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Skyrme EDF

Efe"= Cfp + Cipt, + CPphpl + CPp0J, + CJ? , t=0,1
CP=Cy +Cp'py
» Uses local density approximation

« Density dependence included only in p;* term

« Derivatives of densities up to second order
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Skyrme EDF
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Possible extensions of EDF

Higher order terms

Density dependent coupling constants

A mixture of these two
All extended functionals should include also Skyrme

Higher order Density dependent
terms @ coupling constants

Effective Field Theories and the Many-Body Problem, Seattle, April 2009



 Expand EDF to higher
order derivatives
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Density-dependent coupling constants
I. Density dependence of all the coupling constants

For the tune-reversal and spherical svinmetries nnposed. the extended
EDLE reads

Hirl = C-’{‘pf E Ao (.ff'”ﬂ;ﬁp; ------ é(.ﬁ"" Jf -} (_fF'; N D

W 2 v
Cr 2N py) EE R N )
and depends lincarly on 38 coupling constants.
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Density-dependent coupling constants

Inside the nucleus coupling constant remains close to
its original value

On surface the value of the coupling constant changes

0 1 2 3 4 5 6 7
r [fm]
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Nuclear matter properties

e 8 nuclear matter 8 EDF parameters
parameters fixed:

* Symmetric nuclear CPo, CFy, €, €y,
matter: a’y a, oy, Oy
EIA, Psat Ke, M S ’ « Powers Vpo, Vp1, VTo,

 Asymmetric nuclear V', free parameters
matter: .

Qgym> Ly DKy, M, * (%,0%,B%B", and

N°,N°,N%.N" free
parameters in
volume part
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Saturation curves

E
60( Yo,1=1
YTo,1=1

60
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Powers Yy and ¥ in finite nuclei

* Nuclear matter properties fix the saturation curve at
saturation density

* Below saturation density the effect of \* and y' on the
shape of the saturation curve is small

* Effect of y¥* and y'on the finite nuclei is also small on
masses

RMS of the masses [MeV] with c.m. Included. SLy4: 1.99MeV
Yo PRELIMINARY RESULTS

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

0.1 156 157 1585 157 154 156 155 153 150 154

02 162 1.61 1.61 159 163 1.61 164 162 1.61 1.63

ypo ; 03 162 163 166 167 169 168 1.71 1.70 172 173
’ 04 162 166 168 1.71 172 175 177 180 182 1.83
05 164 167 169 173 176 178 182 186 189 192

06 156 167 169 174 178 1.81 1.84 1.91 195 199

 Removing the c.m. correction makes dependency on
powers even smaller in masses
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Density dependence on C™,

« Density dependent C™°, seems to improve fitted masses

Yoi Y%
0.250.50 0.751.00 1.251.50 SLy4: 1.99 [MeV]
RMS: 1.21 114 111 1.10 1.09 1.08

PRELIMINARY RESULTS

* On charge radii improvement seems to be even better

Yo Y%
0.25 050 0.75 1.00 125 150  SLy4:0.030 [fm]
RMS: 0.019 0.014 0.013 0.012 0.012 0.011

PRELIMINARY RESULTS
YPo,1=1/6
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Single particle energies

Instead of considering nuclear bulk properties one could
also fit only to the single-particle energies

s.p. energies in '°0, ****Ca, *°Ni, '**Sn, and “**Pb studied
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Single particle energies

* Forlinear one-step fit one needs to know the linear
regression coefficients

.160 .40(:a .48Ca .48Ni -56Ni

; 1 neutrons (1/2)(1ds,,+1d5,5) 1 protons (1/2)(1ds,+1d5),)
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Fitting coupling-constants to s.p. energies
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Single particle energies

* Fit only to the single-particle energies, all other

properties disregarded

* Linear one-step fit predicts rms for s.p. energies =
0.6 - 0.7MeV, when all C's, a's, and (3's adjusted

(Slyd: rms = 1.6 Mev)

* Very small dependency on the powers yand n
RMS (30 singular values)
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Single particle energies and unstable region

« Parameters coming from the one-step linear fit outside
the stable region of the HFB solution

 Real rms probably around 0.9 MeV. By adjusting only
Cc's one can get rms around 1.1 MeV

RMS of s.p. energies (linear approx. )

parameter 2

: ;;)// |
I Stable '
Fregion g 42—

Initial point N | _parameter“ 1 | |
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Unstable region of the HFB solution

« Some areas in the parameter space are unstable

« Nuclear matter RPA L B

can give some of the RPA unstable remon

stability limits, butnot [ LER Unstable reqian
all of them s S/ A S SO NS

 Limits coming from
the RPA are in good (v oot bbb
agreement with HFB N *
calculations

* The lower limit of y**
IS probably related to
surface instabilities

RPA: stable region
. - HFB unstable recnen -
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Conclusions

Possible expansions of Skyrme EDF include higher
order terms and density dependent coupling constants

For infinite nuclear matter only certain powers y and y*
give acceptable saturation curves

V¥’ and y* (when reasonable) can not affect much to the
saturation curve below saturation density. Also, effect on
finite nuclei is small

Density dependence on C™°, improves masses and
charge radii

Density dependency can not improve much single
particle energies

Parameter space is limited by unstable region
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Open questions and future plans

Effect of other density-dependent volume terms in
functional

Which of the 38 coupling constant parameters are
important

Values of the powers yand n

Mapping of the stable region of the HFB solution
Density dependence on deformed nuclei

Other density-dependent functionals (DME, Fayans, ...)
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