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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

Process mediated by the weak interaction which occurs in those even-even nuclei
where the single beta decay is energetically forbidden.
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1. Introduction

Process mediated by the weak interaction which occurs in those even-even nuclei
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* Violates the leptonic number conservation

* Neutrinos are massive Majorana particles

* Mass hierarchy of neutrinos

* Experimentally not observed (T12>10%°y)

* Beyond the Standard Model

* Most plausible mechanism: exchange of light
Majorana neutrinos ®
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* Violates the leptonic number conservation

* Neutrinos are massive Majorana particles

* Mass hierarchy of neutrinos

* Experimentally not observed (T12>10%°y)

* Beyond the Standard Model

* Most plausible mechanism: exchange of light
Majorana neutrinos ®

Phys. Rev. C 85, 034316 (2012).
Phys. Rev. C 88, 037303 (2013). Phase space factor
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* Violates the leptonic number conservation

* Neutrinos are massive Majorana particles

* Mass hierarchy of neutrinos

* Experimentally not observed (T12>10%°y)

* Beyond the Standard Model

* Most plausible mechanism: exchange of light
Majorana neutrinos ®

Nuclear Matrix Element
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Only lower limits to the half-lives have been measured so far
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Experiment Decay Present limit T1/,2 Forecast limit T1/,2

GERDA °Ge > 2.1x10% yr ~2x1026 yr PRL. 111, 122503 (2013)
Majorana °Ge —— ~4x1027 yr arXiv:nucl-ex/ 0311013
EXO-200 136X e > 1.1x10% yr ~1.3x10%8 yr Nature 510, 229 (2014)
KamLAND-Zen 136X e > 1.9x10%° yr ~4x1026 yr PRL 110, 062502 (2013)
NEXT 136Xe —— ~1026 yr JINST 7, C11007 (2012)
(Super)NEMO3 82Se > 3.6x10%3 yr ~1.2x1028 yr PRL 95, 182302 (2005)
CUORICINO (cuorg) 130Te > 3x1024 yr ~2x1026 yr PRC 78, 035502 (2008)
(Super)NEMO3 150Nd > 1.8x10%2 yr ~5x102° yr PRC 80, 032501 (2009)
SNO+ 150Ng —— > 1.6x1025 yr L s0es ots)
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Neutrino flavor eigenstates are not the same as the mass eigenstates
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» Leading lepton number violating process contributing to Ovp decay
= Exchange of light Majorana neutrino.

* Transition operator connecting initial and final states

- Relativistic/Non-relativistic.
- Nucleon size effects.

- Two-body weak currents.
- Form factors.

- Short-range correlations.

- Closure approximation.

* Nuclear structure method (fully consistent or not with the operator) for

calculating these NME.
- Correlations.
- Symmetry conservation.
- Valence space.
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4. Summary and outlook

Method

Recent references

Interacting Shell Model (ISM)

- Phys. Rev. Lett. 100, 052503 (2008).
- Nucl. Phys. A 818, 139 (2009).

- Phys. Rev. C 87, 014320 (2013).

- Phys. Rev. Lett. 113, 262501 (2014).

pnQRPA

- Phys. Rev. C 77, 045503 (2008).
- Phys Rev. C 87, 045501 (2013).
- J. Phys. G 39, 124005 (2012).

Interacting Boson Model (IBM)

- Phys. Rev. C 79, 044301 (2009).
- Phys Rev. C 87, 014315 (2013).

Generator Coordinate Method (GCM-EDF)

- Phys. Rev. Lett. 105, 252503 (2010).
- Phys. Rev. Lett 111, 142501 (2013).
- Phys. Rev. C 90, 031031(R) (2014).
- Phys. Rev. C 90, 054309 (2014).

