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‘Laser frequency locking based on the saturation absorption
line of metastable krypton without frequency dither
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SUN Yu, CHENG Guo-sheng, HU Shui-ming
( Hefei National Laboratory for Physical Sciences at Microscale, Department of Chemical Physics,
University of Science and Technology of China, Hefei 230026, China )

Abstract: The saturation spectroscopy of the 811 nm *Pg/o5p[5/2]a~Pa/255[3/2); line of metastable kryp-
ton atom was used to lock the frequency of a Ti:Sapphire laser. Two kinds of frequency modulation method
were utilized, one using an electro-optic phase modulator, the other using an acoustic-optic frequency shifter.
When the feed-back loop was closed the frequency drift was reduced to 1 MHz, while it was about 8 MHz
when the loop was open. The laser can be frequency stabilized during hours-long measurements and it

allows us to realize laser cooling and trapping of the different isotopes of krypton.
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HE-WMASHAER, TREBEHTESH, REAEHRMRIIVRSER, BHHELI TR
BSOLEEAH, mASEHTX Helll | Ne | Al Kil®l | Xel S TRAMARH. Kr
BB R AR Kr CREER 23 T4) . S Kr (RN 11 95) W AR SRBE MR T 2 KK
SEFERAE O, BRI UTASREGLRS K RFORE, UEGRSTRIERLENE
BREE, FILAE Bea s Rl
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FHEPFEFHS FHRE—HERER L B~ HARTRS FHRREENSEREZIR TR,
ESEHEEERTERYSH RN, TRERh TRERRNHETHIER, FRITHEBAHRE
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#® R, THRIZESAGAR M, BEIBEE R, SN —RTENAEMN R ER AR E
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VI S P SRR B, SEIB016 T 6 R OB IB BIR AR AR R R, i R AR A (o4l
FEEBEER 1 %, TRREENMNREB.
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B, HRIEGEH RN E A OB ATOUN, R RO R I LR EIE T8 4.
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Fig.2 Schematic diagrm of the experimental setup

4p8 applied for frequency stabilization using an EOM.OL

. optical isolator; \/2: half-wave plate; PBS: polarizing
Fig.1 Schematic diagram of krypton energy level . .
beam splitter; BS: beam splitter; EOM: electro-optic

modulator; PD: photodiode; AMP: amplifier
2.1 EXIFHIE (EOM) HELBHS
TERE A 2 TR, WAL A TR R, B L AR R BB EE. TPsn5p[5/2])3-2P3/255(3/2)2
WRFSAE—TE R E SRS AR R 4, SBFHERY 50 MHz, B EL 1 W, FKBHEK
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£ 10 cm, P SEA Y 26.6 Pa, KABEARF 1077 HEAFEFHBAFITRE, TRHHBELRFA 2
RE#—/NARERITHEESRYBARERET. KKERHOLE (Coherent 899) B2 H M2 B HH
RStk (PBS) A TR RE, A —REAUBOLRUR, Be—1 8% R, 92% Bfis
WHABRFERYS. RPEBREBM—RtSS ER A EET A e RREE, B —HRESRAEIENH
B, SH— R EICARE (EOM, New Focus 4002) HATH ALAKE BN k. ZRFPHTMICMHE
SEH RS FIL % 0.2 mW M1 1.6 mW , B {EES RS EOM jiin 4 MHz #iH.

Table 1 Krypton isotopic shifts on 53(3/2} — 5p[5/2]s transition

MEMR  FE (%) KHE 1% (MHz)
78 0.35 0 -217
80 2.25 0 —138
82 11.60 0 -64
84 57.00 0 0
86 17.30 0 66
83 11.50 9/2 783"
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Fig4 Schematic diagram of the experimental setup applied

Fig.3 (a) Saturation absorption spectrum of

the krypton near 811.5 nm, (b} EOM

for frequency stabilization using an AOM. OI: optical isolator;
A/2: half-wave plate; A/4: quarter-wave plate; PBS: polarizing
modulation spectrum used for beam splitter; BS: beam splitter; AOM: acoustic-optic
frequency discrimination modulator; VCO: voltage controlled oscillator; PD:

photodiode; AMP: amplifier
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HRB TR, AR REMZLEFEAT — A TAFEY 110 MHz (7 1EH 2 (AOM1), LIFt—
Brigi ot (% 110 MHz) fEAME MR SR T. AOM WIKSHES hEHFKRY 3% VCO #£4t, M vco
RN~ 10 kKHz (55 TR, 18 AOM1 BHHEE —MEE 100 kHz . BB 10 kHz #iF
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FURINT — B LRI S AT 2R, B 5(a) HABITHRIBHIFEFE M EFT 811.5 nm L L
Wi, B 5(b) HfAT G E A A BRUE BPIR R SRE S, R R LR A RO R
R RN AN ZE 110 MHz, B EFRBUR (L B 550 LM E M2 55 MHz
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Fig.5 (a) Saturation absorption spectrum of the

krypton near 811.5 nm. (b) AOM modulation

spectrum for frequency discrimination
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Fig.7 Square root of the Allan variance o(7) of the

laser frequency drift when the feedback loop is on/off
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Fig.6 Typical error signal with the
feedback loop on and off
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