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Is the weak interaction constant really constant?
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Abstract. A comparison is made of the probability of the process of two neutrino double-beta decay
for 82Se and %%Zr in direct (counter) and geochemical experiments. The experimental data for 130T are
also analyzed. It is shown that the probability is systematically lower in geochemical experiments, which
characterize the probability of 83(2v) decay a few billions years ago. In addition geochemical measurements
on young minerals give lower values of T} /2(130Te) as compared to measurements on old minerals. It is
proposed that this could be due to a change in the weak interaction constant with time. The possibilities
of new precise measurements to be performed with the aid of counters and geochemical experiments are
discussed. A new geochemical experiment with °*Mo is proposed.

PACS. 23.40.-s (3 decay; double 8 decay; electron and muon capture

1 Introduction

The question of the dependence of the fundamental con-
stants on time was formulated by P. Dirac in 1937 —this is
the so-called Large Number Hypothesis [1]. This question
was later discussed in references [2-7]. Although Dirac’s
hypothesis was not confirmed in its initial form, interest
in this problem gathered new strength in the 1980s, since
a time dependence of the coupling constants appears in
multidimensional Kaluza-Klein models [8,9] and in super-
string theories [10] (see also refs. [11] and [12]). These the-
ories are formulated for a multidimensional space, which
must then be compactified to the four observable dimen-
sions of space-time. In these theories the fundamental cou-
pling constants are associated with the radii of additional
dimensions and these additional dimensions can manifest
themselves through a time dependence of the coupling
constants. The radii can shrink, increase, or even oscillate.
It has not been ruled out that the compactification process
is continuing at present. A time dependence of the funda-
mental constants also arises in models with a massless
dilaton, the scalar partner of the graviton [13]. Recently,
a scheme with time variation of the velocity of light in
vacuum, ¢, and the Newtonian gravitation constant Gn
was proposed as a solution of cosmological puzzles and as
a possible alternative to inflationary cosmology [14-17].
On the other hand, a clear regularity was discovered in
the distribution of galaxies in the direction of the galac-
tic north and south poles, with a characteristic scale of
128k~ Mpc (where h ~ 0.5-1; h is a constant charac-
terizing the uncertainty in the value of the Hubble con-
stant) [18]. This periodicity can be explained by oscilla-
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tions of the gravitational constant Gy in time [19-22]. For
example, in reference [22] a model with an oscillating mas-
sive scalar field, which is cosmological “dark matter” and
can be observed according to the oscillations of the grav-
itational constant, is studied. This model explains well
the periodicity in the distribution of galaxies which was
observed in reference [18]. Variations of the solar year,
which were discovered in the deposits of corals and sea
mollusca, can also serve as indirect evidence of a change
in Gy with time [23]. The value of the period of these vari-
ations (~ 400 — 600 million years) is closed to the values
required to explain the periodicity in the distribution of
the galaxies.

In addition, recently some indication was found that
the fine structure constant o was smaller at earlier epochs,
—Aa/a = (—-1.940.5)-1075 for redshifts z > 1 [24]. But,
as was mentioned in that paper, further work is required
to explore possible systematic errors in the data.

So, one can conclude that there are theoretical and

experimental motivations to search for time variations in
the fundamental constants.

2 Present limit on the weak interaction
constant time variation

Modern limits on the possible variations of different funda-
mental constants with time can be found in refs. [20-29].
For example, the strictest limits for the weak interaction
constant were obtained from an analysis of the operation
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of the natural nuclear reactor in Oklo': | AGg | /Gr <
0.02 (where AGr = GPKl° — GiW) or | GF/GF |< 10711
y ! [31]. This value exceeds the limits obtained earlier
from an analysis of nucleosynthesis processes (| AGr |
/Gr < 0.06) [33] and analysis of the beta decay of 4°K
(] Gr/Gr |< 10719 y=1) [34]. However, it should be kept
in mind that these limits were obtained under the assump-
tion that all the other constants are constant, which makes
estimates of this kind less reliable. It has not been ruled
out that variations of the constants are interrelated and
the effect due to a change in the constant can be compen-
sated by a change in another constant.

