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Fig. 1. Schematic of HBr-filled HCF and HBr energy level

structure.

154201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 15 (2024)

154201

k1o, ko1, koo. BEABESAESNHE S IHVE R T IR
TR SRR IR TN, A%, anJ, 1
SR T BRI — Nat LpumpOpump/ (AVpump) »
HrP Loump, pumps Vpump 1 0 23 AR A OGIR | 2
TG AR | BRI B R . A &
SRR AR H /N, R AT L2200 i 2% (4 M 56 B
A LATE HITRAN $odf e b ify BT 225 LU BT A
WS 1, T LA SR R (1)

HRFmITHE (3) 4Ath:

P
N1+N2+N3+N4+Nv0 +Nv1 +Nv2 =

2ksT"
Hirp PSR, ks MBURZESHEL, T MR,

%1 J&10 mbar (1 mbar = 100 Pa) F HBr /&
1 R2 T2 A B DL SO G AR B4 AR R 4 2127,

*F1

3)

10 mbar N HBr A &4 F R2 F I 1% 46 1) # L

(k, A, 2) I RIBAERTL ()

dn, Tump Opump Table 1.  Constants (k, A, §2) of HBr molecule with R2
“at = N41h7 + (fOleo - Nl) Kot pumping at 10 mbar and absorption coefficients (o) of
Vpump HCF.
dN. 1 N o
ditQ = Ny ;:ZR + (f12No, — N2) kro2 — Nokig, i At G At
N ; R kio/s! 5x107 Apump /571 0.14
T; = Ny3 ;;VUP + (f13Ny, — N3) ko3 — N3kio, ka1 /st 1x107 Ap /s 8.56
P koo /s ! 2.5%10° Ag /s 5.91
Lﬁl\tﬂl = — NM"“}‘:" Tpump _ Ny I;L‘GR 3 I}IL’UP Frot /s ! 7.5%107 [0 107
Vpump VR v Kroa /s ! 7.5%107 tpump /(dB-m ) 0.53
— (f24Nv2 — N4) kroa — Nakoq, kro3 /s 7.5%x10° op/(dB-m?) 0.3
AN Kiros /5! 7.5%107 or/(dBm?) 0.3
0= — (fOleo - Nl)krol
dt
+ (N2 + N3 + Ny, ) k1o + No, koo, 3 % =
dN,,
g~ Ur2Now = NoJ koo = (fraNo, = Ns) hioy TEELETEM R, ARSI AR TR0 ekt T3
b NI B3 PN Ik T R
+ Ny ka1 + Nykor, A‘u::F@iT, %ﬁb:&lt?ﬂiwu, mblﬂﬁﬁ$lzﬂ (1) s
AN i 4B 0. R FRZE LR sk, i
d:2 = — (f2aNv, = Na) kros — Ny koo — No, ko1 (1) KA RRAL (1) PRI — SR80 A, SRR

ARG JEORAF R 1 S 25 S IE, X —
25 I BRI Beer-Lambert 2, XN G473 43
TR (2):

dlum
gl; L = (N410pump — Cpump) Tpump
+ £2A54mp Mpump Vs,
dr
TZR = (Nazor — or) Ir + 2Aghig Ny,
dI
d—; = (N430'p — OZP) Ip + QAPhVPN4a (2)

FE apump, ar, ap AR AR S 7E 25 85 62T AT
IFAFRE, Apump, Ar, Ap FCFXT IR (9 A K 5
AR h e RS R, RATAERCRAY [ %
s, NI 2 AT 45 h 25 I8 AR R AL 110
AR Q. TEEBNE, BT AR,
JEEF NI AR E AN S, n, T S T R R
AR BRI AT AT LA 2200, FT DLBORE 700 24 PR ~r 4,

POCLF 14 25 R (2) AREUT — 15 s Ab iR
O3, AT R, DI ARAT S AN LT 1 53

K23 R/R T 1, 3, 5, 10 mbar FG£ 4 i
R R2 TR R, Hp S fURA VTP
BRI 2R, AR SR [21] 4 BB YT
AR, B S IR SR [21) T SE IR 2
T, ISR VTP BB Ry Sk, 7]
PIFES, 7£ 1, 5, 10 mbar F, VIP #EEIER L 4 e
PAEA ) M L I SE IR 5 R ORIl 4 BB
Al FREM AR A ELAE TR B T BEgL, M
M EECEZ R, &G T IR RCR; miAR Y
BONE TR R S5 ig, (A RE R0 A TR
BN, A BRI . R sl it 5
ATHE., W5 B3] T KRS RB R T4 S8 o
Bic, SRR T RS B A L.

