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@ Intfro: effective low-energy theory for medium mass and heavy nuclei >
mean-field (or nuclear DFT) > beyond mean-field (projection)
@ Symmetry (isospin) violation and restoration:
- unphysical symmeftry violation - isospin projection
> Coulomb rediagonalization (explicit symmetry violation)

@ isospin impurities in ground-states of e-e nuclei

Q@ structural effects 2 SD bands in 2°Ni " WW ”W" y
Q superallowed beta decay R - "”‘W\H\N\Hﬂl '

Q symmetry energy - new oppor"runmes of s’rudy m - A 'W'
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quark-gluon nucleon few body systems medium-mass
plasma QCD free NN force and heavy nuclei

QCD + NNN + effective NN force™™
tens of MeV

@ Summary




- Effective theories for' low -energy GIUW-r'es\oluhon)

/ “nuclear physics (I):

Physics of Hadrons

Physics of Nuclei
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Low-resolution > separation of scales which is
8 a cornerstone of all effective theories
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>~ The nuclear effective theory

’

4 is based on a simple cmd very. ifftuitivesassumption that low-eneFgy-
nuclear theory is independent on high-energy dynamics l
ultraviolet — , i 5 e
cut-off vs(q”) = vs(0) +v5”(0)¢” + vg’ (0)g* .. . | &
=
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Coulomb Long-range part of the NN interaction § g
: | \/ (must be treated exactlylll)
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of effective theories



7 S(r'me interaction = specific (local) realization of the

7 ~lim o,
/ nuclear' effective interaction: «, , Zim3, -
(1 2} .(1 -+ 5170]50—)5(7'12) LO
R e et o
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10(11) D e, H R ........................... d eagl
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relative momenta spin exchange

Skyrme-force-inspired local energy density functional
{9 | v(1,2) | W
KT

Slater determinant
(s.p. HF states are equivalent to the Kohn-Sham states)
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local energy density functional
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’§kyr'me (nuclear) interaction econserves suchs/ymt’h'e’ﬁaiers like:
4 > rotational (spherical) symmeétry —
> isospin symmetry: V,, = Ve = Vm; (in reality approximate)
- parity...

-y,

Mean-Field solutions (Slater determinants)
break (spontaneously) these symmeiries

R (Q)®sy # ®sp and  RYQ) Hyr[po] R(2) # Hurlpol

Symmetry-conserving
configuration

Total energy
(a.u.)

Symmetry-breaking
configurations
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/’7 Restordtion of broken syfmmesry
\ —

74 Beyond mean-field > multi-reféerence”density functional Theory‘
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- Isospin symmeiry reso(r'a'l'far -——

There are two sources of the isospin symmetry breaking:

— Engelbrech‘r & Lemmer,

- unphysncal caused solely by the HF approximation o
- 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} — X by i T, T5)

2 . 3 TE‘T:A See: Caurier, Poves|& Zucker,
© Apply the isospin projector: | PL 96E, (1980) 11: 15
A 2 +1 [ . ~
hﬁf .= / d3sin Bdy5p (B)R(3 )‘
0o | T

a; T, T,) = ﬁ%;Tz |HE)|

in order to create good isospin ‘|

basis": br

b Bl A

)

@ Calculate the projected energy and T _ (HF]P .,T,,H PT,T.,
the Coulomb mixing ~“BR—
izati (HF| Pyl P, [HF)

Before Rediagonalization:
oc =1-Prg,l s



&) Diagonalize total Hamiltonian in

AR
.good isospin basis" |a,T, T, > (T TL|H|os T, T)a} 1, = Epir afr,

T'>|T:|

- takes physical isospin mixing
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Isospin Invariant

| sospin breaking: isoscalar, isovector & isotensor
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 Numerical resulis: .
(I) Isospin impurities in“ground.states of e-e nuclei
W.Satuta, J.Dobaczewski, W.Nazarewicz, M.Rafalski, PRL103 (2009) 012502

Here the HF is solved
without Coulomb

|HF ;e =0>.
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o
@]
Here the HF is solved
with Coulomb
|HFJ€MF26>.

