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Brief Outline

•Covariance analysis
• Following Xavi’s notes (uploaded into indico)

• Exercise: try to reproduce SLy5

•Detailed analysis of issues

•What do we learn?

•EDFs at finite temperature
• Instabilities in spin-isospin-polarized systems

•Analysis of liquid-gas phase transition
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•Establish energy density functional (Skyrme EDF)

Skyrme EDF framework
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Observables: densities, energies, deformations

•Solve Kohn-Sham equations (+ BCS)

•Use density to compute energy
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A typical Skyrme functional
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• Values often chosen ad hoc (personal bias)⇒ information theory?

• Weights also chosen ad hoc ⇒ meaningul errors?

• Post-optimization test: 

Fit procedure

Otheo
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Given a set of m observables O used to calibrate the parameters p of a model, the 
optimum parametrization p0 is determined by a fit with global quality measure

Most recently: B. A. Brown, arxiv:1308.3664 (no correlation!)
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Skyrme Lyon fit

Chabanat et al., Nucl. Phys. A 627, 710 (1997); ibid 635, 231 (1998)

Saturation

Neutron matter
microscopic EoS

Binding energies

Charge radii

+ σ=1/6 + x2=-1 (no ferromagnetism)
+ W0, fixed to 3p neutron splitting in 208Pb

40,48Ca, 56Ni, 132Sn, 208Pb

40,48Ca, 56Ni, 208Pb
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Skyrme Lyon fit

Chabanat et al., Nucl. Phys. A 627, 710 (1997); ibid 635, 231 (1998) 7

• More theoretical uncertainty coming from assumptions themselves
• (Difficult to quantify such systematic errors. How to do it?)

• Numerical uncertainty as well (generally easier to find out)



UNEDF fit
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Kortelainen et al., Phys. Rev. C 82, 024313 (2010); ibid 85, 024304 (2012)

Large pool of nuclei: 28 sph (mass+radii), 
44 deformed (mass), 8 odd-even staggering



•Minimum of #2

Covariance analysis
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•Minimum of #2

Covariance analysis
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Covariance analysis: observables

10

•Observable: dependence on parameters
Appq “ App0q ` pp ´ p0qBpAppq|p0 ` Op�p2q

•Gaussian distribution of parametrizations around minimum
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•Correlations
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•Derivatives up to first order

Numerical details
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•Finite differences (valid to 2nd order)
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Correlations I
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Correlations II
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Roca-Maza et al., Phys. Rev. Lett. 106 252501 (2011)



Correlations II

14

ρ0

                                           e(ρ0)
  m* / m

   IS-GQR
  K0

   IS-GMR
                           IV-M-1
                           S2(ρ0)

                  L
κ

                                                      rn
Δrnp

IV-GDR
   IV-PDR

0 0.2 0.4 0.6 0.8 1
SLy5-min: correlation with GDR

ρ0
                                                      e(ρ0)

m* / m
ISGQR
K0

ISGMR
                              m−1(GDR)

                     S2(ρ0)

                   L
κ

                                              rn
Δrnp

   IVGDR
IVPDR

0 0.2 0.4 0.6 0.8 1
SLy5-min: correlation with PDR

ρ0
                   e(ρ0)

                             m* / m
                                 ISGQR
                                K0

                                ISGMR
m−1(GDR)

                      S2(ρ0)

                                                      L
κ

                                 rn
Δrnp

                           IVGDR
                              IVPDR

0 0.2 0.4 0.6 0.8 1
SLy5-min: correlation with m

−1



Correlations III
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N. Paar, INPC 2013 Roca-Maza
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Theoretical predictions

Erler et al., Nature 486, 509 (2012) 

•Nuclear energy density functional
•Compute all even-even isotopes simultaneously
•≈7000 bound nuclides
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Theoretical Segre chart



Symmetry energy?
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Danielewicz & Lee, arxiv:1307.4130

Correlation between S(ρ) & aa(A)



Isovector correlations
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Lattimer & Lim, ApJ 771, 51 (2013)

Empirical determination

24 26 28 30 32 34 36 38
Symmetry energy, E

sym
 [MeV]

20

40

60

80

100

120

S
lo

p
e 

p
ar

am
et

er
, 

L
 [

M
eV

]

Skyrme

BHF
QMC

SCGF
Gogny

Correlations from many-body theory

Gogny
• Somewhat bad isospin properties
• Covariance analysis?
• Rosh Sellahewa’s PhD Thesis



•Covariance analysis able to identify underlying connections

•Can be used to break correlations

•But error matrices need to be published!

•And then need to be used

•Following: easy example of what to do with these

Conclusions
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Heating nuclei up?
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Heavy ion collisions

✦N~Z systems
✦Hot for a short time
✦Finite systems

Cooking the 
nuclear soup

Neutron stars

✦N>>Z systems
✦Hot for a 
short time
✦Infinite system

Temperatures
1 MeV~1011 K 

Chandra X-Ray Observatory

CXC

3C58

Pochodzalla et al, PRL 75 1040 (1995)

SN 1181 remnant (SNR3C58)
Pulser PSRJ0205+6449

�
=

N
�

Z

N
+

Z

β=0

β=1



Phase coexistence
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•Maxwell criterion: 
•Simultaneous description of gas and liquid phase
•3 points of physical importance

µg “ µl , Pq “ Pl

A. Rios, Nucl. Phys. A 845, 58 (2010)



Phase coexistence
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Phase coexistence
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Phase coexistence
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Phase coexistence
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Prediction of critical point
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Empirical correlations
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Correlation between flashing and critical points



Latent heat
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A. Carbone, A. Polls, A. Rios, I. Vidaña, Phys. Rev. C 83, 024308 (2011)
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Latent heat
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Latent heat
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Latent heat
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Correlations at finite T: SLy5-min
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Saturation Critical

Tc “ 14.6 ˘ 0.1 MeV

⇢c “ 0.054 ˘ 0.002 fm´3

Tf “ 11.73 ˘ 0.06 MeV

⇢f “ 0.085 ˘ 0.001 fm´3

L
max

“ 29.8 ˘ 0.4 MeV
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Thank you!
a.rios@surrey.ac.uk

+ 2014 IoP Nuclear Physics Conference (April)
Continue the discussion there!
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