
HINTS OF STERILE NEUTRINOS 
FROM                   

𝑲𝑲+ → 𝝅𝝅+𝝂𝝂�𝝂𝝂 ,𝑲𝑲𝑳𝑳 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 ?  
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Rare Decay Modes : 𝐾𝐾+ → 𝜋𝜋+ 𝜈𝜈�̅�𝜈, 𝐾𝐾𝐿𝐿 → 𝜋𝜋0 𝜈𝜈�̅�𝜈

 Both decays are FCNC processes that proceed via Z penguin and box diagrams. 
 Theoretically very clean.
 Sensitive to New Physics, which can appear through virtual effects in the loop 

diagrams. 
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Flavour: A tool  for Probing High Scales of New Physics

FCNC and CPV rates are generally smallest 
in the Kaon system.

In principle all of the suppression mechanisms
of the SM can be absent in BSM scenarios, so
that large deviations can be predicted.

However such large deviations have not been
observed !   ⇒

NP must also involve some kind of suppression
of FCNC effects, or can arise only at very high
scales
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What’s special about these modes?

 Exceptionally suppressed : Besides being 4th order in weak coupling, CKM elements lead
to 𝒔𝒔 → 𝒅𝒅 transitions being 2 orders of magnitude smaller than for 𝒃𝒃 → 𝒅𝒅, 𝒔𝒔 transitions

 Exceptionally theoretically clean: Hadronic matrix elements can be accurately related 
using chiral perturbation theory to those of charged semileptonic decays.

 Accurate calculations of the loop contributions with NLO EW corrections, NNLO 
QCD corrections to charm loop contributions etc. have been done (Thanks to Buras et al!)

 Only uncertainty in the branching ratio prediction is in the CKM elements which are 
expected  to be more accurately known with data from BelleII, LHCb and with improved 
lattice estimates. 
Theoretical Estimates                                              Current Exp. values  

𝑩𝑩𝑩𝑩(𝑲𝑲+ → 𝝅𝝅+𝝂𝝂 𝝂𝝂) = 𝟖𝟖.𝟒𝟒 ± 𝟏𝟏.𝟎𝟎 × 𝟏𝟏𝟎𝟎−𝟏𝟏𝟏𝟏 𝑩𝑩𝑩𝑩(𝑲𝑲+ → 𝝅𝝅+𝝂𝝂�𝝂𝝂 ) = 𝟏𝟏𝟏𝟏.𝟑𝟑 ± 𝟏𝟏𝟏𝟏.𝟓𝟓 × 𝟏𝟏𝟎𝟎−𝟏𝟏𝟏𝟏
BR(𝑲𝑲𝑳𝑳 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂) = 𝟑𝟑.𝟒𝟒 ± 𝟎𝟎.𝟔𝟔 × 𝟏𝟏𝟎𝟎−𝟏𝟏𝟏𝟏 𝑩𝑩𝑩𝑩(𝑲𝑲𝑳𝑳 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 ) ≤ 𝟐𝟐.𝟔𝟔 × 𝟏𝟏𝟎𝟎−𝟖𝟖
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Earlier Suggestions for Search for Massive Neutrinos via this Mode 

Pre-Nu Oscillations 
Discovery
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Sterile Neutrinos
 Cosmology gives upper bounds on the sum of active neutrino masses

 Neutrinos of masses above few eV have to be then necessarily gauge singlets

 Possible existence of singlet neutrinos with masses in eV to GeV range has 
been invoked in various models of  neutrino masses.

 LSND, MiniBoone, Reactor anomalies

 Possible Dark Matter Candidates

 Hints from Cosmology 

 Important to perform Extensive lab searches
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Decay Rate Evaluation for SM

the hadronic part, involves the measured  𝐾𝐾 → 𝜋𝜋 form factors 
and has the form:

𝑓𝑓+ 𝑞𝑞2 𝑘𝑘 + 𝑝𝑝 𝜇𝜇 + 𝑓𝑓− 𝑘𝑘 − 𝑝𝑝 𝜇𝜇 𝜈𝜈𝑙𝑙 𝑞𝑞1 𝛾𝛾𝜇𝜇 1 − 𝛾𝛾5 𝜈𝜈𝑙𝑙(𝑞𝑞2)

For, 𝐾𝐾+ 𝑘𝑘 → 𝜋𝜋+ 𝑝𝑝 𝜈𝜈 𝑞𝑞1 �𝜈𝜈 q2 with 𝑞𝑞2 = 𝑘𝑘 − 𝑝𝑝 2,

Leptonic part:
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Decay Rate in presence of a singlet heavier Neutrino

This mixing allows the decay 
modes 𝐾𝐾+ → 𝜋𝜋+𝜈𝜈𝑁𝑁 , 𝐾𝐾+ → 𝜋𝜋+�𝜈𝜈 N

and  𝐾𝐾+ → 𝜋𝜋+ 𝑁𝑁�𝑁𝑁 as well

In the literature, approximation made:

Reasonable, however, is 
used even if the mixing 

elements are varied from 
0 to 1

𝑉𝑉𝜏𝜏𝜏𝜏 = 0.2,𝑉𝑉𝜇𝜇𝜏𝜏~𝑉𝑉𝑒𝑒𝜏𝜏~0
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In fact Unitarity will imply the Massless neutrino rate has to be changed as:
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Will Distinguish Dirac 
and Majorana
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Existing Bounds

|𝑉𝑉𝑒𝑒𝜏𝜏|2, |𝑉𝑉𝜇𝜇𝜏𝜏|2 < 10−5, 10−6

Neutrinoless double beta decay, peak 
searches in Kaon, Pion leptonic decays. 

CHARMNOMAD
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Pion Energy Spectrum

The two Kinks

Large Mass 
and 

Large Mixing
(Unrealistic!)
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More Realistic Case 
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For Higher masses, since the 
Mixing element 𝑉𝑉𝜏𝜏𝜏𝜏 is more
tightly constrained,  the 
deviation from SM case is 
negligible
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Individual Differential Decay Rate Contributions
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𝑚𝑚𝜏𝜏 = 2𝑒𝑒𝑉𝑉
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The Rare decay modes 𝑲𝑲+→ 𝝅𝝅+𝝂𝝂�𝝂𝝂 ,will be measured to 𝟏𝟏𝟎𝟎𝟏 accuracy by 
NA62, ORKA can measure it to 5% accuracy. 𝑲𝑲𝑳𝑳 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 will be observed by 
KOTO

The pion decay distributions can give some hints on presence of Majorana
sterile neutrinos of small masses, from few eV to about 10 MeV
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