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THE ROADMAP FOR OvBB DECAY
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NON-LOCAL MATRIX ELEMENTS OF
TWO DIMENSION-6 FOUR-FERMION
SM WEAK CURRENTS

Constrains more reliably the limits on
the effective Majorana neutrino mass
(a combination of masses and mixing
angles) in the minimal extension of SM.

LOCAL MATRIX ELEMENTS OF
DIMENSION-9 SIX-FERMION
OPERATORS

Helps to find out if predictions of high-scale
models are within the reach of current and
future experimental limits. Will eventually
constrain such models more reliably.
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MATRIX ELEMENTS OF LOCAL
FOUR-QUARK OPERATORS
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MATRIX ELEMENTS OF LOCAL
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EFT approach makes the case for LQCD even
stronger, see e.g., Cirigliano, Dekens, De
Vries, Graesser, Mereghetti, Pastore, and Van
Kolck, Phys. Rev. Lett. 120, 202001 (2018),
arXiv:1802.10097 [hep-ph].
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Detmold and Davoudi, (2015).
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MATRIX ELEMENTS OF
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Another nice calculation on pipi to ee process: Feng, Jin,
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SOME BACKGROUND ON
THE LATTICE QCD METHODOLOGY ...




STEP I: DISCRETIZE THE QCD ACTION IN BOTH SPACE AND TIME. WICK
ROTATE TO IMAGINARY TIMES. CONSIDER A FINITE HYPERCUBIC LATTICE.
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STEP I: DISCRETIZE THE QCD ACTION IN BOTH SPACE AND TIME. WICK
ROTATE TO IMAGINARY TIMES. CONSIDER A FINITE HYPERCUBIC LATTICE.

[ N e
2\ " Qn—l—a,u
I Uy (n)—l— M)“ o
| —— U,(n)A Y Q AUL(R)
\ \ . .
L n

T

STEP II: GENERATE A LARGE SAMPLE OF THERMALIZED
DECORRELATED VACUUM CONFIGURATIONS.
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STEP III: FORM THE CORRELATION FUNCTIONS BY CONTRACTING THE
QUARKS. NEED TO SPECIFY THE INTERPOLATING OPERATORS FOR THE

STATE UNDER STUDY.

e.g., OA — (ﬂfy5u — g’y5d)
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STEP IV: EXTRACT ENERGIES AND MATRIX ELEMENTS FROM
CORRELATION FUNCTIONS
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STEP V: MAKE CONNECTION TO PHYSICAL OBSERVABLES, SUCH AS
SCATTERING AMPLITUDES, DECAY RATES, ETC. STILL NOT FULLY
DEVELOPED AND PRESENTS CHALLENGE IN MULTI-HADRON SYSTEMS.

Continuum limit

4
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STEP V: MAKE CONNECTION TO PHYSICAL OBSERVABLES, SUCH AS : DEC'AY?R
SCATTERING AMPLITUDES, DECAY RATES, ETC. STILL NOT FULLY
DEVELOPED AND PRESENTS CHALLENGE IN MULTI-HADRON SYSTEMS.

bound state




NPLQCD APPROACH TO THE PROBLEM OF
WEAK AMPLITUDES OF LIGHT NUCLEI




ENERGIES FROM NUCLEAR CORRELATION FUNCTIONS
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NUCLEI FROM QCD IN A WORLD WITH HEAVIER QUARKS
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SINGLE-WEAK PROCESSES

p+p—dt+et +u,




TRADITIONAL MATRIX ELEMENT CALCULATIONS: 3-POINT FUNCTIONS

C(P;t,to) _ Z Z ptP1X+iP2Y o

P1 +p2:P X,Y,z

= 7315, 23 e~ Boumpto g =Bo.alt=t0) (yn | A| pp) , + ..
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MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD

S (w.9) = 8D (ay) + A, [ dz SO, TS (z,)

Savage et al (NPLQOCD), Phys.Rev.Lett.119,062002(2017). | |Buochard et al (CALLATT), Phys.Rev.D96,014504(2017).



MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD

C}'\(PQtatO) _ Z Z ptP1X+iP2Y o

P1 +P2=P X,Y,z




MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD

C}'\(PQtatO) _ Z Z ptP1X+iP2Y o

P1 +P2=P X,Y,z

T
ALL
POSSIBILITIES —> + \ > _ > _

7‘0:0 <




MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD
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DOUBLE-CURRENT MES ARE EXACT
FOR ISOTENSOR QUANTITIES.




MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD
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MATRIX ELEMENTS FROM A COMPOUND PROPAGATOR/BACKGROUND FIELD
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FIRST-ORDER RESPONSE TO AN AXIAL BACKGROUND FIELD
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FIRST-ORDER RESPONSE TO AN AXIAL BACKGROUND FIELD
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GROUND-STATE ME UP TO A SMALL SYSTEMATICS.
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MATRIX ELEMENT FROM QCD

AVERAGE AND DIFFERENCE OF CORRELATOR
AND TIME-REVERSED CORREALTOR
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MATRIX ELEMENT FROM QCD

[Nf =3, m, = 0.806 GeV, a = 0.145(2) fm]
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MATRIX ELEMENT FROM QCD
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MATRIX ELEMENT FROM EFT
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MATRIX ELEMENT FROM EFT
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MATRIX ELEMENT FROM EFT
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MATRIX ELEMENT FROM EFT
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TWO-NUCLEON SHORT-DISTANCE COUPLING

FROM TRITON LIFETIME:

(1]
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L1 4 ~2.0(2.4) fm® @ p=mb?> =140 MeV

\

De-Leon, Platter and Gazit, arXiv:1611.10004 (2016).
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THIS WORK:
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NEUTRINOFUL DOUBLE-BETA DECAY
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SECOND-ORDER RESPONSE TO AN AXTAL BACKGROUND FIELD
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SECOND-ORDER RESPONSE TO AN AXTAL BACKGROUND FIELD
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MATRIX ELEMENT FROM QCD

N, = m. = 0. — 0.145(2) fm Tiburzi et al (NPLQCD), Phys. Rev.D96,054505(2017)
f 3’ 4 0.806 GGV, a 0 5( ) Shanahan et al (NPLQOCD), Phys. Rev. Lett.119,062003(2017).
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