectivity and Amplificationl!!
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What are the missing pieces?
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Towards the Universal Nuclear Energy Density Functional

Po(7) = po(7.7) = EP(?OT;?GT) isoscalar (T=0) density (p,=p,+p,)

pi(r)=p(7.7) = EP(?GT;?GT)T isovector (T=1) density (p,=p,-p,)

5o(7) = E p(foriio't)o,, isoscalar spin density

5(r)= ijo(?or;?o'r oo T isovector spin density
*-T(;)=%(V'—§)pT(r,r') g current density

J,(7) = é(?'—@) ®%5(F.7')...  spin-current tensor density
7 (F) =V Vo, (), kinetic density

L (F)=V V' 5 (F.F)._. kinetic spin density

#.(F)=Clp; + Cys; + CrP pAp, + Cr'S,AS,

Local densities
<:: and currents
+ pairing...

Construction of the functional:
E. Perlinska et al.
Phys. Rev. C 69, 014316 (2004)

Example: Skyrme

+C;(pTIT - J%) + CTT(ET ' TT _sz) + CTVJI:pTﬁ. ‘_iT + 5 (6 X jT)] <:: Functional

Local is good!Lu
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sdfp-shell nuclei: SM-DFT interface

E. Caurier et al., Phys. Rev. Lett. 75, 2466 (1995)
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Intruder states in the sdpf nuclei

6. Stoitcheva, W. Satula, WN, D.J. Dean..
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P. Bednarczyk et al., Acta Phys. Pol. B32, 747 (2001)
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Competition between 7T (d

—1

3/ ;z/gl) and I/(d_1

n+1)
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M. Lach et al., E. Phys. J. A 25, 1 (2005)



Zdunczuk, Satula, Wyss,

3/2J7/2

Phys.Rev. C71 (2005) 024305

AE = E(dy o f15) — E(f),)

f?/z : E[Imam] Ima:z: d;/12 ;L/_;l . E[Imaw] Imaa: Alz‘e:z:p

52Cags 3.189 6+ 8.297 11~ 5.108
36Cag 10.568 8+ 5.088 13~ 5.480
31Sca3 9.141 11t 3.567 15~ 5.574
33Scaq 5417 23/2~ 11.022 31/27 5.605
15.701 35/2~ 10.284

35T i23 7.143 27/2~ 13.028 33/2* 5.885
36 Ti24 10.034 147 15.549 17~ 5.515
47 Vou 10.004 31/2 15.259 35/2% 5.255

Excellent examples of single-particle configurations

*Weak configuration mixing
-Spin polarization!
-Experimental data available




J. Dobaczewski and J. Dudek, Phys. Rev. €52, 1827 (1995)
M. Bender et al., Phys. Rev. C65, 054322 (2002).

>
Hy 2 (r) = Cfp} + CPF pelpe + C ey + C T 2+ CY 7 piV - T,

HT (r) = C382 + CP%s,Asy + CLsy - Ty + Cij2 + CYV sy - (V X 42)

;

[ very poorly determined ] Can be adjusted to the Landau parameters

go=0.4,9, =1.2,9; = —0.19, g7 = 0.62

*Important for all I>0 states (including low-spin states in odd-A
and odd-odd nuclei)

*Impact beta decay

*Influence mass filters (including odd-even mass difference)

-Limited experimental data available



Cranked Skyrme Hartree-Fock

][: :}[evanr y{od d

HTO (r) = C352 + CA%s,As, + O s, - Ty + C42 + CY s, (V x je)

1.0 ' , =
0 - er s PR
:*LG :----;:"ﬁ:,.r"' w1l | M. Bender et al., Phys. Rev. C65, 054322 (2002)
b2 ot o 1 adjustement to GT data and high spin states!
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Cranked Dirac Equation

{(_1)[—1'6 - T/(l_))] +V, (") + lm+SF) - 2.J, ]}'z” =

Magnetic Potential
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| —
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A.V. Afanasjev and P. Ring, Phys. Rev. C62, 031302 (2000)




Zdunczuk et al., Phys.Rev. C71 (2005) 024305
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AE = E(a’wf”“) ~ E(f2,)

different behavior

for N=Z and N>Z :>
nuclei 0.5 L.




