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Underestimation of GDR peak energy

» GDR is systematically calculated by Skyrme-RPA / Skyrme-QRPA.
» Underestimated by 2-4 MeV in light nuclei.
» Adjust parameters to reproduce GDR peak energy.
= Evaluating uncertainty of GDR peak energy calculated
with Skyrme-RPA using Monte Carlo calculation.
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SKyrme interaction

Vskyrme = to(1+xo Ps)d(ri—7;) ... Attractive
t
+ El(l—hz:l P,) [6(ri—r;)k* + k8(r;i—r;)] ... Non-local
+ to (1422 Py )k’ - 8(ri—7;)k ... Non-local
ls o [TiTT; : .
+ E(1+:_z-.3P(,) p d(ri—r;) ... Density-dep repulsive
+ iWo (o1+02) - [k X 8(r;—r;) - k] ... Spin-orbit

Pa:—1+o_i.o-j,k=%(vz'—?j),k’z;—il(vi—vj)

2

10 parameters ¢, x., a, W are fitted to reproduce experimental data
such as binding energy, radius, and so on.
Parameter set: SKM*, SLy4, UNEDF1, ....
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10 parameters £, x ., a, W are fitted to reproduce experimental data
such as binding energy, radius, and so on.
Parameter set: SKM*, SLy4, UNEDF1, ....

= Each parameter has best-fit value & uncertainty,
and is correlated with other parameters.




Skyrme parameters and their uncertainties

Best-fit values  Uncertainties » Almost all Skyrme interactions :
(mean value) (standard deviation) Only best-fit values

SL i - (SkM*, SLy series, ....)
2 RACEEE > Some recently-designed Skyrme interactions :

e 8oar Py best-fit values and uncertainties
ey kil SO (SAM1 series, SV- series, ....)

0.741185 0.189191

~0us5r4 | + 0408173 > Only a few Skyrme interactions :

-1 fixec

1162688 £ | 0.340537 best-fit values, uncertainties and covariances.
126 fixed

126 fixed o (SLy5-min, UNEDF-series)

Q 1/6 fixed

—2475.408
482.842

t H H H H

Cij = Eij/sqrt(Eii Ejj)

t_0 t_1 t. 2 t_3 x_0 x_1 x.-3
1.0000 0.9837 0.9854 -0.9997 -0.6766 0.8110 -0.6158
0.9837 1.0000 0.9575 -0.9870 -0.7066 0.8489 -0.6553
0.9854 0.9575 1.0000 -0.9863 -0.6601 0.7843 -0.5964
-0.9997 -0.9870 -0.9863 1.0000 0.6798 -0.8154 0.6197
-0.6766 -0.7066 -0.6601 0.6798 1.0000 -0.9327 0.9928 s .
0.8110 0.8489 0.7843 -0.8154 -0.9327 1.0000 -0.9311 SLys_mln' ROC&-M&Z&, Paar’ and COIO’

-0.6158 -0.6553 -0.5964 0.6197 0.9928 -0.9311 1.0000 J. Phys. G: Nucl. Part. Phys. 42 034033 (2()15)




Skyrme parameters and their uncertainties

Best-fit values  Uncertainties » Almost all Skyrme interactions :
(mean value) (standard deviation) Only best-fit values

SL '5-min (SkM*, SLy SGI’IGS, o e .)

‘ Po /Eii units . . .