- Phys. Rev. C 91, 024316 (2015).
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Different methods give different values of NME’s with a factor ~3 difference
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J. M. Yao et al.,Phys. Rev. C 91, 024316 (2015) J. Barea, J. Kotila and F. lachello, Phys. Rev. C 87, 014315 (2013)
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ESNT Workshop | Saclay | Feb 2017 | MR-EDF calculations for neutrinoless double beta decay nuclear matrix elements | Tomas R. Rodriguez



LA

Transition operator TRIVERSDAD {TTOROVA

1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

e Relativistic form

Hweak () = GF\C/%S@C P )jT( )+ h.c., O :ZOQ”, (i=VV,AA, AP, PP, M M)
- o = [, [ A0 ST
j(x) = e(x)y" (1 — vs)ve(z). P2 YU 2m)3 q(q + By) WHY
Th(x) = () gv(q2)%+igM(q2)§:;ff g% () (Pryur—) " (Pryr )™,
— 9a(@®) s — 9r(@)aus] T-v (@), 3 (q?) (Prsm—) ' (Prtas—i) P
29.4(a*)gp(a®) (byys—) " (Parsm ),
- (1) 2 (2)
MO (0F s 0 = (0F 1A% 10+ 9p(a°) (bayst-v) " (Paryst—2)
(OI %OF) <OF’O |OI>? Y o [ O 1) s smi (2)
gm(a”) <¢2mpq T—¢> (¢2mpqg'7—¢) :

L. S. Song et al., Phys. Rev. C 90, 054309 (2014).
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e Relativistic form

Hyeak () = GF\C/%SQC H(z) Tl (7) + hee, O% =>"0Y, (i=VV,AA AP, PP,MM)

3q eiq-(wl—mg)

j* (@) = e(x)y"(1 ™3 qlq + Eg) [j;[jﬁﬂi
IHx) = ¥(=) |gv(¢®) yir_ap) P
— 9a(@®)us — 9p(@3)qus] T-(2), 72(a%) (s ) ) (Pyysr_u) @
204(a%)gp(a®) (brrsm-0) (Darsm—u)?
MO (0F — 0F) = (05|O%|07), 93(a%) (baysr—v)" (bgysm—v)'?,
2 oo .7 9pi g W gr 2
gm(a”) <¢ 2. r_w) (¢ 2 ij—w) -

L. S. Song et al., Phys. Rev. C 90, 054309 (2014).
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I . . The non-relativistic “two-current” operator |7, Tj pt]
¢ Non_relatIVIStIC red UCtIOn can be decomposed, as in other non—relativis[tig calc]llfafi
tions, into the Fermi, the Gamow-Teller, and the tensor
parts:
Ov/n+ +\ — /0t 1AV 0T
M (OI — OF) p— <OF’O |OI >, [_hF(qz)+hGT(q2)Ul2+hT(q2)SiJ2} TEDT?); (34)

with the tensor operator S%, = 3(a) - q)(a® - §) — 012
and o1 = ™ . ¢®. Bach channel (K: F, GT, T)

OOV — E O?V7 (Z — VV’ AA’ AP’ P_P7 MM) of Eq. (34) can be labeled by the terms of the hadronic
)

current from which it originates, as

hic(q®) =Y hx_i(q®), (i=VV,AA AP, PP, MM)

with
) 3 iq-(x1—x2)
AoV _ 4R B B d°q e e [jTj/“L}. he—vv(q®) = —gv(q°), (35a)
v 9124 (27‘()3 q(q -+ Ed) K v har-aa(@®) = —ga(d?), (35D)
2

hor-ar(@®) = oaldlar(a’) 5L, (350

4
hat—prp(q®) = —%g%(q2) 4Zn2, (35d)

2
har-mm(q?) = —gg?w(qz)fﬁ, (35¢)

p
hr—ar(@®) = har-ar(q@?), (35f)
hr—pr(@®) = har-prr(d?), (35g)
hr—mm(q°) = _%hGT—MM(q2)~ (35h)

F. Simkovic et. al, PRC 60, 055502 (1999) L. S. Song et al., Phys. Rev. C 90, 054309 (2014).
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 Non-relativisti

, and the tensor

MY (0F —0 |07 (3a)

(0(2) -q) — 012
(K: F, GT, T)

E O OV ) of the hadronic

AP, PP, MM)

