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Norman F. Ramsey, Nobel Prize in Physics 1989
““for the invention of the separated oscillatory fields method
and its use in the hydrogen maser and other atomic clocks"
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Claude Cohen-Tannoudji

Nobel Prize in Physics 1997
““for development of methods to cool and trap atoms with laser light"
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Roy J. Glauber John L. Hall  Theodor W. Hansch

Nobel Prize in Physics 2005
““for their contributions to the development of laser-based precision spectroscopy,
including the optical frequency comb technique”
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Table 1. ZAl* ', < *P, and ’Hg* 2S,,, — 2D, clock shifts (Av), and uncertainties (o) in units
of 1072 of fractional frequency. AOM, Accousto-optic modulator.

Shift Avyy Oal Avyg Oug Limitation
Micromotion -20 20 -4 4 Static electric fields
Secular motion -16 8 -3 3 Doppler cooling
Blackbody radiation -12 @ 0 0 DC polarizability
313-nm Stark -7 2 - - Polarizability, intensity
DC quadratic Zeeman -453 0.5 -1130 5 B-field calibration
AC quadratic Zeeman 0 1 0 10 Trap RF B-fields
Electric quadrupole 0 0.5 0 10 B-field orientation
First-order Doppler 0 1 0 7 Statistical imbalance
Background gas collisions 0 0.5 0 4 Collision model
AOM phase chirp 0 0.1 0 6 RF power
Gravitational red-shift =5 — - - Clock height

Total -513 23 -1137 19
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Fig. 2. (A) Allan deviation of a frequency comparison measurement (11,000 s total). The dashed line
represents a 1/,/7 slope, beginning at 3.9 x 107" for 1 s. (B) History of frequency ratio measurements
of the ***Hg* and */Al* frequency standards. Error bars are statistical. Only the last four points are used
in the ratio reported here (Fig. 3).
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Table 1. Systemahc frequency corrections and their associated uncertainties for the *5,-*Pg clock
transition, in units of 107"# fractional frequency.

Contributor Correction (107¢) Uncertainty (107¢)
Lattice Stark (scalar/tensor) —6.5 0.5
Hyperpolarizability (lattice) -0.2 0.2
BBR Stark 52.1 1.0
ac Stark (probe) 0.2 0.1
First-order Zeeman 0.2 0.2
Second-order Zeeman 0.2 0.02
Density 8.9 0.8
Line pulling 0 0.2
Servo error 0 0.5
Second-order Doppler 0 <<0.01
Systematic total 54.9 15
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Table 2. Some of the precise recent measurements testing the relative changes of the
fine-structure constant « over a time interval (f3 — ¢1) where ¢ is the present time
and t1 corresponds to the past. The drift can be calculated as 8/8t(Ino) ~ [a(tz) —
a(t)] o' (t2 — t1)"". Combining the results of absolute frequency measurements of
the optical transitions in Hgt and H yields & restriction for the drift of o without
assumptions of conceivable correlations between the constants.

Methaod, reference

ta—1 [ee(ts) — eeltz)]/a

Model assumptions

Geological
(Oklo reactor) [10]

Astrophysical

2 Gyr (—0.36 £1.44) x 107°

5-11 Gyr (—0.54£0.12) x 107°

fission conditions,
Gy = dw =0

astrophysical

&l o=(—1.6+2.3)x10"/ yaer

T. Rosenband et al., Science, v319, p1808, y2008

NFHHEFEAE. BFEEFOEELORKBELEZHRATES

ERAETIEFHRS(1 5um-ﬁ?)0)1‘i‘f¥$0)_lﬁ“é'f$
=L A YA VILARALLGEN O, SDECHRFETHER

(absorption spectra) [5] models
Astrophysical 9.7 Gyr  (—0.06 £0.06) x 107° astrophysical

(absorption spectra) (8] models
Astrophysical 8 Gyr (0.1£1.7) x 107 astrophysical

(absorption spectra) [9] models
Laboratory (Rb-Cs 4 yr (0.245.2) x 1078 fg = aw =0

clocks comparison) [13)

Laboratory 3 yr
(Hg" transition frequency
measurement) [12]

(—0.1£3.5) x 1071 by =dw =0

Laboratory 36yr  (—4.14£82)x107'®
(H transition frequency

measurement) [this work]

G =dw =0

Combination of [12] 35yr  (3.24102) x 10710

and this work

LIL LFL

linear drifts

S. G. Karshenboim and E. Peik (Eds.),
"Astrophysics,Clocks and Fundamental Constants”,
Springer(2004)
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