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0𝜈𝛽𝛽 decay 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observable kinematics nuclear physics particle physics

- Beyond the SM physics 

- Majorana nature of neutrinos[1] 

[1] J. Schechter and J. W. F. Valle, Neutrinoless double-β decay in SU(2)×U(1) theories, Phys. Rev. D, vol. 25, pp. 2951–2954, 11 (1982) 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0𝜈𝛽𝛽 decay 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Ordinary Muon Capture [2,3] 

- Similar momentum transfer 

- Probe intermediate states 

- Benchmark nuclear matrix 

element calculations 

[2] M. Kortelainen and J. Suhonen, Ordinary muon capture as a probe of virtual transitions of double-beta decay, EPL, vol. 58, pp. 666–672, (2002). 
[3] M. Kortelainen and J. Suhonen, Nuclear muon capture as a powerful probe of double-beta decays in light nuclei, J. Phys. G, vol. 30, no. 12, p. 2003, (2004). 

- Beyond the SM physics 

- Majorana nature of neutrinos[1] 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Collaboration 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Measurement 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- Tag muon trajectory from beam to target 

 

rate of stopped muons 𝒪(104) Hz 

 

- 𝛾-spectroscopy with HPGe detectors,  

typical rates of 𝒪(103) Hz 

 

- Coincident measurement, 

Δt = tHPGe - tµstop 

 

- Two parallel DAQ systems,  

ALPACA developed at Technical University 

of Munich[4] 

- Beam momentum  

~40 MeV/c 

[4] M. Schwarz, Tracing impurities and illuminating their impact, Ph.D. Thesis, Technical University of Munich, (2024) 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ALPACA [4] 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- Full waveform 

digitisation, low and 

high frequency windows 

 

- Offline analysis 

 

- >150 TB data 

 

- Analysis routines based 

on GERDA[5] 

[4] M. Schwarz, Tracing impurities and illuminating their impact, Ph.D. Thesis, Technical University of Munich, (2024) 
[5] Agostini, M. and Pandola, L. and Zavarise, P. and Volynets, O., GELATIO: A General framework for modular digital analysis of high-purity Ge detector signals, JINST, vol. 6, P08013, (2011) 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2025 

Timeline 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2024 2023 2022 2021 

76Se & 
136Ba  

100Mo  

48Ti  
Beam-time  Beam-time 

Beam-time 

� Detector characterisation 
 
� Testing & configuring 

ALPACA-DAQ 
 
� Assembly experimental setup 

& electronics 

� ALPACA data production, 
DSP & low-level analysis 

 
� Production of 2nd target 

chamber 
 

� Dissemination work [6] 
 

� ALPACA high-level analysis 
(partial capture rates) 

� ALPACA high-level 
analysis (total capture 
rates) 

 
� Conceptual Paper [7] 

[6] E. Mondragon for the MONUMENT collaboration, The MONUMENT experiment: Ordinary Muon Capture as a benchmark for neutrinoless double beta decay nuclear structure calculations, 
 AIP  conf. Proc., Conference ID:C22-06-13.1, (2022). 
[7] MONUMENT Collaboration, The Monument Experiment: Ordinary Muon Capture for 0𝜈𝛽𝛽-decay studies, Eur. Phys. J. C., vol. 84, p. 1188, (2024). 

� Release of 
first results 

me 

Collaboration 
formed 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Low-level analysis 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Calibration  

Quality 
cuts  

Time 
resolution  

lifetime  

Stability  

Detector 
rates  

Detector 
efficiency  

Energy 
resolution  

Trigger 
rates  

[7] MONUMENT Collaboration, The Monument Experiment: Ordinary Muon Capture for 0𝜈𝛽𝛽-decay studies, Eur. Phys. J. C., vol. 84, p. 1188, (2024).  Come to my 
poster at the 
school!  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R e s u l t s 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High-level analysis: µ lifetime in 76Se 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- Muon stopped at target atom → µX-rays 

 

- After OMC, de-excitation via γ-ray emission  

 

- Δt = tγ-rays - tµstop tell about the muon lifetime 

 

- Related to total capture strength which can be 

calculated by nuclear structure theorists  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High-level analysis: µ lifetime in 76Se 

- Muon stopped at target atom → µX-rays 

 

- After OMC, de-excitation via γ-ray emission  

 

- Δt = tγ-rays - tµstop tell about the muon lifetime 

 

- Related to total capture strength which can be 

calculated by nuclear structure theorists  

76Se µX

76Se µX

75As*

75As*
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① Time profile extraction (intensities over time) 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2D fit, combined fit of all 1D time slices 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② Lifetime fit (muon lifetime 𝜏) 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- µX ray provides prompt response of the detector 

system, γ is convolution with exponential decay due 

to muon lifetime 

 

- Prompt profile not trivial, use monotonic cubic spline 

- Combined shape-only 𝜒2 fit using covariance matrix 

from ① 

(138.9 ± 1.3stat ± 3.5syst) ns  

 

- Tail fit for comparison 

Combined µX- and γ-ray fit 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A. Line position drift 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Systematics 

B. Background shape  C. Prompt timing 
energy-dependence 

± 0.7 ns 

± 3.3 ns 

Charge collection effect due to drift 
time selection 

Stretched time response due to energy 
dependence 

Over/under estimation of intensity due 
to background model insufficiencies 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Muon lifetime in 76Se: new result! 