W 1%
Vis(q,r) = TOp(',('r) + Tlp{('r)} s

reduced by 5°/o| Wl/WO _ 1/3 sSTD

W1 /Wy = —1 "RMF”




—_ —
o O N
| I

o N B O

il

Excitation Energy (MeV)

alllL Ll

Ti “v v *7i 43Sc “Ti “sc “ca “sc “ca



0ET =

([d n—+1

3/2J7/2 [1ee; T = 1) — E([d5

| @ SM ]

42Ca 4ssc 4ssc 46Tl

| 1

OE; (MeV)
a

N=Z nuclei

SLy4

SkO |

40

2 , 4

46

44Ca 44Sc 45T1 47V e 2Sc44T V

N=Z




Coulomb correction: depends on Spin-Orbit term
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-Consistency between SM and SHF
Odd-T terms important
-Difference between N=Z and N#Z




From Finite Nuclei to the Nuclear Liquid Drop

Leptodermous Expansion Based on the Self-consistent Theory
P.G. Reinhard, M. Bender, W.N,, T. Vertse

The parameters of the nuclear I|qU|d drop model, such as the volume, surface, symmetry, and curvature
constants as well as b J1k non- relat|V|st|c and relat|V|st|c energy density

obtained self—conS|sten - €, spherical nuclei, has been expanded in terms of
powers of A3 (or inverse nuclear radlus) and the isospin excess (or neutron-to-proton asymmetry). In
order to perform areli > the calculations have been carried out

The Iimitations of applyifig on for f|n|te nuclei are discussed. While the
leading terms j Isely, the higher-
or sospin-dependent terms are prone to large uncertainties due to finite-size effects

E o (55(311011)

g(smooth)
A

Shell correction estimated using
the Green's function method




Liquid-Drop Expansion

<c/--(LDl\w‘I) _ <c:(smooth) (A I)
= Qyo] |1 afsurfA_l/t% + acurvA_2/3
2 —1/:
N _ 7 + stml + assyml2A /3
1 = 2
N+ Z + axéy2n]4
0(0) o(1) O(2)
Droplet Model Expansion
Myers, Swiatecki 1974
g(drop) — g(drop) (A’ I, €, d)
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+  QgymI? + Assym ATV f(I,d) — 3al,,, I%e
+ Al
&’ F 0.« 2
a2 ,_ Oasym ) 9 P
K = 9,00 a a(2) _ a(2) o _(a;ym)Q 0

2 A Sym o Sym Sym
dp* A, 0P | pmpo y T2

K



E/A (MeV)

12 +
13
14 L

-15 +

avolb - !

&

0.15

0.2



ff
af (Mev)

" (Mev)

g(smooth) (A,I) o g(smooth) (A,O) + 9(a svnl) P T4

2K

rcd A I
= e g S0
=  Qgurf + acurvA_ 1/3 reSimd
shell effects
20 _
A
i SLy4 \
SKI3 W «VM/\A/\
18 |- _
B s

20
S
)
191 NL3 .-~ 2 30
© 25
78000 1000 300 135 20 t
0 005 0.1 0.15 0.2

0 002 004 006

0.08 0.1

A-1/3

J2




Macroscopic Droplet Model Radii
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LDM and Droplet Model Coefficients
bulk properties

semi

from finite nuclei

bulk
Model Po K Qvol Osym aéym gfl\iﬂ]fW) Asurf Qcurv Qssym
SkM* | 0.1603 216.6 | -15.752 30.04 = 95.25 17.70 |/17.6 9 -52
SkP 0.1625 201.0 | -15.930 30.01 | 40.43 18.22 | 18.2 9.5 -45
BSk1 0.1572 231.4 | -15.804 27.81 | 15.76 17.54 | |17.5 9.5 -36
BSk6 0.1575 229.2 | -15.748 28.00 = 35.67 17.3 10 -33
SLy4 0.1596 230.1 | -15.972 32.01 | 95.97 18.4 9 -54
SLy6 0.1590 230.0 | -15.920 31.96 | 99.48 17.74 | 17.7 10 -51
SkI3 0.1577 258.1 ||-15.962 34.84 | 212.47 18.0 9 =75
SkI4 0.1601 247.9 | -15.925 29.51 @ 125.80 17.7 9 -34
SkO 0.1605 223.5 | -15.835 31.98 § 163.50 17.3 9 -58
NL1 0.1518 211.3 | |-16.425 43.48 | 311.18 18.8 9 -110
NL3 0.1482 271.7 ||-16.242 37.40 | 269.16 18.5 18.6 7 -86
NL-Z | 0.1509 173.0 | -16.187 41.74 | 299.51 17.8 9 <-125
NL-Z2 | 0.1510 1724 ||-16.067 39.03 @ 281.40 17.7 17.4 10 -90
LDM 0.153 -16.00  30.56 21.1 -48.6
LDM 0.1611 234.4 | -16.24  32.65 18.6 12
LDM 0.1417 -15.848  29.28 19.4 -38.4
LSD 0.1324 -15.492  28.82

17.3.9

>
g‘.'




"Microscopic” LDM with Coulomb term
close (5%) to SHF energies
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See Bertsch et al. PRC71, 054311 (2005) for the fitting strategy




Proton Number Z
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.. discussed by Michael Bender




THE END