3 B3-decay and time variation of G

Double-beta decay is of interest in itself with respect to the
problem of the change in the fundamental constants with
time. The probability of ordinary beta decay is propor-
tional to G%, while the probability of double-beta decay
goes as ~ Gt (since BB-decay is of second order in the
weak interaction); G is the Fermi constant. For this rea-
son, if, for example, in ordinary -decay the effect due to a
change in Gy in time is compensated by a change in other
fundamental constants, then this effect could still come
through in B3-decay. Therefore the study of the time de-
pendence of the rate of 33-decay can give additional (and
possibly unique) information about the possible change in
Gr with time. We recall in this connection that the age
of minerals and meteorites is determined by radioisotopic
methods (8- and a-decay). For this reason, when attempts
are made to observe a time dependence of the rate of 3-
decay of 4°K, for example, then the change in Gy can be
masked by incorrect dating of the sample under study.

4 Comparison of “present” and “past” rate
of 33-decay for 8Se, %Zr and 130Te

Let us compare the rate of 33-decay obtained in modern
counter experiments to the rate of the same process ob-
tained in geochemical experiments, which carry informa-
tion about the rate of §3-decay in the past. Geochemical
experiments are based on the separation of the products of
[B6-decay from ancient minerals followed by isotopic anal-
ysis of the products. The observation of an excess quantity
of daughter isotope attests to the presence of 3(-decay of
the initial isotope and makes it possible to determine its
half-life. Minerals containing tellurium, selenium, and zir-
conium have been investigated and the half-lives of 3Te,
128Te 82Ge, and “6Zr have been measured. Since the age of
the minerals investigated ranged from ~ 28 million years
up to 4.5 billion years, it is possible in principle to extract
from geochemical experiments information about the val-
ues of G in the past —right back to the time when the

! The first analysis of the Oklo data for a possible change
in the fundamental constants with time was done in reference
[32].
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solar system formed (4.5 billion years ago). If the value
of G oscillates with time, then these oscillations can be
observed.

Let us examine systematically all the existing experi-
mental data.

1. 82Se. The most accurate present-day value of the
half-life of 82Se with respect to the 33(2v) channel was
obtained with the NEMO-2 track detector [35]: T}/, =
[0.83 4 0.10(stat) & 0.07(syst)] - 102° y. The following most
precise values were obtained in geochemical experiments:
Ti /5 = (1.30 £0.05) - 10%° y [36] (the average value for 17
independent measurements; the age of the samples ranged
from 80 million years up to 4.5 billion years) and T}/, =
(1.2 £0.1) - 10%° y [37] (the age of the sample ~ 1 billion
years). Comparing these results shows that the present-
day value of the half-life 82Se is different from the half-life
in the past (this effect is at the level > 3¢). If this is
due to a change in the value of the weak-interaction con-
stant, then AGr/Gr = —0.1, and with the errors taken
into account the possible range of values is approximately
—(0.02 — 0.2)%. Tt is interesting to note that the only ex-
periment with a meteorite (age ~ 4.5 billion years) gave
the following value of the half-life: T o = (1.0370:33)-10%°
y [38]. This value is identical, within the error limits, to
the present-day value by ~ 50%. If Gr does not change
in time linearly but rather oscillates, then for a fortuitous
value of the period of the oscillations, the values of Gy at
present could coincide exactly with the value 4.5 billion
years ago, for example.

The accuracy of the present-day values of the half-life
of 82Se can be increased to several percent, and such mea-
surements will be performed on the NEMO-3 track de-
tector [39]. The basic problem is to increase the accuracy
of the results of geochemical measurements. Modern mass
spectrometry makes it possible to perform such measure-
ments with an accuracy of several percent (see, for exam-
ple, [40]). The age of the samples is also determined, as a
rule, with an accuracy of several percent. The main uncer-
tainty in geochemical experiments with 32Se is due to the
determination of the effective “retention” age of daughter
82Kr in minerals. To solve this problem it is necessary to
pick samples which have a well-known geological history
and for which the retention age of 3Kr can be accurately
determined.

