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Neutrinoless double-beta decay
via light neutrino exhange
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Neutrinoless double-beta decay
via light neutrino exhange
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Neutrinoless double-beta decay
via light neutrino exhange
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@ Violates lepton-number conservation

@ Requires that neutrinos are Majorana
particles

@ Runs virtually through all J™ states in
the intermediate nucleus
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Neutrinoless double-beta decay
via light neutrino exhange
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Traditional nuclear matrix elements of
neutrinoless double-beta decay

01/ R/

dk exy) (f1Ju(x) [n) (n] J*(y) |7)
212 B, E + E, — 3(E; + Ef) — 3(E1 — E»)

@ Energy of the virtual neutrino typically £, = /m?2 + k? ~ |k| ~ kr ~ 100 MeV

(“soft neutrinos”)

Discovery,
accelerated

S
=
N
©



& TRIUMF

Traditional nuclear matrix elements of
neutrinoless double-beta decay

yov_ B / dk ezk(x y) (f1Ju(x) In) (n] J#(y) |d)
2m2 E + E, — 3(E; + Ef) — 3(E1 — E»)

@ Energy of the virtual neutrino typically £, = /m?2 + k? ~ |k| ~ kr ~ 100 MeV
(“soft neutrinos”)

@ Electrons carry away roughly the same amount of energy: E1 — E5 ~ 0 MeV
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Traditional nuclear matrix elements of
neutrinoless double-beta decay

yov_ B / dk ezk(x y) (f1Ju(x) In) (n] J#(y) |d)
2m2 E + E, — 3(E; + Ef) — 3(E1 — E»)

@ Energy of the virtual neutrino typically £, = /m?2 + k? ~ |k| ~ kr ~ 100 MeV
(“soft neutrinos”)

@ Electrons carry away roughly the same amount of energy: E1 — E5 ~ 0 MeV
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Without closure approximation:
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Closure approximation

With closure approximation:
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Without closure approximation:

= 7)) (0] T () )
M) K+ B — L(Fi + B))

n

@ Intermediate states |n) with all
spin-parities J™ up to high energies

Closure approximation
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Without closure approximation:

= 7)) (0] T () )
M) K+ B — L(Fi + B))

n

@ Intermediate states |n) with all
spin-parities J™ up to high energies
» Typically used in pnQRPA
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Without closure approximation:

= 7)) (0] T () )
M) K+ B — L(Fi + B))

n

@ Intermediate states |n) with all
spin-parities J™ up to high energies
» Typically used in pnQRPA

Closure approximation

With closure approximation:

@ Remove the dependence on
intermediate states: F,, — (F,,)
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Without closure approximation:

= 7)) (0] T () )
M) K+ B — L(Fi + B))

n

@ Intermediate states |n) with all
spin-parities J™ up to high energies
» Typically used in pnQRPA

Closure approximation

With closure approximation:

@ Remove the dependence on
intermediate states: F,, — (F,,)

@ Use the relation > |n) (n| =1
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Without closure approximation:

= 7)) (0] T () )
M) K+ B — L(Fi + B))

n

@ Intermediate states |n) with all
spin-parities J™ up to high energies
» Typically used in pnQRPA

Closure approximation

With closure approximation:

@ Remove the dependence on
intermediate states: F,, — (F,,)

@ Use the relation > |n) (n| =1
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Without closure approximation:

Moymz

n

(1 Ju(x) ) {n[ J*(y) |7)

k| + E,, — %(El + Ey)

@ Intermediate states |n) with all

spin-parities J™ up to high energies

» Typically used in pnQRPA

Closure approximation

With closure approximation:

@ Remove the dependence on
intermediate states: F,, — (F,,)

@ Use the relation > |n) (n| =1

0 o TG0 () 1)
K+ () — 3(E: + By)

» Typically used with other nuclear
methods
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Spherical proton-neutron quasiparticle
random-phase approximation (pnQRPA)
@ Single-particle bases from Woods-Saxon potential
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Spherical proton-neutron quasiparticle
random-phase approximation (pnQRPA)

@ Single-particle bases from Woods-Saxon potential
@ Quasiparticle bases from BCS equations with Bonn-A p n

two-body G-matrix X )

