OFT roo'l'ed NCCI approach cmd its
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@ Frontiers in nuclear structure theory:
golden decade of @b initie methees

- spectacular developments in (SR) DFT, TD-DFT or
MR-DFT-rooted approaches

- new developments (in particular the
DFT-rooted NCCT) and the physics
highlights (personal selection)

- vivid activity and spectacular progress in large-scale
calculations using shell-model, RPA, collective models...

@ @ Final remarks and perspectives
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Degrees of Freedom Energy (MeV)

Physics of Hadrons

Physics of Nuclei
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/ Effective or low-energy (low-resolution) theory explores separation | ”
- of scales. Its formulation requires: |

in coordinate space:

—>define R to separate short- and long-distance physics
or, in momentum space:

—>define A (1/R) to separate low and high momenta

replace (complicated and, in nuclear physics, unknown) short distance (or
high momentum) physics by a LCP (local correcting potential)

(theve is a lot of freedom how this is done concerning both the scale
and form but physics is (should be!) independent on the scheme!l)

emergence of 3NF due to finite resolution
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from Hammer et al. RMP 85, 197 (2013)




_Nuclear effective theory for EDF (nuclear DFT)

is based on the same simple dnd very intuitive assumption that
low-energy nuclear theory is independent on high-energy dynamics l'
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F. Raimondi, of effective theories
J. Phys. 6 39, 125103 (2012)



Proof of principle of the regularization range (Scale)-independence
for the gaussian-regularizéd density-independent EDFs
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Havl'g defined the generator, the nuclear-EDF is built using
/4 mean-field (HF or Kohn-Sham) methodology = =~

Blp(7, 7)) = [ [dridi H(p(F, 7))
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direct term .,z="exchange term

Skyrme interaction - specific (local):realization of the
nuclear effective interaction: ...llim 3,

a—>0
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relative momenta spin exchange



A o —
@ Skyrme EDF (for N = Z and without pairing) ™
3
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@ Pionless zero-range EFT — dilute LDA p7d EDF (with Vixtemar = 0)
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Look very similar except of ,three-body” contributions!

Fractional powers of the density lead to singularities in extensions
involving restoration of broken symmetries:

- rotational (spherical) symmetry
- isespin symmeiry (approximate)
> par’ricle humber...

and subsequent configuration mixing

:> MR- DFTZ> NEEE-



MEAN FIELD
compute a set of n self-consistent Slater determinants
corresponding to low-lying p-h excitations

PROJECTION
compute the I-, K- and T-projected states

1 2 3 n
Uik Urie Yrix - Urik

K- AND T-MIXING
compute the K-mixing of Coulomb T-mixed states

CONFIGURATION INTERACTION
solve the Hill-Wheeler equation
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W.Satuta, J.Dobaczewski & M.Konieczka, arXiv:1408.4982;

JPS Conf. Proc. 6, 020015 (2015)

Excitation energy of O* states [MeV]

No-core configuration-interaction formalism-based on the
isospin and angular momentum projected DFT

62Zn, I=0* states below BMeV

: 1312 5/2>1
Y EXP SM SM EXP SVmix T2 ®11310 1/2>
5 F (old) (6XPF1) (MSDI3) (new) (6 Slaters)
: v, V312325
: 22301 /7>
4 e s = S o 11312 52>
: hac B Lo, my w312 3/2>2
j V(a8
£ i A === 1@ 310'1/2>
2 : Ao o 312 52
: K.6. Leach et al. « 1 “n|312 3/2>
. PRC88, 031306 (2013)
1 I=0*
f before HF
0 ; 0* ground state g




Hartree- _
Fock

V)
. N
lll'l'llllgIIII
‘

.

T
M

H

(0]

o :

o

4+

N
AE (o)

AE (M ev)
N

g

% >

_..l

- (@)
.
)
S5
(@0
(@)

@
:

o T .

O'_ 2 — S :

: EXP PRC% | 8+—:

fromthe<§ I - ]

SN _-

k 6+
<

COLLECTIVE - :
BANDS F oph 6ph 8ph EXP




Testing the rundamental symmeiries-of nature

Temporal dependence
of the fine structure

N

constant studies in 22°Th

82

Weak interaction T
studies in N=Z nuclei ol gl EDM search
superallowed B-decay _I..“' - in radium
L ) _.i...ii!ar [BBOV searches}
= T Lo
2 82
o
4 Specific nuclei offer new
50 opportunities for precision tests of:
CP and P violation
8 > Unitarity of the CKM matrix
2 20 neutrons Possible temporal dependence
> 8 of the fine structure constant in 22°Th
[neutron EDM] \_
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adopted from J.Hardy's, ENAM'08 presentation
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Cabibbo-Kobayashi eigenstates

New survey (2008)

10 cases measured with accuracy ft~0.1%
3 cases measured with accuracy ft ~0.3%

‘-

> test of the CVC hypothesis

(Conserved Vector Current)

