LA

'UNIVERSIDAD r\L'uTONOA\'IA

Relevant degrees of freedom for Ovf33 decay
nuclear matrix elements with energy density

functionals

Tomas R. Rodriguez

Interfacing theory and experiment for reliable double-beta decay
matrix element calculations

Vancouver, May 11-13, 2016

Investigacion
Programa
« . Ramony Cajal




Outline

J. Menendez (University of Tokio)
G. Martinez-Pinedo (TU-Darmstadt)
A. Poves (UAM-Madrid)

F. Nowacki (IPHC-Strasbourg)

J. Engel (UNC-Chapel Hill)

N. Hinohara (MSU-East Lansing)

N. Lopez-Vaquero (UAM-Madrid)

J. L. Egido (UAM-Madrid)

TRIUMF double-beta decay workshop Relevant degrees of freedom for Ovp decay nuclear matrix elements with EDF Tomas R. Rodriguez



LAY

0Ut| ine "UNIVERSIDAD AUTONOMA

1. EDF method

2. Multipole deformation
3. Pairing
4. Seniority and SU(4)

5. Summary and open questions

TRIUMF double-beta decay workshop Relevant degrees of freedom for Ovp decay nuclear matrix elements with EDF Tomas R. Rodriguez



LA

Nuclear Matrix Elements "UNIVERSIDAD_AUTONOMA

MADRID

1. EDF method

* Nuclear structure methods for calculating these NME:

Different ways to deal with:

- Finding the best initial and final ground states.

- Handling the transition operator (inclusion of most relevant terms, corrections,
approximations, etc.).

Some remarks about these methods:

- Calculations with limited single particle bases.

- Difficulties to include collective/single particle degrees of freedom.
- Problems with particle number/isospin conservation.
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1. EDF method

@ Effective nucleon-nucleon interaction: Gogny force (PLS/DIM)
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1. EDF method

@ Effective nucleon-nucleon interaction: Gogny force (PLS/DIM)

Next step: va rtational method!!!
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1. EDF method

e lnitlal Lntrinstie states: PN-VAP M. Anguiano, J. L. Egido, and L. M. Robledo, Nucl. Phys. A 696, 467 (2001).

(O|Ho, PN PZ|D) N A
<cI)‘PNPZ]cI)> €DD ((I)) _)\QQO<q)|Q20|q)>

EN2 (9] =
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1. EDF method

e lnitlal Lntrinstie states: PN-VAP M. Anguiano, J. L. Egido, and L. M. Robledo, Nucl. Phys. A 696, 467 (2001).

(P|Hp PN P2|®D) Nz A

EN2 (9] =

o Intermediate Particle Number and Angular Mowmentum Projected states

D e A N S
[I; NZ; Ba) = T/o doo(B)e™ 7 PY P2|®) dp3
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1. EDF method

e lnitlal Lntrinstie states: PN-VAP M. Anguiano, J. L. Egido, and L. M. Robledo, Nucl. Phys. A 696, 467 (2001).

(@|Ha PV P?|®) N g

B [(I)] X3 <(I)‘pNPZ’(I)> €pD ((I)) _)‘QQ0<(I)|QA20|(I)>

o Intermediate Particle Number and Angular Mowmentum Projected states

D e A N S
LNZig) = 25— | dis(B)e PN P\ 8) 8

o Final GCM states L NZ;oy =Y 3897 |I; NZ; Ba)
85
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1. EDF method

e lnitlal Lntrinstie states: PN-VAP M. Anguiano, J. L. Egido, and L. M. Robledo, Nucl. Phys. A 696, 467 (2001).