(35a)
(35b)

(35¢)

(35d)

F. Simkovic et. al, PRC 60, 055502 (1999) L. S. Song et al., Phys. Rev. C 90, 054309 (2014).
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 Non-relativistic reduction

- Neglect the tensor term. v (0)\ 2
- Closure approximation MOFP = ( )) MPPP 4 MEPP — PP
(10% error at most, from QRPA and ISM calculations)

0)\° A 1) (2
MO8 (gA( ) 0t |Ve(1,2)2 M +@ o
; 2 07171, 220520
Me? = (0 [Ver(1,2)7 P 0f)
(P Ve (1,2)[717%) = vp(|f — fal)d(7 — 71)6(7% — 75)
(M Var(1,2)|[Fi7y) = ver(|f — f)a(7 — 1) — 7y)e) - o
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 Non-relativistic reduction

- Neglect the tensor term. v (0)\ 2
- Closure approximation MOFP = ( )) MPPP 4 MEPP — PP
(10% error at most, from QRPA and ISM calculations)

MOVﬁﬁ

Neutrino potentials
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Neutrino potentials

Starting from the weak Lagrangian that describes the process some
approximations are made:

1. Non-relativistic approach in the hadronic part.

2. Closure approximation in the virtual intermediate state
3. Nucleon form factors taken in the dipolar approximation.
4. Tensor contribution is neglected.

5. High order currents are included (HOC).

6. Short range correlations are included with an UCOM correlator.

- Find the initial and final O* (and, in the no closure approximation, the intermediate) states
- Evaluate the transition operators between these states
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* The ‘bare’ operator should be
transformed into an ‘effective’
operator defined in the valence space

FIG. 2. (Color online) The X box to first order in Viewr. Solid
(red online) up- or down-going lines indicate neutrons and dotted
(blue online) lines indicate protons. The wavy horizontal lines, as in
Fig. 1, represent Vo, and the dashed horizontal lines represent the
OvBp-decay operator in Eq. (1).

J.D. Holt, J. Engel, Phys. Rev. C 87, 064315 (2013)
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* The ‘bare’ operator should be
transformed into an ‘effective’
operator defined in the valence space
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FIG. 2. (Color online) The X box to first order in Viewr. Solid
(red online) up- or down-going lines indicate neutrons and dotted
(blue online) lines indicate protons. The wavy horizontal lines, as in
Fig. 1, represent Vo, and the dashed horizontal lines represent the
OvBp-decay operator in Eq. (1).

J.D. Holt, J. Engel, Phys. Rev. C 87, 064315 (2013)
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e Two-body weak currents could play a relevant role
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FIG. 2 (color online). Nuclear matrix elements M°"2E for
OvBpB decay. At order Q°, the NMEs include only the leading
p = 0 axial and vector 15 currents. At the next order, all 0?
1b-current contributions not suppressed by parity are taken into
account. At order Q3, the thick bars are predicted from the long-
range parts of 2b currents (¢, = 0). The thin bars estimate the
theoretical uncertainty from the short-range coupling cp by
taking an extreme range for the quenching (see text). For
comparison, we show the SM results of Ref. [12] based on
phenomenological 15 currents only. The inset (representative
for 130Xe) shows that the GT part, Mg?? = [dpCer(p), is
dominated by p ~ 100 MeV.

J. Menéndez, D. Gazit, A. Schwenk,
Phys. Rev. Lett. 107, 062501 (2011)
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FIG. 1. (Color online) Nuclear matrix elements M'% for all the
nuclei considered here. The empty circles and squares represent the
results with the one-body current only, and the solid circles and
squares the average of the results with two-body currents included.
The error bars represent the dispersion in those values (see text).

J. Engel, F. Simkovic, P. Vogel, Phys.
Rev. C 89, 064308 (2014)
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FIG. 1. (Color online) Nuclear matrix elements M'% for all the
nuclei considered here. The empty circles and squares represent the
results with the one-body current only, and the solid circles and
squares the average of the results with two-body currents included.
The error bars represent the dispersion in those values (see text).