IBCS
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Spherical proton-neutron quasiparticle
random-phase approximation (pnQRPA)
@ Single-particle bases from Woods-Saxon potential

@ Quasiparticle bases from BCS equations with Bonn-A p n
two-body G-matrix X )
@ Intermediate states = two-quasiparticle excitations IBCS
- Jr Jr Pri /9“
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Spherical proton-neutron quasiparticle
random-phase approximation (pnQRPA)
@ Single-particle bases from Woods-Saxon potential

@ Quasiparticle bases from BCS equations with Bonn-A p n
two-body G-matrix X )
@ Intermediate states = two-quasiparticle excitations IBCS
71' ™ qp qn
) = 3 (Xok lafally = Vi [afal ]} ) IQRPA) (] D

" (@) (@

@ Adjustable parameters:
pnQRPA
gph <p/n/_1a J} Vv ‘pn_lv J>

gpp <p,n,7 ‘]| Vv |pn7 J> Ep“ <ap (:'ern (i')
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Corrections to Ovj3-decay nuclear matrix elements
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Corrections to Ovj3-decay nuclear matrix elements
The contact term at the leading order
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2R [
MY — ?m}l > T /Jo(qr)hs((f) ¢*dgl0;)
A m,n

with
hs(a?) = 280 e70/@A0).

v, Cirigliano et al., PRC 100, 055504 (2019)
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2R [
MY — ?m}l > T /Jo(qr)hs((f) ¢*dgl0;)
A m,n

Not known

hs(@?) :—q2/<2A2> |

with

v, Cirigliano et al., PRC 100, 055504 (2019)
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2R [
MY — ?m]ﬂ > T /Jo(qr)hs((f) ¢*dgl0;)
A m,n

Not known

hs(a?) =—q2/<2A2> .

@ Fix to lepton-number-violating data

with

v, Cirigliano et al., PRC 100, 055504 (2019)

3 Discovery,
& accelerated



AL
“« TRIUMF Contact Term in pnQRPA and NSM

2R [
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A m,n
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2R _ .
Mg = (0> 7 /Jo(qr)hs(qz) ¢°dq|0f)

Not known
with
hs(e?) :—q2/<2A2> |
-

@ Fix to synthetic few-body data

v, Cirigliano et al., PRC 100, 055504 (2019)
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2R _ .
Mg = (0> 7 /Jo(qr)hs(qz) ¢°dq|0f)

7rgA
Not known
with
hs(@?) :—q2/<2A2> |
-
°

v, Cirigliano et al., PRC 100, 055504 (2019)
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Contact Term in pnQRPA and NSM

MY — oﬂZ /JO ) hs (@) 2dal0F)
A

779
Not known
with
hs(a?) =—q2/<2A2> .
o
(-

@ Estimate by Charge-Independence-Breaking
(CIB) term: gi'N ~ 1(C; + Cy)

V. Cirigliano et al., PRC 100, 055504 (2019)
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MY — oﬂZ /]0 ) hs (@) 2dal0F)
A

779
Not known
with
hs(a?) =—q2/<2A2> .
o
(-

@ Estimate by Charge-Independence-Breaking
(CIB) term: g)'N ~ 3(C1 + C2)

v, Cirigliano et al., PRC 100, 055504 (2019)

Contact Term in pnQRPA and NSM
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Contact Term in pnQRPA and NSM

MY — oﬂZ /30 ) hs (@) 2dal0F)
7TgA
Not known
with
2 2
hs(a?) =—q ),
o
o

@ Estimate by Charge-Independence-Breaking
(CIB) term: g)'N ~ 3(C1 + C2)

v, Cirigliano et al., PRC 100, 055504 (2019)

Couplings (gNN ) and scales (A) of the Gaussian
regulator .

goN(fm?) A (MeV)
-0.67 450
-1.01 550
-1.44 465
-0.91 465
-1.44 349
-1.03 349
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/C’L/S(r)dr = MB7S

In pnQRPA:
Ms/ML ~ 30% — 80%

In NSM:
Mg /My, =~ 15% — 50%

Contact Term in pnQRPA and NSM

; —a
i CS,max
4 — CS,min
2 ]
0
V" pnQrPA NSM
0 5 10 0 5 10
r(fm) r(fm)