In both cases rediagonalization
is performed for the total
Hamiltonian including

Coulomb
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(IT) Isospin mixing-&-energy in the ground-states_of
e-e N=Z nuclei: :
HF tries to reduce the
TR N e R SR L 2 ';A- isospin mixing by:
c [ N=Z nuclei J .‘_x‘ <— AA-~30%
Aﬂ%"‘ A7 inorder to minimize
: ¥ A.AA'A i the total energy

ac [%0]

Projection increases the

ground state energy

(the Coulomb and symmetry
1~ energies are repulsive)
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P 4 ,
, Asospin symmetry violation-in
superdeformed bands in °°Ni
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D. Rudolph et al. PRL82, 3763 (1999)
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Excitation energy [MeV]
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Prlmar'y motivation of the project->-isospin corrections

o~

BR J=0% =1

for superallowed beta-décay”

Tz:_/+1 J:O+,T=1
(N-Z:-/"‘Z) 'ﬁ'ﬂ/g ‘
Qg
ds/2

140 14N

Hartree-Fock

I <1,.> |2=2(1 "56)

T,=0 (N-Z=0)

K
GVZ <T>2

ft =

f-> statistical rate function £(Z,Qp)
t - partial half-life £(t;,,,BR)
G\~ vector (Fermi) coupling constant

<T,_>-> Fermi (vector) matrix element

e —— —_—



Experiment~> world datd

40 _—
N
%)
=
E 30f
o)
[1'd
o
(T
o
o 20F
D Q
g BR EC
Z

10F

Hardy & Towner
10 20 30 20 New survey (2008)
NUMBER OF NEUTRONS,N  PRC77, 025501 (2008)
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7 What canwwe learn out of it* ——,
@ From a single transiton we can determine experimentally:
sz(l"'AR) > GV=COHST. ¢ verified to £ 0.013%

@ From many fransitions we can:

> test of the CVC hypothesis <> | 7t values constant

(Conserved Vector Current)

6000

Evaluated 4160
_ " data [ e
< o0} iy | T Tt = 3072.2(8)
=
E 3000} ©0 ® w0000 o e | i } ® G, (1+A:) “I(hc)’
: . =1.14961(15)
™ 2000} \3970 - f - l? E i E } } Xx10° GeV*
1000} 3060- T TETTTIL S DU VETIT TUTET e vi/v=03
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1 | | |
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3090
- exotic decays . N,
Test for presence of a Scalar Current 3070
- .y 3060 T
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With the CVC being verified“and knowing G, (muon decay)™
one can determine

= Gy
Vud / G}J.
d’ | Ve Vs Vs d
s = Vedo Vs Vo 5
b’ : : V:r:.‘ Vr_-: V:.':r . b
2 % A .
weak eigens’ra’res Cabibbo—Kobc|1§c1AsAhi-Maskawa AL elgensTaTes

V.| = 0.97425 + 0.00023

- test unitarity of the CKM matrix
| Vial 21V s[5+ V5 |2=0.9996(7)

0.9491(4) 0.0504(6) <0.0001
test of three generation quark Standard Model of

“electroweak interactions™



| Modlel d@p@md@[;u@@ ' —

0.980
] superallowed neutron i
09TE |- transition decay picn -
B s | decay -
0.976 |- / L \ +~ mimror .
B transition -
— 0.974 |- L] —
= s 3 [ T&H & .
0.972 -' o PRO1T '-
0.970 |- // 1 -
0.968 \
Hardy &Towner
Phys. Rev. C77, 025501 (2008)
Liang & Giai & Meng BC: 6C1+6C2
Phys. Rev. C79, 064316 (2009) / \
spherical RPA mean shell
Coulomb exchange treated in the field model
Slater approxiamtion radial mismatch of configuration
the wave functions mixing

