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2Neutrinoless Double-beta (0νββ) Decay

▪ Requires the neutrino to be Majorana

▪ Lepton-number violating

➢Baryon asymmetry of the universe

▪ Half-life for light neutrino exchange:



3Sterile Neutrinos in 0νββ Decay

▪ Seesaw mechanisms can explain 

Majorana neutrinos w/ sterile 

neutrinos

▪ Possible non-negligible contribution to 

0νββ from light sterile neutrinos

▪ Typically, only standard mechanism 

(𝑚𝑠  → 0) and heavy sterile neutrino 

(𝑚𝑠  ≫ 1 GeV) contributions 

considered

Mitra et al. Nucl Phys B 856 
(2012)

Sandbox Studio, Chicago with 

Ana Kova, Symmetry 

Magazine (2016)



4Nuclear Matrix Elements (NMEs) for Sterile 
Neutrino Contributions

▪ New matrix elements depend on sterile 

neutrino mass 𝑚𝑠

▪ Mass dependence previously estimated 

w/ interpolation formula using 

phenomenological light and heavy NMEs

Bolton, P.D., Deppisch, F.F. & Dev, 
P.B., J. High Energ. Phys., 170 (2020)
Jokiniemi, L., Soriano, P., Menendez, 

J., PLB 823 10 (2021) 
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➢ Intermediate region ~ 100 MeV consists 

of most of the NME contribution

➢Overlooks contact and higher-order 

contributions from χEFT Bolton, P.D., Deppisch, F.F. & Dev, 
P.B., J. High Energ. Phys., 170 (2020)
Jokiniemi, L., Soriano, P., Menendez, 
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LO

N𝟐LO

Interpolation formula only 

“captures” this contribution



7The VS-IMSRG

IMSRG 

Transformation

▪ Normal-order w/ respect to 

initial/final nuclear state

▪ Apply the IMSRG 

transformation to decouple 

the core, valence and 

excluded space

▪ Calculations w/ IMSRG(2) 

(talk to me at the poster 

and see Alex’s talk about 

IMSRG(3f2))
A. Belley, PhD Thesis (2024)
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▪ NMEs calculated for𝑖76Ge,𝑖130Te, and𝑖136Xe 

using the EM(1.8/2.0), N3LOLNL and ΔGO 

interactions

▪ Convergence in 𝑒max reached for all 𝑚𝑠 values 

at 𝐸3max = 24

▪ Bands represent uncertainty from choice of 

reference state

𝒊𝟕𝟔Ge

𝒊𝟏𝟑𝟎Te

𝐍𝟑𝐋𝐎𝐋𝐍𝐋EM(1.8/2.0) 𝚫𝐆𝐎

𝒆𝐦𝐚𝐱 Convergence



9

▪ NMEs for the standard long-range 

components explicitly depend on 𝑚𝑠

w/o contact term

Leading Order NMEs

𝒊𝟕𝟔Ge
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▪ NMEs for the standard long-range 

components explicitly depend on 𝑚𝑠

▪ Contact term has a 𝑚𝑠 dependent LEC 

𝑔ν
𝑁𝑁 𝑚𝑠  (see Cirigliano et al. 2025)

𝒊𝟕𝟔Ge 𝒊𝟕𝟔Ge

w/o contact term w/ contact term

Leading Order NMEs

Cirigliano, V., Dekens, W. & Quiroga, S.U., 

J. High Energ. Phys. 2025, 181 (2025)
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𝒊𝟕𝟔Ge▪ At N𝟐LO, contributions from ultrasoft 

neutrinos w/ 𝑞 < 100 MeV

▪ Dependence on intermediate 1+ states 

and excitation energies

▪ Roughly linear dependence of 𝑀𝑢𝑠𝑜𝑓𝑡
0ν  on 

𝑚𝑠 in contrast to leading order case

N𝟐LO Ultrasoft Contributions

Dekens, W., de Vries, J., Castillo, D. et al., J. 

High Energ. Phys. 2024, 201 (2024)
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▪ Limits on the sterile neutrino mixing can 

be derived from 0𝜈ββ-decay 

experimental limits

▪ Extension of constraints to 𝑚𝑠 ≤ 2 GeV 

using the NMEs calculated in progress

Next Steps

Dekens, W., de Vries, J., Castillo, D. et al., J. 

High Energ. Phys. 2024, 201 (2024)
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Conclusions

▪ 0νββ decay can have a significant 

contribution arising from sterile neutrinos

▪ Calculations of 𝑚𝑠-dependence suggest 

deviation from interpolation formula

Outlook

▪ Implementation of N𝟐LO soft neutrino 

contribution

▪ Limits on sterile neutrino mixing 

parameter space for the light mass 

regime

▪ Inclusion of IMSRG(3f2) and SRG-

evolved operator results into final NMEs

Thank you!
Collaborators:

Lotta Jokiniemi, Antoine Belley, Frank Deppisch and Jason Holt
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