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Flavour Changing Neutral Current (FCNC) decays are extremely rare processes in particle physics which are forbidden at 
the classical level in the Standard Model. Therefore, they constitute attractive channels to try to observe new physics 

beyond the Standard Model. A particular family of such decays are the kaon decays where the final state is composed by 
a pion plus a lepton or neutrino pair. It is crucial that both theorists and experimentalists join forces to try to provide the 

most precise test possible of the Standard Model though rare decays.


The aim of this workshop is to bring together both communities to exchange ideas and shape future research activities on 
rare kaon decays. All the afternoons of the workshop are focused on thematic discussions, aiming at creating fruitful 

collaborations between the two communities. We wish to make this event a recurrent one, determining the frequency and 
location of future editions will be discussed during this first meeting.


The experimental research on rare kaon decays will be led by the ambitious NA62 experiment at CERN for the years to 
come (NA62 will take data until at least 2023). As this experiment started taking data last summer, it is a particularly 
important moment for theory and experiment to connect and understand how to maximise our chances to discover new 
physics through this program. On the other hand, the lattice QCD group at the Higgs Centre is working on starting this 
year the first physical simulations of rare kaon decays. Lattice calculations open the way to predict unknown Standard 

Model amplitudes which are dominated by non-perturbative hadronic phenomena. These calculations are more complex than 
most lattice computations and will only be possible thanks to the £4.5M DiRAC Extreme Scaling supercomputer that will 

be acquired by the University of Edinburgh this year.

LFUV B-decays/K-decays interplay 
Analytic vs Lattice 

experimental limits vs TH wishful th
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• K->π𝞶𝞶


• K-anomalies, NP in 𝛆’ 


• KS,L->µµ


• QCD, weak counterterms
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Why we need  KOTO and NA62
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News: anomalies in Kaons?
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Teppei Kitahara: Karlsruhe Institute of Technology (KIT), XIIth Meeting on B Physics, 23 May, 2017, Napoli, Italy
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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



from isospin breaking✏0
Kagan Neubert,99, Grossman, Kagan Neubert,99

Kitahara,Nierste, Tremper  PRL 16

Assuming a discrepancy 2.9 sigmas from SM



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

The epsilon’/epsilon tension and supersymmetric interpretation
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more than 10% mass shift of the 
gluino mass from                         is 
possible in light of the constraint 
from 

1-10 % mass shift of the gluino 
mass is possible 

1σ 2σ

       discrepancy  
can be solved at

               determines a position 
of the green band

Positive       predicts a strict 
correlation

[Crivellin, D'Ambrosio, TK, Nierste, '17]B(K→πνν)
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 for a fine-tuning at the 1(10)% level



Interplay with B-anomalies
Bordone, Buttazzo, Isidori, Monnard 


Scalar/triplet leptoquark
S. Fajfer N. Koˇsnik, L. Vale Silva
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EW vs flavor scale

Javier Fuentes-Martín 


M. Bordone, C. Cornella and G. Isidori 


[a possible shift of parading in model-building] G. Isidori





Rare Kaon decay program at LHCB

Rare n Strange 2017: strange physics at LHCb

GD, Lewis Tunstall, Diego Martinez Santos,Veronika Chobanova, 

Xabier Cid Vidal, Francesco Dettori, Marc-Olivier Bettler,


Teppei Kitahara,,Kei Yamamoto 



KL,S ! µµ



Gaillard Lee

KL->µµ
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Kaon Decays in the Standard Model

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



KS->µµ
Ecker Pich ‘90
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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 
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Can we study K0(t)? 
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• 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- )
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Miriam Lucio

Collaboration with Teppei Kitahara, Isabel Fernández Suárez, Miriam Lucio Martínez, 

Diego Martínez Santos, Veronika Georgieva Chobanova  arXiv:1711.11030, JHEP





LFUV in Kaons
�(K+ ! ⇡+µ+µ�)

�(K+ ! ⇡+e+e�)

SD       <<      LD



K+-> π+ e+ e-      KS-> π0 e+ e-

• gauge+Lorentz inv. =>1 ff  

averaging flavour 

Recent lattice determinations Christ et al. 
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LFUV: Kaons
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LHCB-NA62 PLEASE!!

