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Intensity evolution characteristics of square super-Gaussian
beam in Kerr medium
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Abstract: Based on the nonlinear Schrodinger equation, the step FFT is used to simulate the propagation of the
square super-Gaussian beam in Kerr medium, and the evolution characteristics of the axial center and diagonal
intensity of the square super-Gaussian beam are analyzed. At the same time, the self-focusing characteristics, the
variation of peak intensity and B-integral in Kerr medium are also analyzed. The research results show that after the
square super-Gaussian beam passes through the Kerr medium, there are different degrees of intensity enhancement and
depression at different distances from the center of the beam, the intensity enhancement and depression are weak near
the beam center, strong at the edge and four corners of the beam, and they are stronger in the diagonal direction than in
the axial center direction. Reducing the order can slow down the edge intensity enhancement of the beam and the
growth of the B-integral. Reducing the thickness of the Kerr medium can reduce the intensity enhancement of the
beam edge and the size of the B-integral. It is proposed that the main reason for the fluctuation of the edge intensity of
the beam probably be the coherent superposition of the beam.
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Fig. 1 Normalized field distribution of square super-Gaussian beams on the front and back surfaces of Kerr medium
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Fig.2 Axial center intensity evolution process and diagonal intensity evolution process of a square super-Gaussian beam
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Fig. 3 Comparison of axial central intensity and diagonal intensity of square super-Gaussian beam on the back surface of Kerr medium

V3 Jr 0 T SRAE Kerr A BT 2 10 1920 16 r 0 5 B2 45 X 73 548 B X FL ]

6975 o) _b B 5 EE 24 Sy Bl 1) e 5 ] B SR BE Y 0.97 A5 24 m=10 I, ZEREDG AR H0 29 0.29 em AL, SGHON A 5 1] b Y
WAL 5 52 249 by S I8 {5 38 1) 1.90 A, D SRk iy w77 1) b I {50 38 249 S A S DT8R 2 19 1.40 1%, XA 07 1) L
F14 WA (L 5% 38 05Tl 1) o D 1) U SR B4R T T 24 136 A o AEREOLIR P02 0.19 em A, S HON A 5 1) A5 R 24
DR N SRS AL 55 FEE 19 0.88 A%, Sl SRl 1] v 0 T i 5 JBE 249 Sy AR DR (LS JEE 149096 A%, X A T 1] L A 55 J8E 243 DA el ) v
7 1) B 55 JEE 40.92 A o i DU [ K5 A D' SR 0 DX, 68 A 5 1) -l e 0 D i b 4 s 2 A AT /0 R ) 49 55 A
MIBE, [ A2 BN i Bl A, BEE B3 hn, G SR RO A T 1 b AR B i) o T ) B B SR RO 2
ETE 31 L W R E D 0 L SRS s A R S L ARl VRS Sl 12 2 S U DO B2 L M LR 7 B
BUBIR . [RIIE, B iy, H RS O AR5 58 e i R 1T 6 ) 908 LA™ o DI oR e DX ) SRR 20 AR = i T R R T RO
SRR DX B AT LK% ' R 5 5 J3E 494 5 R U1 ) S AT o 3 S0 2000 R 11 2R A 00 ) 3 [l A P 2 f DG R I 4 i 2 R
34, 51 A G SRR A 5 1) ) 56 PR i RN LTI R 5 TR ol 1 D 1) RS DA T S B0 A D7 1) B SRCGE /D T Al 1
AT A YR 5E
BRI SV A SR AR AL A 55 55 LA B RS G 2 T YR B A6 IS ) AR AR, R A

2w (F
B:TLW@& (3)

4 25 T B8 m=4, m=6, m=8 Jt m=10 1975 1 # w5 Hr G R AE Kerr A BT Ak ind B UMY AZ AL 0L . AT LLR
H, PURR R B AR R/ INBE A B R 0 R R e v K (B i B RS, B AR IR B B B
S g K n . v A R8RSt O Kerr 4 5T 2 T S IR EG B AR 2 K/ 4300 2954 1,012, 1.036, 1.12, 1.244 rad.
3K 1t B 7 HE o e 0T O R B OB R, B RR e 0 R R RGP, B AR A (RO o SR LA I K 5 JE o s O R
LA B8 % B BUNMNE K . 538k, > Kerr A 5 A4 JEE B2 A 7T RAA 800/ B B3 1 KN .