LJ, P. Soriano and J. Menéndez, Phys. Lett. B 823, 136720 (2021)
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@ Effective neutrino masses combining
the likelihood functions of GERDA
("5Ge), CUORE (130Te), EXO-200
(136Xe) and KamLAND-Zen (13¢Xe)
S. D. Biller, Phys. Rev. D 104, 012002 (2021)

e Middle bands: 17 %

Lower bands: 17" + 1"
Upper bands: M{OV) — MS(;O”)

Effective Neutrino Masses

100 |

I
101
NORMAL
1)
w

0.1 1 10

mlightest (mev)

mgg (meV)

LJ, P. Soriano and J. Menéndez, Phys. Lett. B 823, 136720 (2021)
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Corrections to Ovj3-decay nuclear matrix elements

Contribution of ultrasoft neutrinos
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Contribution of ultrasoft neutrinos
@ Contribution of ultrasoft neutrinos (k| << kr) to Ovp3 decay:

V. Cirigliano et al., Phys. Rev. C 97, 065501 (2018)

Aov . TR~ AT L[ (L Tuln) pl J218)  (f] T ) {nl I [2)
wsoft = g% 2 2m) AT (K| [ [k[+ By + By — By —in | |k| + By + B, — E; —in
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\(J . . .
Contribution of ultrasoft neutrinos
@ Contribution of ultrasoft neutrinos (k| << kr) to Ovp3 decay:

V. Cirigliano et al., Phys. Rev. C 97, 065501 (2018)

M soft —

w

TR~ A% L[ S Julm) (LT FLTulm) (ol I i)
— (2m)4~ 1 |k| [|k| + By + En — Ei —in k| + By + E, — E; —in

@ Keeping only k = 0 term in the current:

Musoft :uuS :__Z f|ZO'aT+|n H‘ZO'I,T

X [(El + E, — Ez) <ln2(E1 +'u’£1;5 — E) —+ 1)

Hus
Es+E,—E) (1 1
+ (E2 + )<n2(E2+En—Ei)+)]
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In pnQRPA:
| MO /MY | < 15%

us

In NSM:
MO /ME| < 5%

usoft

(1%
usoft

M,

Running >

Ultrasoft neutrinos in
pnQRPA and nuclear shell model

0.4

0.2

I [PGe] NSM

_______

............................

.....

T
i e e
ki

LJ, D. Castillo,P. Soriano, J Menéndez, work in progress
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Ultrasoft neutrinos as correction of
the closure approximation

1

0
t172
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Ultrasoft neutrinos as correction of
the closure approximation

1

0
t172

2
m
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In EFT:
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Ultrasoft neutrinos as correction of
the closure approximation

1
=
t172

2
m
= gAGY MY + MY + MO, + MY o ( o5 )

Me

In EFT:

{1 Ju() () |7)

]k[g” o K

— MY with < E,, > —1(E; — Ef) =0
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Ultrasoft neutrinos as correction of
the closure approximation

1 14 14 174 14 m 2
M7 gaGY | MY + MQ” + MO, + Mol ( Bﬁ)
1/2 Me
In EFT:
Ov .
2100 o S1GIT )10 M oY (fID aarsd [n) (n] Eb:abn,* i)

K|
x f(En)

— MY with < E,, > —3(E; — Ef) =0
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Ultrasoft neutrinos as correction of
the closure approximation

Nucleus M%™ MY MY MYy MY

usoft

“Ge  4.83 4.68 0.15 0.25
82Se  4.30 4.20 0.10 0.18
%67y 429 4.04 0.25 0.25
10Mo  3.52 2.71 0.81 0.65
H6Cd 431 4.47 -0.16 -0.03
1245n 512 4.88 0.24 0.29
12%Te 399 3.76 0.23 0.27
130Te  3.52 3.36 0.16 0.22
136Xe 2.60 2.71 -0.11 0.06
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Ultrasoft neutrinos as correction of
the closure approximation

