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Neutrinonless double-beta decay
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OvBf probes:

Majorana/Dirac nature of neutrinos

Lepton-number violation

» Baryon asymmetry of
universe

Absolute neutrino mass scale

Exotic BSM mechanisms

» Heavy neutrinos? Seesaw
mechanisms? Sterile neutrinos?
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Many-body uncertainty in nuclear matrix elements

TABLE I. The recommended value for the total NME of 0v53
decay in "°Ge, together with the uncertainties from different
sources.
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A. Belley et al., PRL 132 (2024)
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Many-body uncertainty in nuclear matrix elements

TABLE I. The recommended value for the total NME of Ov33 g
decay in "°Ge, together with the uncertainties from different

sources.
M €LEC ﬁyEFT‘((’:;;;;\\ €op €EM
260712075 03 \ 0.88 047 <0.06

A. Belley et al., PRL 132 (2024)
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- . ¢ Many-body uncertainty is
quite large!
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Many-body error in the IMSRG
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During SRG flow, nested commutators generate higher-body operators
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Higher-body operator suppression

Apply Wick's
theorem:

(U|aTatalaaa |U) ~ A% + A% (U]:aVa:|¥) + A (¥]:a"aTaa:|T) + (¥|:aTaTa’aaa: |P)
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Higher-body operator suppression

Apply Wick's

theorem:
0-body 1-body 2-body 3-body

(U|a'aTataaa |¥) ~ A% + A2|(T]:aVa: | @) - AU |:aTalaa: |U)|+|(¥]:aTaTataaa: | D)

NA3(1+EE+]_V§+E§>

A A% A3
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Higher-body contributions suppressed
by powers of N /A
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But we apply Wick's theorem many times....

Wick

Wick

.,o' Apply Wick's
K theorem:
K 0-body 1-body 2-body 3-body
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Higher-body contributions suppressed
by powers of N,,/A
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IMSRG(3f2)

* Takesinto account
induced 3-body operators
that contract backto 1-
and 2-body operators
during the flow.

* Commutators are
factorized to get

Vi
A

~IMSRG(2) scaling (b) [Qa1, [Qa1, Hap 311 (c) [Qan, [Qa1, Hap3b)2b

[ mMsre2) =) IMsro(r)

= mMsre@n7) o ){ Msre(@) |
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NCSM NMEs from J.M. Yao, A. Belley, et al

VS-IMSRG Benchmark in light nuclei ™o omreey
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Takeaways:
v IMSRG(3f2) matches IMSRG(3n7). v’ Magnus splitting scheme dependence
v IMSRG(3f2) closer to NCSM. reduced at IMSRG(3) level
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Will the IMSRG(3f2) be enough for OvBp?
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48T 4 How do we know we're not
in B(E2) territory?
— 4 — 4y
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w.f. only
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Hamiltonian with a quadrupole term

Increasing quadrupole—quadrupole
interaction strength x lowers energy of
states with larger intrinsic quadrupole
moments, favoring less spherical
configurations

= Z eiTz'QYQ/J (74)
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B(E2) vs NME response

FCI VS—-IMSRG
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Next steps

* Reproduce deformation-sensitivity plot in a deformed
nucleus (*°Ne) as a final benchmark

* Now with a better understanding of reliability of
IMSRG(3f2), calculate NMEs in medium-mass isotopes

* Use results for many-body uncertainty quantification
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