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Introduction

Ov85 matrix elements: Uncertainties
& Neutrinoless double beta decay (0v33) half-life:
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& Uncertainties: Wave function vs Transition operator

M= (07 0% o7 2)

v~ Wave function: lﬁl model space, method — SM vs ImSRG vs GCM vs QRPA ...

v Transition operator: two-body currents ...
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Introduction

Transition operators
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& Similar quenching in Ov5( decay 777

@ Corrections by Chiral EFT: two-body currents

C3,C4 C1,C3,C4 CD

E. Epelbaum et al: RMP (2009); Menendez, Gazit and Schwenk: PRL (2011)
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Introduction

Transition operators
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Introduction

Two-body currents for 0v33: normal-ordering

Used to reduce two-body operator to effective one-body operator

IPROEWORRE //cnendez, Gazit and Schwenk: PRL (2011); Engel, Simkovic and Vogel- PRC (2014)
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& Contribute from —35% to 10% to matrix element (SM)

@ Should be included in all calculations

@ Need to investigate effects of normal ordering and g # 0 terms !!!
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@ Contribute about —20% to matrix element (QRPA)

@ Should be included in all calculations

@ Need to investigate effects of normal ordering and q # 0 terms !!!
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Theoretical Framework Operators for Ov3s5

Chiral 2-body currents: momentum space

P P> ¥ P,
< |P1P2> 1 1 . q
Q——j—t——m
— ZAl? ok +kyt+q) (3) | |
1<2
[oF P2 P1 P2

where

! - 1 _
A12<17T> 277;6];]@[ (T1><7'2) ]31—|—263T2 k2+(64—|—1)<7'1><7'2) o1 X ks

1+ cg

i

(11 X 1) o1 X q] + (14 2), (4)

A12<27T> — ga [dl <T1_0'1 -+ ’T2_0'2) + d2 (T1 X 7'2)_0'1 X 0'2}, (5)

T.-S. Park et al: PRC, 67, 0565206 (2003)

L.-J. Wang (UNC) Two-Body Currents for 0vj33 Jun. 20, 2017 5/15



Theoretical Framework Operators for Ov3s5

Chiral 2-body currents: coordinate space
A
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Theoretical Framework Operators for Ov3s5

Chiral 2-body currents: regulators

@ Different regulators for cutoff A
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Theoretical Framework Operators for Ov3s5

Ov33 matrix element: 1-body+2-body

n ne Ny N2 n3y Ny
(a) Double 1B (b) 1B plus 2B (c) 1B then 2B (d) Double 2B

taken from K. A. Wendt's notes (2015)

A
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Theoretical Framework Operators for Ov3s5

Ov33 matrix element: 3-body operators
v Neglect 3-body tensor-like terms:

(0'2 " ’fu) (’fm - f13) (0'3 I fls),
(0'1 X 7212) - 713 (0'2 I 7212) (0'3 . f13),

v" Matrix elements of 3-body operators via
Jacobi coordinates

@ About 20 terms:
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Theoretical Framework Operators for Ov3s5

What we are doing:

@ From full three-body operators
A
M S (0
k<ln
JO| .
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abedef JapJged
A(Ta)T A(T0)T JabA(T )t ! ~(7a) A(Te) JdeA(T 1"
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For PHFB or GCM states with np-pairing

where a = {7, 14, l4, Ju} etc. and d = {14, n4,la, Ja, (—myg) } etc.

@ From normal-ordering with realistic core

x ) (Z (ija| Os \klbm) ey (21)

ijkl N ab

& From analytic normal-ordering (Fermi-gas): Menendez, Gazit and Schwenk: PRL (2011)

L.-J. Wang (UNC) Two-Body Currents for 0vj33 Jun. 20, 2017 10 / 15



Theoretical Framework Three-body density

Definition and Importance

@ Definition (J-scheme and M -scheme)

0
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& Important for Ov55 and ImSRG
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where antisymmetrizer A generates all unique permutations of the indices of the
product of tensors it is applied to.
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Theoretical Framework Three-body density

From M- to J-scheme

@ Rotated matrix elements in signature basis
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Theoretical Framework Three-body density

@ Numerical details

Nuclei Model space Computation time o
(each HFB with PNP) 0 {?: e
* T ~- 0;/2—m S0
20Ne 181/2, Od5/2, Od3/2 ~ 3 CPU hours 3ho {or I e 0
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@ Numerical check
v Trace of p¥): Tr(pgjg.)) = —N(N —1)(N —2)
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Summary and Outlook

& Transition operator: uncertainty of O35 matrix elements.

@ Pioneering work of chiral 2b currents: Fermi-gas approximation,
no q # 0 term: —35% to 10% correction.

& Effects of 2b currents: full 3b-operators vs normal-ordering

& Different regulators ...
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Summary and Outlook
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