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Abstract An optically pumped mid-infrared HBr gas laser based on hollow-core fiber (HCF) is reported. A tunable
narrow linewidth 2 pm continuous-wave thulium-doped fiber amplifier is used to pump a 4.4 m anti-resonance
hollow-core fiber filled with low-pressure HBr gas. When the seed wavelength is precisely tuned to the R (2)
absorption line near 1971.7 nm of hydrogen bromide isotope H” Br, the H” Br molecules in the vibrational ground
state v, will transit to the vibrational excited-state v,, then a population inversion will be formed between the
vibrational excited states v, and v, . Due to the transition selection rules, two transitions will simultaneously occur
by the spectral lines R(2) and P(4), whose wavelengths are 3977.2 nm and 4165.3 nm, respectively. When the
HBr pressure is 6.2 mbar, the maximum output power of 4 pm laser is 125 mW, and the optic-to-optic conversion
efficiency is about 10% in terms of the pump light coupled into the HCF. By further improving the transmission
loss spectrum of the HCF and increasing the coupling efficiency of the pump light, the laser efficiency and output
power can be greatly improved, and a wide-range tunable mid-infrared laser emission could be obtained owing to the
energy level characteristics of HBr molecules in the future.
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Table 1 Characteristics of rare-earth-doped CW fiber lasers with emission wavelength above 2 pm

Pump wavelength /

Laser wavelength /

Output power /  Slope efficiency /

Host glass Dopants Reference
nm W %

Silicate Tm®" 793 1050 53 [3]
Silicate  Tm’", Ho™' 793 83 42 [4]
Silicate Ho®' 1950 140 55 [5]
ZBLAN Tm®" 1064 0.15 8 [6]
ZrF, Er'” 980 2. 824 41.6 22.9 [7]
Fluoride Er*" 980 2.938 30.5 16 (8]
ZBLAN Ho®' 1150 3. 002 0.77 12.4 [9]
ZBLAN Dy’ 2830 .15 1.06 73 [10]
Fluoride Dy*" 2830 3.24 10.1 58 [11]
ZrF, Er't 976, 1976 3.42 3.4 38.6 [12]
Z:F, Er'* 976, 1976 .55 5.6 26. 4 [13]
ZBLAN Er 970, 1973 3.52-3.68 0.62@3. 68 pm 25.1 [14]
ZBLAN Er'’ 980, 1973 3.33-3.78 0.004@3, 78 pm 27 [15]
InF, Ho*" 888 .92 0.2 10. 2 [16]
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Fig. 1 Characteristics of HBr. (a) Schematic diagram of energy level transition of HBr molecules depicting 4 pm laser;

(b) absorption spectrum of H™® Br molecules at 2 pm band; (c¢) emission spectrum of H” Br molecules at 4 pm band
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Table 2 Absorption lines at 2 um band and corresponding emission lines at 4 um band of H™" Br

R-branch Wavelength / P-branch Wavelength / R-branch Wavelength / P-branch Wavelength /

absorption nm absorption nm emission nm emission nm
RO11D) 1940. 53 P(D 1995. 75 R 3809. 67 P(D 4077. 99
R(10) 1942, 44 P(2) 2002. 80 R(10) 3824. 48 P(2) 4105. 94
R(9) 1944. 74 P(3) 2010. 26 R(9) 3840. 21 P(3) 4135. 04
R(&®) 1947. 42 P4) 2018. 14 R(8) 3856. 88 P4) 4165. 31
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R(2) 1971. 67 PC10) 2074. 68 R(2) 3977.21 P(10) 4373. 31
R(D 1977.09 P(11) 2085. 71 R 4000. 80 P(11) 4412. 69
R(0) 1982. 90 P12 2097. 22 R0) 4025. 44 P(12) 4453.52

FWFE BB PO KT LIS 1971 nm 8
AR U5 A R SR 2 IR RE R TS, Bl T T A B
HLRE R, T E — b i AR 76 AN R A LR 2%
TR OGS 4 BT (AQ6375, YOKOGAWA, H
A B R AP Hy 0,05 nm) 75 1 2% 8 U 1R O
R 3Ca) R, Horp A2 B A BR8] 6 1

—AbH . ATRLE B BRI WY K B kR
SHASE) i pe i EEE PP OBEK B, Y
FE VR T ] RC2) WL B L A B4 0 1 40 Y
WE 3 IR, T B B, 32 s U R K
K B2 A BRI L L3 Cad A Ch) BT 7% 14 5 1% IR A £k 5
AN BEAR F S PR O o 3 Ce) 28 3 1 HP 0 9 K Tt 9

1614001-4



% i

1971 nm fine-tuning splice splice
single-frequency % »
fiber laser 2+1)x1 output
combiner

Tm?*-doped double cladding
fiber (4 m)

B 2 nIEEAELTE 2 pm SR FE IR
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Fig. 3 Output characteristics of the tunable 2 pm fiber pump source. (a) Tunable output spectrum; (b) fine spectrum at

R(2) absorption line; (c¢) measured wavelength change with the normalized tuning voltage; (d) output laser power
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Fig. 4 Characteristics of the pump laser linewidth. (a) Experimental setup for the measurement of the pump laser

linewidth by F-P interferometer; (b) measured results of laser linewidth
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