J. Engel, F. Simkovic, P. Vogel, Phys.
Rev. C 89, 064308 (2014)

w these are problems closely related to the quenching of Gamow-Teller strength
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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

We want to study the role of

- Deformation and shape mixing.
- Pairing pp/nn/pn correlations.

- Shell effects.

- Isospin conservation.

- Occupation numbers.
- Size of the valence space.

In the nuclear matrix elements using a standard prescription for the
transition operator.
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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook
1. Axial states K = 0 0; N;Zi;0) = ZG?\;iNiZi;J AT
2. Angular momentum | = () — A;
3. Quadrupole deformations g = @29 0: N+ 7 O;NypZypso A O;NypZy
; o) = G A
4. Quadrupole and pairing pp/nn correlations 4 = (6120, 5) 0: Ny Zgi0) Z As / >

5. Quadrupole and pn correlations ¢ = (¢20, Po)
6. Quadrupole and octupole deformations ¢ = (g20, q30)
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(0: N 2y 510%710: NiZi: ) _ 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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- 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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- GT strength greater than Fermi.
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- 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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J. M. Yao and J. Engel, arXiv 1604.06297 (2016)
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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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N. Lopez-Vaquero, T.R.R., J.L. Egido, PRL 111, 142501 (2013)
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Dependence on deformation

N. Lopez-Vaquero, T.R.R., J.L. Egido, PRL 111, 142501 (2013)
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

I Ov Ov T1/2(5275)
sotope | AQ(B2) |AQ(B2,0)| M7 (B2) | M~ (B2,9)|Var (%) Ty /5 (B2)
*®Ca | 0.265 0.131 [2.3705 %26 | 2.2295 %37 -6 1.13
©Ge | 0.271 0.190 [4.6013 2%2] 5.5517 549 | 21 0.69
52Se | -0.366 | -0.246 |4.218335%| 4.6745' 553 11 0.81
%7r | 2.580 2.628 |5.6507' 935 6.498°-5595 15 0.76
100Mo | 1.879 1.757 |5.0847 552 | 6.588%:551 | 30 0.60
116Cd | 1.365 1.337  |4.7955 30, | 5.3485 072 12 0.80
124890 | -0.830 | -0.687 [4.8083:572| 5.7871°987 | 20 0.69
128Te | -0.564 | -0.594 [4.1073:072] 5.687+955 38 0.52
130Te | -0.348 | -0.628 |5.1305 g | 6.405°°35) 25 0.64
136Xe | -1.027 | -0.787 |4.199:373| 4.7735 279 14 0.77
1°ONd | -0.380 | -0.282 [1.70753551 2.1905°237 | 29 0.61

N. Lopez-Vaquero, T.R.R., J.L. Egido, PRL 111, 142501 (2013)
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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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Occupation numbers TNVERGIAD. ATTONOVA

DE MADRID
1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook
8Ge Protons = 78gg _
0 = o 8’ g’ g g <8( %
D I z = - 5 < =2 =2 5§ 35 5
- O ©) = ) ) a L < @ ) = ) — . .
e 6 S £ 2 = 2 = FIG. 1. (Color online) Comparison between
§ i 5 5 > 2 = F experimental and theoretical occupation num-
3 4 bers for A = 76. Experimental values are from
o | Refs. [1,2]. The ISM results correspond to the

gcn28.50 (GCN) and rg (RG) interactions. The
QRPA standard numbers, TU(WS) and JY(WS)
give the occupancies at the BCS level. The

8Ge Neutrons 7654

N é g g 2 g % QRPA occupancies with adjusted single particle

zZ = & = =2 X % 5 = 2 = = energies are given at the BCS level in the case

@ 8T o g s = % < % i of JY(ADIJ) and at QRPA level for TU(ADIJ).

S s | n o 8 oz B I | JY and TU results from Refs. [5] and [6],

§ i 0 99/21 respectively. The experimental error bars are also
> 4Ll ] shown.

