
Quy Nhon, 19th August 2025

Giancarlo D’Ambrosio

INFN Sezione di NapoliPredictions for the rare kaon decays


from QCD in the limit of a large number of colour

With M. Knecht and  S.Neshatpour


e-Print: 2409.08568 [hep-ph] MDPI 

Flavour Physics 2025

21st Rencontres du Vietnam 2025

THANKS to Collaborations Nazila Iyer Neshatpour
 • 2311.04878      2404.03643  

Challenges in Rare Kaon decays

THANKS to NA48 HIKE  LHCB KOTO 
T. Kitahara  

https://arxiv.org/abs/2404.03643


Outline 


•Rare Kaon decays crucial in flavour physics


•Measuring  KS KL interference at LHCB


• Large Nc : may be useful to predict kaon 
decays 
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Why we need  KOTO and NA62 NEED KOTO AND HIKE







Rare Kaon decay program at LHCB

Rare n Strange 2017: strange physics at LHCb
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PDG Prospects

KS ! µµ < 9⇥ 10�9 at 90% CL (LD)(5.0± 1.5) · 10�12 NP < 10�11

KS ! µµµµ � SM LD ⇠ 2⇥ 10�14

KS ! eeµµ � ⇠ 10�11

KS ! eeee � ⇠ 10�10

KS ! ⇡0µµ (2.9± 1.3) · 10�9 ⇠ 10�9

KS ! ⇡+⇡�e+e� (4.79± 0.15) · 10�5 SM LD ⇠ 10�5

KS ! ⇡+⇡�µ+µ� � SM LD ⇠ 10�14



KL,S ! µµ



Gaillard Lee

KL->µµ

B(KL ! µ+µ�)exp = (6.84± 0.11)⇥ 10�9

KL ! �� |exp known

Dispersive calculation: Re A, Im A
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= A(KL ! ⇡0)A(⇡0 ! 2�?)


1

M2
K
�M2

⇡

+
1

3
· 1

M2
K
�M2

8

�
' 0

We do not know the sign of A(KL ! ��)

Kaon Decays in the Standard Model

Vincenzo Cirigliano (Los Alamos), Gerhard Ecker, Helmut Neufeld (Vienna U.), Antonio Pich, Jorge Portoles, refs therein




27.14

�(KL ! µµ)

�(KL ! ��)
⇠ |ReA|2 + |ImA|2

|�SM
short| = 1.96(1.11� 0.92⇢̄)

KL->µµ

Absorptive calculation

model independent

0.98± 0.55 = |ReA|2 = (���(M⇢) + �short � 5.12)2

Subtracting from expt. the Absorptive contribution


Isidori Unterdorfer

+many refs…
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KL->µµ: our sign ignorance 

We  know the sign
We do not  know the sign

Isidori Unterdorfer




Magically comes LHCB 
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KS ! µµ
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KLMostly    decays outside fiducial volume      



KS->µµ



KS->µµ
Ecker Pich ‘90

Short Distance
10�5|=(V ⇤

tsVtd)|2 ⇠ 10�13SM

NP 10�11 allowed

No  CP conserving Short Distance due to Furry Theorem

Gaillard Lee

few

5⇥ 10�12LD 20% TH err
Dispersive treatment of KS → γγ and KS → γl+l− 

Gilberto Colangelo, Ramon Stucki, and Lewis C. Tunstall 

Summarizing

SD??
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CPLEAR Flavor tagging



}



Can we study K0(t)? 
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GD , Kitahara
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modified Z-coupling model. ✏0K/✏



KAONS: RICH POTENTIAL

HIKE



Long Distance enhancement

Short distance

Gilman Wise 1980<latexit sha1_base64="w90tiOJ/dEdGq+DhWjsKDg5ISeg="></latexit>

K± ! ⇡±l+l� KS ! ⇡0l+l�



’87 Ecker Pich de Rafael

Chiral loop 

+
CT 
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k2 = M2
K , p2 = M2

⇡ , q = k � p , z = q2/M2
K , r⇡ = M⇡/MK
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W (z)

