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Properties of sterile neutrino
• Mixing with SM 𝜈

Mixing parameter : 𝑈𝑙𝑁 SM : 𝐵 → 𝐷𝜇𝜈 BSM : 𝐵 → 𝐷𝜇𝑁

• Spin ½ 

𝐵 → 𝐷∗𝜇𝑁 & 𝐵 → 𝐾𝑁𝑁 ∶ 𝑆𝑁=1/2 or 3/2

𝐵 → 𝐷𝜇𝑁 : 𝑆𝑁=1/2 only.

• Massive

𝒑𝑵
𝟐=𝒎𝑵

𝟐 . This allow us to consider 𝐵 → 𝐷𝜇 +𝑚𝑖𝑠𝑠𝑖𝑛𝑔 with 𝑝𝑚𝑖𝑠𝑠𝑖𝑛𝑔
2 =𝑚𝑁

2

(when all the other particle’s momenta are known, including 𝒑𝑩).

• Long-living

|𝑈𝑙𝑁|
2 is already constraint to be very small that N will live long. It may or may not  

decay inside a detector.

• Majorana or Dirac

N is Dirac or Majorana. We can distinguish it by observing LNV decay of N.



New constraint below
1GeV



We will revisit this, but only after anlyzing

• Which has a better 
effective branching ratio 
(considering detector size).

• And wider kinematically 
allowed range for 𝑚𝑁

Gorazd Cvetic and C. S. Kim(2019) [arXiv:1904.12858]



Assumptions
• One sterile neutrino 𝑚𝑁 ~ GeV

𝑚𝑁 ≤ 𝑚𝐵 −𝑚𝐷 −𝑚𝜇

• N is on-shell

Goal
• Find N or constrain |𝑈𝑙𝑁|

2

• And Distinguish Majorana nature of N by 
LNV

Feature
• Displaced vertex due to small 𝛤𝑁.
(eliminates background) But N may or 
may not decay inside a detector. 

𝒎𝝁 +𝒎𝝅 ≤

𝑩 → 𝑫𝝁𝝁𝝅



Assumptions
• One sterile neutrino 𝑚𝑁 ~ GeV

𝑚𝑁 ≤ 𝑚𝐵 −𝑚𝐷 −𝑚𝜇

• N is on-shell

Goal
• Find N or constrain |𝑈𝑙𝑁|

2

Feature
• Fixed missing momentum squared 
(𝑝𝐵 − 𝑝𝐷 − 𝑝𝜇)

2= 𝑚𝑁
2 if N exists and has 

proper mixing values.

𝑩 → 𝑫𝝁𝑵



Factoring |𝑈𝜇𝑁|
2 out of Γ(B→D𝜇𝑁) and Br(B→D𝜇𝑁)

• Define theoretically calculable quantities 𝐵𝑟, canonical branching ratio 
and Γ, canonical decay width by factoring out unknown |𝑈𝜇𝑁|

2 from Br 
and Γ respectively. 

• So we can find |𝑈𝜇𝑁|
2 (and |𝑈𝜏𝑁|

2) or constrain them with the formula



• 4.8 ∗ 108 fully reconstructed B mesons at Belle-II out of 1011

• 4.8 ∗ 1012 B mesons at LHCb

• But for first stage of our study (without considering decay of N), 
only Belle-II kind of experiment is available where all the 
momenta of Initial and final particle except N are measurable.

10000 times Less but the results are comparable



At 2.5GeV for example, 



New constraint below
1GeV



At 0.5GeV for example, 
We assumed only 0.1% of 𝜏
can be reconstructed



After rewriting the Γ, we revisit



• What proportion of N will decay to 𝜇𝜋

• within the length L

*Only those event with 𝒍 ≤L can be observed

L

𝒍

Detector



Upper bound on |𝑈𝜇𝑁|
2

• So once the experiment is done, with an observed value of 
𝑚𝑁 , solving the above equation in terms of |𝑈𝜇𝑁|

2 will give 
the value of |𝑈𝜇𝑁|

2.

• Or if such a signal is not observed at all, we can give an 
upper bound on |𝑈𝜇𝑁|

2 by solving follow



Majorana N

• Both LNC and LNV modes.

• additional LNV contributions on ΓN.

• Helicity flip of N

• Expected Nsignal, and the upper bound on |𝑈𝜇𝑁|
2 can be similarly 

calculated as before.



• Among decayed N 

• some portion will have energy 
around 𝐸𝑁, how many such N will 
be there,

• which decay to 𝜇𝜋

• within the detector size L

Current bound on |𝑈𝑙𝑁|
2 are assumed.





Observable number of 
events in terms of 
𝑚𝑁 and |𝑈𝜇𝑁|

2 at Belle-II.

• Above : LNC signals 
for Dirac N

• Below : LNV signals 
for Majorana N



Conclusion

• Strong constraints on |𝑈𝑙𝑁|
2, especially for 𝑚𝑁 < 1𝐺𝑒𝑉, can 

be imposed with the decay 𝐵 → 𝐷𝜇𝑁 at ongoing 
experiment Belle-II.

• When N is relatively light, missing momentum search with 
Belle type detector excels, if N is heavier whole decay 
search with LHCb type experiment is adequate.



Thank you
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𝐵→X𝜇N(N→𝜇𝜋) Done 
at Belle-I ~109 B
Now we have
Belle-II ~1011 B




