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Fig. 1. Optimization environment for Gaussian mirror unstable cavities.
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Fig. 2. Convergence curves of different optimization al-
gorithms: (a) Simulated annealing algorithm and particle
swarm optimization algorithm; (b) genetic algorithm.
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Fig. 3. Optimization process of resonator parameters via genetic algorithm: (a) Evolution of cavity segment z1; (b) evolution of

cavity segment x2 ; (c) evolution of cavity segment x3 ; (d) optimization trajectory of adjustable lens focal length f; (e) selection
of optical parameter groups (wm, Ro, Rc) across generations, the algorithm converges after 20 generations, ultimately selecting

parameter group 2 (wm = 3 mm, R = —1500 mm, Ry = 0.3).
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Fig. 4. Experimental setup. M represents high-reflectivity
rear mirror, L. represents plano-convex lens, TFP repres-
ents thin-film polarizer at 1064 nm, QWP represents
quarter-wave plate, LM represents laser module, OC repres-

ents output coupler.
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Fig. 5. Beam radius distribution at different planes within
the resonator. M represents high-reflection mirror, L repres-
ents lens, LM represents laser module, OC represents Gaus-

sian mirror output coupler.
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thermal near-unstable region, II represents Gaussian mirror
unstable region; (b) the derivative of the resonator mode ra-
dius w with respect to focal length f; under different out-

put couplers.


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. 74, No. 16 (2025) 164206

BE O B R R U B AE S Y. ZE AR TR
i 1700 mm J&, s iR BN bk, BT
T T B AL R R B

1 0
2 A

2 i

2
R 7wz

$Eet, = T B B e B
i HHIADCR BRI S, 0%

VBT ARBEREH O BESA 2R, ISR AT B0l

SRR R > 0o, MGHEAERERT 1Ly

1 0
A

-1—5 1
2
Wy,

MG ORISR IERT, 2OtRa s iR
St ASHER ¢ S5 RHER ¢ IR

M = ’ (6)

M = (7)

_A¢+ B

%= Gy 1D’ (8)
fRA A, B, C, D#5i, 1535

1 1 DA
79Tﬁﬂz?&%ﬁ?ﬁ&/\ﬁﬁ'ﬁE‘J‘iﬂiﬁﬁﬂﬂ%ﬂﬁﬁ Ri —
s, g =i fRA (9) TT

1 1 1

;2 = p + E, (10)

Forbr, w et EASDER AR, wn A HHT
BEMBEBEEAE, w o mdire RO e AR, A
MR RR LA, B ny s A s IR r R
Yo R A T LA, JERAEAR N 2.2 mm /b2
1.7 mm. SRR TE 8 548 T 4 {45 e AF ARl 25 4
i, SETRAT AN ) T B RS e Y F AR R
e MR, B A HR SE IR 2N T AR BE,
WA TR i A DX i R A S5~ Bt TP g0 0F B
T AIEERE . AN 6(b) B, 2l T AEAN RIS
R T, RIS E S O X f )P EUE
ey = RIS S el o W AN 0 2 Y R A 54 0 o
2i B A A g S B AR AR M A RO BT S
AR, B A 2 R A A B A 8 A T A A T 2
e AT, v R £ AR B TS A SO 2 R
i AR, (A B 2 A i DX A ORI, AT
PETH T MR A B ] SR O RE

IEAh, TAESTEE K IR —) R
WAL $E /b MR Q B FE T, T DLk
Pt P 6 PR 375 3 & A T 5 350 HRGR . T AE AR IR
/NF 250 mm B, FF H 2 R A OB H Y
AR IE N BEIS B A L, PR T 5 O A4
TAES.

h T ERGEA AL B AR sR B0 BB T 5
M, FEARS QIF RO T, 5l E T w =
0.7,1.2,2.2,3.2 mm MEA B AR pR%kL, 1 B A7k
AT DLPRH AT 31 22 AN [R) AR R R T R s 1523 T
WNE 7 B, 2T AR B BT SR B A A
IR SEZR, SR FAR R X o 25 B s 1) i o

)

ot
T

[ ]

\

Maximum output power/W
— =
S =52
T T

w

1 2 3 4 5 6 7
Mode diameter/mm
Bl 7 ORIR R A AR S e it DR R A
Fig. 7. Mode diameter vs. maximum output power for dif-

ferent cavity types.