Nucleus M% MY M%— MY MO(1"T)— MYy @at) M%,.
“Ge 4.83 4.68 0.15 0.26 0.25
$28e  4.30 4.20 0.10 0.18 0.18
%Zr 429 4.04 0.25 0.26 0.25
WMo 352 2.71 0.81 0.75 0.65
16Cd  4.31 447 -0.16 -0.06 -0.03
1245n 512 4.88 0.24 0.31 0.29
128Te  3.99 3.76 0.23 0.26 0.27
130Te 352 3.36 0.16 0.20 0.22
136Xe 260 2.71 -0.11 0.02 0.06
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Corrections to Ovj3-decay nuclear matrix elements

N2LO Corrections

Outline
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Nucleus M M, o | M5, o/ M|
5Ge 4.83 -0.04-0.53 < 10%
136x g 2.60 -0.02-0.07 < 3%

+...
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PRELIMINARY N°LO Corrections in pnQRPA

0 0 0 0
Nucleus Mp” M, o | M51 o/ My |

“Ge 4.83 -0.04-0.53 < 10% Caveats:
136Xe  2.60 -0.02-0.07 <3%

+ e
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PRELIMINARY N°LO Corrections in pnQRPA

0 0 0 0
Nucleus Mp” — Mys o [Myso/MyY|

“Ge 4.83 -0.04-0.53 < 10% Caveats:
'0Xe 2.60 -0.02-0.07 < 3% @ Unknown parameters

+ e
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Nucleus MY  Mys o MR o /MY
“Ge 4.83 -0.04-0.53 < 10% Caveats:
1%6Xe  2.60 -0.02-0.07 S 3% @ Unknown parameters

@ Scale dependence

+...
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Nucleus MY  Mys o MR o /MY

“Ge 4.83 -0.04-0.53 < 10% Caveats:

'%0Xe 2.60 -0.02-0.07 < 3% @ Unknown parameters
@ Scale dependence
@ Regulator dependence

+...
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Other Nuclear Observables as Probes of Neutrinoless Double-Beta Decay
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Mpgr = (011D _loy7; x our 1°1[05:)
j!k

@ Linear correlation between double
Gamow-Teller (DGT) and 0v33 in NSM, EDF
N. Shimizu, J. Menéndez and K. Yako, Phys. Rev. Lett. 120, 142502 (2018),
and IBM-2
F. F. Deppisch et al., Phys. Rev. D 102, 095016 (2020), J. Barea et al., Phys. Rev.

C 91, 034304 (2015)

M" Correlated with Mt - or s It?

E T T w

121 Ca & (a) =
F T ¢ L 1
-~ 1= cr & 7
«5 I ke o 1
? 08 GxpFiB O " =
+& [ EDF % 1
= °°F s ¥ E
Lo D 3
02f ! -
L
12 Ge (b) *
Fose o ]
1 = oe *; ;{sﬁ‘* E
4'03 r Te # * * |
T 08 Xe @ * -
.5 [ EDF % 1

S 061 area x A ‘.l- Ll = ©

@ o 4 *. ] >'; d,

L oof . v {1 %

o - x x 7 ()] E

02 o« B % - > 0

0 L 1 1% I 3 () T,

1 2 3 4 (8]

hE:

Shimizu, J. Menéndez and K. Yako, ~ = ®

PhyS Rev. Lett. 120, 142502 (2018) 21/28
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Mpar = (051D o7 x owr 1°10]5)
7,k

@ Linear correlation between double
Gamow-Teller (DGT) and 0v35 in NSM, EDF
N. Shimizu, J. Menéndez and K. Yako, Phys. Rev. Lett. 120, 142502 (2018),
and IBM-2
F. F. Deppisch et al., Phys. Rev. D 102, 095016 (2020), J. Barea et al., Phys. Rev.
C 91, 034304 (2015)

@ Correlation can also be found in ab initio

frameworks
J. M. Yao et al., Phys. Rev. C 106, 014315 (2022)

MDGT

M" Correlated with Mt - or s It?