High statistics: nominal # of decays  50 times greater than NA48/2 


Collaboration with  Crivellin, A  Hoferichter, M and Tunstall, L  
Phys.Rev. D 2016



QCD and EFT



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

Chiral Perturbation theory

Li Gasser Leutwyler coeff 

determined from expts.


Oi   p4  operator

LS = L2
S + L4

S + · · · = F⇡
2

4

⇡!l⌫, ⇡⇡!⇡⇡, K!⇡..z }| {
hDµUDµU† + �U† + U�†i+

K!⇡..z }| {X

i

LiOi + · · ·

L�S=1 = L2
�S=1 + L4

�S=1 + · · · = G8F
4 h�6DµU

†DµUi
| {z }

K!2⇡/3⇡

+ G8F
2
X

i

NiWi

| {z }
K+!⇡+��,K!⇡l+l�

+ · · ·



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)







q cut in minimum dilepton 



• Flavour anomalies: interplay with K->π𝞶𝞶 but 
10% measurement needed!

• LHCB: KS->µµ extraordinary result: 
interference effect!!!Short distance window

• weak chiral lagrangian

• LFUV in Kaons very useful

• Rich rare kaon program 

Conclusions

-1.0 - 0.5 0.0 0.5 1.0
0

2×10 -12

4×10 -12

6×10 -12

8×10 -12

1×10 -11

D



















Back up



CP violation in 
A(KL ! ⇡+⇡�) / ✏+ ✏0
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Christenson et al 64✏ ⇠ O(10�3)

✏0 ⇠ O(10�6) CERN NA31, Fermilab KTeV

H�S=1H�S=2

Indirect CP violation


 Kaon oscillation  
Direct CP Violation
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K+-> π+ e+ e-     KS-> π0 e+ e-

Short distance

O(p4)

Ecker, Pich, de Rafael

ChPT

constant+ loop 
electrons and µ’s in the final state

Initial data inconsistency e and µ’s: LFV?‘97
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K+-> π+ e+ e-      KS-> π0 e+ e-

• gauge+Lorentz inv. =>1 ff  

averaging flavour 

Recent lattice determinations Christ et al. 
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LFUV: Kaons
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Collaboration with  Crivellin, A  Hoferichter, M and Tunstall, L  
Phys.Rev. D 2016









QCD at work: Short Distance 
expansion for weak interaction

• Fermi lagrangian: description of the ∆S=1 weak 
lagrangian, in particular the explanation of  ∆I =1/2 rule


• Wilson suggestion (Feynman) , short distance expansion


• Gaillard Lee, Altarelli Maiani: right direction but not 
fully understood (Long distance?)

A(K+ ! ⇡+⇡0)

A(KS ! ⇡+⇡�)
⇠ 1

22



QCD at work, 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?



Bardeen Buras Gerard approach 
to K->ππ 

• Applied also to π+ - π0 mass diff, and ∆S=2 transitions 
and prediction of epsilon’


He↵ =
X

i

Ci(µ) Qi(µ)

SD

Also evaluated ∆S=2 transitions, epsilon’ (Buras) and π+ - π0 mass diff.

CHPT+Large Nc

Main idea: phys. amplitudes scale independent
Match SD with LD with a precise prescription for CT



Can we test somewhereelse 
the Bardeen Buras Gerard 

(BBG) approach?

Coluccio-Leskow, Estefania, GD, Greynat,David and Nath,Atanu



Matching a la BBG for K+-> π+ e+ e-  

Coluccio-Leskow,E. G.D ,Greynat, D and Nath, A



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

The epsilon’/epsilon tension and supersymmetric interpretation
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KS ! µµµµ � SM LD ⇠ 2⇥ 10�14

KS ! eeµµ � ⇠ 10�11

KS ! eeee � ⇠ 10�10

GD,Greynat, Vulvert
KS, KL

ℓ1

ℓ̄1

ℓ2

ℓ̄2

Other interesting channels


