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Neutrino mass 
problem



𝑒− + 𝐸𝑢152 → 𝑆𝑚∗152 + 𝜈𝑒
↓
𝛾

M. Goldhaber, L. Grodzins, and A. W. 
Sunyar

Neutrino only have left hand:

1950’s:

ℒ𝐷 = −𝑚𝐷 ഥ𝜈𝑅 𝜈𝐿 + ഥ𝜈𝐿 𝜈𝑅

𝑚𝐷 = 0 ?
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2  − 𝑚1
2 ≈ 7.4 × 10−5𝑒𝑉2

∆𝑚31
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2 = 𝑚3
2  − 𝑚2

2 ≈ 2.5 × 10−3𝑒𝑉2

𝑃 𝜈𝛼 → 𝜈𝛽 =  𝑠𝑖𝑛2(2𝜃)𝑠𝑖𝑛2(
∆𝑚2

4𝐸
𝐿)

Neutrino oscillation:

𝑚1? 𝑚2? 𝑚3?

𝜈𝑒

𝜈𝜇

𝜈𝜏

=

𝑈1𝑒 𝑈2𝑒 𝑈3𝑒

𝑈1𝜇 𝑈2𝜇 𝑈3𝜇

𝑈1𝜏 𝑈2𝜏 𝑈3𝜏

𝜈1

𝜈2

𝜈3

𝜈𝑒 = 𝑈1𝑒𝜈1 + 𝑈2𝑒𝜈2 + 𝑈3𝑒𝜈3

𝜈𝜇 = 𝑈1𝜇𝜈1 + 𝑈2𝜇𝜈2 + 𝑈3𝜇𝜈3

𝜈𝜏 = 𝑈1𝜏𝜈1 + 𝑈2𝜏𝜈2 + 𝑈3𝜏𝜈3
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ℒ𝐷 = −𝑚𝐷 ഥ𝜈𝑅 𝜈𝐿 + ഥ𝜈𝐿 𝜈𝑅

𝑚𝐷 = 0

ℒ𝑀 = −
1

2
𝑀 ҧ𝜈𝐿

𝑐 𝜈𝐿 + ഥ𝜈𝐿𝜈𝐿
𝑐  𝜈𝑐 = 𝑖𝛾2𝛾0𝜈∗
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Majorana

Neutrinoless double beta 

decay:

Not yet observed!



Neutron lifetime 
anomaly



𝑛 →  𝑃+ + 𝑒− + ҧ𝜈𝑒 :

𝜏𝑛 =
4908.7

𝑉𝑢𝑑
2 1+3𝜆2 ≈ 875.3 − 891.2 𝑠 

ℳ =
𝐺𝐹

2
𝑉𝑢𝑑𝑔𝑉 ҧ𝑝𝛾𝜇𝑛 − 𝜆 ҧ𝑝𝛾5𝛾𝜇𝑛 ҧ𝑒𝛾𝜇 1 − 𝛾5 𝜐

axial-vector to vector coupling ratio: 𝜆 ≈ −1.273 ± 0.0023

matrix element giving by PDG: 𝑉𝑢𝑑 ≈ 0.974 ±
0.00021

[1]: 
https://doi.org/10.1103/PhysRevLett.91.152302

[2]:https://doi.org/10.1103/PhysRevLett.63.593
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Difference
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Difference

3𝜎 Difference
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2 1+3𝜆2 ≈ 875.3 − 891.2 𝑠 

ℳ =
𝐺𝐹
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https://doi.org/10.1103/PhysRevLett.63.593


𝜏𝑛
𝑏𝑜𝑡𝑡𝑒𝑙 , 𝜏𝑛

𝑏𝑒𝑎𝑚 =
𝜏𝑛

𝐵𝑟(𝑛 →  𝑃+ + 𝑒− + 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔)

Γ𝑛  ≅ 7.5 × 10−28𝐺𝑒𝑉

ΔΓ𝑛
𝑒𝑥𝑝

 = (
𝜏𝑛

𝑏𝑒𝑎𝑚 − 𝜏𝑛
𝑏𝑜𝑡𝑡𝑙𝑒

𝜏𝑛
𝑏𝑒𝑎𝑚𝜏𝑛

𝑏𝑜𝑡𝑡𝑒𝑙
)

≅ 7.1 × 10−30𝐺𝑒𝑣

ΔΓ𝑛
𝑒𝑥𝑝

Γ𝑛
≈ 1% →  𝐵𝑟 𝑛 →  𝑃+ + 𝑒− + 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔  ≈ 99%

𝑛 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒 + 𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑛 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒

Proposals:

𝜏𝑛
𝑏𝑒𝑎𝑚 − 𝜏𝑛

𝑏𝑜𝑡𝑡𝑙𝑒 = Δ𝜏𝑛 ≅ 8.4 𝑠

[3]: https://doi.org/10.1103/PhysRevLett.120.191801

https://doi.org/10.1103/PhysRevLett.120.191801
https://doi.org/10.1103/PhysRevLett.120.191801
https://doi.org/10.1103/PhysRevLett.120.191801


