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Skyrme Functional |

Motivation of the Skyrme Functional: L, o T

Skyrme original paper: T.H.R. Skyrme, Phil. Mag. 1, (1956) 1043
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* Very general form — actually expansion up to second order in momenta
* Effective 3-body force (or density dependent term)

* Spin-orbital term
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time dependent formulation:

E(Jo(F.1)) =< U(t)|H|U(t) >

J.(7.t) = I, (F)+ dJ,(F.t) «— linear regime — small time-dependent
perturbations

0Jo (7 t) =< U(t)|J,|U; > — < HF|J,|HF >
Three steps

W(7.t) = ho(F) + hyeo(F,t) +—— Mean field Hamiltonian:

static g.s. + time-dependent response
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Three steps

I) macroscopic step:
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W(t) >= H exp
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SRPA technique |
perturped w.f. via scaling
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Final RPA equations: Teven  T-odd
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Choice of the input operator Q & P

Depending what excitation spectra (giant resonances of which
multipolarity) we intend to calculate we choose:

the generalized
Electric transitions Mmentum partner to Q
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Strength function: ,,f'f
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SRPA technique V

without pairing

Energy/MeV
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Comparison of fullRPA & SRPA...

configuration space: 1s,1p,2s,1d,1f,2p,1g,,,
i.e. first 50 states

| nucleus: Mg34 isovector dipole resonance nucleus: Mg34 isovector dipole resonance
projection: u=0 projection: =1
5 Lorentzian averaging A=0.5 MeV Lorentzian averaging A=0.5 MeV
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Calculations & Results | el X
Energy/MeV
(m)
Energy-weighted sum rules: E. Lipparini and S. Stringari,

Phys. Rep. 175, 103 (1989):

For isoscalar modes the effective mass
(T ) contribution to the mean field part
m EWSR(T=0) and effective mass &
h 2 current
EWSR() > 1,T = 1)= (he) 1(2) + 1)2A<r2A -2> (j) contributions to residual int. part
’ 81 m* A EWSR(T=0) fully compensate each
1 other and so EWSR(T=0) acquires the
2 2 bare mass m.
EWSR(A =17 = 1) - (he) o) NZ = (he) 9 NZ (1 4 k)For isovector modes the compensation
’ 81 m* A 8tm A is not complete and so EWSR('[=1) has
1 the isovector effective mass m,

2
EWSR() > 1,T = 0)- (8he)
m

1 (20 + 1P A(r* %)

A

150
Nd SKT6 SkM* SLy6 SkI3 EWSRqqon
Sumrules; 0 = EWSR
a (E1LT =1)-= 0.99 0.90 0.94 0.93 estim
0 (E2,T =0)-= 096 097 0.95 0.95 . SkM* Sly6 Ski3
m,/m .79 0.69 0.58

¢ (E3,T=0)= 075 074 073 0.72 m,/m 0.65 0.80  0.80



E1 strength [arb. units]

] skTe

L

i" 5 Encrgy/McV
(. m)
E1 (T=1) giant resonance
in °°Nd
A A A experiment
P.Carlos et al., NPA 172, 437 (1971)
P.Carlos et al., NPA 172, 437 (1971)
B.L.Bergman et al, RMP 47, 713 (1971)
A.V.Varlamov et al., Atlas of Giant R.,
INDC(NDS)-394, 1999
JANIS database

with time-odd current

without time-odd current

(r¥, +r'Y,)



E1 strength [arb. units]

] skTe

| skm’

SkM* Sl

SkT6 gko SKM™ g S gL ya

SLY6 g3

with time-odd current
---------------- without time-odd current

- dependence of isoscal./isovec. eff. masses
on the isosc./isov. parameters B, B,

- consequnces for the energy-weighted sum
rule (EWSR)



Giant resonances widths |

The physical mechanisms of widths:

* deformation

* Landau fragmentation (dumping)
(interaction with the nearby 2qp poles)

e continuum

* contribution by complex
configurations (higher phonon excit.)

j/ __
15 Energyruev\
(. m)
242 Nﬂ'
B,=0.296




Giant resonances widths |

The physical mechanisms of widths:

* deformation

* Landau fragmentation (dumping)
(interaction with the nearby 2qp poles)

“continuum

* contribution by complex
configurations (higher phonon excit.)

