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Outline


• the weak chiral lagrangian: attempt to determine 
the coefficients


• KS,L->µµ



QCD and EFT



π  non-lin. real U  lin. transf.

χPT effective field theory approach based on two assumptions

• π’s Golstone bosons of SU(3)L ×SU(3)R ➔  SU(3)V    


• (chiral) power counting  There is a small expansion parameter p2/Λ2χSB    

ΛχSB≃4 π Fπ ∼1.2 GeV  

SU(3)L ×SU(3)R symm.  L QCD           mq = 0 

Chiral sym. breaking through dim. parameter 
Fπ, χ related to <0|J5μ| π>, <0|qL qR |0>

Fπ≈ 93 MeV

Fantastic chiral prediction 
Aππ~ (s -mπ2 )/Fπ2

mπ2 ∼ <0|qL qR |0> mq


GOR rel.

Chiral Perturbation theory

Li Gasser Leutwyler 
coeff determined from 

expts.

Oi   p4  operator



Li Li expts V A Total
(Scalar incl.)

Total
QCD rel. incl.

L1 0.4 ± 0.3 0,6 0 0,6 0,9

L2 1.4 ± 0.3 1,2 0 1,2 1,8

L3 -3.5 ± 1.1 -3,6 0 -3,0 -4,9

L4 -0.3 ± 0.5 0 0 0 0

L5 1.4 ± 0.5 0 0 1,4 1,4

L6 -0.2 ± 0.3 0 0 0 0

L7 -0.4 ± 0.2 0 0 -0,3 -0,3

L8 0.9 ± 0.3 0 0 0,9 0,9

L9 6.9 ± 0.7 6,9 0 6,9 7,3

L10 -5.5 ± 0.7 -10 4 -6,0 -5,5

QCD inspired relations relations

QCD inspired relations relations

KSFR: GV = √2  Fπ

determined by dominance 
of pion, V,A to recover 
QCD short distance 

constraints

Vector Meson Dominance in  the strong sector 

                                                                                                                                                        

    Ecker,  Gasser,  de Rafael,   Pich  



Traditional wisdom: 
low energy VERY 
WELL approximated 
by π’s ,V,A 


Short distance: QCD


A good interpolation 
among the two 
regimes is sufficient 
for a good 
description of the 
correlators

De Rafael

MHA

Minimal Hadronic Ansatz 
(MHA)



The symmetry of the short 
distance  hamiltonian 

described in CHPT

VMD not as successful, in particular for K->3pi, 
where in principle large VMD important

Weak interaction 









Departure from IB
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IB from Low theorem



NA48/2 , 600 K candidates

NA48 T ⇤
c 2 [0, 80]MeV

Frac(DE ) = (3.32±0.15± 0.14)⇥10�2

Frac(INT ) = (�2.35±0.35± 0.39)⇥10�2

Frac(DE) ratio 

to IB

Frac(INT) ratio 

to IB

first experiment IB from theory
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K+ ! ⇡+⇡0ee
Cappiello, Cata,GD, Gao


Cappiello, Cata,GD


NA48/2

extra Kinematical variable  to kill IB



Starting from CP conserving IB, DE









q cut in minimum dilepton 









Rare Kaon decay program





KS->µµ
Ecker Pich ‘90

5⇥ 10�12LD 30% TH err
Short Distance
10�5|=(V ⇤

tsVtd)|2 ⇠ 10�13SM

NP 10�11 allowed
LHCB

< 8⇥ 10�10 90%CL

No  CP conserving Short Distance due to Furry Theorem

Gaillard Lee

few



5⇥ 10�12LD 20% TH err

KS ! �µµ

KS ! µµµµ

KS ! eeµµ

KS ! ��

KS->µµ: how to improve the  
THEORY error

Dispersive treatment of KS → γγ and KS → γl+l− 

Gilberto Colangelo, Ramon Stucki, and Lewis C. Tunstall 



Gaillard Lee

KL->µµ

B(KL ! µ+µ�)
exp

= (6.84± 0.11)⇥ 10�9

KL ! �� |
exp

known

Dispersive calculation: Re A, Im A



A(KL ! 2�?)O(p4) = A(KL ! ⇡0 ! 2�?) +A(KL ! ⌘8 ! 2�?)

= A(KL ! ⇡0)A(⇡0 ! 2�?)
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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




Buras K->2π

Buras,  Mainz



Teppei Kitahara: Karlsruhe Institute of Technology (KIT), XIIth Meeting on B Physics, 23 May, 2017, Napoli, Italy

The epsilon’/epsilon tension and supersymmetric interpretation
/17
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Current situation of 

dual QCD approach 
+ Lattice (I=2) 

Lattice (I=0,2) 
+ proper matching with ReA0,2 and SD

+ proper RG evolution 

χPT with minimal hadronic app.
χPT
χQM

B(1/2)
6 ⇡ 3, B(3/2)

8 ⇡ 3.5

B(1/2)
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8 = 0.76
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6  B(3/2)

8 < 1, B(3/2)
8 = 0.8

dual QCD prediction 

B(1/2)
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8 = 1

large N limit (convention) 

22.45± 0.05 16.0± 1.5
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Models	solving	ε’/ε anomaly
l Several	new	physics	models	have	been	studied	to	explain	ε’/ε anomaly

MSSM			-- chargino Z	penguin

-- gluino Z	penguin

-- gluino box	

Vector-like	quarks

Little	Higgs	Model	with	T-parity

331	model

Right	handed	current

[M.	Endo,	S.	Mishima,	D.	Ueda and	KY,	 PLB762(2016)493]

[M.	Tanimoto and	KY,	 PTEP(2016)no.12,123B02]

[T.Kitahara,	U.Nierste and	P.Tremper,	PRL117(2016)no.9,	091802

A.Crivellin,	G.D'Ambrosio,	T.Kitahara and	U.Nierste,	1703.05786]

[C.Bobeth,	A.J.Buras,	A.Celis and	M.Jung,	 JHEP1704(2017)079]

[A.J.Buras and	F.De Fazio,	JHEP1603(2016)010

&	JHEP1608	(2016)	115]

[M.Blanke,	A.J.Buras and	S.Recksiegel,	EPJ.C76	(2016)no.4,182]

[V.Cirigliano,	W.Dekens,	J.de Vries and	E.Mereghetti,		PLB	767	(2017)	1

S.Alioli,	V.Cirigliano,	W.Dekens,	J.de Vries and	E.Mereghetti, JHEP1705	(2017)086]

l Different	implications	(correlations	&	predictions)	for	other	observables	appear	

depending	on	models		� Possibility	of	model	discriminations

9/22

Kei Yamamoto, FPCP2017



Can we study K0(t)? 
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GD , Kitahara

1707.06999 PRL



• Short distance interfering with Large CP 
conserving  LD contribution !


• We may be able to study the time evolution of K0 
by tracking the associated particles  (K- )

X

spin

A(K1 ! µ+µ�)⇤A(K2 ! µ+µ�)

⇠Im[�t]y
0
7A

n

Aµ
L�� � 2⇡ sin2 ✓W (Re[�t]y

0
7A +Re[�c]yc)

o



Short distance window
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Conclusions
• QCD tools prepared for the uncover all secrets of 

flavor including 


• Many rare channels to study


• K-> πll work in progress: hope results soon


• collaboration is crucial





