Constancy of the fundamental constants
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A time variation of the ratio of the frequencies of quantum standards for the optical
and rf ranges has been observed experimentally. With respect to the frequency of
the standard transition of the Cs atom, the frequencies of He-Ne/CH, lasers
stabilized on the basis of the F3 and E components of methane decreased by

4.7 4+ 0.7 and 4.3 + 1.7 kHz, respectively, over an interval of 4 years, 8 months.
The hypothesis of a time variation of the fundamental constants is discussed as a
possible reason.

Over the years since Dirac' suggested a possible inconstancy of the fundamental
constants, several experiments have been proposed as tests. In the present letter we
report an experiment carried out to measure the ratio of the frequencies of quantum
standards based on quantum transitions of different natures. This experiment was
discussed in Refs. 2 and 3.

In April 1981 and December 1985, we carried out the most accurate absolute
measurements (“absolute” here means with respect to the standard hyperfine transi-
tion in the Cs atom) of the frequencies of He-Ne/CH, infrared lasers stabilized on the
basis of the 2 and E components of the v;P(7) vibrational-rotational transition of
methane.* The ratio of the frequencies v, and vy, is proportional to a combination
of fundamental constants:

1/2
Zes. o« glaz( ’ie_/ ’ (1)
VCH-s mP
where g, is the gyromagnetic ratio of the proton, @ = e*/#c is the fine structure con-
stant, and m, and m, are the electron and proton masses, respectively.’

In 1981, measurements were carried out for a transportable He-Ne/CH, laser
stabilized on the basis of the F3 component, with a frequency reproducibility
~1X 10", with respect to the standard transition of the Cs atom. The frequency of
this laser at the time of the measurements was 88 376 181 600.4 + 0.5 kHz. This laser
was used to measure the frequency of a stationary He-Ne/CH, standard stabilized on
the basis of E component of methane. In this case the reproducibility of the transition
frequency is’ ~5X 107", The frequency of this standard turned out to be
88 373 149 033.3 4+ 1.7 kHz. These measurements and the limiting factors are de-
scribed in detail in Refs. 4 and 6.

In December 1985, we repeated the frequency measurements of the same He—Ne/
CH, lasers. These measurements showed that the frequencies of the lasers using the
F?Z and E components were 88 376 181 595.7 + 0.5 kHz and 88 373 149 029.00 + 0.07
kHz, respectively. The experimental results thus show that the frequency of the laser
stabilized on the basis of the F2 component decreased 4.7 + 0.7 kHz, and that stabi-
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lized on the basis of the £ component decreased 4.3 + 1.7 kHz, over this time interval
of 4 years, 8 months,

The apparatus used for the frequency measurements in 1985 was of basically the
same structure as the apparatus used in 1981 (Ref. 4), but significantly more accurate
and more reliable. Three series of measurements were carried out over the course of 2
weeks. Each series consisted of about 500 readings with an averaging time of 10 s. The
standard deviation ¢ in all the series of measurements was ~ 100 Hz.

In the 1985 measurements, we also used a newly developed, transportable He—
Ne/CH, laser using the F} component and having improved accuracy characteristics.
The reproducibility of the frequency of this laser over a year is about 1 X 10~ . In the
course of the measurements, we monitored the frequency difference between the old
and new lasers. The frequency of the new laser is 88 376 181 602.15 4 0.06 kHz. This
laser and the laser using the £ component will be used to ‘“‘store” the frequency for
future measurements.

A test of the measurement circuit and an analysis of its operation in 1985 revealed
no sources of systematic errors which might explain the observed shift of frequencies
of the optical standards.

One possible reason for the observed frequency shift might be a time variation of
the combination of constants in (1). Wolfe et al.® have found on the basis of astro-
physical measurements that the change in a combination K of the same constants,

K= g[azr_rig 3 (2)
m

P
does not exceed 2% 10~ “/yr. Expression (2) differs from (1) by a factor of (m_/
m,) 172 1f (2) is constant, the change in (1) might have been caused by a change in
the ratio m,/m,.

We are preparing for a new measurement in about a year, to obtain more accurate
and more reliable data. Over a year, the possible effect of a change in the frequency of
the He-Ne/CH, lasers would be ~1 kHz according to the results which we found,
and the error in the measurements will be lowered to ~ 50 Hz.

We now have at our disposal a unique instrument consisting of a cesium standard,
laser standards, and a frequency-measurement apparatus for comparing their frequen-
cies—all highly accurate. This instrument makes it possible to detect possible changes
in the fundamental constants with a resolution of 1X 10~ '? under laboratory condi-
tions.
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