We simulate by the Lorentzian width A

(W =wj) = 21 (w —w, )* + (A/2)?

j/ __
15 Energyruev\
(. m)
242 Nﬂ'
B,=0.296




E1 strength function [arb. units]

Giant resonances widths I

156m ¢ |
Gd

240
186
Os

238
U

@
| m)
P \\._,Z,/j

I S
i 1 Energy/MeV
(T:‘ n)

A =0.5 MeV
A =1 MeV

— A =2 MeV

* Variation of width depending
on A is small — dominant part
of I by deform. & Landau

* deformation makes not more
than 40 % of the total I
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Spin-M1 resonance | el

1 Energy/MeV

(T:‘ n)

a few notes to the input operators (for magnetic modes): for spin-M1 calc. we

take 2 mag. op.

(1) F':(]:I o) =71
[ ]‘klu + Gs [‘J % Y [ J]\#] ‘)L'i‘ 1 r fk=alr) =0
& 2 quadrupole el.

|.!,|

142

A )
RCEEE ) Yl

QR‘:S{FJ x rg}rﬁn

()sk = i|H, P,] +——— generalized coordinate to P, Qra(F) x Vs,

quenching factors

gyroscopic factors for the spin-M1 transition: \
g(prot) =0 gs(prot) = 5.99%q, " q,=0.68
where
g(neut) =0 g.(neut) = -3.83*q, *, q,=0.64

We do not cause orbital-M1 trans.
R. Alarcon, Phys. Rev. C40, R1097 (1989)
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Cad8 transitionop. = spin-Mf
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Spin-M1 resonance Il

2 -
: Pb208 transition op. = spin-M1
SGll
0" —— perturped-total
9 — perturped-proton
~prot. perturped-neutron
°] T unperturped
o -
5_ [ _nedut.
: _. .:f::' \l"-. Ht ’/\\
3- f t ,\"\
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14 \ I N
O .- | | I~ ::u..'_- EI_':—‘_“:?*T*——I
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o 15

(T:‘ n)

Energy/MeV

The spin-M1 resonance consists
of proton & neutron bumps

—a— neutron
—o— proton
neutron
—x— proton
12 neutron
—v— proton
neutron
n —e— proton

experiment

SGlI
SV-bas
SLy6

10 1

neutron/proton

6 o— .
y— a“n

neutron/proton
7?7

1 ! 1 ! 1 ! 1
Cad8 Gd158 Pb208 U238
nucleus
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Spin-M1 resonance IV b
(1. m)

: 1#. e B
gmoo- .. — 11 00
2 5004 1 i
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156 3 . g=n,p
£ 3 ..
E 100 - —— / Etlrlk“l"
a 50 —0— \ 3
" - — AYS
;}] g_ lﬂfl Z ch—x q

] ' q=mn.p
3 —u—48Ca

s 2] —v— 56N _
8 —*—132Sn Energy shift
E -
; 12 perturped/unperturped
W 1,0- v —m"—156Gd strength

0,5 _ Yy— -____________:';______:::—-_____' - ——— "-— ________= B A 208Pb /

I e R 238U
0,0 | | | ! | | |
Skiv SLy6 SkT6 sGll SV-bas SKI3

parametrization



Spin-M1 resonance V s

The comparison with available experimental data

4 <
Cad8 transition op. = spin-M1
— SGl|
SkI3
3 S K Nanda eXp : 10.23 MeV SkM*
_ | Phys. Rev. C29, 660 (1984) SKT6
P — SLy6
= — SV-bas
22 o
i
0 ! | ! | |
6 8 10 12

omega [MeV]

8.
,/ \\._,Z,/J
I S
1 Energy/MeV
(- m)

55
Gd158 transition op. = spin-M1
o A —— perturped SGlI|
A=1MeV —— perturped SLy6
/) — perturped SV-bas
~N m experiment
O 3 - '
= |
" P. Sarriguren,
an /| | Phys. Rev. C4, 690 (199%)
= 24 .|
0
1 f *v’
' e
0 T T T I ! |
0 2 12 14
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Spin-M1 resonance V

The comparison with available experimental data

4 <
Cad48 transition op. = spin-M1
— SGll
Ski3
3 - S K Naﬂda eXp : 10.23 MeV SkM*
_ | Phys. Rev. C29, 660 (1984) SkT6
2 ——SLy6
= —— SV-bas
EVE Y\
i
0 . : , . . . .
6 8 10 12 14

omega [MeV]

1 Energy/MeV

(T:‘ n)

summed strength on the 0-12 MeV interval

SGll:
SV-bas:
SLyo:

158Gd

14.07 P2
14.63 2
15.07 p2

other theor. data®

11.8 2

*P. Sarriguren, Phys. Rev. C54, 690 (1996)

41 A=1 MeV

Gd158

transition op. = spin-M1

perturped SGill
perturped SLy6
perturped SV-bas
m experiment

P. Sarriguren,
Phys. Rev. C54, 690 (1996)

omega [MeV]



Spin-M1 resonance VI

—> parametrization SV-bas is our tip!