(4⇡)2
⇥
z(k + p)µ � (1� r2⇡)q

µ
⇤

Known from K->3pi

Gauge and Lorentz invariance

KS No pion loop   

 Data: the rate and spectrum

 not consistent with pheno
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W (z)

(4⇡)2
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z(k + p)µ � (1� r2⇡)q
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Gauge and Lorentz invariance

KS No pion loop for KS,  CT 
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General consideration on the form factor
GD,Ecker,Isidori,Portoles ‘98

Lorentz and gauge invariance tell us on the structure of the amplitude and ff 

<latexit sha1_base64="G2GAgMoo+wP2dx0t6iRy9fACkxI=">AAAB+XicbVDLSgMxFM3UV62vUZdugkWoIGVGRV0W3bisYB/QGUsmzbShSSYkmUIZ+iduXCji1j9x59+YtrPQ1gMXDufcy733RJJRbTzv2ymsrK6tbxQ3S1vbO7t77v5BUyepwqSBE5aodoQ0YVSQhqGGkbZUBPGIkVY0vJv6rRFRmibi0YwlCTnqCxpTjIyVuq4bSAqfskByeOZNKvK065a9qjcDXCZ+TsogR73rfgW9BKecCIMZ0rrje9KEGVKGYkYmpSDVRCI8RH3SsVQgTnSYzS6fwBOr9GCcKFvCwJn6eyJDXOsxj2wnR2agF72p+J/XSU18E2ZUyNQQgeeL4pRBk8BpDLBHFcGGjS1BWFF7K8QDpBA2NqySDcFffHmZNM+r/lX14uGyXLvN4yiCI3AMKsAH16AG7kEdNAAGI/AMXsGbkzkvzrvzMW8tOPnMIfgD5/MHxQySdA==</latexit>

⇡±,0(p)

<latexit sha1_base64="TgfhkE4y/iABmnxPIKcg0CxEuWI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfVY9CJ4qWA/oF1LNk3b0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDiTBvX/XYyS8srq2vZ9dzG5tb2Tn53r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLiZ+PUhVZqF8sGMIuoL3JOsywg2VvLvHpNWJNCJOy4Ojtv5gltyp0CLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp+NcK9Y0wmSAe7RpqcSCaj+ZHj1GR1bpoG6obEmDpurviQQLrUcisJ0Cm76e9ybif14zNt0rP2Eyig2VZLaoG3NkQjRJAHWYosTwkSWYKGZvRaSPFSbG5pSzIXjzLy+S2mnJuyid3Z8XytdpHFk4gEMoggeXUIZbqEAVCDzBM7zCmzN0Xpx352PWmnHSmX34A+fzBzSKkRY=</latexit>

K±,0(k)

QCD corrections

<latexit sha1_base64="+cAzKEYFZBxFY88SJPBiOreLpXQ=">AAAB/XicbVDLSsNAFJ3UV62vqHXlZrAodVMSEXVZdCOuKtim0MQymU7aoTNJmJmINQS/wr0bF4q49T/c+TdOHwttPXDhcM693HuPHzMqlWV9G7m5+YXFpfxyYWV1bX3D3NxqyCgRmNRxxCLR9JEkjIakrqhipBkLgrjPiOP3L4a+c0eEpFF4owYx8TjqhjSgGCkttc3iVTt1BYeE8ezW5Qks3x/CtlmyKtYIcJbYE1KqHhSd7MnZqbXNL7cT4YSTUGGGpGzZVqy8FAlFMSNZwU0kiRHuoy5paRoiTqSXjq7P4L5WOjCIhK5QwZH6eyJFXMoB93UnR6onp72h+J/XSlRw5qU0jBNFQjxeFCQMqggOo4AdKghWbKAJwoLqWyHuIYGw0oEVdAj29MuzpHFUsU8qx9c6jXMwRh7sgj1QBjY4BVVwCWqgDjB4AM/gFbwZj8aL8W58jFtzxmRmG/yB8fkDNOmWpg==</latexit>

