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ABSTRACT
The terms in the two-loop B-function for gyig.q in SU{3) x su(2) x u(l)

gauge theory, involving electroweak corrections, are presented.



Knowledge of the renormalization group behaviour of the couplings in the
standard SU(3) x SU(2) x U(l) model is vital when making predictions based on
Grand Unified theories about experimentally accessible ("low" energy; < I TeV)
quantities. In particular, the B-function of g8y » the coefficient in the
Lagrangian of the ¢yy term (which gives ¢ a “"mass” when <$> # 0), will
influence the predictions for g, /g, and for sinzaw.{I] This same B-function
can be used to find pseudo fixed points, that is, values of gy(and hence of
Mquark) at low energies that are relatively independant of gy at M. [2] For
the latter purpose, the behaviour of B for gHiggs » 1 becowmes important, so
that it becomes vital to know the full two—loop B-function. Also 1f very
heavy fermions exist, then these two-loop terms can affect mass ratios,

sin?y, and M_. [1]

For these calculations, we have assumed that we are at energies much
greater than the masses of the particles involved. Thus there will be no mass
threshold effects included. These calculations were done in an arbitrary a-
gauge, and for both MS and MS renormalization schemes. The results are as

follows:

For the top quark of a doublet,
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where B(I)T is the one—-loop B~function {3]
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5(2) is the two-loop 8 function not involving 8y or g, (given in reference
[41); gy.8, and g; are the SU(3), sSU(2) and U(l) coupling constants; and
81.%g+8gs 8.» and gg are the Higgs-Yukawa couplings to the top and bottom
quarks, the-up and down quarks of a different generation, and a heavy lepton,

respectively. N; is the number of fermion generations, and Ny is the number



of Higgs doublets {(only one of which couples to the fermions to give them

masses).

For the bottom quark of a doublet
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And for a hypothetical heavy lepton,
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Here, gy, refers to a lepton of a dfferent generatiom.

These results differ from those in reference [5] , where the anomalous
dimension of a fermion mass operator is found, in the sectors involving g; and
€7 - At high energy, however, one must treat the problem of fermion mass
evolution as that of the renormalization of a Yukawa coupling constant (as we
do) and thus include the contributions from the anomalous dimension of the
scalar particle and from diagrams where the incoming Higgs emits a vector
boson that is absorbed by a fermion. That the anomalous dimension of the mass
aperator is not a physically meaningful quantity can be seen from the fact

that the gg terms are gauge dependant.

Details of these calculations, done in an arbitrary gauge, and the



(numerical) physical consequences of the 2-loep corrections appear in
reference {6]. For "non~heavy” {< 200 GeV) quarks, the corrections teo sinzeu

and to the proton lifetime will be very small.
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