— e e b » Some recently-designed Skyrme interactions :
182.842 BV i best-fit values and uncertainties

—559.374 144.534 MeV

13697.07 1672.93 | MeV fm?+3 (SAM] Series) SV_ Series) .. )

0.741185 0.189191

~01tes74 | +] 0408173 » Only a few Skyrme interactions :

-1 fixec

1162688 | 0.340537 best-fit values, uncertainties and covariances.
126 fixed

126 fixed o (SLy5-min, UNEDF-series)

Q 1/6 fixed

t H H H H

Cij = Eij/sqrt(Eii Ejj)

t0: strength of attraction,
t3: strength of repulsion
ydons Bas 6l <ater TRt correlation: -0.9997

0.9837 1.0000 0.9575 2umwgPd®-0.7066 0.8489 -0.6553
0.9854 0.9575 1.0000 -0.9863 -0.6601 0.7843 -0.5964 ( )

-0.9997 -0.9870 -0.9863 1.0000 0.6798 -0.8154 0.6197 = Strengthenlng attraction tO Causcs
-0.6766 -0.7066 -0.6601 0.6798 1.0000 -0.9327 0.9928

automatically strengthening repulsion (t3).

-0.6158 -0.6553 -0.5964 0.6197 0.9928 -0.9311 1.0000




Uncertainty evaluation for GDR peak energy

Monte Carlo calculation evaluating uncertainty of GDR peak energy
propagated from uncertainties of SKkyrme parameters.

SLy5-min parameter

SLy5-min

Cij = Eij/sqrt(Eii Ejj)

t_0
.0000
.9837
.9854
.9997
.6766
.8110
.6158

Po

—2475.408

482.842

—559.374
13697.07
0.741185

—0.146374

-1

1.162688

126
126
1 ."‘;“ 6

t_1
.9837
.0000
.9575
.9870
.7066
.8489
.6553

t_2
0.9854
0.9575
1.0000

-0.9863
-0.6601

0.7843

-0.5964

N i
144.534
1672.93
0.189191
0.468173
fixed
0.340537
fixed
fixed

fixed

units

fm?
fm”
fm®

fm3+

fm?
fm?

on

Generating uncorrelated random numbers following normal distribution
N(0,1), X = (x4,%5,..)T

Creating correlated random numbers by acting Q, which is obtained from
correlation matrix C by singular value decomposition (C = QT Q), QX
Using SLyS5-min values py and its standard deviations Ap (= \/E_ii),
generating correlated randomized parameter set, py + (QX)Ap
Generating 2500 randomized parameter sets.

Employing these 2500 parameter sets, performing RPA calculations 2500
times using skyrme rpa.

Evaluating uncertainty of GDR peak energy E. from the results.

Contents lists available at SciVerse ScienceDirect

Computer Physics Communications

journal homepage: www.elsevier.com/locate/cpc

Self-consistent RPA calculations with Skyrme-type interactions:
The skyrme_rpa program

Gianluca Cold**, Ligang Cao”%*, Nguyen Van Giai ¢, Luigi Capelli *'

Colo, Cao, Giai, Capelli, Comp. Phys. Comm. 184, 142




Randomized GDR in %O
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Correlations between GDR peak energies

& Skyrme parameters in '°0O

—2475.408

0.741185

—(0.146374
|

1.162688

126

126

1/6

24 1 1 1 24 1 1 24 1 1 1 24 1 1 1
22 a0 227
; 20 - 20 -
§ 18 - 18 1 -
: 16 1 L 164 2 .
B0 r=0.973 r=0.970 . r=0.970 r=-0.978
H 14 T T T 14 T T 14 T T T 14 T T T
Qg) 22900 -2700 -2500 -2300 -2100 300 400 500 600 -1000 -800 -600 -400 -200 10000 12000 14000 16000 18000
) Lo t1 2 ;3
e 24 ' 24 ' ' 24 ' ' ' 24 ' . :
s
a 22 - 22 - - 22 1 —
g 20 - 20 1 - 20 1 :
£ 18 - - 18 - 18 1 —
16 1 - 16 - 16 P
r=0.839 E .
|4 T T |4 T T T |4 T 1 T
1.5 075 0 075 -1.2 -1 -10 -09 08 04 08 12 16

SLy5-min

149.455
58.537
144.534
1672.93
00.189191
0.468173
fixed
0.340537
fixed
fixed
fixed

units

MeV fm?
MeV fm?”
MeV fm®

MeV fm?+3e

MeV fm®
MeV fm?®

SLyS-min

20 N=2500



Randomized GDR in 4°Ca
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GDR peak energy [MeV]

Correlations between GDR peak energies

& Skyrme parameters in *°Ca
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E pr.and uncertainty
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Epg uncertainty 1s ~ IMeV,
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Correlations between randomized GDR peak energies
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KFor new parameter set

Short summary

Epr can be shifted by adjusting parameters.
* Adjusting parameters shift E;pz simultaneously.