Jµ
elm(x)

The integral at very short distances QCD quark loop 



Wi(z) = GFM
2
KW pol

i (z) +W⇡⇡
i (z)

GD,Ecker,Isidori,Portoles 98

W pol
i (z) = ai + biz (i = +, S)

Pragmatic decision for O(p6) ff

Chiral loop CT 

<latexit sha1_base64="DIKKtxKiQJWEm8/BP1JjrGAiWbc=">AAAB8nicbVDLSgMxFM34rPVVdekmtAiCUGeKqBuh6EYQoYJ9wHRaMmmmDc0kY5IRxqF/oRsXirj1a9z1b0wfC209cOFwzr3ce48fMaq0bQ+thcWl5ZXVzFp2fWNzazu3s1tTIpaYVLFgQjZ8pAijnFQ11Yw0IklQ6DNS9/tXI7/+SKSigt/rJCJeiLqcBhQjbST36eKhVTq+bd+0Su1cwS7aY8B54kxJoZxvHj0Py0mlnftudgSOQ8I1Zkgp17Ej7aVIaooZGWSbsSIRwn3UJa6hHIVEeen45AE8MEoHBkKa4hqO1d8TKQqVSkLfdIZI99SsNxL/89xYB+deSnkUa8LxZFEQM6gFHP0PO1QSrFliCMKSmlsh7iGJsDYpZU0IzuzL86RWKjqnxZM7k8YlmCAD9kEeHAIHnIEyuAYVUAUYCPAC3sC7pa1X68P6nLQuWNOZPfAH1tcPBLKTag==</latexit>

z = q2/M2
K

Known from K->3pi

<latexit sha1_base64="8vvvcMq20HL/aq7EVYC+zoy2XIE=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8EgCELYDaIeQ7x4TMA8MFmW2clsMmR2dpmZFeKSv/DiQRGv4l/4Bd68+C1OHgdNLGgoqrrp7vJjzpS27S8rs7S8srqWXc9tbG5t7+R39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9AdXY795R6VikbjRw5i6Ie4JFjCCtZFuscdOke8xdO/lC3bRngAtEmdGCuWD2jd7r3xUvfxnpxuRJKRCE46Vajt2rN0US80Ip6NcJ1E0xmSAe7RtqMAhVW46uXiEjo3SRUEkTQmNJurviRSHSg1D33SGWPfVvDcW//PaiQ4u3ZSJONFUkOmiIOFIR2j8PuoySYnmQ0MwkczcikgfS0y0CSlnQnDmX14kjVLROS+e1UwaFZgiC4dwBCfgwAWU4RqqUAcCAh7gCZ4tZT1aL9brtDVjzWb24Q+stx9N7pO8</latexit>

ai + biz
<latexit sha1_base64="4DavY5uHg5Yjwbxa4+z9msIdsT4=">AAAB+HicbVDLSsNAFL3xWeujUZduhhahIpRERF0W3bisYB/QhDCZTtqhkwczEyEN/Qt3blwo4tZPcde/cfpYaOuBC4dz7uXee/yEM6ksa2KsrW9sbm0Xdoq7e/sHJfPwqCXjVBDaJDGPRcfHknIW0aZiitNOIigOfU7b/vBu6refqJAsjh5VllA3xP2IBYxgpSXPLLW93EkY0jVG1dGZZ1asmjUDWiX2glTqZef8eVLPGp757fRikoY0UoRjKbu2lSg3x0Ixwum46KSSJpgMcZ92NY1wSKWbzw4fo1Ot9FAQC12RQjP190SOQymz0NedIVYDuexNxf+8bqqCGzdnUZIqGpH5oiDlSMVomgLqMUGJ4pkmmAimb0VkgAUmSmdV1CHYyy+vktZFzb6qXT7oNG5hjgKcQBmqYMM11OEeGtAEAim8wBu8GyPj1fgwPueta8Zi5hj+wPj6AbsilXg=</latexit>