N
Fitting the underlying (WS) mean field to

MOPP GCN WS RG ADJ-WS « : ” .
reproduce the “experimental” occupation

ISM 2.81 3.26 numbers reduces the pnQRPA NMEs.

QRPA(JY) 5.36 4.11

QRPA(TU) 5.07-6.25 4.59-5.44

J. Menéndez et al., Phys. Rev. C 80, 048501 (2009)
Exp: J. Schiffer et al., Phys Rev. Lett. 100, 112501 (2008)
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1. Introduction

2. OvBpB transition operator

3. Nuclear structure effects

4. Summary and outlook

orbit || “Ge ax "Ge triax “Geexp || PSe ax "Se triax  °Se exp
V0 f7/ 7.81 7.72 — 7.72 7.47 —
vlp 5.38 4.88 4.87+0.20 4.74 4.30 4.4140.20
V0 f5/2 5.16 4.95 4.56+0.40 4.96 4.24 3.83+0.40
v0g9/2 4.65 4.84 6.484+0.30 3.92 4.10 5.80+0.30
vlds s 0.54 0.83 — 0.26 0.86 —
v0g7/2 0.16 0.24 — 0.19 0.31 —
Vldss | 0.04 0.07 — 004  0.10 —
V2819 0.03 0.09 — 0.02 0.12 —
70 f7/2 7.46 7.19 — 7.41 6.94 —
mlp 2.11 2.17 1.77+0.15 3.29 2.09 2.08+£0.15
70 f5 /2 2.16 2.30 2.04+0.25 2.98 2.03 3.1640.25
w0gg /2 0.17 0.19 0.23+0.25 0.21 1.16 0.84+0.25
rldsss | 0.03 0.05 — 004 025 —
w0g7 /2 0.06 0.09 — 0.08 0.15 —
mlds /o 0.02 0.03 — 0.02 0.05 —
281 /2 0.01 0.01 — 0.01 0.03 —

T.R.R., J. Phys. G 44, 034002 (2017)
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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

® Experimental data are already able to constrain very long lower
limit half-lives (we cross fingers for a positive signal soon!).

® OvBP preferred mechanism is the exchange of a light Majorana
neutrino but some other mechanisms are being considered too.

® 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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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

@ 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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Proton-neutron pairing with LA

Gogny EDF

1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

In all of the Gogny codes, a factorization of the HFB-like wave function is assumed:
@) = |@)p X |P)n

Therefore, the HFB transformation is block-diagonal in isospin:

V,, O
Bl = Ubac) + Voacs — U:(ng UO ) vz( - )
b nmn nn

and, consequently, the density matrix and pairing tensor are also block-diagonal in isospin:

_( Ppp 0 _f Kpp 0
o= (% ) =T )

ESNT Workshop | Saclay | Feb 2017 | MR-EDF calculations for neutrinoless double beta decay nuclear matrix elements | Tomas R. Rodriguez



Proton-neutron pairing with LA

Y TS S

1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

. e 1 _
Given a two-body Hamiltonian: [ — zb: tabclcb + 1 zb:dvabcdcgczcdcc
a aocC

. 1 1
The HFB energy is given by:  E™B — Ty (¢p) + §Tr (Tp) — §Tr (Ar™)

Pac — E @abcdpdb — HF field

bd
1 - « » .
Aab — 5 Z VabedReq — Pairing field
cd
Which parts of the interacti Yapbpcpdy
ich parts of the interaction are 7 7
explored by these fields? abed —7 _anbn Cndn
- va’pb’ncpdn
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1. Introduction 2. OvBp transition operator 3. Nuclear structure effects 4. Summary and outlook

Hartree-Fock field Laoc, = D pd Vapbyepdy Pdyby T+ Vaybrcydn Pdyby

Fancn — Zbd T_}anbpcndp pdpbp + Q_]anbncndn Pd,. b,

I'oe —
1_\a,ncp — Zbd T_Janbpcpdn Pd.,b,
i Fapcn — Zbd Tjapbncndp Pd,b,,
_ 1 B
. : Aapbp 2 ch Vapbyepd, fepd,
Pairing field
1 —
Aanbn = 5 2 cd Vanbpcndn Kepds,
Agp —

