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& TRIUMF Status of Ab initio Nuclear Theory
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2 TRIUMF Ab initio Nuclear Theory

Phenomenological Methods ADb initio Nuclear Theory 5
(fit to data) (from first-principles)
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2 TRIUMF Ab initio Nuclear Theory

H% — nwn 6

Ab initio = from first principles

» use chiral EFT nuclear S
interactions + many- | |

body method to
(approximately) solve {
the many-body

Schrodinger equation

Many-body method

Courtesy, S.R. Stroberg
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2 TRIUMF Ab initio Nuclear Theory

n: nwn 7

Ab initio = from first principles

» use chiral EFT nuclear
interactions + many-
body method to
(approximately) solve
the many-body
Schrodig;ger eq uati?Nn

LO .
(Q/AY)°

=




< TRIUMF Ab initio Nuclear Theory

Ab initio = from first principles
» use chiral EFT nuclear IS
interactions + many- }"' ><
body method to
(approximately) solve {
the many-body
Schrodinger equation

H(s) = 5 He 84
O(s) = 1 Qe 15)

lHeffa Oeff

Continuous unitary
transformations of
Hamiltonian

Courtesy, S.R. Stroberg
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e,

core

exclude

(a)
=

Valence-Space In-Medium Similarity
Renormalization Group

decouple We use the IMSRG(2) approximation

<

decouple
J | 1 Hed
Generator for decoupling: 7 = 5 arctan A

2025-08-07

Valence
space
decoupling

(el

Core
decoupling

(el
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(A,2) — (A, Z +2) + 2e” + 27
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standard model two-neutrino
beta decay

Neutrinoless Double-beta Decay (0v3f3)

neutrinoless
beta decay

10

Probe of:

= Majorana/Dirac nature of neutrinos

= Lepton-number violation
»Baryon asymmetry of the universe

= Absolute neutrino mass scale

= Exotic physics beyond the standard
mechanism

n > > P




& TRIUMF Effective neutrino mass from Ov

Effective neutrino mass 1 {caSevzcrI'rcw 1
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Nuclear Matrix Elements (NMEs)
from ab initio Nuclear Theory

= NMEs of experimental interest recently
computed for standard light neutrino
exchange mechanism

= Ab initio results strongly disfavour large

NMEs

A. Belley, T. Miyagi, S.R. Stroberg, and J. D. Holf,

arXiv:2307.15156
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& TRIUMF Neutrino Mass Limits

13

= Global Bayesian analysis of
experimental reaches on using ab

. 1r
[n[tlo NMES - [ 1% uniform prior
| || mpgg and log (mgg) uniform prior
= Combine results from several |
experiments worldwide Lo-1|
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rov10-28yr—1 T. Shickele, A. Belley, L. Jokiniemi, J.D. Holt (in prep)



2 TRIUMF Neutrino Mass Limits
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162
= Individual next-gen

experiments unlikely to
fully probe inverted
hierarchy >

207

=

Phen. | Ab Initio
—3 i
12 1074 1073 1072

Myightest [€V]

(light shading includes CUPID-1T)
I. Shickele, A. Belley, L. Jokiniemi, J.D. Holt (in prep)
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= Individual next-gen
experiments unlikely to
fully probe inverted
hierarchy

= Combined analysis
pushes the global
reach to successfully
probe the inverted
hierarchy

107!

m[;,; [EV]

1073

1074

1074

Neutrino Mass Limits

15

Phen. Ab Initio

10~2
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(light shading includes CUPID-1T)

I. Shickele, A. Belley, L. Jokiniemi, J.D. Holt (in prep)



& TRIUMF Exotic OvBB Mechanisms

Inherently BSM process: different scenarios can 16
contribute to the decay rate

2 ‘ 2
—1 M A —1 2 =
) ‘ 33 , | ; mx .
[T{J;Q] = gle Mo ( [TP/':;] — A G” AON
light Me heavy Me(my)
Light neutrino exchange Heavy neutrino exchange
n > Contact operator n > > p
encodes exotic
high-energy W — e
physics
(mn) < q (mn) > q - )
n > n > > P
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Operator renormalization

OvppB operator can be renormalized in different ways

» For the standard 0Ovf3f3
mechanism, we can ignore the
softening of the operator

2025-08-07

K (fm™") k' (fm™1) k' (fm™T) k' (fm™)
0 1234012340192 3 406412234

- =

(=)
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(a)

k' (fm™1) k' (fm™") k' (fm™) k' (fm™)
2 3

(b)

E.R. Anderson, S.K. Bogner, et. al.

arXiv:1008.1569
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& TRIUMF Operator renormalization

Ovpp operator can be renormalized in different ways 18

» For the standard Ov33 Wait! Don't forget
mechanism, we can ignore the to renormalize me!
softening of the operator

> Not the case for short-range
operators!

2025-08-07



< TRIUMF ) Operator renormalization
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&2 TRIUMF Heavy-neutrino-exchange NMEs
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2 TRIUMF Heavy Neutrino Mass Limits
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Assuming dominant heavy neutrino contribution=» Probe mass scales ~10° GeV
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A. Todd, T. Shickele, A. Belley, L. Jokiniemi J. D. Holt (in prep)



2 TRIUMF Upcoming/Future Work

Improvements to the °r 05 _ 10 A & IMSRG(3f)
IMSRG + operators: "He — 9Be e 140 v v IMSRG(2)
5L - e O IMSRG(3NT7)
» IMSRG including 3-body = — ® O IMSRG(3N7)-hg
@ ¢ O IMSRG(3NT) w.f.
source of uncertainty) TNCSN
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2 TRIUMF Upcoming/Future Work
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= Plethora of further new physics = Preliminary results for light sterile
scenarios in consideration neutrinos
»Light sterile neutrinos < GeV
»>Majorons Qs
» Other potential dark matter A
candidates N, . L
1 3 * - '\'
1072 [ R OZ
107" o [—— N
E— v * NSM - Dekens
10 o:: 1: 2 QRPA - Faessler
Courtesy - z 32_':::5:6 9

F. Deppisch10

10712
107?

=== |nterpolation Formula for VS-IMSRG

10! 102 10°

my (MeV)

(in collaboration w/ D. Tuckler, D. McKeen and F. Deppisch)
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