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Accurate clocks would see the curved space-time like the

picture of “The Persistence of Memory, 1931 :Salvador
Dali”.
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SPECTROSCOPY OF STRONTIUM ATOMS IN THE
LAMB-DICKE CONFINEMENT

HIDETOSHI KATORI
Cooperative Excilation Project, ERATO, JST
KSP D-848, 3-2.1 Sokado Takatsu-ku, Kewasaki, 215-0012, Japan
and
Engineering Research Institute, The University of Tokyo
Bunkyo-ku, Tokyo 113-8656, Japan
E-masl; katori@ame. du-tokyo.ac.jp

Applying a light-shift cancellation technique, spectroscopy on the 'Sy — Py tran-
sition of **Sr atoms is demonstrated in a one-dimensional optical lattice. Photons
elastically scattered by atoms confined in the Lamb-Dicke regime provide a narrow
Dioppler-free spectrum of ~ 20 kHz. To further reduce potential uncertainties orig-
inating from collisional frequency shifts as well as tensor light shifts, we propose to
emaploy the L5g(F = 9/2) — Po(F = 9/2) transition of the *75r lsatope confined
in a three-dimensional optical lattice. We anticipate these optical lattice spec-
troscopy, evading the first arder Doppler shift, may offer an alternative approach
for precision spectroscopy in neutral atomic ensembles,

1 Introduction

Alkaline earth species have long been considered as a prime candidate for
optical clocks in neutral atoma because of their reasonahbly narrow lines found
in the intercombination transitions'. Recent dramatic advance in laser cooling
techniques for alkaline earth atoms, allowing to cool the atoms down to the
photon recoil temperature®®4% gr even below?, decreased their temperatures
by more than 4 orders of magnitude. These ultracold atoms, requiring much
less power for Ramsey excitation, may offer a variety of posaibilities for ultra
precise laser spectroscopy on extremely narrow transitions.

Compared to the existing single-ion-based optical clocks™, the outstanding
advantage of using neutral atoms as quantum absorbers lies in the far better
signal to noise ratio, which is proportional to the square root of the number of
ohserved atoms. However, when pursuing the higher quality factor of ~ 101%
for the clock transition with an extended observation time, the atomic motion
causes a major obstacle. Consider, for example, the fountain experiments with
a flight time of 1 second: Even 100 nK cold strontium atoms® demonstrated
in Fig. 1(a) expand to several mm in diameter, with an upward or downward
velocity of 5 m/s due to gravity. These rather large spatial spread as well
as velocity gain of atom clonds pose severe demands for the probing laser
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Frequency link of clocks: Riken and UT

QUANTUM BENCHMARK (EF/K¥ ) :
CLOCK APPLICATIONS IN THE FUTURE
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Driving at v =100 km/h resources: time delays
Time delaysby 4 X 107> py 107XX

® A portable clock on acar (BEEF) dr =~ (1 + ®/c? — v?/2c?)dt, ® :gravitational
potential, v: velocity, t: EE{ZEf(measured by the reference clock)

® AT = 17—t compared at the base station depends on the driving route
T=[(1+®/c? —v?/2c?)dt.

® Slightly different driving route C; gives different AT (C;) = ©(C;) — t.

® Differential time difference of AT (C;) will map out spatial gravitational potential.
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3¢ The Persistence of Memory (212D [E#h), 1931 :Salvador Dali
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