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Outline!

¥ K0->µµ Golden mode !

¥ KS->"µµ!

¥ KS->"" ee!

¥ KS->µµµµ!

¥ Questions on hyperons and taus





KS->µµ

Ecker Pich Ô90
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KS->µµ: how to improve the  
THEORY error

Dispersive treatment of KS !  !! and KS !  !l +l" 

Gilberto Colangelo, Ramon Stucki, and Lewis C. Tunstall 



Gaillard Lee

KL->µµ

B(K L ! µ+µ! )
exp

= (6 .84± 0.11) " 10! 9

KL ! �� |exp known

Dispersive calculation: Re A, Im A
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We do not know the sign of A(K L ! !! )

Kaon Decays in the Standard Model!
Vincenzo Cirigliano (Los Alamos), Gerhard Ecker, Helmut Neufeld (Vienna U.), Antonio Pich, Jorge Portoles , refs therein!



27.14

! (K L ! µµ)
! (K L ! !! )

" |ReA|2 + |ImA |2

|! SM
short | = 1 .96(1.11! 0.92ø" )

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->2!

Buras,  Mainz



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

The epsilonÕ/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 

! PT with minimal hadronic app.
! PT

! QM

B (1/ 2)
6 ! 3, B (3/ 2)

8 ! 3.5

B (1/ 2)
6 = 0 .57, B (3 / 2)

8 = 0 .76

B (1/2)
6 ! B (3/2)

8 < 1, B (3/2)
8 = 0 .8

dual QCD prediction 

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

8 = 1

large N limit (convention) 

22.45± 0.05 16.0 ± 1.5
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Observed values
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Exp. ! PT dual QCD Lattice (I=0,2) 

B(1 / 2)
6 ! 1.6, B(3 / 2)

8 ! 0.9

! 14

}

4

! !
K /! K



!"#$%&'&"%()*+', -., /*"0/%1
! !"#"$%&'(")'*+,-./-'012"&-'+%#"'3""('-452."2'41'"6*&%.('7897%(10%&,

:!!:''' ;; /+%$<.(1='*"(<5.(

;; <&5.(1='*"(<5.(

;; <&5.(1316'

>"/41$;&.?"'@5%$?-

A.44&"'B.<<-':12"&').4+'C;*%$.4,

DDE'012"&

F.<+4'+%(2"2'/5$$"(4

!" #$%&'()$*#$"+,-+./ )$0#$12'/ /&'$34)$56789:;:<=9>?@AB

!" #$C/&+.(D( /&'$34)$5C%5;:<=9>&(#=:)=:A7<:B

!C#3+D/-/E/)$1#F+2E,D2/&'$5#CE2.G2E)$5H6==8;:<=9>&(#@)$<@=I<:
J#KE+L2MM+&)$N#0OJ.PE(,+()$C#3+D/-/E//&'$1#F+2E,D2)$=8<A#<Q8I9B

!K#7(P2D-)$J#R#7SE/,)$J#K2M+,/&'$"#RS&T)$RU%5=8<?;:<=8><8@B

!J#R#7SE/,/&'$V#02V/W+()$RU%5=9<A;:<=9><=<
X$RU%5=9<I$;:<=9>$==QB

!"#7M/&Y2)$J#R#7SE/,/&'$*#H2ZY,+2T2M)$%5R#K89$;:<=9>&(#?)=I:B

![#K+E+TM+/&()$\#02Y2&,)$R#'2[E+2,/&'$%#"2E2T-2DD+)$$567$898$;:<=8>$=
*#JM+(M+)$[#K+E+TM+/&()$\#02Y2&,)$R#'2[E+2,/&'$%#"2E2T-2DD+) RU%5=8<Q$;:<=8><I9B

! G.HH"$"(4'.0*&./%4.1(-'I/1$$"&%4.1(-'J'*$"2./4.1(-K'H1$'14+"$'13-"$#%3&"-'%**"%$'

2"*"(2.(<'1('012"&-'' �� L1--.3.&.4,'1H'012"&'2.-/$.0.(%4.1(-

@]::

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 K 0 
by tracking the associated particles  (K - )

!

spin

A (K1 ! µ+ µ�)⇤A (K2 ! µ+ µ�)

" Im[�t ]y
0
7A

"
Aµ

L !! # 2⇡ sin2 ✓W (Re[�t ]y
0
7A +Re[�c]yc)

#



Short distance window
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KS�� ����  prospects 

¥! Extrapolating from Run-I result 

¥! The most interesting region can be 
achieved by LHCb upgrade with 
trigger improvements 

¥! Starting to investigate tagged decays, 
which would allow to access NP in 
the KS-KL interference 

      [DÕAmbrosio&Kitahara     https://
arxiv.org/abs/1707.06999 ] 
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Theoreticaly more interesting

SM

D. Martinez Santos, FPCPÕ17 

LHCb-upgrade Phase-II-upgrade? 

Diego Martinez Santos, FCCP 2017 



averaging ßavour 
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KS ��
0�� sensitivity study 

 CERN-LHCb-PUB-2016-017 

Diego Martinez Santos, FCCP 2017 
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KS �� �� 0����  sensitivity study 

LHCb Upgrade, 100 % eff LHCb HL-LHC 
  100 fb -1 100 % eff 
  or  300 fb -1 33 % eff 
 

V. Chobanova et al, 
 CERN-LHCb-PUB-2016-017 

Normalize yields to KS �� ����  !  sensitivity to BR 

FULL 
channel 

PARTIAL 
channel 



¥ sensitive to short distance physics!

¥ several background to control 

A
K ! 0µµ

S
FB (z) =

�(cos! Kµ > 0) ! �(cos! Kµ < 0)
�(cos! Kµ > 0) + �(cos! Kµ < 0)

( ! K |aS |2 )

short distance?K S ! ! 0µµ



KS ! ! + ! ! µµ " 10! 14

KS ! ! + ! ! ee " 10! 5





Dalitz plot NA48/2 
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Starting from CP conserving IB, DE
K+-> " +" 0ee Cappiello Cata GD Gao



K S ! µµµµ " SM LD # 2 $ 10�14

K S ! eeµµ " # 10�11

K S ! eeee " # 10�10

GD,Greynat, Vulvert

K S, K L

ℓ1

øℓ1

ℓ2

øℓ2

Interesting channels



Hyperons

¥ Hyperon semileptonic decays/Vus determination!

¥ Search for resonance (Hypercp) ! ! pµµ





Possible tau issues

¥ Leptonic universality !

¥ QCD tests!

¥ Vus!

¥ Lepton ßavour universality



Passemar 16









Harnik, Kopp Zupan 1209.1397



Interplay H ! µ! ! ! 3µ

Motivated by B-anomalies!
ZÕ-model  with 2 higgs in!

Lmu-Ltau model

Crivellin,GD, Heeck 15
Altmannshofer & StraubÕ14, 



Conclusions

¥ My personal view: we are  just at the beginning 
in exploring the potentiality: See KS->µµ, also the 
improvement for Ecal (I did not discuss much ee in 
the Þnal state)!

¥ New ideas in this sector came out recently



Crivellin







SD depends from a crucial sign



B(K L ! µ+ µ! )SM =

!
(6.85± 0.80± 0.06) " 10! 9(+) ,
(8.11± 1.49± 0.13) " 10! 9(# ),

B(K S ! µ+ µ! )SM = (4 .99 (LD) + 0 .19 (SD)) ⇥ 10! 12

= (5 .18± 1.50± 0.02)⇥ 10! 12







NA48/2 CP violation
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