- 25 γ and µX ray pairs 

8 x (419, 456) keV 

1 x (469, 466) keV  

(showcase data) 

8 x (572, 614) keV 

8 x (822, 752) keV 

 

- Weighted average, 𝜒2 /d.f. = 

25.2 / 24 

 

- Toy Monte Carlo to evaluate 

the method uncertainty 

τ = (134.8±0.7) ns[8]  τ = (133.9±0.8) ns[8] 

[8] E. Mondragón, The MONUMENT Experiment: Ordinary Muon Capture for 0νββ-decay Nuclear Matrix Elements, PhD Thesis, Technical University of Munich (2025) 

Results from 
my PhD thesis 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Discussion 

22 

[9] D. Zinatulina et al., Ordinary muon capture studies for the matrix elements in 𝛽𝛽 decay, Phys. Rev. C, vol. 99, no. 2, p. 024 327, (2019). 
[10] H. Primakoff. Theory of muon capture. Rev. Mod. Phys., 31:802–822, (1959). 
[11] B. Goulard and H. Primakoff, Nuclear muon-capture sum rules and mean nuclear excitation energies, Phys. Rev., C., v. 10, no. 5, pp. 2034-2044, (1974). 
[12] F. Šimkovic, R. Dvornický, and P. Vogel, Muon capture rates: Evaluation within the quasiparticle random phase approximation, Phys. Rev. C, vol. 102, p. 034 301, 3 (2020). 
[13] L. Jokiniemi and J. Suhonen, Muon-capture strength functions in intermediate nuclei of 0nbb decays, Phys. Rev. C, vol. 100, no. 1, p. 014 619, (2019). 

Experimental  Semi-empirical  Theoretical* 

This work  Other work[9]  Primakoff [10, 

12] 

Goulard- 
Primakoff [11, 

12] 

Fujii-Primakoff 

[12]  QRPA[12]  pnQRPA[13] 

134.8±0.7  148.5±0.1  135.1  115.0–135.2  196.2  254.0  59.4 

*This are models used to calculate 𝛽𝛽-decay NMEs 



E. Mondragón | June 2025 

Conclusions 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● MONUMENT measures OMC on 
𝛽𝛽-decay daughter isotopes to 
inform 0𝜈𝛽𝛽-decay NME 
calculations 

 

● New experimental result for 76Se 
muon lifetime based on novel 
analysis method 
 (134.8±0.7) ns [8] 

 

● First comparison with with 
phenomenological calculations 
available 

[8] E. Mondragón, The MONUMENT Experiment: Ordinary Muon Capture for 0νββ-decay Nuclear Matrix Elements, PhD Thesis, Technical University of Munich (2025) 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T h a n k s ! 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B a c k u p 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Measurement 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µ- beam target 
chamber 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Measurement 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- Muon-beam momentum  

~40 MeV/c 

 

- Rate of stopped muons  

𝒪(104) Hz 

 

- Rate in HPGe detectors  

𝒪(103) Hz 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DAQ 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ALPACA 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ALPACA 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ALPACA 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ALPACA 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ALPACA 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Energy spectrum 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[5] MONUMENT Collaboration, The Monument Experiment: Ordinary Muon Capture for 0𝜈𝛽𝛽-decay studies, Eur. Phys. J. C., vol. 84, p. 1188, (2024). 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High-level analysis: muon lifetime 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(Simulating detector 7 data…) 

− Asymmetric timing 

modeled by two Gaussians 

with different central value 

and different left and right 

tail  

− True Monte Carlo lifetime 

is 130 ns (feeding tau) 

Features 

Real

Simulation
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Toy study 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- Monte Carlo study 

� Generate time profiles that resemble the real 

dataset using asymmetric prompt timing 

distribution 

� Apply combined lifetime fit (and tail fit) 

method 

 

- Median result differs from Monte Carlo truth, 

added as method uncertainty to final result  0.6  ns 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High-level analysis: strength functions 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High-level analysis: strength functions 

https://indico.jinr.ru/event/3666/contributions/20999/attachments/15487/26367/CM_Zinatulina_partial_caprates.pdf
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499.6 keV-level 

86.8

0.0

(1+, 2-)499.6

Elev [keV] Jπ

120.2

E(ɣ)=379.3, I(ɣ)=100

E(ɣ)=135.9 I(ɣ)=56

   363.9
E(ɣ)=191.3, I(ɣ)=14

308.3
E(ɣ)=296.0 I(ɣ)=57

203.5

E(ɣ)=234.8, I(ɣ)=39

264.8

E(ɣ)=412.8, I(ɣ)=55

E(ɣ)=499.0, I(ɣ)=17

( 2-)

(2)+
1+

(0, 1)+

1+

1+

2-

(1+, 2-)499.6

E(ɣ)=394.2 I(ɣ)=70

893.8 ( 1-, 2-, 3+)

939.8
E(ɣ)=440.2 I(ɣ)=45

( 1, 2, 3)

7328.8
E(ɣ)=6829.5 I(ɣ)=25

1-, 2-

7351.2
E(ɣ)=6851.0  I(ɣ)=46

(1, 2, 3+)

Elev [keV] Jπ

Difficult to see due to 
a) detector efficiency 
and b) low statistics


