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Numerical Research into Aberration Effect on Efficiency of
Three-Lens Slit Spatial Filter

Li Bingyan, Xiong Han"”

School of Mathematics and Physics, Suzhou University of Science and Technology, Suzhow, Jiangsu 215009, China

Abstract  Slit spatial filtering technology can be used to significantly ease or even solve problems related to plasma
pinhole closure and large scale in current high-power lasers for fusion, which has broad application prospects in
fusion laser facilities. According to the diffraction theory of aberrations, this paper numerically analyzes the
aberration effect on efficiency of a three-lens slit spatial filter. Two important parameters (near-field contrast of
output beam and intensity on inner edge of filter slit) are considered as evaluation parameters of aberration effect in
a given filtering system, and the permitted percentages to be changed are given. Different types of aberrations with
different magnitudes are introduced into the filtering system, and the tolerance of each aberration is obtained
according to the change of parameters. The introduced filtering system is compared with conventional pinhole
filters. The results demonstrate that all types of aberrations on the lens may introduce various inhomogeneous phase
changes in the wave-front of a light beam and degrade beam quality. In addition, dispersion or deformation caused
by aberrations may change the intensity irradiated on the inner edge of slit apertures, which is reduced continuously
with increased aberrations. The most noteworthy aberrations relative to the three-lens slit spatial filter are the
spherical aberration and field curvature of the first cylindrical mirror.
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Fig. 1 Structural schematic of three-lens slit spatial filter
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Fig. 2 Aberration effects of different lenses on system parameters in three-lens slit spatial filter. (a) Effect of aberrations of

Lens-1 on near-field contrast of output beam; (b) effect of aberrations of Lens-1 on intensity on inner edge of Slit-1;

(c) effect of aberrations of Lens-1 on intensity on inner edge of Slit-1I; (d) effect of aberrations of Lens-II on near-

field contrast of output beam; (e) effect of aberrations of Lens-II on intensity on inner edge of Slit-1; (f) effect of

aberrations of Lens-II on intensity on inner edge of Slit-1I

1 3 I8 22 38 B Y TR B EOR A8 B BE R N AR I
TEE 2o ha] Wt 3 W45 22 51 R 1Y B 4E Slic-1 N i
25 R B 1Y A2 AR AR /N .

AWMU HA S m s, =R & R EIR
WS AL TE 8% Lens-1 FMIER T 5% Lens-11 _F 82814
ZWEVHEWNER 2 iR, fERNS IR, &2
G T A E AT BT ALUE P b A & B AR
ZERVME. MR 2ATHBR TRRMEWE RS TW
ANBEHR 2 5 0] W AR VR AR R A A R AR
FRUB A% 0 2 A AL UR B A L A B SRS B B AR

ZERVHERA LRSI SR B H R 2ZEHVFE K
RZ . DLEFFLUE W28 H i ER 22 A B, Lens-T I A K
ZEVFE N 0.154, M 78 Lens-1T I (9 BK 22 %5 ¥4 8
MERE T 1,722, 754088 TiEBE Lens T 1Y y J7
] AR B2 V(B B BR 22 41, B AL R Ik 2% P B B AR
ERVFEH AR EERES PR ERTHEK.
e R AEIE WA B B e R EE
15 22 J2 4 1 8% Lens-1 b A Bk 22 F 3z il . H 45 0 (8
A3 BN 0.272 F 0,242, 3K P T X R 48 2 50
KA

0822002-4



{5

g3

no aberration

-50 0 50 -50
2 /mm

coma-y

-50 0 50 -50
& /mm

Yy /mm

distortion-y

-50 0 50 -50

spherical aberration

field curvature

astigmatism-x

coma-x

0 50 -50 0 50
X /mm

distortion-x

0 50 -50 0 50
& /mm

astigmatism-y

0 50 -50 0 50

2 /mm

2 /mm 2 /mm

[ 3 Lens-T Fin b 104 2% 2545 2 b 8 & W o R 76 DR BB 8% Slic 1 VAL AL . (0 T4 25 (W k2 (ol = 77
I £ 22 5 (D oy J5 10 5 22 5 () gyl s (O o J7 18 W AZ 5 () Iy 7 1) W A% 5 Ch) I e 7 145G (D y I 1l {8 K

Fig. 3 Focal line images of super-Gaussian beam formed on filter Slit-1 plane with different aberrations of 104 on Lens-I.

(a) Without aberration; (b) with spherical aberration; (c) with x-direction coma; (d) with y-direction coma;

(e) with field curvature; (f) with x-direction distortion; (g) with y-direction distortion; (h) with x-direction

astigmatism; (i) with y-direction astigmatism
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