Properties of sterile neutrino

Probing sterile neutrino in meson decays

with and without sequential neutrino decay
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« Electrically neutral - It is assumed to interact with SM particles only through mixing |U,y|?. Therefore we choose the mode with a v; at the final state and replace it by N.

* Spin %2 - |In the decays such as B - D*uN or B - KNN, N can have the spin, Sy=1/2, 3/2, so we choose B — DuN, where only Sy=1/2 is possible.

- Massive - N will have a certain mass my therefore its momentum squared is fixed, py=m%. Thus we can use the decay mode B — DuN and see if it gives (pg — pp — pﬂ)zzm,z\,

to find N or constrain |U;y|* whether N decays sequentially or not.

* Long-living - The mixing parameter |U;y|? is very small that N will live long. It may or may not decay inside a detector depending on |U;y|?, my, py and the detector size Lp.

« Majorana or Dirac - Sterile neutrino can either be Dirac or Majorana. We should look at the sequential decay of N to distinguish it's Majorana nature.

B - DuN(— Dpprr)
Goal

* Find N or constrain |U;y|?
* (And Distinguish Majorana nature of N by LNV )

Assumptions
 One sterile neutrino.
e N is on-shell
* my around GeV
(mu+’mnS ) mNS Mg —Mp — mu

Feature

» We will see the fixed missing momentum squared (pp — pp — p,)*= my

if N exists and has proper mixing.
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* (Displaced vertex due to small I}y. This eliminates background. But N may
or may not decay inside a detector, 1.e. BR (B — Duum) 1s suppressed,

especially when N is relatively light.)

Constraints on |U,y|? and |U,y|?

Define theoretically calculable quantities Br, canonical branching ratio and
I, canonical decay width by factoring out unknown |U,y|* from Br and T

respectively.
[ (B — DuN) = |[U,y|°T(B - DuN)
['(B - DuN)

B

B - Duum

Including decay probability of N - um inside a detector with a size L, we can

rewrite a number of detectable signals
[(N — um)

2 1
NB—>DuN — NB‘UMN‘ E(B — D.UN)E Ly

[1 - exp(=At)]

)

(In reality, B is not at rest and this effect is taken into account in real calculation.)

dl'(B—»DuN) 1 I'(N-um)
dEn ' Iy

ngig)umt — NB‘U;LN‘Z f dEN [1 o exp(

« Once the experiment is done, with an observed value of my, solving the above
equation in terms of |U,y|* will give the value of |U,y|°.

» Or if such a signal is not observed at all, we can give an upper bound on |U,y/|?
by solving the following inequality

2 dI'(B - DuN) 1 I'(N — um) L Ty
1> N§&5 e = Np|Upuy| deN T 1—exp| ———
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Majorana N

* If N is Majorana particle, it can be involved in both LNC and LNV modes.

« If the LNV decay, as in the figure (b) is detected, we can tell the sterile
neutrino I1s Majorana

* The expected observable number of event, and the upper bound on |U,y|*
can be similarly calculated as before, considering helicity flip of N and
additional LNV contributions on Ty, which suppress BR;?¢ further.
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*Note that for my = 0, ['(B » DuN) = I'(B - Duv). yi
And then we get /
Ng_pun B o=mw- y
BR(B — DuN) = |UHN|ZB7"(B — DuN) N \
—_ NB “
equivalently, - N ut Yot
|U |2 _ NB*DMN (a) Both Dirac and Majorana (b) Only Majorana type of N
“N1 " Np Br(B - DuN) type of N
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