Miller & Schwenk
Phys. Rev. C78 (2008) 035501;€80 (2009) 064319
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& - Isobam( Y'ﬁ'\meiﬁry violation
e e A e in 0-o N=Z nuclei
(N-ZZ-/+2) 'ﬁ’ﬂ/g > '[+ 2
R J=0%-T:=1
N : T,=0 (N-Z=0)
4 MEAN FIELD )
—O  —O —0 -O0—
vV V T T vV V T TT
aligned configurations anti-aligned configurations
\ VTl or VT VRTL or VT /
4 ISOSPIN PROJECTION o
Ve Tl =0 VoTl .- —
..................... , < 1o
Mean-field can differentiate between d stat
VTl and V@ TI grotnd state

\ only through time-odd polarizations!

is beyond mean-field! f-




425¢ -.isospin projection from-{K, -K]
configurations-with K=1/2,..,7/2

e S —ib
f7/2 @ :?7%
o 375
@ 5/2
@ 7/2
O isospin & —@—
401 angular momentum | -
: . | isospin  —O—
By =5 : _
@)
(@]
101 @) =
0.586(2)%
Or ® ® o 0 5h=



Y “Hartree- Fock —

ground state CPU antialigned state
in N-Z=+/-2 (e-e) nucleus sk in N=Z (0-0) nucleus
Project on good isospin l Project on good isospin
(T=1) and angular (T=1) and angular
momentum (I=0) ~ few years momentum (I=0)
(and perform Coulomb (and perform Coulomb
rediagonalization) rediagonalization)

=

<Tx1,T,=+/-11=0| T, s_ [I=0,T1,T,=0>

H&T > 8,20.330%
140 =) 4N L&6a&M > 5,20.181%

our: < 8=0.303% (Skyrme-V; N=12)




1 2| [TZ:— 1> TZ:O] k. 1 H&Ts
' | Ft=3071.4(8)+0.85(85)

V,=0.97418(26)

our (no A=38):

F+=3069.6(10)

V. ,=0.97459(24)

Ivud|2+|vus|2+|vub|2:
-1.00070(98)

26 34 42 50 58 66 74 A
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Confidence level test based on the CVC-hypothesis
T&H PRC82, 065501 (2010)
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NEW OPPORTUNITIES" IN STUDIES OF THE_-SYMMETRY ENERGY:
ol « ¥ -

VeTt - , : oy

A T=0 A sym E.Sym =

1la
2

sym

/—o— SlLy4 A

In infinite nuclear
matter we have:

9 —a SV sym'32 OMeV
\_ i

8 O O O ...... O Sym

S A B 1 SkM*:
8 Bk S RA sym-so OMeV

Or RIS | Gios ] Q= 1 e + Qi

5 < \’
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S;mmary and ,ogfoak‘ -

@ Elementary excitations in binary systems may differ
from simple particle-hole (quasi-particle) exciatations
especially when interaction among particles posseses
additional symmetry (like the isospin symmetry in nuclei)

@ Projection techniques seem to be necessary to account
for those excitations - how to construct non-singular EDFs?
[Isopin projection, unlike the angular-momentum and particle-number
projections, is practically non-singular !!]

@ Superallowed beta decay:

—~> encomapsses extremely rich physics: CVC, V4,
unitarity of the CKM matrix, scalar currents...
connecting nuclear and particle physics

- .. there is still something to do
in 8, business ...

@ How to include pairing into the scheme?




Why we_have to to use Skyrme-V2

1 4
(A peleis: :
>
D: 0.01 ] Only |P
LL]
3
0.001 - -
s IP+AMP ~Z
|
00001||||||$
(02005220824 5 ah 20 =75 =3 () TT
- - * -1 BT [rad]
,0—% Pi" O; 9
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inverse of the

: sp state
overlap matrix P



