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Upper limit  K+-> π0π0π0e+ν       BR<3.5x10-6  (PDG 2023)
We improve it considerably
Expected ~ 10-11
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Limited phase space enhance ππ-scattering in 

final state  

π+π- - atom     π+π-→A2π→π0π0  

BR(A2π→π0π0) ≈ 100%

τ = 3x10-15 sec

m ≈ 2mπ
 

4-body rather than 5-body decay

Ф4 ≈ 106 Ф5 

Blaser S 1995 Phys Lett B 345, 287-290
      BR

π0e+ν 5.07x10-2

π0π0π0e+ν 8.5x10-12

A2ππ0e+ν 8.8x10-8

We can not

We can



  

All available data analysed (2012, 2013 and 2018 runs)
No signal

Also identified

● π0е+ν        normalization

● 2π0е+ν      cross check, 13th bang principle



  

4

3.65x109 decays,  8x108 with 1 track



  

5Event selection

• Single track identified as e+.

• π0-mesons found in search through γiγj combinations: Nπ0 = 1,2,3.

 π0π0e+ν π0π0π0e+ν

e+ ID E/p E/p OR C3

Eγ >0.5 GeV >0.3 GeV

Nγ 2,4 ≥ 6

GDA showers  0

e+ track segments 2



  

6π0е+ν     BR=(5.07±0.04)%    normalization

Energy balance ∆E < −1GeV

МC ~1% background



  

7π0π0е+ν     

Major background: π+π0π0

• ∆E < −2GeV
• PT < 0.12GeV     pν,max=0.173GeV
• E*

miss > 0              energy in K+ rest frame      
                     



  

8π0π0е+ν     

Fit MC to G+G
Fit data to MC shape + P2



  

9π0π0π0е+ν     

Background-free• P*
miss < 0.08GeV     p*ν,max = 0.08GeV

• E*
miss > 0                 energy in K+ rest frame   

                         



  

10Matrix elements 

Lorentz invariance + Bose-statistics limit hadron current to

Hα = f1pα + f3(ke + kν)α                  π0e+ν

     = f1(p1 + p2)α                           π0π0e+ν

     = f1(p1 + p2 + p3)α + f4qα,          π0π0π0e+ν

p1·p2 ≈ mπ
2 → q ≈ p1 + p2 + p3,  Hα ≈ (f1 + f4)(p1 + p2 + p3)



  

11Branching ratios     

Decay Events ε BR PDG

π0е+ν 8.4x106 1.08x10-2 Normalization (5.07±0.04)x10-2

π0π0е+ν 896±51 2.3x10-3 (2.54±0.14)x10-5 (2.55±0.04)x10-5

π0π0π0е+ν
f4/f1=-3

0 1.89x10-3 <5.4x10-8

90% CL
<3.5x10-6

90% CL



  

12Systematic errors  

● f4/f1 unknown, BR can be 10% less 

● BR(K+→π0e+ν) = (5.07±0.04)%,  <1%

BR(π0π0e+ν) agrees  →  ε’s are correct to ±6%
σε is only 2nd order correction to upper limit
n = (ε ± σε)B,  n = 0,  B < ?

Roger Barlow, “Systematic Errors: Facts and Fic-
tions”, arXiv:hep-ex/0207026v1 6Jul 2002



  

13Conclusion  

BR(K+→π0π0π0е+ν) < 5.4x10-8     90% CL 

65 times better than current PDG

Background-free experiment

BR ~ 1/M rather than 1/√M

Paves the road for future high-statistics experiments 



  



  

15Eγ threshold  



  

16Формфакторы  

f1(q2,z2) = f1(0,0)(1+az2+bz4+c(meν/mπ)2)

z = mππ/mπ

a = 0.092 ± 0.021

b = (-5.6 ± 2.4) x 10-3

c = 0.036 ± 0.007

NA48/2 JHEP08 (2014) 159
ArXiv ePrint: 1406.4749

Параметризация f1 мало влияет
на эффективность

max/min ≈ 1.09



  

17События π0π0π0е+

Видимая
масса

Поперечная
энергияеуче

Энергия ν 
в системе K+



  

18Мотивация  
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