Energy/MeV

(T:‘ n)

0- Pb208 transition op. = spin-M1 104 cansit i
] ! U238 ransition op. = spin-
o] BMN=05,2 (P BMN)=156 4 g . P-= 3P
| perturped SGlI l
8 . —— perturped SLy6 8 - —— perturped SGlI
] A —— perturped SV-bas - —— perturped SLy6
7 I". perturped SkI3 7- —— perturped SV-bas
6_' I".I | exper. S. | Hayakawa et al. E 5_- " experiment
_ Phys.Rev.Lett. 49, 1624 (1982) .
. 5 P. Sarriguren,
> A R.M Laszewskietal —~ .
N exper. R. M. . |
4- |\ ) PhysRevLett 61,1710 (1988) = 4- ) Phys. Rev. Co4, 690 (1996)
. V\ /\\ @
" ,,/ z \ N\ " i\‘\_
0 - T - I - I . T . I — 0 | T .+ 1 T T 1T 1
2 4 5 8 10 12 14 0 2 4 6 8 10 12 14
omega [MeV] omega [MeV]



Spin-M1 resonance VI

—> parametrization SV-bas is our tip!

summed strength on the 0-12 MeV interval

208Py
18.79 2
18.61 2
18.53 |2

SGll:
SV-bas:
SLy6:

10 - Pb208
B exper.
o B(M1)=0.57 <P

238
16.78 M2
17.83 2
18.81 M2

transition op. = spin-M1
B(M1)=15.6 u

perturped SGII
perturped SLy6
perturped SWV-bas
perturped SkiI3

{ exper. S. |. Hayakawa et al.
Phys.Rev.Lett. 49, 1624 (1982)

exper. R. M. Laszewski et al.
Phys. Rev.Lett. 61, 1710 (1988)

T T T T 1
10 12 14

omega [MeV]

10 —

o

a8

o

208Pb

*

exp.

(1 -9+0'7-0.4) UNZ
17.5 Y2

*Laszewski, Phys. Rev. Lett. 61, 1710 (1988)

U238

[ p | n)
9
#/ __
| -
1 Energy/MeV
(T:‘ n)
bellow 6.4 MeV

total strength

transition op. = spin-M1

perturped SGlI
perturped SLy6

perturped SWV-bas
- experiment

P. Sarriguren,
Phys. Rev. C54, 690 (1996)

T T T
10 12 14

omega [MeW]



Conclusions

* We tested E1(T=1) GR - SLy6 seems to be best in comparison with exp. data
* Correlations between effective masses & time-odd terms contribution
* The role of Landau fragmentation onto strength width of E1 giant resonance

* SRPA is useful for the magnetic modes description as well, the collective shift
just if we include the additional terms of Skyrme func.

* We tested spin-M1 - SV-bas seems best in comp. exp. data (modest s.o. split.)

* Correlation betw. energy shifts & strength constants of s? and sAs terms
List of papers: * 208Pp as exceptional case (the complex configurations ?)

-- V.O.Nesterenko,J.Kvasil,P.-G.Reinhard, Phys. Rev. C66:044307 (2002)

-- V.O.Nesterenko,W.Kleinig,J.Kvasil,P.Vesely,P.-G.Reinhard,D.S.Dolci Phys.Rev.C74:064306,
(20006) (also at nucl-th/0609018)

-- V.O.Nesterenko,W.Kleinig,J.Kvasil,P.Vesely,P.-G.Reinhard
Int.J.Mod.Phys.E16:624-633,(2007) (also at nucl-th/0610040)

-- V.O. Nesterenko, W. Kleinig, J. Kvasil, P. Vesely, and P.-G. Reinhard,

Int. J. Mod. Phys.E, 17, 89-99, (2008) (also at nucl-th/0711.1090)

-- W. Kleinig, V.O. Nesterenko, J. Kvasil, P.-G. Reinhard, P. Vesely

Phys. Rev. C78:044314,(2008) (also at nucl-th/0805.4787)
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SLy6
—— perturped (without any additional terms)
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