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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, iIn 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)

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

emergence of 3NF due to finite resolution

1/ A from Hammer et al. RMP 85, 197 (2013)



_Nuclear effective theory for EDF (nuclear DFT)

is based on the same simple and very intuitive assumption that
low-energy nuclear theory is independent on high-energy dynamics ~L

ultraviolet —— ) s« s i e
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There exist an ,infinite” number
| of equivalent realizations <——
J. Dobaczewski, K. Bennaceur,

F. Raimondi, of effective theories
J. Phys. G 39, 125103 (2012)



Proof of principle of the regularization rarge (Scale)-independence
for the gaussian-regularized density-independent EDFs
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» Skyrme interaction - specific (local) realization of the -_—
“"" nuclear effective interaction: Ilm 3,
a—P
v(12)z=t0(1+a:oPg)6(r12) Jc

| - "12 2
. _|_ §t1(1 + xlpa) ( (T12) T 5(T12)k ) } NLO
+t2(1 +[zolP5 ) K'5(712) .

"’ 6t3(1 + SC3P ) Po () (T12) < SelEyfcependence

spin-orbit

+zW0(0'1 +a3) (K x S(riz)k) | <

T2 =T1—T3 R = (r14+73)/2; k= 5= (V1—Vy) K = —%(Vl -vy) P= 5(1+0107)
relative momenta spin exchange

Having defined the generator, the nuclear EDF is built using
mean-field (HF or Kohn-Sham) methodology

Blp(7, 7)) = [ [drdi H(p(F, 7))

e | H(p(T1,72)) = V(71 — ”_"2)[9(”_"1)10(”_"2) — p(71, "72)9("—"'2»”_"1)] ey
direct term  exchange term




‘@ Skyrme local Znerg; density functional — ~ —

Skyrme (hadronic) interaction conserves such symmetries like:
- rotational (spherical) symmeiry

> isospin symmetry: V. = Vg = VA’; (in reality approximate)
- particle numer, parity...

o @ Self-consistent solutions (Slaters) break these
symmetries (are deformed) spontaneously
R@Q)Ip(Qo) = lo(@") < Froraa:

) v . o builts in correlations into
(el H|p) = (p| RQ)HR(Q)|p) single Slater determinant

l disadvantages:

O (- symmetry must be restored

X ) to compare theory to data

—SR-BF:FZ» MR-DFTZ» NCCT_
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, Isos;in symmetry rej*{t‘afiﬁﬁ -—

There are two sources of the isospin symmetry breaking:
i i : : —» Engelbrecht & Lemmer,
ul?n[;@hoySﬂ@@ﬂ, caused solely by the HF approximation B
- physieal, caused mostly by Coulomb interaction
(also, but to much lesser extent, by the strong force isospin non-invariance)

© Find self-consistent HF solution (including Coulomb) - deformed

Slater determinant |HF>: ‘HF) — Z byt |a; T, T,)
— i y oy ok
_ T>\T, ee: Caurier, Pove ucker,
© Apply the isospin projector: - o 9B, (5%53 11;215k
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- takes physical isospin mixing
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T'>| T, |
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Isospin mixing & energy in the ground states of

e-e N=Z nuclei:
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HF tries to reduce the
Isospin mixing by:

<

AGC "’300/0
in order to minimize
the total energy

~

Proiection increases the
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eigenstates

Cabibbo-Kobayashi eigenstates

-Maskawa

New survey (2008)

»

3 cases measured with accuracy ft ~0.3%

- test of the CVC hypothesis
(Conserved Vector Current)
INCLUDING RADIATIVE CORRECTIONS
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{Vgl & the TKM unitarity <~world-survey.
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Testing the fundamental symmetries of nafure
Fermi beta decays in T=1/2 mirrors
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W. Satuta, J. Dobaczewski, W. Nazarewicz, M. Rafalski
Phys. Rev. C 86, 054314(2012).
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] See also the NCCT study:

: M. Konieczka, P. Baczyk, W. Satuta,
] Phys. Rev. € 93, 042501(R) (2016).

SM+WS results from:
N. Severijns, M. Tandecki,
T. Phalet, and I. S. Towner,

1 Phys. Rev. C 78, 055501 (2008).
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W.Satuta, P.Baczyk, J.Dobaczewski & M.Konieczka, Phys. Rev. C94, 024306 (2016)
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For details see: W.Satuta, P.Baczyk, J.Dobaczewski & M.Koftieczka, Phys. Rev. €94, 024306 (2016)

-20

-25

-30

Energy (MeV)

I
)

L
S

-55

-60

mixing of states projected~from just three~four p-h=configurations

~
L
¢
9

L
o

4+_

Argonne v g
without & with various Vijk
GEFMC Calculations

[
T

L
=
T

woll
=2

10 September 2004




JPS Conf. Proc. 6, 020015 (2015)

W.Satuta, J.Dobaczewski & M.Konieczka, arXiv:1408.4982;

Excitation energy of O* states [MeV]

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

627Zn, I=0* states below BMeV
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Gamow-Teller and Fermi-matrix elements i7" T=1/2 sd-.and ft- mirrors.

The NCCI study
M.Konieczka, P.Baczyk, W.Satuta, Phys. Rev. €93, 042501(R) (2016);
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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. C 53, R2602 (1996).

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

NCCI vs shell-model:

@ The NCCI takes into account
a core and its polarization

@ Completely different model
spaces

@ Different treatment of
correlations

@ Different interactions
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ARetiormalization mor coupling edhséant by 2B-currents
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s T=1,1=0* {sebaric anclogle states .
From g@ﬂfc@@mngﬁi’@m Bbcng@@mmﬂg@@ﬂ HF: W‘@[}u N

K. Sato, J. Dobaczewski, T. Nakatsukasa, and W. Satuta, Phys. Rev. €88 (2013), 061301
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Binding energy (MeV)

CD local (strong) corrections to.the Skyrme force
(class II (CIB) and III (CSB) Henley-Miller forces)
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Isobaric Multiplet Mass Eqaation-(IMME)
BTy =Y van (A TR (T )
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GT beta déca'y to excited states -

(from Maciek Konieczka)

Beta decay to 2°Ne; 6 SD in NCCI

14
13
12
11

A=
o

O = N W0 & O OO N 0O O

EXP NCCI NSM

Gamow-Teller matrix

elements for 2°Na—2%Ne

ITn | NCCI | NSM | EXP
201 | 0.326 | 0.551 | 0.450
211 0.752 | 0.774 | 0.532
202 | 2343 | 2.171 &
212 1- 0.198=1.0.181 =
290310930 -4 ~1-3 2211133
213 | 0531 | 0.384 =

Isospin symmetry breaking effects

in 6T decays of T=1 nuclei

| Mgr—| — |Mgr+

s gt MR-DFT | EXP

L RSO o () 0.012 0.008
20N S oI atinane 2B 0.003 -0.023
ST e 2 o] 2N 5 24 N 0.002 0.006
A IR LIRS G A=aonel: 0.035 0.015
30g 430 p 30p 90.Gj 0T =<0
32p-_yo2g ST T 0.000 0.034

VERY PRELIMINARY RESULTS Il

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