W⇡⇡(z)

Extremely good agreement with data few %

<latexit sha1_base64="8vvvcMq20HL/aq7EVYC+zoy2XIE=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8EgCELYDaIeQ7x4TMA8MFmW2clsMmR2dpmZFeKSv/DiQRGv4l/4Bd68+C1OHgdNLGgoqrrp7vJjzpS27S8rs7S8srqWXc9tbG5t7+R39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9AdXY795R6VikbjRw5i6Ie4JFjCCtZFuscdOke8xdO/lC3bRngAtEmdGCuWD2jd7r3xUvfxnpxuRJKRCE46Vajt2rN0US80Ip6NcJ1E0xmSAe7RtqMAhVW46uXiEjo3SRUEkTQmNJurviRSHSg1D33SGWPfVvDcW//PaiQ4u3ZSJONFUkOmiIOFIR2j8PuoySYnmQ0MwkczcikgfS0y0CSlnQnDmX14kjVLROS+e1UwaFZgiC4dwBCfgwAWU4RqqUAcCAh7gCZ4tZT1aL9brtDVjzWb24Q+stx9N7pO8</latexit>

ai + biz Determined expt.

<latexit sha1_base64="9vyeERXAVdfwdRibNKAQMFYQpak="></latexit>

LFUV test aµµ+ � aee+
Crivellin et al ’16, Nazila et al ‘22





<latexit sha1_base64="RYQfIqf1jylRVI8+GYuiwtIgHKQ="></latexit>

Why interesting KL ! ⇡0l+l� ?
Negligible for e, calculable for <latexit sha1_base64="kZBfZpXFCCzJFn7bZoLjQVdu/vo=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9gVUY9BLx4TNA9IljA7mU2GzMwuM7NCWHL06MWDIl79iHyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9NRogitkohHqhFgTTmTtGqY4bQRK4pFwGk96N+M/foDVZpF8t4MYuoL3JUsZAQbK921RNLOF9yiOwFaJN6MFEqHo8r349Go3M5/tjoRSQSVhnCsddNzY+OnWBlGOB3mWommMSZ93KVNSyUWVPvp5NQhOrFKB4WRsiUNmqi/J1IstB6IwHYKbHp63huL/3nNxIRXfspknBgqyXRRmHBkIjT+G3WYosTwgSWYKGZvRaSHFSbGppOzIXjzLy+S2lnRuyieV2wa1zBFFg7gGE7Bg0sowS2UoQoEuvAEL/DqcOfZeXPep60ZZzazD3/gfPwATUuRhg==</latexit>µ

<latexit sha1_base64="eTrDYAX8BAB3hJcwOMYCVDUh3sc="></latexit>

⇠ ✏(aS + bSz)

form factor

Buchalla et al 03,  Isidori et al 06

Nazila et al 22, Knecht GD 24 , Hoferichter et al.24

 


KOTO II , european strategy group

2) 

3)



<latexit sha1_base64="kErxUSopMyIGYUJyE6JQtUW7QeE="></latexit>

eLQCD =
X

q=u,d,s

q̄�µ

✓
i@µ � gs

�a

2
Ga

µ

◆
q � 1

4
Ga

µ⌫G
aµ⌫

<latexit sha1_base64="6K5VSFjYehxoQdExG2EorsvZQsc=">AAAB9HicbVDLSgNBEOyNryS+oh69DAZBCIRdI5qLEPTiMYJ5YLKE2ckkGTI7u87MBsOS7xDBgyJe9V+8+TU6eRw0saChqOqmu8sLOVPatr+sxNLyyupaMpVe39jc2s7s7FZVEElCKyTggax7WFHOBK1opjmth5Ji3+O05vUvx35tQKVigbjRw5C6Pu4K1mEEayO5xZxzXsg1PSzjwqiVydp5ewK0SJwZyZZS4ePtx/13uZX5bLYDEvlUaMKxUg3HDrUbY6kZ4XSUbkaKhpj0cZc2DBXYp8qNJ0eP0KFR2qgTSFNCo4n6eyLGvlJD3zOdPtY9Ne+Nxf+8RqQ7RTdmIow0FWS6qBNxpAM0TgC1maRE86EhmEhmbkWkhyUm2uSUNiE48y8vkupx3jnNn1ybNC5giiTswwEcgQNnUIIrKEMFCNzBAzzDizWwnqxX623amrBmM3vwB9b7DxG0lL4=</latexit>

