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Renormalization
Let’s review

in 10 minutes.



繰り込みとは何だろうか？

How do you know the
electric force?

Question:

Do you calculate

?



center +1, mid -8, out +16

 r dependent charge!



Quantum Field Theory

Unfortunately,
we do not know
the value of

All we can do is to 
measure by experiment.

Worse, we have to calculate 
complicated diagrams like



Renormalized charge

The basic idea is,
of course, the same.

Distant dependent charge

Distant effect is actually 
observed in experiments.

r

QED coupling



Nambu Jona Lasinio model



Usage of the NJL model

Model Lagrangian
 Effective potential
 Back ground chiral condensate

Back ground property (not observable) 

Meson Mass  Bethe Salpeter eq. (1/Nc)
Decay constant  One loop diagram 

Meson properties (observable) 



Model Lagrangian
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Effective potential 



Gap equation

Minimum of Effective potential 

 Gap Equation 



Pion properties

Mass (Bethe-Salpeter equation) 

Decay constant 

1



Usage of the NJL model

Quark Propagator 

Decay constant 

1

Pion Propagator 



Appearing loop divergences



Regularizations

Three-momentum cutoff 

Dimensional regularization 

Finite 

We can also remove divergences by
using counterterm method.



Renormalization



Important fact

Model is not renormalizable. 

Dimension six operator.

Fermion loop, devastating. 

 We need additional counterterms.



In more details

Model is not renormalizable. 

 We need additional counterterms.

If the combination

becomes finite, then it is no problem.

But, we can not make it finite.



Counterterms

Devastating!



Renormalization

Model is in fact non-renormalizable. 

Removing divergences is possible by the trick.

   Similar to Chiral perturbation theory.

Predictions are OK, due to many parameters.
… But it is so artificial!



Origin of counterterms

Then,

In QCD, we have Ward identity. But SB.

We should be very careful on these point.



Summary

1.  Renormalization

2.  NJL model

3.  Renormalized NJL

Further studies (e.g. 3 flavor, phase diagram)
are possible to be done.