©  Abinitio (used in regression)
= Shell Models + EDF
QRPA

alcu

N
«

0.5 1.0 1.5 2.0
M_?_:fﬁ . Afl/B
J. M. Yao et al.,
Phys. Rev. C 106, 014315 (2022)
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M" Correlated with Mt - or s It?

ak

Mpar = (07 |1 loj7; x ox7 1°l|0

)

@ Linear correlation between double
Gamow-Teller (DGT) and Ov33 in NSM, EDF

N. Shimizu, J. Menéndez and K. Yako, Phys. Rev. Lett. 120, 142502 (2018),

and IBM-2

F. F. Deppisch et al., Phys. Rev. D 102, 095016 (2020), J. Barea et al., Phys. Rev.

C 91, 034304 (2015)

@ Correlation can also be found in ab initio

frameworks

J. M. Yao et al., Phys. Rev. C 106, 014315 (2022)

@ But not in QRPA (Why?)

MDGT

©  Abinitio (used in regression)
= Shell Models + EDF
QRPA

alcu

0.5 1.0 1.5 2.0
MOUP . p-1/3
J. M. Yao et al.,
Phys. Rev. C 106, 014315 (2022)
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“ TRIUMFRadiaI Densities of 1/ and Mpcr in pnQRPA

MEV — / COV(T)dT' ’ _
’ &
Mpagr = / Cpar(r)dr E
0
@ Mpqgt more sensitive to proton-neutron ‘ ‘ ‘ ‘ ‘ ]
pairing (gpp) than M0 - 7
&

r(fm)

scovery,
ccelerated

LJ, J. Menéndez, Phys. Rev. C 107, 044316 (2023) .=
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MY = / C% (r)dr,
0

Cpar(fm™!)

MDGT=/ Cpgr(r)dr
0

@ MpgTt more sensitive to proton-neutron
pairing (gpp) than A%

@ Decreasing g,, makes DGT more
short-ranged (like Ov35 decay)

C%(fm~1)

r(fm)

e~
Discovery,
ccelerated

LJ, J. Menéndez, Phys. Rev. C 107, 044316 (2023).

N
N
-
N
©



AL
«~ TRIUMFRadiaI Densities of M/ and Mpgr in pnQRPA

MY = / C% (r)dr,
0

Cpar(fm™!)

MDGT=/ Cpgr(r)dr
0

@ MpgTt more sensitive to proton-neutron
pairing (gpp) than A%

@ Decreasing g,, makes DGT more
short-ranged (like Ov35 decay) . y

e Typically gy, adjusted to 2033 half-lives R
— Large gpp values

C%(fm~1)

r(fm)

e~
iscovery,
accelerated

LJ, J. Menéndez, Phys. Rev. C 107, 044316 (2023).
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«“ TRIUMFRadiaI Densities of 1/ and AMpqr in pnQRPA

MY = / C% (r)dr,
0

MDGT=/ Cpgr(r)dr
0

Cpar(fm™!)

@ MpgTt more sensitive to proton-neutron
pairing (gpp) than A%

@ Decreasing g,, makes DGT more
short-ranged (like Ov35 decay)

e Typically g,, adjusted to 234 half-lives T e
— Large gpp values

@ What if we free the value of g,,?

C%(fm~1)

r(fm)
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@ By varying ¢! =" we observe a
correlation |n QRPA

M vs, Mpar in anRPA

<>gT O—06
19 gI70=0.7
‘gT 0_-028 p -

> (2v88)
| X QRPA refs.

1 2 3 4
A=Y (1b)
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“ M% vs. Mpgr in pnQRPA

@ By varying ¢!~ we observe a
correlation in QRPA
@ Correlation different from other models

X

A EDF

o IBM-2
¢ QRPA |
P 0 VS-IMSRG | @
- I L L . =
0 1 2 3 4 §E
A=V/E NP (1h) oa
283
(a
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& TRIUMF
“ M% vs. Mpgr in pnQRPA

@ By varying ¢!~ we observe a
correlation in QRPA
@ Correlation different from other models
» Maybe not surprising, given the

X
dispersion of M%’s... A EDF
o IBM-2
¢ Qrea
s 0 VS-IMSRG || @
- I I I . ]
0 1 2 3 4 EE
AV (1h) S
e 8
O®
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“ M% vs. Mpgr in pnQRPA

@ By varying ¢~ we observe a
correlation in QRPA
@ Correlation different from other models
» Maybe not surprising, given the