8 + 1 = 3 + 3̄

QCD properties OK: asympt. Freedom

LARGE N QCD

Large N => correct expansion parameter? Geometric interpretation of this expansion: planar diagrams

Confinement assumed

Question in Large N:  The leading order term in N of your amplitude

’t Hooft  model QCD2


 Gross Neveu model

Exactly solved


SSB+ mass Gap

Successes: 

Zweig’s rule (suppression of gluon exchange decays)

VMD, computability..

’t Hooft, Witten, Coleman



Witten ’79 Large N QCD

Section 3

• Meson are free, stable, non-interacting, the 
number of states infinite


• Meson decay amplitudes


• One meson exchange leading (see two point 
function with J bilinear)

<latexit sha1_base64="b4HDJDs46GG3F2QPsMDsFMWSd+Y=">AAAB/XicbVDLSsNAFJ34rPUVHzs3Q4tQEWoioi6LblxpBfuAJpTJdNIOnUzizESIIfgTfoAbF4q49T/c9W+cPhbaeuDC4Zx7ufceL2JUKssaGHPzC4tLy7mV/Ora+samubVdl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXvxz6jQciJA35nUoi4gaoy6lPMVJaapu7qYMRgzdZyT5y5L1Q6XV20DaLVtkaAc4Se0KKlYJz+DyoJNW2+e10QhwHhCvMkJQt24qUmyKhKGYkyzuxJBHCfdQlLU05Coh009H1GdzXSgf6odDFFRypvydSFEiZBJ7uDJDqyWlvKP7ntWLln7sp5VGsCMfjRX7MoArhMArYoYJgxRJNEBZU3wpxDwmElQ4sr0Owp1+eJfXjsn1aPrnVaVyAMXJgDxRACdjgDFTAFaiCGsDgEbyAN/BuPBmvxofxOW6dMyYzO+APjK8ffEuXlw==</latexit>

O(1/
p

N)



<latexit sha1_base64="pc3hY33HhAxNb5zmnXJyjv32/C4="></latexit>

L|�S|=1
non�lept = �GFp

2
VusVud

6X

I=1

CI(⌫)QI(⌫) + H.c.

<latexit sha1_base64="C0VFQjWIOFiCmkNIXmD0cya+wuk="></latexit>

Q1 = (s̄iuj)V�A(ū
jdi)V�A, Q2 = (s̄iui)V�A(ū

jdj)V�A

See Witten

<latexit sha1_base64="fkj9t413HaNCyIuXWch1cmt4lQM="></latexit>

KS ! ⇡0l+l� : determination of the form factor

<latexit sha1_base64="irjxQdblQi8A/yXKU329aq95Z6Y=">AAACAnicbVC7SgNBFL0bXzG+olZiMxiE2IRdEbURAlpYWCRoHpBdltnJbDJk9sHMrBCWoIU/ob2NhSK2foVd/sZJYqGJBy73cM69zNzjxZxJZZpDIzM3v7C4lF3OrayurW/kN7fqMkoEoTUS8Ug0PSwpZyGtKaY4bcaC4sDjtOH1zkd+45YKyaLwRvVj6gS4EzKfEay05OZ3Uptgjq4GbmpfUK4wuj6zBqhoHrj5glkyx0CzxPohhbI1fNR4qrj5L7sdkSSgoSIcS9myzFg5KRaKEU4HOTuRNMakhzu0pWmIAyqddHzCAO1rpY38SOgKFRqrvzdSHEjZDzw9GWDVldPeSPzPayXKP3VSFsaJoiGZPOQnHKkIjfJAbSYoUbyvCSaC6b8i0sUCE6VTy+kQrOmTZ0n9sGQdl46qOo3qPYyRhV3YgyJYcAJluIQK1IDAHTzDK7wZD8aL8W58TEYzxqTDNvyB8fkNsi6akA==</latexit>