Neutrino mass 
model



ℒ𝑌𝑢𝑘𝑎𝑤𝑎 = 𝑔𝑖𝑗
ഥ𝑙𝐿𝑆2𝜒 + ℎ. 𝑐

particle 𝑺𝑼𝑳(𝟐) 𝑼𝒀(𝟏) 𝑼′(𝟏)
𝜈𝑖

𝐿𝑖

2 −1 0

𝑝
𝑛

2 1 −1

𝜙+

𝜙0

2 1 0

𝑆1 1 0 1

𝑆2 1 0 −1

𝜒0

𝜒−
2 −1 1

ℒ𝑒𝑓𝑓 = ҧ𝜒 𝑖𝛾𝜇𝐷𝜇 − 𝑚𝜒 𝜒 + ത𝑛 𝑖𝛾𝜇𝜕 − 𝑚𝑛 + 𝜇𝑛𝜎𝜇𝜈𝐹𝜇𝜈 𝑛 − 𝛿𝑚𝑛𝑅𝜒𝐿 + ℎ. 𝑐

𝑛 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒

𝐵 − 𝐿

ℒ𝐻𝑖𝑔𝑔𝑠 = 𝐷𝜇Φ † 𝐷𝜇Φ − 𝑉 𝜙, 𝑆1, 𝑆2

ℒ𝑡𝑜𝑡𝑎𝑙 =  ℒ𝑒𝑓𝑓 + ℒ𝐻𝑖𝑔𝑔𝑠 + ℒ𝑌𝑢𝑘𝑎𝑤𝑎

−
1

4
𝐹𝜇𝜈𝐹𝜇𝜈 +

𝜀

2
𝐹𝜇𝜈𝑍𝜇𝜈 −

1

4
𝑍𝜇𝜈𝑍𝜇𝜈

𝑍𝜇𝜈 =  𝜕𝜇𝐴𝜈
′ − 𝜕𝜈𝐴𝜇

′

𝐷𝜇 = 𝜕𝜇 − 𝑖𝑔′𝐴𝜇
′



ℒ𝑒𝑓𝑓 → Γ 𝑛 → 𝜒𝐴′ ≅
𝑔′2

𝛿𝑚 2𝑚𝑛

8𝜋𝑚𝐴′
2 𝑥 1 − 𝑟2

3
2

≅ 7.1 × 10−30𝐺𝑒𝑉

Where 𝑥 =
𝑚𝑛− 𝑚𝜒

𝑚𝑛
, 𝑟 =

𝑚𝐴′ 

𝑚𝜒− 𝑚𝑛

ΔΓ𝑛
𝑒𝑥𝑝

 ≅ 7.1 × 10−30𝐺𝑒𝑉

937.900 MeV(Be stability) < 𝑚 𝜒 < 938.783 MeV (𝑚𝑝 + 𝑚𝑒)

𝑀 𝑍, 𝐴 − 𝑀 𝑍, 𝐴 − 1 < 𝑀𝑓 < 𝑀𝑛

𝑀𝐿𝑖 3,6 − 𝑀𝐿𝑖 3,5 = 933.9𝑀𝑒𝑉

𝑀𝐵𝑒 4,9 − 𝑀𝐵𝑒 4,8 = 937.9𝑀𝑒𝑉 

𝑀𝐵 5,10 − 𝑀𝐵 5,9 = 931.1𝑀𝑒𝑉 
[4]:https://doi.org/10.48550/arXiv.1803.04961

https://doi.org/10.48550/arXiv.1803.04961


=  𝑚𝜙
2 𝜙†𝜙 + 𝑚𝑠1

2 𝑆1
†𝑆1 + 𝑚𝑠2

2 𝑆2
†𝑆2

+
𝜆10

2
[ 𝜙†𝑆1

2
+ ℎ. 𝑐] +

𝜆11

2
[ 𝜙†𝑆2

2
+ ℎ. 𝑐] +

𝜆12

2
[ 𝑆1

†𝑆2

2
+ ℎ. 𝑐]

+𝜆7 𝜙†𝑆1 𝑆1
†𝜙 + 𝜆8 𝜙†𝑆2 𝑆2

†𝜙 + 𝜆9 𝑆1
†𝑆2 𝑆2

†𝑆1

+𝜆4 𝜙†𝜙 𝑆1
†𝑆1 + 𝜆5 𝜙†𝜙 𝑆2

†𝑆2 + 𝜆6 𝑆1
†𝑆1 𝑆2

†𝑆2

+𝜆1(𝜙†𝜙)2+𝜆2(𝑆1
†𝑆1)2+𝜆3(𝑆2

†𝑆2)2

𝑉 𝜙, 𝑆1, 𝑆2

ℒ𝐻𝑖𝑔𝑠𝑠 = 𝐷𝜇Φ † 𝐷𝜇Φ − 𝑉 𝜙, 𝑆1, 𝑆2



𝑚𝜈
𝑖𝑗

=  ෍
𝑘

𝑔𝑖𝑘𝑔𝑗𝑘𝑀𝜒

16𝜋2
[

𝑀𝑆1

2

𝑀𝑆1

2 − 𝑀𝜒
2 𝑙𝑛

𝑀𝑆1

2

𝑀𝜒
2 +

𝑀𝑆2

2

𝑀𝑆2

2 − 𝑀𝜒
2 𝑙𝑛

𝑀𝑆2

2

𝑀𝜒
2 ]

ℒ𝑌𝑢𝑘𝑎𝑤𝑎 = 𝑔𝑖𝑗𝑙𝐿𝑖𝑆2𝜒𝑗 + ℎ. 𝑐



Preliminary 
results：
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