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Exercise 1. (100+25 points): Running couplings

(0)(0 points) How much time did you spend in solving this exercise sheet?

(a)(100 points) Consider the massive real scalar theory in the dimensional reg-
ularization:
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The factor µ has a dimension of mass, so that the coupling constant remains dimen-
sionless.
It is advised to write the counterterms in the following form:
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Which gives the bare Lagrangian:
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With bare parameters:
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Calculate all one-loop diagrams and prove that in MS scheme counterterms are the
following (D = 4− 2ε):
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Also prove that the running coupling and mass:
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Have the following coefficients:
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Hint : there are 4 diagrams, but 3 of them have the same structure.

(b*)(Advanced level problem for those who are interested - 25 points)
List all renormalizable interactions with scalars, spinors and massless vector fields
in D = 1 + 3. Why massive vector field is non-renormalizable? Also prove that in
D = 1 + 1 an arbitrary polynom of scalar fields and massless vector fields appears
to be renormalizable, but spinor field is still restricted with the mass term only.
Note: spin 3/2 field leads to solutions which propagate with faster than light veloc-
ities. Gravity is also non-renormalizable because [GNewton] = −2. And so on - only
a few options are actually available.
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