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Fig. 2. Contours of variation of ionization yield with laser
bandwidths: (a) With Doppler broadening; (b) without
Doppler broadening. Calculation parameters: 21 = {22 =
1.0 GHz, Ay = Az = 0 GHz, Apgppler = 8.0 GHz.

HUEZE Py

0 2 4 6 8 10 12 14
F—HROLLSTE b1 /GHz
B3  ANF Rabi fli% T M B R BBOLL TR B HHES
$ 25 = 1.0 GHz, Ay = Ay = 0 GHz, by = 2.0 GHz,
Apoppler = 8.0 GHz

Fig. 3. Variation of ionization yield with laser band-

widths at different Rabi frequency. Calculation param-
eters: 25 = 1.0 GHz, Ay = Ay = 0 GHz, by = 2.0 GHz,
ADopplcr = 8.0 GHz.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 193201

26 T I S e G O 23, W 3 TR, Rabi At
EM0.7 GHz 3 K F 1.0 GHz I (0 oh Z 48 K4
1A%), 56— RBOE A LR 58 M 1 0.98 GHz 3 i 2
1.21 GHz.

Bl 3 S —AMERE R AIPE T & Rabi 4%
TR, Pion-by M ZRAE B 4% T8 rit BT PR 85 6 il 28 o
AR, XA IR URIRAT, WO D 2B,
B AR I B WO . TR0 TR B W 2 A
N, WL TEAE S AR T — 8 Ml ZE I A2 0]
BERAIRKEW. [POCTI R N, %R R RE
258 s th 2 A A e M 18 IR %2, fEBOLZR %8
B AT EEH I BENLE SN, PT LR SOE 4 96 W B A
b 5 R 28 5 A R AL B, S AT DABRAI 28 5 I BE AL
BN HL B R

1.4

1.2 f

1.0 |

b/GHz

0.8 |

ﬁ

0.6

REEREE

0.4

0.2 |

0

4 (Ii IS 1I0 12
Doppler}#5E Apoppler/ GHz

4 FAEEOEL TE M Doppler JETEHARL  HH S

21 = (29 =1.0 GHz, A; = A3 =0 GHz

Fig. 4.

Doppler broadening. Calculation parameters: (27 =

{29 = 1.0 GHz, A1 = A3 =0 GHz.

Bl 445 T e A B0 26 9 B DR T R A £k
Doppler J& % )22 4. wJ LLE M, mEL R E
Doppler J& T 134 KT i AL e PE3G K. 4k, 25—
WO ) B A 2R T S KT 28 RO L I e 2R
i, XSRS — RO MR B R T I, £ %
FAVERIRAE T, B I B T R A B
KRBV —HORE, BT 28—k A BIR 11t
BT TR B 1 G A N i VA H 7 b
IR i A 2 Ak LG B — RSO I B R 4R B8 /)8

K 5 7~ B B R [ Doppler J& T 1) A8 4k, il 2%,
o2 ERTAR B TR B — IR BOB IR TR, 2R
RO R [ E B, BRI ARG
28, i 35 B B £E SO 286 D I R B R B Doppler B 9
PR AL, BT DLE Y, O IR O 48 98 Wi ik Y, H

Variation of best laser bandwidths with

2 R AR & B Doppler f& T I3 K0 T B, X2 RN
Doppler J& 5848 K, WO 75 EEAE 5 58 B A0 A
SPELTh R, FEUR 7RG B B BOR TR T %,
Rl R B R R, A 5 sk aT DUB H, 55—
628 55 1N, HL B R Bl Doppler J& 58 38 0 i Jak /s )
TR R M RO I 2R Y I B AR LR e I,
129 Z 56 Doppler & T 58 07 5k /) e B2 A2 e B ).
% SR SEFRIM AVLIS R 402 TAETE S fE 26 58 241
A, DR B A S5 F Doppler J& % 7T PAAE 20 R =
JR - HL B

0.8
g
y
gi:' 0.2 GHz
Bl
w
0.2
0 4 6 8 10 12

Doppler)#5E Apoppier/ GHz

5 AFHOELZ S T B 2B Doppler R ML it
HBH 21 = 25 = 1.0 GHz, A = Ay = 0 GHz,
by = 2.0 GHz

Fig. 5. Variation of ionization yield with Doppler
broadening at different laser bandwidths. Calculation
parameters: {21 = {22 = 1.0 GHz, A1 = Ay = 0 GHz,
by = 2.0 GHz.