L�S=1(0)

<latexit sha1_base64="P8Qv7yxIDJEDzdzsJGtyxMW508I=">AAAB/HicbVBNSwMxEJ1V60f9qnr0EhSxXsqu+HUseBFPKlaFdl2y6bQNTXaXJKuWpeI/EcSDIl79Id78N6atB219MMzjvRkyeWEiuDau++WMjU/kJqemZ/Kzc/MLi4Wl5Qsdp4phhcUiVlch1Sh4hBXDjcCrRCGVocDLsH3Y8y9vUGkeR+emk6AvaTPiDc6osVJQWDkOspqSBIXsXtdkSop3W0Fh3S25fZBR4v2Q9fLu7RluPuVOgsJnrR6zVGJkmKBaVz03MX5GleFMYDdfSzUmlLVpE6uWRlSi9rP+8V2yYZU6acTKVmRIX/29kVGpdUeGdlJS09LDXk/8z6umpnHgZzxKUoMRGzzUSAUxMeklQepcITOiYwllittbCWtRRZmxeeVtCN7wl0fJxXbJ2yvtnNo0Th+gj2lYhTUoggf7UIYjOIEKMOjAI7zAq3PvPDtvzvtgdMwZdFiBP3A+vgExrJct</latexit>

Jµ
elm(x)



Large Nc results for
Wi(z) = GFM

2
KW pol

i (z) +W⇡⇡
i (z)

W pol
i (z) = ai + biz (i = +, S)

<latexit sha1_base64="G2GAgMoo+wP2dx0t6iRy9fACkxI=">AAAB+XicbVDLSgMxFM3UV62vUZdugkWoIGVGRV0W3bisYB/QGUsmzbShSSYkmUIZ+iduXCji1j9x59+YtrPQ1gMXDufcy733RJJRbTzv2ymsrK6tbxQ3S1vbO7t77v5BUyepwqSBE5aodoQ0YVSQhqGGkbZUBPGIkVY0vJv6rRFRmibi0YwlCTnqCxpTjIyVuq4bSAqfskByeOZNKvK065a9qjcDXCZ+TsogR73rfgW9BKecCIMZ0rrje9KEGVKGYkYmpSDVRCI8RH3SsVQgTnSYzS6fwBOr9GCcKFvCwJn6eyJDXOsxj2wnR2agF72p+J/XSU18E2ZUyNQQgeeL4pRBk8BpDLBHFcGGjS1BWFF7K8QDpBA2NqySDcFffHmZNM+r/lX14uGyXLvN4yiCI3AMKsAH16AG7kEdNAAGI/AMXsGbkzkvzrvzMW8tOPnMIfgD5/MHxQySdA==</latexit>

⇡±,0(p)

<latexit sha1_base64="TgfhkE4y/iABmnxPIKcg0CxEuWI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfVY9CJ4qWA/oF1LNk3b0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDiTBvX/XYyS8srq2vZ9dzG5tb2Tn53r6bDWBFaJSEPVSPAmnImadUww2kjUhSLgNN6MLiZ+PUhVZqF8sGMIuoL3JOsywg2VvLvHpNWJNCJOy4Ojtv5gltyp0CLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp+NcK9Y0wmSAe7RpqcSCaj+ZHj1GR1bpoG6obEmDpurviQQLrUcisJ0Cm76e9ybif14zNt0rP2Eyig2VZLaoG3NkQjRJAHWYosTwkSWYKGZvRaSPFSbG5pSzIXjzLy+S2mnJuyid3Z8XytdpHFk4gEMoggeXUIZbqEAVCDzBM7zCmzN0Xpx352PWmnHSmX34A+fzBzSKkRY=</latexit>

K±,0(k)

