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Sample Method Naps  Bedshiit Aafa

Fel [/ Mgll MM 28 05<z<l83 =070=023
Nill/Cell/Znll MM 21 1B8<z<35 -076£0.23
Silv AD 71 20<=z<30 —-05xl3

21cm/mm radio 2 0.25,0.68 —0.10 £0.17

‘TABLE [: Summary of results for 4 independent samples.
Values of Aa/a are weighted means in units of 107%, MM
and AD indicate “many-multiplet” and talkali-doublet”, Nabe
is the number of absorption systems in each sample,

Redshift
Lo2 0.8 1 2 3
a 21 cm/ molecular ' 3 :
« many—multiplet

a alkali—doublet
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) Fractional look—back time

FIG. 1: Aa/a vs. fractional look-back time to the Big Bang.
The conversion between redshift and look-back time assumes
Hy = 68 km/s/Mpec, (1, 0a) = (0.3,0.7), s0 that the age
of the universe is 13.9 Gyr. T2 quasar absorption systems
contribute to this binned-data plot. The hallow squares cor-
respond fo two HI 2lem and molecular absorption systems
(16]. Those points assume no change in gy, so should be in-
terprated with caution. The 7 solid circles are binned results
for 49 quasar absorption systems. The lower redshift points
(below = = 1.8) are based on (Mgll/Fell) and the higher red-
shift points on (Zall, Crll, Nill, AlLLL, AL, Silf) [13]. 28 of
these 40 systems correspond to the sample used in [4]. The
hollow triangle represents the average over 21 quasar SilV
absorption doublets using the alkali doublet methad [14].
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e Finally, it should be mentioned that the scale of supersym-
metry could also vary with time. One obtains:
1 6 ' 1 As
—= = | ==L =4 (b7 -b7M)=0(As — ).
However without a specific model for supersymmetry brea-
king relating the supersymmetry breaking scale to e.g. the
GUT scale, this expression is not very useful.

e In particular if the physics generating a time variation of
o was taking place between the GUT scale and the sca-
le for supersymmetry breaking, our analysis might not be
very reliable as there would then be no reason to assume
that quantum field theory remains valid between these two
scales.

e One case is of particular interest: the time variation of « is
related to a time variation of the unification scale.

e the GUT scale could be related in specific models to va-
cuum expectation values of scalar fields. Since the universe
expands, one might expect a decrease of the unification
scale due to a dilution of the scalar field. A lowering of Ag
implies according to

a 1 Y AG AG

—=——a|b] + b7 ) — =—-0.014—.

a 27ra(2+31)AG Ac
If Ag/Ag is negative, &/a increases in time, consistent with
the experimental observation. Taking Aa/a = —0.72 x
10~%, we would conclude AAg/Ag = 5.1 x 1074, i.e. the

scale of grand unification about 8 billion years ago was
about 8.3 x 10'2 GeV higher than today.
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