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Outline

• QCD at work in flavor


• Flavor physics 


• (g-2)µ



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?)
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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?



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



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



SD CHPT CHPT

averaging flavour 

K+-> π+ e+ e-      KS-> π0 e+ e-



Matching a la BBG for K+-> π+ e+ e-  

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



The flavor problem
• In the SM the Higgs generates EWSB and the 

fermion masses through the Yukawas.  In the 
flavor sector this is well tested
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  Isidori Nir Perez 10

Generic Flavor structures strongly constrained

Problem already known since ’86 technicolour 
(Chivukula Georgi) susy (Hall Randall) 
extra dimensions (Rattazzi Zafferoni)

Maybe there is an energy  gap between the theory of flavor and 
the EW scale , ameliorating also a clash  from the scale of the  bounds 
 in the table above  and the requirement of solving the hierarchy problem
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GD,Giudice,Isidori,Strumia

Bounds ameliorated

Buras et al







• see  Wolfgang Altmannshofer  Aspen Winter 
Conference“Particle Physics on the Verge of 
Another Discovery?”  Aspen, January 11 - 16, 2016


• Lewis Tunstall and Andreas Buras at MITP 
Workshop “NA62 Kaon Physics Handbook”, Mainz, 
11-22 Jan, 2016


Lewis Tunstall

More refs



From Ligeti’s talk







        anomaly

It is 3 sigma away from SM 

B ! K⇤µ+µ�
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Altmannshofer, Gori, Pospelov, Yari

• Good fit with vectorial leptonic coupling 


• UV complete model, Z’ coupled to vector leptonic 
current,  anomaly free 


• Gauged Lmu -Ltau: naturally implemented



(

)



Altmannshofer, Gori, Pospelov, Yari

Quark part is built with 

vector like states (Q)

Integrating out Q 









 Horizontal gauge symmetries

• Avoiding vector like quarks by 
charging baryons                        
Q(B)=(-a,-a, 2a)

Crivellin, G.D., Heeck







Crivellin, A  GD, Hoferichter, M and Tunstall, L



If we are convinced of flavor anomalies we should find some 
good theory













Conclusions
• Indirect and direct searches vs 
theory prejudice


• Atlas and CMS, LHCb and BelleII , 
FNAL, NA62 and KOTO will definitely 
shed light 




 electron g-2 

• in agreement SM ,  QED calculation at fourth 
order , EW smaller      see refs in Giudice Paradisi Passera arXiv:1208.6583





SM contribution to g-2 muon







 EW contribution to g-2 muon 
from Eduardo de Rafael




