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Abstract: High precision measurements in atomic and molecular systems have reached unprecedented accuracy owing to the state-of-the-art
guantum control of both light and matter. We have recently completed an evaluation of the uncertainty of our 87Sr optical lattice clock at the
1x10e-16 fractional level, surpassing the best current evaluations of Cs primary standards. By analyzing worldwide measurements of the absolute
frequency of the clock transitionsin Sr, we constrain temporal variations of fundamental physical constants as well as their possible couplings to the

gravitational potential. We will report the latest results on our 87Sr optical atomic clock, as well as the use of the Sr system to constrain variations of
the fine-structure constant.
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Optical Clock Components
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Stable Local Oscillator: Sub Hz Lasers
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Optical Clock Components
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Stable Local Oscillator: Sub Hz Lasers
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A Strontium-87 Optical Lattice Clock

(5s5p) 'P; / B ‘Ultra-narrow 15,-3P, clock transition
| F—" *Neutral atoms give large S/N
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Spectroscopy at the Magic Wavelength

1-D Lamb-Dicke Regime
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Spectroscopy at the Magic Wavelength

1-D Lamb-Dicke Regime

....... — Sideband cooling
- band fin

i
— g Sidenban

05 N \

P

-30 -B0 -4 =20 I 20 40 B0 al

0

[ << @

clock rrap

recoil ~trap

o\
5
Fraction of excited atoms

Probe laser Frequency [ kHz ]

irsa: 08070021 Page 11/40



Lock to Spin Polarized Samples
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Lock to Spin Polarized Samples
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Stability: Sr ( JILA ) vs. Yb ( NIST )

10 100 1000 10000
time (s)

Pirsa: 08070021



Clock Comparison: NIST Ca Clock
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A= I
1 e

| ® Srvs.NISTCa

e

. F
Ludlow et al., Science 319, 1805 (2008)

Foreman et al., Rev. Sci. Instr. 78, 021101 (2007)
Foreman et al., PRL 99, 153601 (2007)

3x 10 @ 200 s

All optical comparison allows rapid evaluation
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Uncertainty Evaluation: Optical Comparison

= To measure the systematic, the parameter of interest is varied

every 100s.
* Many pairs of data are then used to calculate the resulting shift
and average down the final uncertainty.
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Uncertainty Evaluation: Optical Comparison

Contributor Correction (1072°) 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
Line pulling 0 0.
Servo error 0 0.5
Second-order Doppler 0 <<0.01
Systematic total 54.9 15

not listed: residual 15t order Doppler, DC Stark
TUATOW et al., Fortier et al. Science 319, 1805 (2008), Page 17140



Collisions with Identical Fermions?
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Collisions of “"almost” Identical Fermions
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P-wave threshold ~ 30 K, i.e., only S-P contribution:
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Collisions of “"almost” Identical Fermions
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Collisions of “"almost” Identical Fermions
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Collisions of “"almost” Identical Fermions
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Probe
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Controlling the Density Shift

Inhomogeneity: >

large number of motional
states occupied by the
atoms.

Measured by looking at
the dephasing of Rabi

oscillations.

Excitation Fraction [norm)

10
Time [ms]

= As the temperature of the atomic cloud is decreased, a smaller
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number of motional states are occupied, leading to better contrast
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Controlling the Density Shift
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Decreasing the Density Shift
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International Effort (Sr vs. Cs)
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Coming Soon : PTB, NPL, LENS, NICT.. -
Sr Clock now accented as secondarv standard bv RIPAMIII
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Sr Frequency Variation over 2.5 yr
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Sr Frequency Variation over 2.5 yr
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Sr Frequency Variation over 2.5 yr
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Constraints on Gravitational Coupling
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Preagiorpdgmbaum, Int. J. Mod. Phys. A 22, 4937 (2007) Hg*: NIST Regg 36/80
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