X
dispersion of A%’s... »  EDF
» ...and different approaches o IBM-2
(closure/non-closure,...) ¢ QRPA (-
) ‘ 0 VS-IMSRG || @
- I | | y )
0 1 2 3 4 EE
A-Y/6 09 (1D) o2
L O Q
28
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“ M% vs. Mpgr in pnQRPA

@ By varying ¢!~ we observe a
correlation in QRPA
@ Correlation different from other models
» Maybe not surprising, given the

dispersion of M%"’s... N EDF

» ...and different approaches o IBM-2
(closure/non-closure,...) ¢ QRPA (.
® Measuring DGT reaction could help S w ‘ °VS'IM$RGL %
constrain M%! 0 ! 2 3 195
ATY6 MY (1D) SS
28
[a )]
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Probing 055 Decay by Gamma Decays

@ Double magnetic dipole (M1) decay
(electromagnetic interaction) can be
related to Ov35 decay (weak
interaction)

Mass excess

T

z:1Y
(T="Ts+2)
(T=T;+2) DIAS(0F)
+
0 —
zZ
BB

— 0f (Iy =T)

742X

Atomic number

MYY(M1IM1) ="

(OF [[M ||1) (1,7 [[ M ]]0)

En - (Ez +Ef)/2

n

A
3
M1 = pny[ — D (918 + gisi)
4m =
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@ Double magnetic dipole (M1) decay
(electromagnetic interaction) can be
related to Ov35 decay (weak
interaction)

@ Correlation between these processes
observed in NSM
B. Romeo, J. Menéndez, C. Pena-Garay, Phys. Lett. B 827, 136965

(2022)

Probing 055 Decay by Gamma Decays

L L L
1.0 1.5 2.0 25 3.0 35

MO0, —0)

B. Romeo, J. Menéndez, C. Peha-Garay,
Phys. Lett. B 827, 136965 (2022)
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Probing 055 Decay by Gamma Decays

@ Double magnetic dipole (M1) decay
(electromagnetic interaction) can be
related to Ov35 decay (weak
interaction)

@ Correlation between these processes
observed in NSM
B. Romeo, J. Menéndez, C. Peha-Garay, Phys. Lett. B 827, 136965

(2022)

@ Correlation also found in QRPA

0 1 2 3 4
A6 [0 (1b)

LJ, J. Menéndez, Phys. Rev. C 107, 044316 (2023)
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® How about 2v33 decay?
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Probing 055 Decay by 2v53 Decay

® How about 2v 33 decay?
@ 2v3[-decay also correlated with 0v33-decay!

046 < A <60
072 <A< 84

0124 < A <136 ||

0.6

Ho.4

TR ]
25 3 35 4
AV/S M (1b)

L Il L Il L Il L L Il L Il L
04 06 08 1 12 14
A1/6 M0 (1b)

| | |
16 18 2

LJ, B. Romeo, P. Soriano and J. Menéndez, Phys. Rev. C 107, 044305 (2023)
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“«TRIUMF Probing 055 Decay by 2v53 Decay
@ How about 2v33 decay?
@ 2v3[-decay also correlated with 0v33-decay!
@ We can use the existing data to estimate Ov33-decay NMEs!

8| |—QRPA = QRPA(lit.) — NSM = NSM(lit.)

d L ! | I

EIE A

> S o 5 o IS e e ©
2O W07 987§V \@Q\ N@C) {13’&/ CJQ&/ N,b@“r'

Mg (1b)

Nucleus

LJ, B. Romeo, P. Soriano and J. Menéndez, Phys. Rev. C 107, 044305 (2023)
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@ Correlations survive when adding the

2BCs and the contact term

Probing 055 Decay by 2v53 Decay

Two-Body Currents & Contact Term

o6[ ‘ ‘ ==
° > //5}"
° o
04+ =% !
%}o : ==
L, = 7::/}://
& 38 e 1
= <>/ 2 °<>6>?/6
0L #BO” ¢ ,?Q oNSM(46 < 4 < 60)
ey g oNSM(72 < A < 84)
_oatl/ oNSM(124 < A < 136)
B _ |eqrpA
0 1 2 3 1

AS(MP¥ (1b + 2b) + M)

