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Long Time Frequency Reproducibility Measurement of
Zeeman Stabilized Laser
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Abstract

Frequency stability and reproducibility of commercially available stabilized He-Ne
lasers are measured in comparison with an iodine stabilized He-Ne laser using the beat
frequency counting method. Measurements were carried out on two samples of Zeeman
stabilized He-Ne laser and was repeated for three months for one sample and for three weeks
for the other. The obtained values of their wavelength reproducibility were 6.3 X 107® and
1.1 X 1078 respectively.

1. 3 L &I

WA, FEEL — TR B EFNYTER 30205 50%, KL —F ol e LK
BOREBICTIE Th 5 KH, HHRIRIBRD 7 4 2 AR 12D A~7 P viEssfho v —
WKHANRTIEWE WIS REZH > TWd, ZOROFICERERENEDSTIZBIT 2 ERRE L
LT, RIREBICEBOFRNOLERMEEBL 2HEEHNEN TV 2 E%LE(L He-Ne
LS I N T B,

WBITIZ % » T & 9 HFLEN He-Ne U — i, T3 n”, EREOERTBEEL L
Tz —FTIC B L3N L )i » TE 2D, EOHE TC—H &3 - Twnin, H
TEATHR, U 2 T B DR R LRI B X L C D lih b, 7 4 FAR?, ©—
v HERY, 22— PRV L LD nbWAMBEERLELY T TH B, TN LB EREN
VIO MERBEIC B W TLE» DTS L MEREISEL N L ) L EREE Y B
LTEFENTwE, LELENLDOL —F Tl FngeEfbiEmls, L FElr —io Bl
% &0 F TR & ) TIRE, RIEL EORROBSELICH L TEEL L O Tld % {, fix
DEMHIC L D BT 2 HBHEDOERICEFEL TVwd, ZORoOBHEOEELEE, H50v(3
BEARIC 72 2 EOTIME, BV EUIELSERERIGEN TEB T2 2 FHRENS, fto

ez e T g e A
®  BUE SR E I



98 e e HP B

FIREREORMIVESNOIE AT 2H~N5 Z L3 2 s M ELELy — # imﬂﬁuﬁ
m¢é_%t03bmf¥%fﬁéo_ﬂbmhwg%é$%ktf — 13RO
HRRFAE 52 S B L CHRIICRD 5 2 kbﬂhné#,ﬁ%memJM&U&&ﬁﬁL
B5E 3 PN R TEE5E 7 T e & O TR L (REXTIIE) 1o & 04T 9 LB A 5, HiAE 633 nm
m(&%nﬁiﬁc BT ZnL ) REREEHONE (ThbbrgERIEE) ¥ LTk L

5 #Elt He-Ne L —H 2 @H$ 2 2 & BEBICHR D JH 5N Tw 5, FEHLITTHROMS
WERZCELY — 9 (B—v o Ry —) & k) BEEY - ok — MES
OEEERWE 21Ty, 2OoZNEFRBHEEDELUTI 22k ), 2ol REEE, B
YA RACRL, KRTIRFOWE R, BEHERICOVWTHRET 5.

2. &9 FLRE(t He-Ne L —¥ r e EE(LLL —V

Fig TIcH8IC T 2 L 5 oy — PO 2 7, SRS L — RS o i
TEBLUL IR ) radzonicen (L2FLN) 28ET 5, REERIE 34 om, ﬁm’fc——
I IR A 440 MHz Th b, —HORFSEICIIEERT (PZT) »MOMHF s TB D, FIINE
FEAE 51 & ) SRR ECER RO ER LT ) L) FeMZEIICTHLUN 247 TREL
LLoERFREL

2DV =W L5 R FORMBINORRIEET 5LE L IR T L ATADOHFLICER &%
BT 2L0TH LY &5 ROGEZ D CIZAIHBEGH 2 HCTCHAD 3K % 52 t
2L ) Fig 2ok S icHBRICBIE N5, ZN5DND—D% BRI R LIRS
RidhE oy 775, BIEEOWKEIZ PZT 1o & 0 EEk 1 KHz THREBEREIN T 57128,
T L AEA TN ZAC L 0 b TR b o ns, Zos 7+ P44~ FT
Sl Chbay 7477 T3 KHz CREIME 24T, BT 3 ks a%%momfo

He-Ne L —# o itz Fig. 3ok Jic 11 Kmi@%&%ﬂlwfi‘i‘a b, ¢, 1,m, n(1-5
Ny FRA2T) #) PHFAEL T Y, S0 BMEEREEL 3 T Mn#&%ﬂfwé

i i 47361222 14. 8 MHz (2T 5, BRERICE W T ;ti»gzx;/yy\zﬁllﬁﬁﬂ o & N PZT 24 L¢3t
REaF LML TB Y, £5.0X107" DM ELCEE R CHREIRSL Z L7 TE b,

AR B TIEARER S MOC-Q B (v —FA X £FT %) oy MOC-D & (L —+'B)

o4/ \mn R

0sC
1KHz

X3

LOCK-1IN |
AMP l

Fig.1 Schematic diagram of iodine stabilized 633nm He-Ne laser. An
iodine absorption cell is set in the laser cavity, and length of which
is controlled based on the light absorption by the cell.
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Fig.3 Position and frequency separation of the
hyperfine components of iodine absorp-
Fig.2 Examples of the He-Ne laser gain curve tion spectrum in the He-Ne laser gain
(above) and its detected third derivative curve.
(below). The S-shaped changes in the
derivative correspond to the hyperfine
components of the iodine absorption
spectrum.
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Fig.4 Experimental setup for the wavelength calibration of Zeeman
stabilized He-Ne lasers using the iodine stabilized He-Ne laser.
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Fig.5 Examples of observed beat frequency fluctuations between laser A and the iodine
stabilized laser (a), and its histgram (b). The iodine laser was locked at i-component.
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Fig.6 Examples of simultaneously observed beat frequency fluctuations between the iodine
stabilized laser and laser B (above) and Zeeman beat of laser B (below) (a), histgram of

the beat frequency (b), and histgram of Zeeman beat frequency (c). The iodine laser
was locked at j-component.
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Fig.7 Examples of the beat frequency fluctuations of laser A in thermal equilibrium after 24
hours discharge (a), and its histgram (b).
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Fig.9 Observed drift for three months of the beat fre-
quency between the laser A and the iodine stabiliz-
ed laser at i-component. It was found that the
frequency of laser A monotonically decreased at a
rate of ~10 MHz/month and that the maximum

frequency deviation was 30 MHz corresponding to
6.3x1078.
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Fig.10 Observed drift for three weeks of the beat fre-
quency (O) between the laser B and the iodine
stabilized laser at j-component, and room temper-
ture change (@) (a), and Zeeman beat frequency of
laser B (b). The maximum frequency deviation
was 5 MHz corresponding to 1.1x107%.
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