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<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)



• 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>

�I = 1/2 rule



<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



+

<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




Conclusions

<latexit sha1_base64="ZmpwfbCNaumCgX6sk9DHIZLkp2I="></latexit>

KS,L ! ⇡0l+l�
Interesting TH CP violating and CP conserving


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

K+ ! ⇡+l+l�

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

KS,L ! µ+µ�(e+e�)
3-point function

EU strategy Group ’25, Nazila et al ‘22