LJ, B. Romeo, P. Soriano and J. Menéndez, Phys. Rev.
107, 044305 (2023)

g Discavery,
& accelerated



AL
= TRIUMF Probing 0v Decay by 253 Decay

Two-Body Currents & Contact Term

@ Correlations survive when adding the s[(@ |—QRPA == QRPA(IC)  MP“(Ib)omen
2BCs and the contact term T [ [TNSM = NSMOit) o MP(bew |

. . + r ]

@ Effect of 2BCs larger than in previous IV . o g I 1
studies s, ninl I h' I'I"f

J. Menéndez, D. Gazit, A. Schwenk, Phys. Rev. Lett. 107, 062501 (2011) [ bl ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1

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

MR (1b + 2b) + MY
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T T
——t
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Two-Body Currents & Contact Term

@ Correlations survive when adding the s[(@ |—QRPA == QRPA(IC)  MP“(Ib)omen
2BCs and the contact term T [ [TNSM = NSMOit) o MP(bew |
. . + r ]
@ Effect of 2BCs larger than in previous IV . o g I 1
studies s, ninl I h' I'I"f

J. Menéndez, D. Gazit, A. Schwenk, Phys. Rev. Lett. 107, 062501 (2011) [ bl ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1

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

@ 2BCs and the contact term largely
cancel each other

MR (1b + 2b) + MY
(V] e (=2}
T T
——t
—
——t
——t
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—
Il Il
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N N O &Y ke o e
£ 007 o §V o &Q @?’& ;:9&’ @Qﬁv
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Summary

@ Newly introduced contact term significantly enhances the Ov33-decay NMEs

@ Studying the contribution from ultrasoft neutrinos may help us estimate the closure
correction to the Ov33-decay NMEs

@ Correction from additional N2LO corrections < 5%

@ Correlations between 0v 33 decay and DGT, M1M1 and 2v33 decays may help
constrain the Ov33-decay NMEs
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Thank you
Merci
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« U Axial-Vector Two-Body Currents (2BCs)

@ One-body (1b) axial-vector currents given by

3
Ti gp
3, =" o, ——q-0;
’L,lb 2 (gA (2 Qqu Z) )

where gp = (2mnq/(¢* + m2))ga
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« TRIUMF Axial-Vector Two-Body Currents (2BCs)

@ One-body (1b) axial-vector currents given by

3
Ti gp
JB,=-"L o, — ——q-0o;
’L,lb 2 (gA (2 2qu Z) )

where gp = (2mnq/(¢* + m2))ga

@ Additional pion-exchange, pion-pole, and contact two-body (2b) currents
Hoferichter, Klos, Schwenk Phys. Lett. B 746, 410 (2015)

3 __ 9A 3 q c6 .p1+Dpj] o2-ke
Jis = — == [r1 X 72] [04(1— q.) (01><k2)+z(0'1><q)+z ]M£+l~c§

Y Q@ + Mx dmn

ga 3[ 1 q )k 2 a ]02~k2
- = -——q + 21 M
F2 63( @+ M )T ez Mz

3 a 3 a
—dy7i <1— q2+M,2rq') o1+ (1 2) —da(r1 X 12)°(01 X 02) (1 — -qq2 +M72r>

where k; = p, — p; andq = —k; — ko
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@ Approximate 2BCs by normal-ordering w.r.t. spin-isospin—symmetric reference state
i _ 913 2y.
with p = 2k /(377):
Hoferichter, Menéndez, Schwenk, Phys. Rev. D 102,074018 (2020)

Jz 2b — Z(l - PZJ)J?]

J

7_

eff ‘1 @ .
= [Jian = 9a7 [50( o + o (q Uz)O.I] ,

where

p [ca 1 1 cp
Su(q?) =— 5 | =[3I9 4 — ez —— )17 —IC ) )
a(a”) 72 { 5 B3 (p @) = 17 (p, |a])] ( =7 N) 7 (p;lal) — s(p;lal) — 49AAX:|

9 p m2q? 1 1 P s 2 cm?
=—| —2(ez3 —2c1) —F5"——55 - — ) - =-=
oF () = |~ 2 —200) 5= 4 g (o e = )1 Golal) - (G - 52

(215 ortal) + 17l + 17 (ol + 17 o) = 375 el = -2 L2
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