0T B AR SR R AR AL O SRR R R T X A SRS AR A, 804 T A O R Gk SR R B R AR AR AL E . K]S
T R m=4, m=6, m=8 ¢ m=10 {7 & H8 &5 Wi WAL Kerr /i 57 b A% i 6] 149 09— A W (B s B AR5 DL . KK 5

041004-5



weOoW s 5 Ol TR

I max evolution

1.4 2.0
— m=4 — m=4
1.2 m=6 o m=6
m=8 o) 1.8+ m=8 7
1.0F ~7~ m=10 s N m=10 .
G 16 s
2 0.8 F o L s : ,-"/
3 <
061 14+
// s
0 4 / _z'l
// 1 .2 L .I.,.
02+t o ./_, i
Wi ) ) ) L ——————
0 5 10 15 20 0 5 10 15 20
z/cm z/lem
Fig. 4 B-integral variation of square super-Gaussian Fig. 5 Peak intensity variation of square super-Gaussian
beams in Kerr medium beams in Kerr medium
E 4 J7 B8 E WG EAE Kerr A 9 B A4 2810 1 6L B 5 TR T 6 SR A Kerr 1 S Hp A9 I 1RG50 28 1R 17 L

Tl DA, G HRTE Kerr /0N I AG it B eh, B SR AR R00 0 5 007 S 80 i AT, MR — e R, AR
PRV AR T AT HT RN o DURR Y E00 5 = 39T RO (B R R 2R M, Y m=4 i), HE SO R (E R 29 O A G
DR DGR AT 1.1 4% 24 m=6 I, 5O IR (R DGR 29 9 A SPGB EDG IR Ay 1.25 £5%; 24 m=8 B, 5 G I {8
JEIR 2 AR SE IR Y 1.58 155 24 m=10 B, HGHE A E YRR 29 0 A S E A EDERR 1) 1.9 f5 . BEE B &
W BB K, e A B R A A ORI Kerr A0 TR R 107, W (EDC IR I K AF b, HR I 7E TR &
TR B it 18K, DGR S R T R T b, B0Ad G TR i A S A A B bR, AT A5 I R v 0 O T M e e TR
Kb A R AN B ST Kerr /v AT, HL A R AR 58 o 3 18 B SR A W 850 5 T2 8 & 30 6 o v] LA
RUCHb D8 2% 6 A N SR B G . 55 A, 08D Kerr A G A JEE B8 A W DAA 2880 R KGO B 5 i B 1 ik

3 &

AR SC SR P 4 A 18 I AL T O R 8 0T I AR Kerr A ST 9 AL BIE BL, BFSE T MY B m=4, m=6, m=8 J%
m=10 I} ) 77 T 4 75 397 06 SR AE Kerr A 5 o 1 388 35 AL AR, ok L E Kerr 41 S50 DA % i I 0 B 1 o 00 588 38 0 £
1630 AT X AT . BF S 4% SR W, O T8 5 O R i Kerr A0 U , HC 3R 3 2o S 7 52 B2 0 48 508 1 110, Ol
TR FC DX I R 0 T 11T B A 5, DI TR 5 LA U Ak R T [V B AR L YRR 25, 17D A S T TR R
FEE 3 T 1 5 4 90 BT, L P SR T 1 o P A 3 PO B e DX A Ol 3 45 T B 11 4 14
PR AT R AE T T e B 1 A 43 R T 0 7 S A0 R 1 5 80 4 [ 4 2 5 5 0 o b i s, 5 2
DT i L 3 T 9 58 D (11 2 DR B e e 1 SRR DTS £ D i R /N T 1 s g

T S BRIZ FH o SR AR 25000 7 T 8 5 397 16 ok T L0 28 00 o i 5 Kerr 1 J0R J 20 4% 3R B 180 3R, [ F 1T LA ik 2%
BRSBBE K o W/ Kerr 455 9 5L 2 TIT LA 285 AR A6 D' R 34 450 38 14 3, Al 7T LA 28080/ B B B9 K/

S % 3k

[1] Baisden P A, Atherton L J, Hawley R A, et al. Large optics for the National Ignition Facility [J]. Fusion Science and Technology, 2016, 69(1): 295-351.

[2] Wegner P J, Auerbach J M, Biesiada T A Jr, et al. NIF final optics system: frequency conversion and beam conditioning[C]//Proceedings of SPIE 5341. 2004:
180-189.

[3] Manes K R, Spaeth M L, Adams J J, et al. Damage mechanisms avoided or managed for NIF large optics [J]. Fusion Science and Technology, 2016, 69(1): 146-
249.

[4] Spaeth M L, Manes K R, Bowers M, et al. National Ignition Facility laser system performance[J]. Fusion Science and Technology, 2016, 69(1): 366-394.

[5] Feigenbaum E, Di Nicola J M G, Bude J D. Revisiting beam filamentation formation conditions in high power lasers[J]. Optics Express, 2019, 27(8): 10611-
10630.

[6] Lanier T E, Cohen S J, Nicola J, et al. Time-gated measurements of fusion-class laser beam profiles [C]//Proceedings of SPIE 11259. 2020: 39.

