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PDG/OKA/ChPT results

o OKA recent result: Br(KJr — 7r°7r0770e+1/) < 5.4 x 1078 at 90% confidence level.
(arXiv:2409.08817)

® PDG result: Br(KT — n%7%7%e*1) < 3.5 x 1070 at 90% confidence level.
e Chiral perturbation theory (Blaser): Br(K* — n0n070etv) = 2.5 x 10712,

e Can the OKA upper bound become closer to the theoretical prediction?
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Four-particle vs five-particle phase volume

® |t was shown by Blaser (Physics Letters B 345 ( 1995) 287-290) that

MKt — n0nletue) 6
~ 3.4 x 10°.
MK+ — 797070ety,)
tree
® At the same time as it will be shown
Vi /2!
2 Va 6
~2.1x10
KV /31 ’

where V,, is a n-particle phase volume.

e Consequently the main difference comes from the phase volumes ratio.
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® Ay isamm~ atom bound by e/m interaction.

® Decay length c¢7 ~ 10~*cm is much larger than nuclear interaction scale.
® Main decay channel is Ay, — 7970.
[

If the process K — Aot v, occurs then Vs is replaced by V4 and it enhances the
width.
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Recurrent formula

® For the V,, the following relation can be proved:

5 ‘ dQ? dQ? o o . 5 .
Vs o) = [ IR Va0 Q3 Q) X V(@B 2) XV, Qs
Yig s

® |t is convenient to use the following graphs:

Q1
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o For Kt — n%%t v, the recurrent formula leads to

2

Jb-va v (@ e

. . ; dQ? dQ? 1 /Q3(Q3 — 4m2)
Vi(s = m%;0,0,m2,,m2,) = [ 212 X o x Y IRl
als = mic; 0,0, mc0, miz0) o2r 2w 8s 8T 8rQ)2

e For the KT — 797%7% %1, in the same way we obtain

\/[s (vas \/Q?)AHe (\@I\/@)Z] L (V@& - sm)”

dQ3 43 y
2 2w 8ms 8 26332 '

Va(m%;0,0,m20, m2,, m2,) = f
® Integration limits:

0 <Q? < (mk — nm,o)?,

2
(nm7ro)2 <Q22 < <mK - \/Q712> )

where n = 4,5 is the number of pions in the final state.
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Approximations used:
2. Pions in Keb decay are non-relativistic — V3 = M
. Pions in Keb decay 3=

As a result of integration:
4
m

° V4 =7.1x10"35755.
m

_ -6
o Vs =137 x 107057
e Taking into account identity of neutral pions we obtain

Vi /2!

m2 4 6
=2.1x10°.
KV5/3| x 10
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Ao mVev, in the final state

® |n this case we have again the V4 with substitution m_o — 2m_+:

d_Qfd_Qf\/[g (Qf \/@)ZH‘; (\/Q_f}\/@)z}

Va= / 2r 2w 8ms * S *
ot (am ) s~ (yamee + )]
x 8702 ;

where the integration limits are

0< Q? < (mk —2mys — myo)?,
2
(2m + me? < G < (e~ /7)) |

2
e After performing integration V4 = 0.83 X 10*4%.
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Ratio estimation and (0)

® The increase of the width is
mf< VA

Vs/3!

® But the pionium is a bound system — we need to modify the amplitude as well:

~ 5 x 10%.

< Appmlet v K >~ /dﬁqb(ﬁ) <nta nleTue|K > —(0) < 7T 70T re|K > .
|p1—0

® As a result
MKt — AymPetre)

MK+t — 70n07m0etw,)

~ |9(0 )| ~ 7.5 x 1074

Vi /3I

where ¥(0) = 1/y/ma} ~ a3/2/(2V/27).

® \We see the suppression of the decay via pionium rather than enhancement.
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® The impact of pionium into the Ke5 decay was investigated.
® The recurrent relations for V4 and V5 were used.

® |t was shown that in case of Ke4 and Ke5 the width ratio is determined by phase spaces
ratio.

® The pionium width was estimated and the phase space enhancement was shown.
® |t was shown that there is additional suppression due to the e/m interaction inside pionium.

® |f there was strongly coupled bound state the additional suppression would vanish.
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