(P|Hp PN P2|®D) Nz A

EN2 (9] =

o Intermediate Particle Number and Angular Mowmentum Projected states

P i T o
LNZig) = 25— | dis(B)e PN P8} a

o Final GCM states L NZ;oy =Y 3897 |I; NZ; Ba)

I:NZ I:NZ\ I:NZ:
H EI NZ UN ) f / ] = O

/82762 /62762

f 2
Ba

N = (ILNZ; BulI; N Z: By)

Hy 'y = \LNZ; Bl Hop|I; NZ3 ) + epp” (<I>(62),<I>(5;))
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1. EDF method

Determination of initial and final states (I)
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1. EDF method

Determination of initial and final states (ll)
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1. EDF method

Determination of initial and final states (and lll)
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1. EDF method

1. Axial states K = 0 0; N;Zi;0) = ZG?\;iNiZi;J AT

2. Angular momentum | = () — A;

3. Quadrupole deformations g = @29 0: Nt 7 _ GUNsZyi0) \OiNp Zy

4. Quadrupole and pairing pp/nn correlations 4 = (Q2075) 0: Ny Zgi0) Z As / >

5. Quadrupole and pn correlations ¢ = (¢20, Po)
6. Quadrupole and octupole deformations ¢ = (g20, q30)
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1. EDF method

1. Axial states K = 0 0; N;Zi;0) = ZG?\;iNiZi;J AT
2. Angular momentum | = () — A;
3. Quadrupole deformations g = @29 0: Nt 7 _ GONsZpi0| \ONs Zy
4. Quadrupole and pairting pp/nn correlations 4 = (g20,9) 0: Ny Zys0) AZ As / )
5. Quadrupole and pn correlations ¢ = (g20,Po) !
6. Quadrupole and octupole deformations q = (C]20, Q30)
0 20 20
TRANSITIONS: M7 = (0110772101 ) = (0; Ny Z4|O¢"PP 10y N Z;) =
;N Z5\" /A OiNsZs) AOUBB | p OiNiZi\ ~O;Ni Zi _
> (GAf ' f) (AFVTNOFTPINGTINGET T = )y
Aphi qiqriAhy i
O;N;Zp \ © 0N Zi
A ONZe\™ ~0v N Z; Y
1| (GRM) 0N 2 1027710 N Zis i) (GRN) |
NyZy
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1. EDF method

1. Axial states K = 0 0; N;Zi;0) = ZG?\;iNiZi;J AT
2. Angular momentum | = () — A;
3. Quadrupole deformations g = @29 0: Nt 7 _ GUNsZyi0) \OiNp Zy
4. Quadrupole and pairing pp/nn correlations 4 = (6120, 5) 0: Ny Zgi0) AZ As / >
5. Quadrupole and pn correlations ¢ = (g20,Po) !
6. Quadrupole and octupole deformations ¢ = (g20, ¢30)
0 A0 A0
TRANSITIONS: M7 = (0110772101 ) = (0; Ny Z4|O¢"PP 10y N Z;) =
OiNsZs\™ JAO:NsZg ) AO 0;N: Zi\ ~O;N; Z;
> (GAf ' f) (AFTO&PINTTINGT T = Y
Aphi qiqriAhy i
uo;Nj{Zf * 3 0N Zi
qf,\f O;N¢Zy : ) NOvBB\n. AT. 7. . O;N; Z; qi N\
O;NyZy (GAf ) 03 Ny 23 a5 |O§ 03 NiZi; qs) (GAi ) 0;N; Z;
ny, ny

\

'

Matrix elements of the double beta
transition operators between
particle number and angular
momentum projected states
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2. Multipole deformation

(0: N7 Z5: 451 0%710; N Zs: 1) A _ .1 50 T.R.R., Martinez-Pinedo, PRL 105, 252503 (2010)
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- GT strength greater than Fermi.
- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found
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2. Multipole deformation

T.R.R., Martinez-Pinedo, PRL 105, 252503 (2010)
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- Final result depends on the distribution of probabillty of the corresponding initial and final collective states within
this plot
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2. Multipole deformation

(0 N1 Zg: 4510272 10; N, Zis q5) A _ .1 50 T.R.R., Martinez-Pinedo, PRL 105, 252503 (2010)
V{0 N#Zy:qr|0; Ny Z 53 q5)(0; NiZis q:|0; NiZi; i) -
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- GT strength greater than Fermi.

- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective states within
this plot
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2. Multipole deformation

(0: N 2y 510%710: NiZi: ) A _ .1 50 T.R.R., Martinez-Pinedo, PRL 105, 252503 (2010)
VA0 NpZg;q510; Ny Z g5 q)(0; NiZis 4i|0; NiZis qi) -
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- GT strength greater than Fermi.
- Similar deformation between mother and granddaughter is favored by the transition operators
- Maxima are found close to sphericity although some other local maxima are found

- Final result depends on the distribution of probability of the corresponding initial and final collective states within
this plot
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2. Multipole deformation

J. M. Yao and J. Engel, arXiv 1604.06297 (2016)
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2. Multipole deformation

J. M. Yao and J. Engel, arXiv 1604.06297 (2016)
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FIG. 5: (Color online) The final matrix element M from
the GCM calculation with and without [46] octupole shape
fluctuations (REDF) and those of the QRPA (“QRPA_F” [66],
“QRPA_M” [45], “QRPA_T” [47]), the IMB-2 [67], and the
non-relativistic GCM, based on the Gogny D1S interaction,
with [68] and without [44] pairing fluctuations.
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2. Multipole deformation
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2. Multipole deformation

HFB-PES
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HFB-PES

S
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3. Pairing
Angular momentum projected Collective ground state
potential energy surfaces wave functions

Ba
N. Lépez-Vaquero, T.R.R., J.L. Egido, PRL 111, 142501 (2013)
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3. Pairing

Dependence on deformation

N. Lopez-Vaquero, T.R.R., J.L. Egido, PRL 111, 142501 (2013)
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3. Pairing
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FIG. 3. (Color  online.) Bottom right:
N, Nopp (0| PrMo,Pr|¢r)  for projected quasiparticle
Ap i vacua with different values of the initial and final isoscalar
H' =H-AzNz—ANNn~— )‘QQ20—7 (PO + Po) , (6) pairing amplitudes ¢; and ¢, from the SkO’-based interac-
tion (see text). Top and bottom left: Square of collective
wave functions in "®Ge and "°Se.

N. Hinohara and J. Engel, PRC 031031(R) (2014)
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4. Seniority and SU(4)

Where do the differences between SM and GCM come from?
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J. Menéndez, T. R. R., A. Poves, G. Martinez-Pinedo, PRC 90, 024311 (2014).
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4. Seniority and SU(4)

Where do the differences between SM and GCM come from?
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J. Menéndez, T. R. R., A. Poves, G. Martinez-Pinedo, PRC 90, 024311 (2014).
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NME: pf-shell

4. Seniority and SU(4)
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- Cross-check nuclei: 2Ca, *°Ca, “°Fe J. Menéndez, T. R. R., A. Poves, G. Martinez-Pinedo, PRC 90, 024311 (2014).
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J. Menéndez, et al., PRC 93, 014305 (2016).
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J. Menéndez, et al., PRC 93, 014305 (2016).
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J. Menéndez, et al., PRC 93, 014305 (2016).
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@ NMEs differ a factor of three between the different methods but
we need to understand which are the pros/cons of each method
to provide reliable numbers (precision vs. accuracy).

® Nuclear physics aspects like deformation, pairing, shell effects,
etc., are understood similarly within different approaches.

® Systematic comparisons between ISM/EDF methods have been
performed but... we need more!
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@ Isospin mixing and restoration have to be done in the future. Why
is it so difficult (perhaps impossible) with the current Gogny
EDFs?

@ Triaxiality has to be taken into account in A=76 and A=100 decays
(at least).

® How relevant is the proper description of the spectra in Ov33
NMEs?

@ Occupation numbers with EDF to define physically sound
valence spaces.

@ Odd-odd nuclei is still a major challenge for GCM calculations.

@ Computational time?!?
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