2. 967r. The present-day value of the half-life of %6Zr
with respect to the 53(2v) channel was recently measured

with the NEMO-2 detector and equals T} /o = [2.170-8(stat)

—0.4(stat)
+ 0.2(syst)] - 1012 y [41]. A geochemical experiment (the
age of the sample was 1.7 billion years) gave the value

T1 /2 = (3.9£0.9)-10'? y [42]. One can see that the present-

2 These values were obtained using the dependence T} /2~
G§4. However, if the dependence ~ G;Q is used, which takes
into account the possible “incorrect” dating of the sample, then
the corresponding values will be approximately ~ —(0.04 —
0.4). We note, however, that in the case of oscillations the
interpretation of the experimental data becomes much more
complicated and depends on the value of the period of the
oscillations.
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day value of the half-life is approximately half of the value
in the past. However, the errors in both experiments are
quite large and it cannot be concluded unequivocally that
the half-lives are different®. New measurements with “6Zr,
in which the half-life will be determined with an accu-
racy of 10% using the NEMO-3 detector [39], and new
geochemical measurements with good accuracy (~ 10%)
could clarify this situation. We note that in the present
case of the B3-decay of %Zr it is a metal (*Mo) that
forms and not a gas, as in the 33-decay of '39Te, 28 Te
and 32Se (139Xe, 128Xe and 82Kr, respectively). This gives
hope that the problems involved in determining the reten-
tion age of the decay products will be considerably smaller
in this case.

3. 130Te, 128Te, Only data from geochemical measure-
ments are available for these isotopes. Although the ratio
of the half-lives of these isotopes has been determined to
a high degree of accuracy (~ 3%) [40], the absolute values
of T}, differ substantially in different experiments. One
group of authors [37,45-47] presents the values T}/, ~
0.8 - 10%! y for ¥°Te and Ty ~ 2- 10%* y for 128Te,
while another group gives (2.55 4 0.2) - 102! y [36] and
(2.74+0.1)-10%! y [40] for ¥°Te and (7.7+£0.4)-10** y [40]
for 128Te. On closer examination one can conclude that,
as a rule, experiments with “young” minerals (< 100 mil-
lion years) give ~ (0.7-0.9) - 102! y for 13Te, whereas
experiments on “old” (> 1 billion years) minerals give
~ (2.5-2.7) - 10%! y. Tt is interesting to note that even in
the very carefully performed study in ref. [40] a half-life
~ 0.9 - 10?! y was obtained for samples with an age of
28 million years (see Table VI in ref.[40]), though the fi-
nal result ((2.7 £0.1) - 10*! y) was obtained by studying
samples whose age was > 1 billion years.

Probably, this is mainly due to an incorrect estimate
of the retention age of xenon in old samples (see the dis-
cussion in ref. [46]), but it cannot be ruled out that, to
some extent, this could be also due to a change in Gp.
In this connection it is very important to perform precise
measurements of the present-day value of the half-life of
130Te. Such measurements will be performed in the near
future in an experiment with low-temperature TeOy de-
tectors [48] and with the NEMO-3 track detector [39]. It
is also obvious that new geochemical measurements with
samples of different age and accuracy ~ 10% are required.
This problem can be solved only by careful selection of the
experimental samples (with well-known history and with
a possibility of determining accurately the xenon retention
age) and by using highly sensitive mass spectrometry. Un-
fortunately, a direct measurement of the half-life of 22 Te
is virtually impossible because it is too long.

3 Note that in geochemical experiments the sum decay rate
of the %9Zr-Mo transition is measured. Present limits on the
single-beta decay of °Zr (T} > 3.8-10"? y [43]) and the 332v
decay to the 07 excited state of “*Mo (T}, > 6.8- 10" y [44])
cannot exclude the possibility that these processes contribute
to the %Zr-2*Mo transition. If this is the case, the real half-life
value for the 882v decay of °°Zr from geochemical experiments
can be even higher than presented in [42].
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In summary, the analysis has shown the following:

1. A discrepancy exists between the values of the half-
life of 82Se which were obtained in modern counterexper-
iments and in geochemical measurements.

2. The ?9Zr data show the same tendency as the 32Se
data —the present-day value of T} /5 is less than the value
obtained in geochemical measurements. However, the mea-
surement errors make it impossible to conclude unequiv-
ocally that the half-lives are unequal.

3. Geochemical measurements on young minerals give
lower values of T} /5(**°Te) as compared to measurements
on old minerals. That is the same tendency as for 82Se
and %Zr.

