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Sterile neutrino mixing with active neutrino ( Ref. [1] )

Assume that 

1. In the mass range of few keV, there’s only one heavy neutrino mass eigenstate. 

2. Active neutrinos mix with it very small compared to mixing amplitude among themselves (PNMS matrix).

• If we ignore the small mass difference between three light neutrinos and simply treat these three as a one, we can 

simply express the mixing like below.

𝜈𝑒 = cos𝜃 𝜈𝑙𝑖𝑔ℎ𝑡 + sin 𝜃 𝜈ℎ𝑒𝑎𝑣𝑦

𝜈𝑠 = −sin 𝜃 𝜈𝑙𝑖𝑔ℎ𝑡 + cos𝜃 𝜈ℎ𝑒𝑎𝑣𝑦

Total differential decay rate spectrum (of one tritium) 

:  
𝑑𝜆𝛽

𝑑𝐸𝑒𝑡𝑜𝑡
= cos2𝜃

𝑑𝜆𝛽

𝑑𝐸𝑒
𝑚𝑙𝑖𝑔ℎ𝑡 + sin2𝜃

𝑑𝜆𝛽

𝑑𝐸𝑒
𝑚ℎ𝑒𝑎𝑣𝑦

=
𝐺𝐹

2 V𝑢𝑑
2

2𝜋3
ℳ 2

2𝜋
𝑍𝛼𝐸𝑒

𝐸𝑒
2−𝑚𝑒2

1−exp
𝑍𝛼𝐸𝑒

𝐸𝑒
2−𝑚𝑒2

𝐸𝑒
2 −𝑚𝑒

2𝐸𝑒 𝑚𝑒 + 𝑄𝛽 − 𝐸𝑒
2
−𝑚𝜈

2 𝑚𝑒 + 𝑄𝛽 − 𝐸𝑒 Θ(𝑚𝑒 + 𝑄𝛽 −𝑚𝜈 − 𝐸𝑒)



• Presence of keV sterile neutrino (1) suppress the total number of events and (2) makes a kink in spectral shape. 

• Assume zero mass of light neutrino(𝑚𝑙𝑖𝑔ℎ𝑡 = 0) because 𝑚𝑙𝑖𝑔ℎ𝑡 ≪ 𝑚ℎ𝑒𝑎𝑣𝑦.

Neglect the contribution of pile-up events to statistical sensitivity ( but there could be significant systematic uncertainty from 
finite resolution of determining unresolved signal )  

In this case, only total number of events ( = 𝑁𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ∗ 1 − 𝑒−𝜆𝛽𝑇 ) matters. ( 𝑁𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ∶ 𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑡𝑟𝑖𝑡𝑖𝑢𝑚 𝑎𝑡𝑜𝑚, 𝑇 ∶ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 )



Single detector activity ( Ref [2], [3] )

• To get a good enough number of events, we need as high a single detector activity as possible.

• Therefore, two things must be satisfied:

(1) more large thermal conductance between sensor and heat bath ( for faster temperature decay )

(2) pileup recovery algorithm

(1) 
- 𝜏𝑑𝑒𝑐𝑎𝑦 ~ 𝐶𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟+𝑠𝑒𝑛𝑠𝑜𝑟/𝐺𝑚𝑎𝑔−𝑏𝑎𝑡ℎ

- 𝐺𝑚𝑎𝑔−𝑏𝑎𝑡ℎ can be approximated as thermal conductance of conduction electron in gold thermal link 

( 𝜏𝑟𝑖𝑠𝑒 : spin electron relaxation time ( inverse to temperature of electron (70𝑛𝑠 𝑎𝑡 35𝑚𝐾) )

- 𝐺𝑚𝑎𝑔−𝑏𝑎𝑡ℎ ~ 𝛼𝑇 ( 𝛼 is proportional to (area)/(length) )

- 𝜏𝑑𝑒𝑐𝑎𝑦 ~ 500𝜇𝑠 in the detector of next page.

 𝜏𝑑𝑒𝑐𝑎𝑦 can becomes much smaller if we (A) increase the (area)/(length) or (B) increase the temperature of bath

 Increasing (A) and (B) by 60 and 6 respectively gives 𝜏𝑑𝑒𝑐𝑎𝑦 ~ 1𝜇𝑠 and 𝜏𝑟𝑖𝑠𝑒 ~ 10𝑛𝑠
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From Ref. [2]



(2) 

Ref [3] says that single detector activity of similar size of decay constant is possible by pile-up recovery algorithm   

Combining with (1) let’s assume that single detector activity of 1MBq is possible and fix it 

From Ref. [3]



Statistical sensitivity

• KATRIN expects 8.3 ∗ 1018 𝑒𝑣𝑒𝑛𝑡𝑠 in 3 years. It corresponds to 0.4𝑚𝑔 of tritium for 2 years running

• 1MBq for single detector activity -> need 1.3 ∗ 105 detectors ( single detector activity = 
𝑁𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝑁𝑑𝑒𝑡
𝜆𝛽 )

𝑁𝑡𝑟𝑖𝑡𝑖𝑢𝑚 = 4𝜇𝑔
𝑁𝑑𝑒𝑡 = 1.3 ∗ 103

𝑁𝑡𝑟𝑖𝑡𝑖𝑢𝑚 = 40𝑚𝑔
𝑁𝑑𝑒𝑡 = 1.3 ∗ 107

From Ref. [1]
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Energy resolution ( Ref [1] )

• Single detector activity higher than 1MBq might be possible at the expense of energy resolution which does not 
significantly affect the sensitivity 

From Ref. [1]


