
Ab Initio Calculation of Nuclear Matrix Elements

Starting with the usual light-ν exchange. . .



48Ca: Ab-Inito Matrix Elements vs. Older Ones
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Ab Initio Spectra with Valence-Space IMSRG

3

FIG. 2. Excitation spectra of 48Ca/Ti and 76Ge/Se from the
VS-IMSRG using the 1.8/2.0(EM) interaction compared to
experimental values [53, 54]. Certain states have been high-
lighted to help guide the comparison.

cay, we have recently shown that across a wide range of
nuclei from light to heavy regions, when two-body cur-
rents consistent with input Hamiltonians are included in
ab initio many-body treatments, experimental GT tran-
sitions are largely reproduced with no modification of
gA [55]. We have also calculated 2⌫�� decay without
two-body currents and find a preliminary NME of 0.029
for 48Ca, consistent with the experimental value, but an
in-depth comparison is currently underway with coupled-
cluster theory [56]. Finally we have benchmarked ficti-
tious 0⌫��-decay rates in light nuclei with those from no-
core shell model, coupled-cluster theory and IM-GCM,
generally finding good agreement [57]. Therefore, it ap-
pears that the physics expected to be relevant for 0⌫��
decay is largely enough under control to begin first ab

FIG. 3. Convergence of the NMEs as we vary the size of the
3-body storage truncation E3 max at fixed emax. As we see,
convergence is obtained at E3 max = 20 in 48Ca and E3 max =
24 for the heavier isotopes, validating the choices in Fig. 1.

initio explorations in heavier experimental candidates.

In Fig. 2 we show the excitation spectra for both parent
and daughter nuclei compared to the experimental values
for the 48Ca and 76Ge transitions (the spectrum of 82Se
is similar to that of 76Ge). We see that for the A = 48
cases, the computed spectra are in good agreement with
experiment, similar to the IM-GCM [33]. Only the first
excited state in 48Ca is several hundred keV too high, but
the IMSRG(2) approximation is known to produce too
high first excited states in doubly magic systems [47, 58].
Otherwise the spectrum of 48Ti is very well reproduced,
implying the collective nature of the nucleus is adequately
captured, similar to observations in the sd shell [37]. For
the heavier cases, however, the computed spectra are too
spread compared to experiment, likely due to missing
collectivity. Further benchmarks are underway, but from
IM-GCM studies, only a weak correlation was seen be-
tween NMEs and (E2) strength [33]. For the A = 48
systems, the calculated ground-state energies agree with
experiment to better than 1% and the Q-value to 300keV,
while for A = 76, 82 the ground states agree to 2% and
Q-values to 3 MeV and 4 MeV, respectively.

Turning to our 0⌫��-decay results, Fig. 1 shows the
computed NMEs of 48Ca, 76Ge and 82Se. Here we see
clear convergence by emax = 14 for the total matrix ele-
ment as well as the three components of the decay. Since
the ENO procedure takes a specific nucleus as the ref-
erence, we also examine this reference-state dependence.
While it is negligible in 48Ca, there can be changes of up
to 10% in the heavier nuclei. We also note that ordering
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Completing the Computations

Still to do:

1. Go to “next order” in many-body approaches.
2. Include corrections to matrix elements that reflect physics

above the pion mass. These include contact operators and
many-body currents.

3. Estimate uncertainty. This will involve both benchmarking
methods against one another and correlating the matrix
elements with other observables.


