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Stars of KAON Flavour Physics

K K, Me D '/e eK+ +­p nn
0

LK ­p nn

L,SK + -­m m 0

LK l l+ -­p I 1/ 2 RuleD =

They all can give some information about
very short distance scales but to identify
new physics , correlations with Bs,d and D
observables, EDMs, Lepton physics crucial

In particular if we want to reach Zeptouniverse
without any direct hints from the LHC
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Towards

Zeptouniverse

in 12 Steps

AJB, Girrbach -Noe   1306.3775 AJB 1505.00618
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Impact of QCD at SD and LD Scales
(K-physics )

SD Fully under control : NLO + NNLO
AJB9 ¢Climbing NLO and NNLO Summits of Weak Decays®
(1102.5650; last update 2014)       ( Munich , Rome + Gorbahn , Brod,

(early 1990s)         Haisch , Jäger, 
Nierste , Cerda -Sevilla)

LD Lattice QCD (ETM, SWME, RBC-UKQCD+ £(

(Numerical sophisticated tedious calculations lasting
many years )

Dual QCD (Bardeen, AJB, Gérard, 1985 Ÿ)
(Much faster than LQCD, very suitable for

non -leptonic transitions )
0 0(K K  mixing,  K )- ­pp

Chiral Pertubation
Theory

(Gasser, Leutwyler , 1980 Ÿ)
(Much faster than LQCD, very suitable for

leptonic , semi -leptonic decays )

L(K ll,  K ll,K )­p ­ ­pnn

Analytic
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Plan for next 38 min

K

K

Implications for  ´/ , ,  K
(Z´- FCNCs)          M

e e e ­pnn
D

é/estrikes back

Summary

BSM for ´Ⱦ

in the Standard Model
K ­pnn

Dual QCD News
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Dual QCD

Large N
QCD

Gerard t́ Hooft
(1974)

Edward Witten
(1979, 1980)

At Large N QCD becomes a theory of weakly interacting mesons

with coupling
2

1 1

f N
p

In the strict Large N limit QCD becomes a free theory of mesons .
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Dual QCD Approach for Weak Decays

W. Bardeen J.-M. GérardAJB

1985

2014
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Basic Structure of DQCD for 0 0K ,  K K  mixing­pp -

K( ´/ ,  ,  I 1/ 2 Rule,  M )e e e D = D SM and BSM Operators

Reviews: 1401.1385, 1408.4820

SMEFT with SM and BSM Operators

QCD + QED with SM and BSM Operators
(Quark -Gluon Evolution)

DQCD:  Meson Evolution   (1/N)

0(mp, mK) Ÿ ᾈDQCDº0.8 GeV

ᾈNP

EW

1 GeV

ᾈDQCD

º0.8 GeV

mp, mK

Crucial strong dynamics
Responsible for in general . KI 1/ 2 Rule,  ´/ ,  ,  M ,  KD = e e e D ­pp

RG Evolution
as, a2, a1

top Yukawa

as, aQED

Non-Factorizable
contributions

SM and BSM operators

Factorization Scale

for hadronic
matrix elements

(N Ÿ¤)
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The Main Role of DQCD

Efficient approximate method for obtaining
results for non -leptonic decays : years , even
decades before Lattice QCD.

The only existing QCD method allowing to
study analytically the dominant dynamics
between mK and 1 GeV.

Giving insight in numerical results obtained
by Lattice QCD at 2-3 GeV.

(1985-2012)

Progress in 
LQCD

(2012 Ÿ    )

MESON EVOLUTION :

The pattern of
operator mixing found
to agree with SD mixing .
both for SM and BSM operators .
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Meson Evolution

Loops with a physical cutt -off ᾈ

Very different philosophy from Chiral PTh

No dimensional regularisation !!!
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ƜI = ½ Rule

0

2

Re A
R 22.4

Re A
= º Since 1955                Gell-Mann Pais

R 2 in Fermi-Theory
            (No QCD)
=

1974 Octet Enhancement
(Current -Current Operators)

Altarelli + Maiani
Gaillard + Lee R º3

(Asymptotic Freedom)
SD evolution

1976 QCD Penguins (Shifman et al)
(Fit hadronic matrix elements
at µ = 0.3 GeVŸ ὕ/ὑ~ 0(10-2))

(Gilman + Wise)

1986 Dual QCD (BBG)

Octet Enhancement including LD part (Meson Evolution)
QCD Penguins at 10%

R = 16.0 ± 1.5

R = 31 ± 11

FSI ? (Pich)
New Physics ?
(1404.3824, G')
AJB, De Fazio, Girrbach

(Main 
Dynamics
Behind
ƜI = ½ Rule)

2015 RBC-UKQCD

Confirmation of Octet Enhancement(2012)

2014:
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Parameter for
K
¦B 0 0

KK K  Mixing,  - e

1986

1987

2018

1986

2015

Donoghe et al
Pich + Rafael K K K

¦ ¦ ¦B 0.33     B 0.4     Lattice QCD     B 1º º º

BBG

BBG

BBG strict Large N limit

AJB + Gérard
1507.06326

Including 1/N
(meson evolution
for B6, B8)

QCD and Electroweak Penguin Matrix Elements

More about it later .

K
¦B 0.67 0.07= °

K
¦B 0.73 0.02= °

Gérard: K
¦B 0.75<

K
¦B 0.75   (Large N limit)=

K
¦B 0.766 0.010= °Lattice QCD:

1/2 3/2

6 8B B 1= =

1/2 3/2

6 8B B 1< <

( )0(m )
p

mº

at 1GeVm²
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2018 Results in DQCD :  BSM hadronic
Matrix elements

Matrix elements of chromomagnetic penguins
AJB + Gérard       1803.08052           (First on -shell KŸpp

calculation to date )

Confirmation of KŸpmatrix element
by ETM collaboration 1712.09824

Explanation of BSM Bi parameters
obtained by Lattice QCD 1804.02401    (AJB + Gérard)

0 0(K K  Mixing)-

BCMOº1/3 Much smaller
than early
estimates in 
chiral quark
model

AJB J.-M. GérardJason Aebischer

More Results this Summer
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Section 2
strikes back                é/e

2015 Anatomy of é/e:  1507.06345

AJB

AJB

Martin Gorbahn Sebastian Jäger Matthias 
Jamin

Jean-Marc Gérard

Large N news
1507.06326

FSI
1603.05686


