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Experimental Particle Physics

Research Overview: Prof. Michael Gold☆

With: Prof. Fields
undergrads Wes McClenaghan, Dylan Hall

☆

What is a neutrino anyway?
Why is neutrino-less double beta decay (𝛃𝛃0𝜈)

 so important?
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data:  𝜈 mix! 

Solar 𝜈e → 𝜈x

Atmospheric 𝜈μ → 𝜈𝛕 

Gouvea, UNM Colloquium  

𝝂𝝂𝞶𝛎ν𝝂flavors   in
3 flavors

𝜈 have mass!!

Interact with W in flavor eigenstates:
W➞𝛎ee, W➞𝛎μμ, W➞𝛎𝛕𝛕

Propagate as mass eigenstates m1, m2, m3
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therefore, 𝜈 have mass < 1/4 eV (Planck data )
➩ beyond Standard Model

phases violate CP:  δ oscillation exp. DUNE , but not α’s

General 𝜈 mixing:

simplified 2 neutrino mixing 

PNS has 3 angles, one CP violating phase Majorana mass adds 2 CP violating phases

α’s origin of matter/antimatter asym.?
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B. Kaiser, 2014, summary of mixing

normal hierarchy

mass scale?

  Δm2 ≈10-4 10-3 ev2

  Δm2 ≈10-4 ,10-3 ev2

tritium beta
νe < 1 ev, KATRIN
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open questions (B. Kaiser)

1) How many neutrinos are there (>3)? sterile ? 
2) What are the masses? 
2b) Hierarchy 
3) How large is θ13? 

4) Are neutrinos their own antiparticles? 
5) Do neutrino interactions violate CP? 
5b) Is neutrino CP violation the reason we exist (matter/
antimatter asymmetry)?

DUNE

𝛃𝛃0𝜈 

DUNE

DUNE

𝛃𝛃0𝜈 

DUNE = long baseline osc. 

CCM

CCM = Coherent Captain-Mills

KATRIN
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𝛃𝛃0𝜈
This decay mode only if neutrino is own antiparticle 

Q=0

4 states 2 states ?

ν νe-

e+
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bump greatly 
exaggerated

 

QCD

measure 
ee energy

ββ decay
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𝛕-1~∣mββ∣2

Katrin 2019 limit m(𝛎e)<1.1eV



Research Overview Prof. M. Gold ,  Fall 2021
9

majorana
Majorana
Majorana
Majorana
majorana
majorana

majorana

majorana
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Majorana demonstrator 20 kg

electro-formed underground
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GERDA employed active LAr veto

Ionization in LAr ➜ 128 nm scint. 

“ROI”
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LEGEND 200 kg ongoing @ LNGS

Active 
LAr 
veto
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Legend-200 simulated 
Th background 

from Cu holder

simulated light yield map

https://digitalrepository.unm.edu/phyc_etds/230/

Neil McFadden,  PhD 2020

https://digitalrepository.unm.edu/phyc_etds/230
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LEGEND 1000 kg enriched Ge

active LAr 
veto

Wait 10 years collecting data 
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LEGEND-1000 expected sensitivity

1.7x10-2 eV

1028 y



Research Overview Prof. M. Gold ,  Fall 2021
16

Experiments and simulation
of active LAr veto for LEGEND Full GEANT4 sim

with LANL 
collaborators

Xe doping for improved veto?
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Coherent CAPTAIN 
Mills “CCM”

LANL stopped pions

σ∼(neutron #)2

𝞹→μ𝝂μ
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LSND EXCESS: Sterile Neutrino?

circa 1997 with UNM B. Dieterle, R. Reeder 

oscillations inconsistent with 3 neutrino model
νsterile ~1 ev  ??

appearance
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https://arxiv.org/abs/2006.16883
MiniBooNE 2020

excess

https://arxiv.org/abs/2006.16883
https://arxiv.org/abs/2006.16883
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LANSCE-Lujan Facility
stopped pion source CCM 10 m away 
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Neutron background -pulse shape discrimination ?

Xe doping?
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“If it were easy,
it would have been done.”

- G. Goldhaber
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so, enjoy what you do.