4 2 #®

AR SCAE 5 8 R W K0S 28 Doppler & 58 1 1
BUR, X B ES a @EAT TR AT, 453 T
e 1EJR T WRcEE 2645 Doppler & 56 B, R
BOCAE % B B S 55 L AT DA Ji 5 1% P o R
FN R, BIVEOKR LB 2887 E i B TOG 4R 0
B FELR 8 5O Dh 2 AN T 1% 261 Doppler %6 fE A
K, fH5&/NTF Doppler % &, HZ—BBURK 1 &
FELR T KT 28 D WO B R 4R 58 MO ER 58
TE e 46 08 I A U Bh ), J5 5 F A 2 X £ Bl
(FBWOCLR T8 ) /N T B AEAE B 07 181 3))) B2 UK,
JIr CAAE S BR 73 85 3ok A% o B 24 v B O 42 T ig R T
AL TE. A, TWRIERFFMET, BRI
Doppler J& T # T LASE 1 B 7 I s B 26, HOh 4k
B SG T ALY, X PP G 2

193201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66,

No. 19 (2017) 193201

RPN

(1]

(8]

Wang D W 1999 Theory and Application of Laser
Isotope Separation (Beijing: Atomic Energy Press)
ppl67-170 (in Chinese) [F R 1999 %7 & [F A1 &
Bg RERH (bR R TREH L) 5 167—170 7T

Xie S L, Wang D W, Ying C T 1997 Chin. J. Nucl. Sci.
Eng. 17 166 (in Chinese) [#ftthss, @k, MaiF 1997
BRE 5T 17 166)

Fan F Y, Wang L J 2011 Acta Phys. Sin. 60 093203 (in
Chinese) [JERIE, FIL%E 2011 YFE R 60 093203)
Zoller P, Lambropoulos P 1980 J. Phys. B: Atom. Molec.
Phys. 13 69

Choe A S, Rhee Y, Lee J, Kuzmina M A, Mishin V A
1995 J. Phys. B: At. Mol. Opt. Phys. 28 3805

Zoller P 1979 Phys. Rev. A 19 1151

Qi X Q, Wang F, Dai C J 2015 Acta Phys. Sin. 64
133201 (in Chinese) [BUBERK, %, BACH 2015 PB4k
64 133201]

Agostini P, Georges A T, Wheatley S E, Lambropoulos
P, Levenson M D 1978 J. Phys. B: Atom. Molec. Phys.
11 1733

Dai B N, Lambropoulos P 1986 Phys. Rev. A 34 3954
Olivares I E, Duarte A E, Saravia E A, Duarte F J 2002
Appl. Opt. 41 2973

Saleem M, Hussain S, Rafiq M, Baig M A 2006 J. Appl.
Phys. 100 053111

(12]

(13]

[14]

[15]

21]

193201-5

Jana B, Majumder A, Kathar P T, Das A K 2011 Appl.
Phys. B 102 841

Brinkmann U, Hartig W, Telle H, Walther H 1974 Appl.
Phys. 5 109

Li Z M, Zhu F R, Deng H, Zhang Z B, Ren X J, Zhai LL
H, Wei G Y, Zhang L. X 2002 J. Atom. Mol. Phys. 19
383 (in Chinese) [ZFHEM, KXA, X8, K&, (L1107,
BRE, Ft—, KA 2002 T 55 FHH 2R 19 383]
Demtroder W (translated by Ji Y) 2012 Laser Spec-
troscopy (Vol. 2: Ezxperimental Techniques) (Beijing:
Science Press) ppl147-161 (in Chinese) [{k/RK X - 8R4}
KSR B (5 W) 2012 DL (2 % SREA)
(Abmt: BHE L) 58 147—161 1)

Sankari M, Kumar P V K, Suryanarayana M V 2006
Opt. Commun. 259 612

Pomerantz A E, Zare R N 2003 Chem. Phys. Lett. 370
515

Zhang G Y, Tao Q Y, Ren Z, Zheng H M 2016 Optik
127 8570

Das R M, Chatterjee S, Iwasaki M, Nakajima T 2015 J.
Opt. Soc. Am. B: Opt. Phys. 32 1237

Bo Y, Bao CY, Zhu Y H, Wang D W, Yu Y H 2000 J.
Tsinghua Ungv. (Sci. Tech.) 40 16 (in Chinese) [,
BEE, LA, EAER, R 2000 FHEREER (R
FH¥4) 40 16