TH

NA48/1

TH

<latexit sha1_base64="nPIhHRjfeyBvOpTM64i+3nQ7c9Q="></latexit>

KS ! ⇡0l+l�
GD Knecht, Neshatpour ’24


Large Nc predictions =>Wilson coefficients +hadr. parameters



Conclusions

•We have focused maybe too much on


•  
<latexit sha1_base64="DvYlosvM70F4Va0rBkc+AaZRf84="></latexit>

KS,L ! µ+µ�(e+e�)3-point function

KS ! ⇡0l+l�
K+ ! ⇡+l+l�

<latexit sha1_base64="4cOnphd4ocEW7LC6kLmYqdbTEcU=">AAACBHicbVDLSgMxFL3js9bXqMtugkVwVWeKqBuhoAvdtWAf0BlKJs20oZkHSUYoQ0E3/oP+gBsXirj1I9z1b0ynLrT1QMjhnJvce48XcyaVZY2NhcWl5ZXV3Fp+fWNza9vc2W3IKBGE1knEI9HysKSchbSumOK0FQuKA4/Tpje4mPjNWyoki8IbNYypG+BeyHxGsNJSxyw4l5QrjND1uX1URg5KHREgkXA6Qh2zaJWsDGie2D+kWLHHjxpP1Y755XQjkgQ0VIRjKdu2FSs3xUIxoj/MO4mkMSYD3KNtTUMcUOmm2RIjdKCVLvIjoU+oUKb+fpHiQMph4OnKAKu+nPUm4n9eO1H+mZuyME4UDcm0kZ9wpCI0SQR1maBE8aEmmAimZ0WkjwUmSueW1yHYsyvPk0a5ZJ+Ujms6jdodZMhBAfbhEGw4hQpcQRXqQOAenuEV3owH48V4Nz6mpQvG9IY9+APj8xt7xpr6</latexit>

�I = 1/2 rule

<latexit sha1_base64="NArIYevx0tA+0coKHxLstPa276g="></latexit>

K+ ! ⇡+l+l�

LHCB



<latexit sha1_base64="NArIYevx0tA+0coKHxLstPa276g="></latexit>

K+ ! ⇡+l+l�

<latexit sha1_base64="DvYlosvM70F4Va0rBkc+AaZRf84="></latexit>

KS,L ! µ+µ�(e+e�)
3-point function

Conclusions II



+

<latexit sha1_base64="dmKXRAlepO0Y/vyQvm0oXgnYTrk="></latexit>

Br(KL ! ⇡0`+`�)= 10�12

"
C(`)

mix + C(`)
int

Im�t

10�4
+ C(`)

dir

✓
Im�t

10�4

◆2

+ C(`)
�⇤�⇤

#

GD Knecht, Neshatpour ’24




• Large subleading terms (long distance enhancement)


• Failing understanding 


• Lattice 

<latexit sha1_base64="xdoU3URbWgqDf7PPfLPmCk12EcY=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9nd1raeLHgRvLRgW7EtJZtm29BsdkmyQlkK/ggvHhTx6r/xIPhvzLYIKvpgmMd7EzJvvIgzpW37w8osLa+srmXXcxubW9s7+d29tgpjSWiLhDyU1x5WlDNBW5ppTq8jSXHgcdrxJuep37mlUrFQXOlpRPsBHgnmM4K1kW4uezpELupFbJAv2MXTWsU9cZFdtO2qW6qkxK2W3RJyjJKicPbuz9EY5N96w5DEARWacKxU17Ej3U+w1IxwOsv1YkUjTCZ4RLuGChxQ1U/mG8/QkVGGyA+lKaHRXP3+IsGBUtPAM5MB1mP120vFv7xurP1aP2EiijUVZPGRH3NkYqbx0ZBJSjSfGoKJZGZXRMZYYqLNkXLmCF9J0f+k7RadSrHctAv15h3MkYUDOIRjcKAKdbiABrSAgIB7eIQnS1kP1rP1shjNWIsO+/AD1usnncWUYA==</latexit>

