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+ 3 minutes of memories of old times...



Outline

● TOOLS: Renormalization group flow equations and 
mathematical induction. No Feynman diagrams around.

● DIFFICULTIES: IR divergences (massless particles), 
explicit BRST/STI breaking from momentum cutoffs

● FRAMEWORK: Perturbative QFT in Euclidean space  

   convergence of limits and integrals
           => bounds on correlators

● GOAL: prove renormalizability and other properties of 
renormalized correlators in momentum space at all loops



IR divergences in Euclidean, massless QFT



IR + UV regularized propagator



Effective action L



 

Flow equation for L



Flow equation for CAS



Inductive proofs: reconstruction
  



All order uniform bounds for massless 



Bounds: baby  version

{



Bounds: teenager  version



Renormalization of SU(2) pure gauge theory



SU(2) YM: tree level Lagrangian, no cutoffs



Dependence on  B field is trivial



SU(2) YM: all-order Lagrangian + cutoffs



violated  STI  for Z



violated  STI  for Γ 



Free and constrained renormalization constants



(selected) results using the FE framework



Memories....



The beginning...
● (As usual) Ken was immediately hospitable and gave me a problem 

● 1989, Genoa University, Italy:  I knocked at Ken's office door 
asking for a graduation (Laurea) subject ...

... upsetting but motivating!

● Ken gave me also a drop of his wisdom (?Japanese) :

● This was the beginning of a long and fruitful scientific 
collaboration, that continued with my PhD and after, till 
beginning 1996 when I started my post-doc in Saclay

     (two QM courses alternated yearly at that time)

'I can lead a horse to water but I can't make it drink'

●  Long days of hard work ...
     ... and short weeks because at that time Ken arrived at Genoa U on 
Tuesday  and quit for Pisa on Thursday!

... in spite of the fact that I did not follow his QM course



...a close friendship started  as well !

                        

● It has been (and it is) a pleasure to interact with Ken!

● Ken acted with me more as a second father than as a PhD director!

● Everybody meeting Ken is enriched by his human qualities:

... so, sincerely:

... long list omitted ... 

Thanks for all, KEN!



小西さん

お 生日誕
おめでとうございます

Happy birthday 
KONISHI-SAN !!!
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