These discrepancies can all be explained (at least par-
tially) by a change in Gy with time. If this is indeed the
case, then this will have the most serious consequences
for modern physics and astrophysics. But, this is why it
is necessary to confirm (or refute) reliably the reality of
these discrepancies. This can be done only by performing
new and more accurate measurements. We propose the
following:

- precise laboratory measurements of the present-day
values of the 832v-decay half-lives of 82Se, %6Zr and '3°Te
should be performed;

- new, precise measurements of the half-lives of 32Se,
967r and 3°Te in geochemical experiments should be per-
formed; for each isotope it is desirable to perform mea-
surements with minerals of different age in order to follow
the character of the dependence of G on the time;

- the possibility of performing geochemical experiments
with %Mo, 116Cd, 124Sn, 10Pd, Nd and "Ge should
be investigated, and if possible such measurements should
be performed; this will make it possible to enlarge the
range of isotopes investigated, since the half-lives of 1Mo,
16Cd, 159Nd and "®Ge have already been measured in di-
rect (counter) experiments [49-52], while the half-lives of
12481 and ''°Pd can be measured in the near future.

For all isotopes listed above, the products of 33- de-
cay are not gases, so that the problems related to their
being retained in the minerals studied can be expected to
be much smaller. The best candidate is 1Mo because of
the following reasons: 1) maximal 3-decay rate; 2) high
concentration in natural Mo (9.6%) and 3) %Ru (not
gas!) as final nucleus. One can see that conditions of geo-
chemical experiments with '°°Mo will be approximately
10 times better than in the experiment with ?6Zr which
was already done [42].

5 Concluding remarks

We demonstrated that there are discrepancies between re-
sults of direct and geochemical G(3-decay experiments in
82Ge and °Zr and between results for '3°Te with “young”
and “old” minerals of Te. One of the possible explana-
tion of these discrepancies could be the time variation of
Gr. To check this hypothesis new direct and geochemical
experiments are proposed.

In fact, Gr is not a “real” fundamental constant. Fol-
lowing, for example, ref. [53] one can write the connection
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between the true gauge coupling constant of electroweak
interaction g and G : g?/8m%, = Gr/V/2 (where myy is
a mass of W boson). And using expression m%v = ¢’n?*/4
(where 7 is the vacuum expectation value of the Higgs
field) one can obtain 7 ~ 1/4/GF. It means that if Gp is
increasing with time then 7 is decreasing.

I wish to express my appreciation to L.B. Okun for a number
of helpful remarks. This work was supported by the Russian
Fund for Fundamental Research (Grant No. 97-02-17344) and
INTAS (Grant No. 96-0589).

References

1. P.A.M. Dirac, Nature 139, 323 (1937).

E. Teller, Phys. Rev. 73, 801 (1948).

L.D. Landau, in: Niels Bohr and the Development of

Physics, edited by W. Pauli, (Pergamon Press, London,

1955).

C. Brans, R.H. Dicke, Phys. Rev. 124, 925 (1961).

B.S. De Witt, Phys. Rev. Lett. 13, 114 (1964).

G. Gamow, Phys. Rev. Lett. 19, 759 (1967).

F. J. Dyson, in Aspects of Quantum Theory, edited by

A. Salam, E.P. Wigner (Cambrige University Press, Cam-

brige, 1972).