K ! 2⇡

<latexit sha1_base64="4cOnphd4ocEW7LC6kLmYqdbTEcU=">AAACBHicbVDLSgMxFL3js9bXqMtugkVwVWeKqBuhoAvdtWAf0BlKJs20oZkHSUYoQ0E3/oP+gBsXirj1I9z1b0ynLrT1QMjhnJvce48XcyaVZY2NhcWl5ZXV3Fp+fWNza9vc2W3IKBGE1knEI9HysKSchbSumOK0FQuKA4/Tpje4mPjNWyoki8IbNYypG+BeyHxGsNJSxyw4l5QrjND1uX1URg5KHREgkXA6Qh2zaJWsDGie2D+kWLHHjxpP1Y755XQjkgQ0VIRjKdu2FSs3xUIxoj/MO4mkMSYD3KNtTUMcUOmm2RIjdKCVLvIjoU+oUKb+fpHiQMph4OnKAKu+nPUm4n9eO1H+mZuyME4UDcm0kZ9wpCI0SQR1maBE8aEmmAimZ0WkjwUmSueW1yHYsyvPk0a5ZJ+Ujms6jdodZMhBAfbhEGw4hQpcQRXqQOAenuEV3owH48V4Nz6mpQvG9IY9+APj8xt7xpr6</latexit>
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K± ! ⇡±l+l� KS ! ⇡0l+l�



• GIM  Gaillard Lee   “3 months to understand the calculation, one  
day to do it 


•Weinberg  Effective field theories , chiral loops ‘76




•
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QCD theoretical tools

• analytic calculation ’t Hooft, large Nc (it explains 
basic phenomenological facts of QCD, i.e. Zweig’s 
rule) many implications: Skyrme model, VMD, 
Maldacena


• G. Parisi, ‘80s lattice: can we predict from QCD  
the proton mass at 10% level?


• Precise calculation of low energy QCD?



KS ! ⇡0l+l�
K+ ! ⇡+l+l�









Actually the study of unit. cut was crucial to i) to bring agreement
 expt vs Theory  in   and ii) show that              
CP conserving was negligible

KL ! ⇡0�� KL ! ⇡0ee

 KTeV and NA48 not only  ✏0







ĉ
0

��� �2.3

Final	381	evts	NA48/2	+	NA62

during	a	3-day	special	NA48/2	run	in	
2004	and	a	3-month	NA62	run	in	2007


ĉ = 1.86± 0.26

K+ ! ⇡+��  NA48/2 + NA62 (’14)

Auxiliary channel useful to assess the CP 

conserving contribution to                                    KL ! ⇡0ee

z
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)6ChPT O(p

theory

B = (1.003± 0.051stat ± 0.024syst) · 10�6



NA62 sensitivity 

This decay                        :  The error obtained in 
the form factor (  ) is dominated by the expt       K-
> 3pi error in the  quadratic slope !

K+ ! ⇡+��

K+ ! ⇡+��
ĉ



KS ! µµ

B(KS ! µµ) < 11⇥ 10�9

⇠ 5⇥ 10�12
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After 40 years improvement by 3 
orders of magnitudes from LHCB 

95% CL

SM

LHCB

SD   1.5 10^-12

NP   1.5 10^-11
Allowed

NP   Limits from 
CPviol in  KL ! µµ

Isidori Underdorfer



KS ! µµµµ � SM LD ⇠ 2⇥ 10�14

KS ! eeµµ � ⇠ 10�11

KS ! eeee � ⇠ 10�10

GD,Greynat, Vulvert
KS, KL

!1

!̄1

!2

!̄2

Other interesting channels
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Conclusions
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KS,L ! ⇡0l+l�
Interesting TH CP violating and CP conserving


Crucial to study  
<latexit sha1_base64="NArIYevx0tA+0coKHxLstPa276g="></latexit>

K+ ! ⇡+l+l�
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KS,L ! µ+µ�(e+e�)
3-point function

EU strategy Group ’25, Nazila et al ‘22