Xie G F, Wang D W, Ying C T 2002 J. Tsinghua Univ.
(Sci. Tech.) 42 1011 (in Chinese) [#E%, TR, B4l
[F] 2002 JEHERZ 540 (ARFHERR) 42 1011]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract18943.shtml
http://dx.doi.org/10.1088/0022-3700/13/1/015
http://dx.doi.org/10.1088/0022-3700/13/1/015
http://dx.doi.org/10.1088/0953-4075/28/17/018
http://dx.doi.org/10.1103/PhysRevA.19.1151
http://dx.doi.org/10.7498/aps.64.133201
http://dx.doi.org/10.7498/aps.64.133201
http://dx.doi.org/10.1088/0022-3700/11/10/011
http://dx.doi.org/10.1088/0022-3700/11/10/011
http://dx.doi.org/10.1103/PhysRevA.34.3954
http://dx.doi.org/10.1364/AO.41.002973
http://dx.doi.org/10.1364/AO.41.002973
http://dx.doi.org/10.1063/1.2338832
http://dx.doi.org/10.1063/1.2338832
http://dx.doi.org/10.1007/s00340-010-4194-4
http://dx.doi.org/10.1007/s00340-010-4194-4
http://dx.doi.org/10.1007/BF00928221
http://dx.doi.org/10.1007/BF00928221
http://dx.doi.org/10.1016/j.optcom.2005.09.033
http://dx.doi.org/10.1016/j.optcom.2005.09.033
http://dx.doi.org/10.1016/S0009-2614(03)00158-1
http://dx.doi.org/10.1016/S0009-2614(03)00158-1
http://dx.doi.org/10.1016/j.ijleo.2016.06.063
http://dx.doi.org/10.1016/j.ijleo.2016.06.063
http://dx.doi.org/10.1364/JOSAB.32.001237
http://dx.doi.org/10.1364/JOSAB.32.001237

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 19 (2017) 193201

Influences of Doppler broadening of absorption lines on
a multi-step photoionization process of atoms

Lu Xiao-Yong" Zhang Xiao-Zhang"! Zhang Zhi-Zhong?

1) (Department Engineering of Physics, Tsinghua University, Beijing 100084, China)
2) (Research Institute of Physics and Chemical Engineering of Nuclear Industry, Tianjin 300180, China)

( Received 15 May 2017; revised manuscript received 10 July 2017 )

Abstract

Photoexcitation and photoionization of atoms, the central part of atom vapor laser isotope separation (AVLIS),
relate to the ionization yield and isotope selectivity directly. Doppler broadening of absorption lines is one of the
parameters that influence the photoexcitation and photoionization process of atoms. When evaporation temperature is
high or beam equipment is absent, Doppler broadening has obvious influence on the ionization yield because most of
atoms are non-resonantly excited. In this paper, we study the influences of Doppler broadening of absorption lines on a
multi-step photoexcitation and photoionization process of atoms according to the facts of AVLIS. A Doppler-broadened
three-level atom system with two resonant lasers is investigated. The interaction between laser field and atoms is
described by a density matrix, which is calculated by fourth-order Runge-Kutta numerical method with variable steps.
The results show that the ionization yield of atoms decreases with the increase of Doppler broadening of absorption lines
under the same laser parameters. At a constant laser power, the ionization yield reaches its maximum value at the best
laser bandwidths, which is different from that obtained without Doppler broadening, as reported in published papers.
Meanwhile, the best laser bandwidth increases with the increase of Rabi frequency and Doppler broadening when other
parameters are constant. Moreover, the best bandwidth of the second laser is smaller than that of the first laser in a
multi-step photoionization process of atoms. Therefore, lasers should work at the best bandwidths in AVLIS for highest
ionization yield. It is advantageous to make laser bandwidths slightly bigger than the best bandwidths technically for
smaller fluctuation of ionization yield, owing to incoercible stochastic volatility in laser bandwidths. The ionization yield
increases with the decrease of Doppler broadening, especially at the best laser bandwidths. Therefore, it is necessary to

reduce Doppler broadening of atom vapor in laser ionization zone.

Keywords: Doppler broadening, laser bandwidth, Rabi frequency, ionization yield
PACS: 32.80.-t, 32.80.Fb, 42.50.Hz DOI: 10.7498/aps.66.193201
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