AN, NE 1 5E 2 LESR, P4
R EAH SR A REL [ B 1528
RAFHRIA  SETTHAE Lb. X i 15 R 2 R R FH 2R

154201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024)

2.0
(a) —#— Total
P4
¥ R2
1.5r ---- 4-level
® Experiment
E
5 1.0
5 1.0F
z
o
O-‘ -
0.5
’ M—:——Jﬁ*——:
0 mimm
0 2 4 6 8 10
Pump/W
4
(c) —*— Total
P4
; ¥ R2
3r ---- 4-level
® Experiment
E
w
2
z
o
¥
1F

Pump/W

B2 ORFAUE T ORe 5 i 5 A Ao

154201
4
(b) —*— Total
P4
v R2 )

3r ---- 4-level o
2
a

1 ;;://h/

0 P 1 1

0 2 4 6 8 10
Pump/W
4
(d) —*— Total
P4
; ¥ R2
3r ---- 4-level el
® Experiment R

E
= .7

2 »
g /
3 -
~ =

1 . q

. /~/ ° [ ]
/’,’ .
0 o e L/'/'/Y/v/‘
0 2 4 6 8 10
Pump/W

(a) 1 mbar; (b) 3 mbar; (c) 5 mbar; (d) 10 mbar

Fig. 2. Output power of a 5 m long HCF varying with gas pressure: (a) 1 mbar; (b) 3 mbar; (¢) 5 mbar; (d) 10 mbar.
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Fig. 3. Output power of a 5 m long HCF varying with pump power: (a) 1 W; (b) 3 W; (¢) 5 W; (d) 10 W. The solid line and
dashed line represent the total output power obtained by VTP model and 4-level model, respectively.
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Vibrational thermal pool multi-level theoretical model and
design simulation of HBr-filled hollow-core fiber gas laser”

Wei Chao  Yu Xuan  Lei Cheng  Wang Zi-Yu  Liu Sheng  Wang Du'f
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Abstract

The hollow-core fiber gas laser (HCFGL) has developed into a significant mid-infrared laser source, but the
development of theoretical model still lags behind experimental progress. In this work, we propose a multi-level
vibrational thermal pool (VIP) model of HBr-filled HCFs, which comprehensively considers the rovibrational
relaxation effects on laser gain in reasonable approximations of transition coefficients, and studies the laser
characteristics on multi-line lasing, bottleneck effect, line competition, etc. The VTP model shows more precise
results of laser slope efficiency, and threshold than previous models while fitting the experimental data very
well, and successfully predicts an output bottleneck at 1 W pump. The P-branch laser is relatively
advantageous over the R-branch laser for its larger Einstein A coefficient and emission cross section, and the
seed injection can intensify the line competition and reach the highest P4 power proportion of 80%. The VTP
model reveals that the output of various pump lines has a pattern similar to the Boltzmann distribution,
suggesting that the distribution of ground rotational levels limits the laser gain of pump lines. Moreover, we

discuss the photon leakage in high-energy pulsed pumping conditions. With the introduction of the leaking

10-mbar

~
~
Y

coefficient, this model shows relaxation oscillations and
laser slope efficiencies close to experimental values and

greater than the results in the CW condition, and

solves the overpump problem in pulsed pump
simulation. Finally, we confirm that the photon leakage
is intensified at high repetition rate and the leaking
coefficient should relate to the pulse repetition rate.
This work develops a comprehensive modeling method
for MIR laser simulation and this model is also

applicable to various gas-filled HCFGLs.

Keywords: gas laser, hollow-core fiber, mid-infrared, rate equation
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