_—

Epg uncertainty is almost irrespective of mass.
* Disagreement 1s larger in light nuclei

= Adjusting parameters

by large shifting in light nuclei

and by small shifting in heavy nuclei.
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New parameter set

Uncertainties
Best-fit values (standard deviation)

P=PpPo+QAp-J/A S —

—2475.408

Do : original SLy5-min parameter set (best-fit values)

Ap : standard deviations of parameters (uncertainties, Ve;;)
Q : factorized correlation matrix, C = QT Q (covariance)
[ : free parameter

Correl

Cij = Eij/sqrt(Eii Ejj)

t_0
.0000
0.9837
. 9854
.9997
.6766
0.8110
.6158

482.842
—559.374
13697.07
0.741185
—0.146374
—1
1.162688
126

126

1/6

ation Matrix

t_1
.9837
.0000
.9575
.9870
.7066
.8489
.6553

t_2

.9854
.9575
.0000
.9863
.6601
.7843
.5964

0.189191
0.468173

fixed

0.340537

fixed
fixed
fixed

t_3
. 9997
9870
.9863
.0000
.6798
.8154
.6197

-0.
-0.
-0.
0.
=0.
0.

x_3

.6158

6553

.5964
.6197
.9928
.9311
.0000

SLyS5-min parameter
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New parameter set
Pp=po+QAp-f/A

Do : original SLy5-min parameter set (best-fit values)
Ap : standard deviations of parameters (uncertainties, Ve;;)
Q : factorized correlation matrix, C = QT Q (covariance)
f : free parameter

(3]
o
1

Cross section [mb]
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Uncertainties
Best-fit values (standard deviation)

SL 5-min
Po

—2475.408
482.842
—559.374

13697.07

0.741185 = 0.189191
—0.146374 0.468173

] fixed

1.162688 : 0.340537

126 fixed
126 fixed

1/6 fixed

Cij = Eij/sqrt(Eii Ejj)

t_0 t_1 t_2
.0000 .9837 0.9854 -0.
0.9837 1.0000 0.9575 -0.
. 9854 .9575 1.0000 -0.
.9997 .9870 -0.9863 1
.6766 .7066 -0.6601 O.
0.8110 .8489 0.7843 -0.
.6158 .65563 -0.5964 O.

t_3
9997
9870
9863
0000
6798
8154
6197

units

x_1
0.8110
0.8489
0.7843

-0.8154

-0.9327
1.0000

-0.9311

x_3

.6158

6553

.5964
.6197
.9928
0.9311
.0000

SLyS5-min parameter
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New parameter set

P=pot+QAp-f/A

Do : original SLy5-min parameter set (best-fit values)
Ap : standard deviations of parameters (uncertainties, Ve;;)
Q : factorized correlation matrix, C = QT Q (covariance)

[ : free parameter, f = 35
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Takeaways

* Uncertainty of GDR peak energy propagated from uncertainty of Skyrme
parameters is evaluated using Total Monte Carlo calculations.
» In the case of SLy5-min interaction, uncertainty of GDR peak energy is ~ 1
MeYV, irrespective of mass.
» GDR peak energy is strongly correlated with Skyrme parameters when the
correlations between Skyrme parameters are considered.
* A new Skyrme parameter set which reproduces well GDR peak energy is
proposed.

Perspective

e Deformed nuclei



