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Free induction decay of CO; pumped by MIR femtosecond laser
pulses via multiple photon resonance excitation

LUO Yu, LU Qi, ZHANG Xiang, ZHUANG Chengxuan, LIV Yi

(School of Optical—Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: The forward coherent radiation generated by ionic carbon dioxide molecules excited by
tunable mid-infrared femtosecond laser pulses was systematically investigated. The coherent radiation
corresponding to the A’IT, (V' = 1)—>)~(2Hg(v = 0) transition of the COJ can be effectively created when
the mid-infrared laser was in multiple photon resonance with the transition. Furthermore, a pump-probe
method was used to investigate the temporal evolution of the radiation process. Based on the
suppression of the 337 nm radiation effect induced by probe laser pulses, it was found that the duration
of 337 nm coherent radiation was about 0.8 ps, which showed no obvious dependence on the gas
pressure. In view of this observation, the nature of this coherent 337 nm radiation was free induction
decay radiation induced by multi-photon resonance. This study not only reveals the nature of coherent

emission of carbon dioxide, but also points out the universality of free induction decay effect in the
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resonant interaction of high-field laser with atoms and molecules.

Keywords: mid-infrared femtosecond laser; carbon dioxide ions; multi-photon resonance; free

induction decay
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Fig.1 Schematic diagram of the experimental setup and energy level

(1100~2600 nm ) /A= i AT R BOG Ik ol 1R
J KR R CO, AR . FEAS A I K A R
T, WL O K v R BB EEE 100~200 p) 2
A5k . FESCER AR, 38 2 (o AT 8 G2 R
Fy BRI R SO C K b A RE R E B AE 110 pls
55 R 800 nm BOLIK e St A s, ik
MR FRAREIZ) 170 I, HARRERIMDEHR . 2RI
St RGBS M4, M5, M6, FZ i T in) s
DM S i J5 5 A 2L AR S OB bk vh G . H B
B M5 F1 M6 20 i 1) ) 27 92 3R 2k AT LUK Hff b 9 7
MIR % 8 Ok b5 800 nm HR I3 bk wh 22 18] £
A AEIR o MIR SR OB K b AT 800 nm HRIMNFOE
Jok w2 £ BE 35 mm 9O B B L1 R A T A
CO, Ak,

£ MIR ZEW OGN £ ST, — A fkik o+
W R, AR RIR AT WA 2 3 mm A I 255
BTk, ORI T I, AR L E A
15 B UE I A (BG40 58 L % K FE 400 nm A9 4
P 3E P8P F ) B P UK 335 nm T B IR
(984 20 nm) #EAT LIS IR IR . i heEuE U A
Je, AR 75 mm BGFE S L2 WA AT 4R
SHET, Bz 5 S5 #A LR 3Rk T A G EF
Y 1% 4% ( Avantes, AvaSpec-ULS2048CL-EVO) i 17
g Hr AL SR

2 SRS

K2 LB ZE SRR T CO, 25 B T 1 B 1) 4
6T BE F A HOL IR AR AR . £ 2(a)
t, SR E M 140 mbar; 7EK 2(b) , ZE I
T [ E N 1620 nm. & 2(a) JB/R T IHIE 2T T4

T S B AR AR B T I AR OGS . 2 TR
J 20 nm HFSERIRRE], SEEAGESR T 325 ~355 nm
PGS [, X — G5 FE T 337 nm (75
SR

=
S0
=0
#o.
1730
17
%, 1670
5,
K /mm
(a) Wl
210
508
-
oy Y-
= 0.2
0
1000 S
S >
T e
0’6 200 i >
& 320 325 330 335 340 345 350 355 360
P /mm
(b) T
B2 CO,EBFHRMAIBEHAEHRBERXEKRMSEN

T

>

Fig.2 The forward radiation spectra of the CO, plasma varies
with the wavelength of the pump pulses and the
pressure
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Fig.3 Forward radiation spectra of CO, plasma with
different delay conditions of pump laser pulses and
probe laser pulses
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Fig.4 Relation between forward radiation spectra of CO, and delay with different atmospheric pressure conditions
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