INCLUDING RADIATIVE CORRECTIONS
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- test of unitarity of the CKM matrix

v’/v=0.3

Towner & Hardy
Phys. Rev. C77, 025501 (2008)
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<0.0001
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Gamow-Teller and Fermi-matrix elements in" T=1/2 sd-.and ft- mirrors.
The NCCI study
M.Konieczka, P.Bqczyk, W.Satuta arXiv:1509.04480

Proof -of -principle calculation:
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http://arxiv.org/abs/1509.04480
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Shell-model:

B. A. Brown and B. H. Wildenthal,
Atomic Data and Nuclear
Data Tables 33, 347 (1985).

G. Martinez-Pinedo et al,
Phys. Rev. € 53, R2602 (1996).

T. Sekine et al,
Nucl. Phys. A 467, (1987).

NCCI vs shell-model:

@ The NCCI takes into account
a core and core-polarization

@ Completely different model
spaces

@ Different treatment of
correlations

@ Different interactions
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&elﬁlallzatlon ohx1al>-vect0r coupllng edhstant by 2B-currents

| Nfores | 3Nfomes | 4Nforces i fromnNand NN: S

0.2 1.2 0.5

R

NLO O (%—z) —_— C3,C4 C1,C3,Cy CD

‘I [ FIG. 1. Chiral 25 currents and 3N force contributions.
] Menendez et al. PRL107, 062501 (2011)

' >< ’ ‘ ‘ B~ decays of *C and 22240
Ekstrom et al. PRL 113, 262504 (2014)
e | **  q%~0.84-0.92 (from Ikeda sum rule)

See also:
Klos et al. PRC89, 029901 (2013) q~0.9

Engel et al. PRC89, 064308 (2013)
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7 -GT beta decay to excited states

Beta decay to 2°Ne; 6 SD in NCCT

14
13
12
11

—_—
=

o = N W s n )~ 00 W

(from Maciek Konieczka)

EXP NCCI NSM

Gamow-Teller matrix

elements for 20Na=2%Ne

ITn | NCCI | NSM | EXP
201 | 0.326 | 0.551 | 0.450
211 | 0.752 | 0.774 | 0.532
200°22052.348 <=2 1T T =
22 1+ 0:198:2170. 181

203 | 0.980 | 1.322| 1.133
213 | 0531 | 0.384 =

Isospin symmetry breaking effects

in 6T decays of T=1 nuclei

\Mgr—| — |Mar+

s BE MR-DFT | EXP
IBNe 518 F b s T 0.012 0.008
L P T e L . 0.003 -0.023
A A Nl 2N 24 M 0.002 0.006
28p _,28 gj AR} 0.035 0.015
2030 U P S -0.009 | -0.017
DTS Segiaag 0.000 0.034

VERY PRELIMINARY RESULTS il

-

NSM fom Brown, Wildenthal, Atomic and Nuclear Data Tables 33 (1985)



Total binding energy (MeV)
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Ikeda sum rule for GT operaﬁor
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8 p-h configs
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T=1,L=0* {sebaric analoglie states >

from self-consistent 3D-isocranked HF: hr=h-AT
K. Sato, J. Dobaczewski, T. Nakatsukasa, and W. Satuta, Phys. Rev. C88 (2013), 061301
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Binding energy (MeV)

CSB and CIB local corrections to the Skyrme force
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" €SB and CIB local corrections to the Skyrme force
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Challenges for Low-Energy Nuclear Theory

@ Perform proof-of-principle lattice QCD calculation for the lightest nuclei

@ Develop first-principles framework for light, medium-mass nuclei, and
nuclear matter from 0.1 to twice the saturation density

@ Derive predictive nuclear energy density functional rooted in first-principles
theory

@ Carry out predictive and quantified calculations of nuclear matrix elements
for fundamental symmetry tests.

@ Unify the fields of nuclear structure and reactions.

@ Develop predictive microscopic model of fusion and fission that will provide
the missing data for astrophysics and nuclear energy research.

@ Develop and utilize tools for quantification of theoretical uncertainties.

@ Provide the microscopic explanation for observed, and new, (partial-)
dynamical symmetries and simple patterns




Perspectives are not bad!

“The purpose of computing is insight, not numbers”

(Richard Hamming, 1962)

“According to Einstein’s theory, if we
move the computer real fast, we can
go back in time and recover the files

you accidentally deleted.”

Bleac\ =
@ because of high-performance computing

@ @ and new high-precision data, in particular, on
short lived nuclei



P:‘r_l]'oactive lon Beam




Double beta decay of “8Ca .
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NSM uses more than

250 intermediate s’ra‘res”l

Number of intermediate states inlcuded in general sum
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10 intermediate states only:

E(17) | 2.901 | E(1F) | 8.598
E(13) | 4.028 | E(17) | 10.250
E(13) 14669 | E(13) | 14.042
T T o A 1 i e S 2 R e
E(17) | 6.931 | E(17,) | 40.419
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Projection -from anti-aligned HF state
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