with ©, but not as rapidly as the strong coupling a,(Q) in eq. (6.6). If a;
Jecreases, one suspects that there may be some energy at which a;(Q) =
a,(Q), as illustrated in fig. 6.2. However, because of the relatively slow
logarithmic variation in eq. (6.6) it is clear that this Grand Unification
ccale will be rather large. Indeed, calculations [175-177], [181-189] with
Agep ~ (0.1 to 1 GeV) and a=1/137 to set the weak interaction scale
vield unification at about 10" GeV, the scale mentioned in eq. (6.4).
While this scale may seem vertiginously high to particle physicists, it is in
iact considerably less than the Planck scale of 10'? GeV, which is the
.nergy at which quantum gravity effects,

G E? = 0(1), (6.7)
hecome of order unity. It is therefore a self-consistent first step to neglect
gravitation in building a Grand Unified Theory, though we will later (in
lecture 10) go on to consider the unification with gravity [4]. For the

moment, armed with figs. 6.1 and 6.2, we look for a svitable Grand
Unifying group G (6.4).

1765 7

|
1 10 10°
0 (GeV)

F'ig 6.2. A sketch of the manner in which the SU(3), SU(2) and U(1) coupling constar 1
are supposed to come together in a GUT.
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