1 _ _
Aanbp B) ch Va,b,cndy,Fend, T Va,b,cpdnFeyd,

1 _ _
Aapbn B) ch Uapbn Cndyp KRe,, dp + vapbncpdn chdn
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

Hartree-Fock field Laoc, = D pd Vapbyepdy Pdyby T+ Vaybrcydn Pdyby

Fancn — Zbd T_}anbpcndp pdpbp + Q_]anbncndn Pd,. b,

', —
_ Fa’pcn — Zbd ﬁapbncndp%
_ 1 -
.. : Aapbp 2 ch Uapbpcpdp H;dep
Pairing field
]_ —
Aanbn = 5 ch Va,b,cnd, e, dy,
Aa,b —

Aanb

1 _ _
p B) ch Va,b,cndy,Fend, T Va,b,cpdnFeyd,

1 _ _
Aapbn B) ch Uapbn Cndyp KRe,, dp + vapbncpdn chdn
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook
] i - (- (~
Hartree FOCk fleld FCLpCp — Zb 1 Ua'pbpcpdp dpbp —|— ’Uapbn den d'n, bn

pp/nn/pn are taken

_ _ Into account
Fancn — thtvanbpcndp dpbp ‘fLUanbncndn dnbn

', —
_ Fa’pcn — Zbd ﬁapbncndp%
_ 1 -
.. : Aapbp 2 ch Uapbpcpdp H;dep
Pairing field
]_ —
Aanbn = 5 ch Va,b,cnd, e, dy,
Aa,b —

Aanb

1 _ _
p B) ch Va,b,cndy,Fend, T Va,b,cpdnFeyd,

1 _ _
Aapbn B) ch Uapbn Cndyp KRe,, dp + vapbncpdn chdn
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook
] i - (- (~
Hartree FOCk fleld FCLpCp — Zb 1 Ua'pbpcpdp dpbp —|— ’Uapbn den d'n, bn

pp/nn/pn are taken

_ _ Into account
Fancn — thtvanbpcndp dpbp ‘fLUanbncndn dnbn

', —
_ Fa’pcn — Zbd ﬁapbncndp%
_ 1 -
.. : Aapbp 2 ch Uapbpcpdp H;dep
Pairing field
]_ —
Aanbn = 5 ch Va,b,cnd, e, dy,
Aa,b —

1 _ _

Aanbp 5 ch vanbpcndp%ip =+ Uanbpcpdn%
1 _ _

Aapbn 2 ch [Uapbncndpﬁddp + vapbncpdn%%
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook
] i - (- (~
Hartree FOCk fleld FCLpCp — Zb 1 Ua'pbpcpdp dpbp —|— ’Uapbn den d'n, bn

pp/nn/pn are taken

_ _ Into account
Fancn — thtvanbpcndp dpbp ‘fLUanbncndn dnbn

['ye —
1_\a,ncp — Zbd Uanbpcpdn%
_ Fa’pcn — Zbd ﬁapbncndp%
o ) Aapbp = \’fcpdp pp/nn only are
Pairing field taken into account
Da,b, = Rendn,  no pn pairing!!!
Aa,b —

1 _ _

Aanbp 5 ch vanbpcndp%ip =+ Uanbpcpdn%
1 _ _

Aapbn 2 ch [Uapbncndpﬁddp + vapbncpdn%%
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Gogny EDF

1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook
_ - - - -
Hartree FOCk fleld FCLpCp p— Zb 1 Ua'pbpcpdp dpbp —|— ’Uapbn den d'n, bn

pp/nn/pn are taken

_ _ Into account
Fancn — thkfvanbpcndp dpbp ‘f&anbncndn dnbn

', —

— — - .
We have to go beyond

@) = |P)n X |P)n

pp/nn only are

Pairing field to include pn pairing. taken info account

Danby, = 5 2 cdWanbnendy)fe,d, no pn pairing!!!