(7] JHAMER, TR/NR, S, . SREOGHE S HOEHIE AR A R AR 2L 5 1], 224, 2001, 21(4):390-393. (Tang Yonglin, Zhang Xiaomin, Jing
Feng, et al. Breakup and suppression of self-focusing rings originated from high intensity super-Gaussian beams [J]. Acta Optica Sinica, 2001, 21(4): 390-393)

(8] y5ytily, iA%, IR, 25 LA AR VLIRS [7]. Y6 F244, 2003, 32(2): 209-213. (Lu Guangshan, Hu Wei, Fu Xiquan, et al. Study of focused annular
beam[J]. Acta Photonica Sinica, 2003, 32(2): 209-213)

(91 JHACH, Feb, sk/NR, 46 SROCIGFRE = DGR A A R AR 1T, 3RO SRF 3R, 2000, 12(s1): 221-224. (Tang Yonglin, Jing Feng, Zhang Xiaomin, et

041004-6


https://doi.org/10.13182/FST15-143
https://doi.org/10.13182/FST15-139
https://doi.org/10.13182/FST15-136
https://doi.org/10.1364/OE.27.010611
https://doi.org/10.3321/j.issn:0253-2239.2001.04.002
https://doi.org/10.3321/j.issn:0253-2239.2001.04.002
https://doi.org/10.13182/FST15-143
https://doi.org/10.13182/FST15-139
https://doi.org/10.13182/FST15-136
https://doi.org/10.1364/OE.27.010611
https://doi.org/10.3321/j.issn:0253-2239.2001.04.002
https://doi.org/10.3321/j.issn:0253-2239.2001.04.002

NIRFAE: 7T TG RAE Kerr A5 Ho f 58 22 35 A 5 1

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

al. Self-focusing ring of circle symmetric super-Gaussian beam[J]. High Power Laser and Particle Beams, 2000, 12(s1): 221-224)
I, Tk, /N KerrdBZR A P R AR R A A et (0] 44K, 2021, 70: 074205, (Hu Jing, Wang Huan, Ji Xiaoling. Propagation
characteristics of focused astigmatic Gaussian beams in Kerr nonlinear media[J]. Acta Physica Sinica, 2021, 70: 074205)
WREDE, BRTBH, ki, 55 FIOGHR SR Bba rYFE AL A B 1608 /045 (7], PFR2E4R, 2013, 62: 044213, (Chen Xueqiong, Chen Ziyang, Pu
Jixiong, et al. Intensity distribution of the flat-topped beam propagating through the thick nonlinear medium with defects [J]. Acta Physica Sinica, 2013, 62:
044213)
Bk, o, SR IR GHAER (1], 204N 0 TR, 2001, 30(6): 457-461. (Lii Baida, Luo Shirong. High-power laser modeling:
flattened Gaussian beams [J]. Infrared and Laser Engineering, 2001, 30(6): 457-461)
JAT, B, ZEARA, R DO (GBI 5 TE K Tl A1 3 v (9 Jl 22 G i S A (00 37412, 2018, 67: 174205, (Zhou Ning, Zhang Lanzhi,
Li Dongwei, et al. Filamentation and supercontinuum emission with flattened femtosecond laser beam by use of microlens array in fused silica[J]. Acta Physica
Sinica, 2018, 67: 174205)
Shen Y R. The principles of nonlinear optics[M]. New York: John Wiley and Sons, Inc, 1984.
R, TR, KT, AE. AR PR S INEOE B RAUNIIE (1], SREOE SRR, 2006, 18(10): 1653-1656. (Li Kun, Zhang Bin, Li Keyu, ct al.
Nonlinear self-focusing by intense UV laser in fused silica[J]. High Power Laser and Particle Beams, 2006, 18(10): 1653-1656)
Milam D, Hunt J T, Manes K R, et al. Modeling of filamentation damage induced in silica by 351-nm laser pulses[C]//Proceedings of SPIE 2966. 1996: 425-
428.
waRAE, XBE, VP, . REIEOGA I ORI B Z IR T, SRBOG SR, 2014, 26:081011. (Huang Zhihua, Deng Ying, Xu
Dangpeng, et al. B integral limitation in high power fiber chirped pulse amplification optical source[J]. High Power Laser and Particle Beams, 2014, 26:
081011)
Erickson M A, Cohen S J, Di Nicola J M, et al. Spatially resolved B-integral measurements on the NIF laser[C]//Proceedings of SPIE 11259. 2020: 17.

041004-7


https://doi.org/10.7498/aps.70.20201661
https://doi.org/10.7498/aps.70.20201661
https://doi.org/10.7498/aps.62.044213
https://doi.org/10.7498/aps.62.044213
https://doi.org/10.3969/j.issn.1007-2276.2001.06.014
https://doi.org/10.3969/j.issn.1007-2276.2001.06.014
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.11884/HPLPB201426.081011
https://doi.org/10.11884/HPLPB201426.081011
https://doi.org/10.7498/aps.70.20201661
https://doi.org/10.7498/aps.70.20201661
https://doi.org/10.7498/aps.62.044213
https://doi.org/10.7498/aps.62.044213
https://doi.org/10.3969/j.issn.1007-2276.2001.06.014
https://doi.org/10.3969/j.issn.1007-2276.2001.06.014
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.7498/aps.67.20180306
https://doi.org/10.11884/HPLPB201426.081011
https://doi.org/10.11884/HPLPB201426.081011

	1 理论模型
	2 数值计算及分析
	3 结　论