5 LIHER5HRIT

J T VS TESR A TE 100 Hz B 2 IR i 4L
TRITERE, 18] 8(a) Jyf Hh BE AL 5 ZE R AE HE 2 [A) 1Y
KA. WOLHE t3 B i LD by o 4 22 A I 9K 3,
iy AZ BN 100 Hz, 230 ps 23K 5E, %t AE B /K
- fEfH (PESO BF-C, Ophir) #E47I0 4. % i
AE R S A AR R I 2R OC 2. I Seke i Dl
ZHAE B R P AR BEAT W, YO Q dR
IBFEIE, A RD K O AN TE 9 B, ki 8
2908 7 ns. FEFSHRER A 1.1 T B, Ok 190 mJ
AIRE I, SRR (0-0 %) N 17%. 1AL,
TE DU 3 9 5w % Tl BB B R R U0 ¢ 3 T AR A A
(power saturation) 2 #4 B #% (thermal rollover),
X R DR AR R A, AT LS = Y
iy pgar. [ 8(b) 24 60 min N 1Y BE T £ 1 I
i, AR RRRER S 1.80 (hRifEZE).

164206-6


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.
200 |- (&)
/°
/g/ 0.16
= o
£ 150t o
o /@;‘L 0.12
£ 1o0r o~ 9
& ﬂf®/ {0.08
£ )
© sof s
/8/ 10.04
‘5
0 . . . . . .
05 06 07 08 09 10 1.1
Pump energy/J
&l 8

0O-0 efficiency

Vol. 74, No. 16 (2025) 164206
250 F(P)
22000
5
§ 150
g 100
=
©)
50 |
ol . . . . . .
0 10 20 30 40 50 60
Time/min

(a) %t BE B 15 2 BE ek F) O R MO R 430085 () i 1 AR E PETE 60 min P I 145 2R

Fig. 8. (a) Output energy and O-O efficiency as a function of pump energy; (b) output stability measurement over 60 min.
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Fig. 9. (a) Typical pulse train of laser; (b) an expanded single pulse profile.
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Generation of nano second laser with wide stable region and
large mode field based on artificial intelligence algorithm”
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Abstract

This study presents an optimization method of generating a wide stable-zone, large mode field operation
nanosecond laser oscillator based on artificial intelligence algorithms. The work is motivated by the need of the
large mode field laser cavities in compact size with variable thermal focal length. A physics model of light field
propagation inside the resonator is established by combining thermal lensing tolerance. A multi-objective
optimization function is designed to simultaneously balance the beam quality, thermal stability, and cavity
compactness. Several algorithms, such as simulated annealing, particle swarm optimization, and genetic
algorithms are compared, and ultimately, efficient searching for optimal solutions in complex multi-dimensional
parameter spaces is achieved. In the system design, the parameters of cavity segment length, intracavity lens,
and Gaussian mirror (VRM) are optimized. Therefore, an optimized cavity structure is experimentally
implemented and @-switching operations are perform. The results demonstrate stable laser output at 100 Hz
repetition rate with 190 mJ pulse energy and 7 ns pulse width, and beam quality factors M7 = 2.1 and M, =
1.9 respectively, and the total length of the cavity is only 540 mm, which demonstrates the compactness of laser
design. Furthermore, numerical simulations are conducted to compare a variety of resonator configurations and
assess the influence of different parameters on the cavity’s thermal stability. After the optimization, the thermal
stability curve of the laser resonator shows a significant decrease in slope near the large-mode-field region,
indicating an improvement in thermal length adaptability. This enhancement is crucial for ensuring long-term
stable operation of high-repetition-rate nanosecond laser oscillators. In summary, this study provides an efficient
approach for designing compact, thermally stable, large-mode-area resonators, and valuable insights into

designing compact laser with high power output.
Keywords: solid-state laser, large mode area, artificial intelligence, multi-parameter optimization
PACS: 42.55.Rz, 42.60.Jf DOI: 10.7498/aps.74.20250519

CSTR: 32037.14.aps.74.20250519
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