8. A. Chodos, S. Detweiler, Phys. Rev. D 21, 2167 (1980).
9. W.J. Marciano, Phys. Rev. Lett. 52, 489 (1984).

10. Y.-S. Wu, Z.W. Wang, Phys. Rev. Lett. 52, 489 (1984).

11. E.W. Kolb, M.J. Perry, T.P. Walker, Phys. Rev. D 33, 869
(1986).

12. J. Griego, H. Vucetich, Phys. Rev. D 40, 1904 (1989).

13. T. Damour, A.M. Polyakov, Nucl. Phys. B 423, 532 (1994).

14. A. Albrecht, J. Magueijo, Phys. Rev. D 59, 043516 (1999).

15. J.D. Barrow, Phys. Rev. D 59, 043515 (1999).

16. M.A. Clayton J.W. Moffat, Phys. Lett. B 460, 263 (1999).

17. P.P. Avelino, C.J.A.P. Martins, Phys. Lett. B 459, 468
(1999).

18. T.J. Broadhurst, R.S. Ellis, D.C. Koo, A.S. Szalay, Nature
343, 726 (1990).

19. T.C. Hill, P.J. Steinbardt, M.S. Turner, Phys. Lett. B 252,
343 (1990).

20. M. Morikawa, Astrophys. J. 362, L37 (1990).

21. M. Salgado, D. Sudarsky, H. Quevedo, Phys. Rev. D 53,
6771 (1996).

22. M. Salgado, D. Sudarsky, H. Quevedo, Phys. Lett. B 408,
69 (1997).

23. P.D. Sisterna, H. Vucetich, Phys. Rev. Lett. 72, 454
(1994).

w N

N ootk

24.
25.

26.
27.

28.
29.

30.

31.
32.
33.
34.

35.
36.

37.
38.

39.

40.
41.
42.

43.
44.
45.
46.

47.

48.

49.
50.
51.
52.
53.

The European Physical Journal A

J.K. Webb et al., Phys. Rev. Lett. 82, 884 (1999).

J.H. Irvine, L. Humphreys, Prog. Part. Nucl. Phys. 17, 59
(1986).

J. Rich, O.D. Lloyd, M. Spiro, Phys. Rep. 151, 239 (1987).
H.V. Klapdor-Kleingrothaus, A. Staudt, Non-Accelerator
Physics, (IOP Publishers, Bristol and Philadelphia 1994).
P. Sisterna, H. Vucetich, Phys. Rev. D 41, 1034 (1990).
D.A. Varshalovich, S.A. Levshakov, A.Yu. Potekhin, Usp.
Fiz. Nauk 163, 111 (1993).

D.A. Varshalovich, V.E. Panchuk, A.V. Ivanchick, Astron.
Lett. 22, 6 (1996).

T. Damour, F. Dyson, Nucl. Phys. B 480, 37 (1996).

A1 Shlyakhter, Nature 264, 340 (1976).

H. Reeves, Rev. Mod. Phys. 66, 193 (1994).

F.J. Dyson, Aspects of Quantum Theory, edited by A.
Salam, E.P. Wigner (Cambridge University Press, Cam-
bridge 1972), p. 213.

R. Arnold et al., Nucl. Phys. A 636, 209 (1998).

T. Kirsten et al., in Proceedings of the International Sym-
posium “Nucler Beta Decay and Neutrino, Osaka’86”,
edited by T. Kotani et al. (World Scientific, Singapore,
1987), p. 81.

W.J. Lin et al., Nucl. Phys. A 481, 477 (1988).

S.V.S. Murty, K. Marti, Geochim. Cosmochim. Acta 51,
163 (1987).

A.S. Barabash et al., in Proceedings of the International
Conference “Neutrino’96”, edited by K. Enqvist et al.
(World Scientific, Singapore, 1997), p. 374.

T. Bernatowicz et al., Phys. Rev. C 47, 806 (1993).

R. Arnold et al., Nucl. Phys. A 658, 299 (1999).

A. Kawashima, K. Takahashi, A. Masuda, Phys. Rev. C
47, R2452 (1993).

C. Arpesella et al., Europhys. Lett. 27, 29 (1994).

A.S. Barabash et al., J. Phys. G 22, 487 (1996).

N. Takaoka, K. Ogata, Z. Naturforsch. 21a, 84 (1966).
O.K. Manuel, in Proceedings of the International Sympo-
sium " Nucler Beta Decay and Neutrino. Osaka’867, edited
by T. Kotani et al. (World Scientific, Singapore 1987),
p. 71.

N. Takaoka, Y. Motomura, K. Nagano, Phys. Rev. C 53,
1557 (1996).

A. Alessandrello et al., Nucl. Instrum. Meth. A 370, 241
(1996).

D. Dassie et al., Phys. Rev. D 51, 2090 (1995).

R. Arnold et al., Phys. C 72, 239 (1996).

M. Gunther et al., Phys. Rev. D 55, 54 (1997).

A. De Silva et al., Phys. Rev. C 56, 2451 (1997).

L.B. Okun, Leptons and Quarks (Nauka, Moscow, 1990).