1 _ _
Aanbp — 2 ch vanbpcndp%ip T vanbpcpdn%
1 _ _
_ Aapbn ) ch [Uapbncndpﬁddp + vapbncpdn%%
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Proton-neutron pairing with LA
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( ) — density-dependent term
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( ) — density-dependent term

—DD
Uabed = t3 abcd [Sacsbd (5Ta7'c57'b7'd R deTaTdéTch) + —> tWO-bOdy matrix elements

Sadsbc (x05TaTc6Tde _ 5Ta,7'd57'b7'c)]
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( > — density-dependent term

—DD
Uabed = t3 abcd [Sacsbd (57'a7'c57'b7'd R deTaTdéTch) —I_ —> tWO-bOdy matrix elements

Sa' SC L 57—0,7_067'7' o 5’7'0,7' 57‘ Tc
o ( ’ o o abcd /¢a )¢c( )¢d(7?)d377

— spatial integrals
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( > — density-dependent term

DD
Uspea = 131 aped [SacShd (0ryreOryry — T00ryryOrr )+ two-body matrix elements

Sadsbc (x05TaTc6Tde _ 5Ta,7'd57'b7'c)]

— To compute the HF field:

Ta =Te=T;Tp=Tg =T

_é%?d — t3 bcd [Sacsbd ( ZCO(STT/) + SadSbc (330 — 57'7")]

ESNT Workshop | Saclay | Feb 2017 | MR-EDF calculations for neutrinoless double beta decay nuclear matrix elements | Tomas R. Rodriguez



Proton-neutron pairing with LA
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1. Introduction 2. OvpBp transition operator 3. Nuclear structure effects 4. Summary and outlook

On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( > — density-dependent term

DD
Uspea = 131 aped [SacShd (0ryreOryry — T00ryryOrr )+ two-body matrix elements

Sadsbc (x05TaTc6Tde _ 5Ta,7'd57'b7'c)]

— To compute the HF field:

Ta =Te=T;Tp=Tg =T
bl — ¢ S,.eS B S.4S )
abcd 3 abcd[ ac bd( 'CCO 7'7'/) _|_ adPbc (:CO TT’)]

— To compute the pairing field:

Ta =Tp =T, Te =Tg =T

_clz%?d = t3l bcd [Sacsbd (1 — 370) + S0dShe ( 1)] O
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On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( > — density-dependent term

DD
Uspea = 131 aped [SacShd (0ryreOryry — T00ryryOrr )+ two-body matrix elements

Sadsbc (x05TaTc6Tde _ 5Ta,7'd57'b7'c)]

— To compute the HF field:

Ta =Te=T;Tp=Tg =T
—DD _
Vabed — t3 bcd [Sacsbd ( ZCO(STT/) + SadSbc (330 — 57'7")]

— To compute the pairing field:

Ta =Tp =T, Te =Tg =T

Y

oD = t315D 18,.Spq (1 = 2e3—+57755 (o — 1)] 6, —inall parametriiations
Ty —

[
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On top of this, Gogny parametrizations are chosen to cancel out the pairing part coming

from the density-dependent term when the HFB wave function is factorized.

1+ T2
2

VDD (7 %) = t3(1 + 20 Py)8(F1 — %) p% ( ) — density-dependent term

—DD
Uabed = t3 abcd [Sacsbd (5Ta7'c57'b7'd R deTaTdéTch) + —> tWO-bOdy matrix elements

Sadsbc (x05TaTc6Tde _ 5Ta,7'd57'b7'c)]

— To compute the HF field:

Ta =Te=T;Tp=Tg =T
bl — ¢ S,.eS B S.4S )
abcd 3 abcd[ ac bd( 'CCO 7'7'/) _|_ adPbc (:CO TT’)]

— To compute the pairing field:

/

Ta=To =T;Tc=T¢ =T |— it does not hold in the general casel!!

Oy = t3I05 18,084 (1 — 20 —+57755 (2o — 1)] 5. —inall parametriiations
Ty —

[
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