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Experiments on the Laser-Pumped Rb-Beam Atomic Clock
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SYNOPSIS: Laser-pumped Rb-beam atomic clock is proposed to improve the accuracy
of its microwave frequency in order to realize a novel primary standard of
frequency. As the first step, laser spectroscopy of Rb atomic beam was carried
out, and Doppler-free spectral lines were observed. The effect of optical
pumping to produce the population inversions of hyperfine levels in the ground
state were examined to get a high quality of sensitive frequency discriminator

for microwave frequency stabilization.
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Fig.1 Block diagram of a laser-pumped
Rb-beam atomic clock.
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Fluorescent spectral lines of Rb

Fig.2
atomic beam. These are lines
corresponding to the transitions from
F=2 of the ground state. (a)
Experimental results. The oven
temperature was 443K, Rb thermal beam
was collimated by two pin-holes. Their
diameters were 2.5 and 2 mim,
respectively, and their separation was
96 mm. The incident laser power was 10
pw. (b) Calculated results, based on the
theory of Refs.5 and 6.
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Fig.3 Energy levels of a 87Rb atom.

YUMBTHEML, ¥EEL-—FORABREIICE 558
EERUEEXZEBELTRDE, Fig. 2 (a) & (b)
ik, B - BEELHICIL B LTWE, ZZTEHE
BL—FDARZ MEIE (40MHz ) 2ZEBL. VY
VYLMOBENEHRTERZ LT 2. BEFE—LDLEY
DEEFTS-BINDHSELRERS, ZOEEHICY
1 70BTORT 7 —EERBE52#H530Hz& 2D,
BEFZBEFE—AFRELTWRZ DI 5,

3. XBEORSE

V-¥RBEICELD. EERBOERMRMBORE &
ESHIPET2RTIZERLE. 28NS ICHABELEL
—FO-FERITH. EE7o0-TRE T3, ZOF
2EOV—-FREBIEREFEY - LEEZFECHEH LI
2%, RY7HOBABERIEEOBBEEKICEEL. 7
O—7ROERBEERILEIS, FavNERAWTED
AR L EEHBIBL 2, Pig 4122 DERBIER
T, CCTRUYTREZEAWEWES (a) 2. BERE (
5812 ) DF =25 ERE (5Ps:.2 ) DF’ =3
AD (YL 7Yy 7 ———Fig. 3B, FiR@icEn, =
OBBIZEDBEINRARETFIE. HEE dELoEERE
DIANF—ENORIZEBT 2, ) BBCBHEL2BS
(b)), EEREOF=225BEREBOF’ =21HiE
LEBE (c) 2HEBT I, 2ORFHELCDL S, ¥
17Uy 7BBTI. BEINAEF’ =30A7 ML
BlzXE&ZE{ERshi v, BEORRAUIERTE A,

4. ¥&®
FLOW—RAEREBEREEERIL2EHD 2D, L—F
BERDY—LBETRERZEEL. TOLDOEEER
YLTRbDEFE—LDV—FERERET 2, Z0E
BAEYT LT (*'Rb) TRTFAOBHEER 2R IH
AR P DBEBRTER, EFE—L0ORBARY
5ErEEL. BERREFY—LEBAZENTEE, &
BERECERHBERHORETEE HE{LE2BA L. S8
ExAEKANES 2B 3DICHEREPDENTRTHS
TEEBBLE

106

300MHz
(b)
Frequency
P A —
«fﬂﬂ/’//\\wﬂﬂiw/”’”
87Rb F=2
Fig.4 Results of optical pumping. The
temperature of Rb oven was 433K. The

incident laser power of pumping and
probe lights were 0.2 mW and 75 pW,
respectively. (a) The result without
using the pumping light. (b) The
frequency of pumping laser was tuned to
the transition 581 F=2 — 5P3/2 F'=3 (
cyclic transition’ ), and (c) tuned to
the transition 581/2 F=2 — 5P3/2 F’=2,
respectively.
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