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Fig. 1. Schematic diagram of ray tracing.

2.2 SGTDL Bz iEsy

DAL ) B B A D'~ e — BB 2 DL I
OEANE TR R FR O, i RIAT: B A5 7[5 A
A, (AR TE ) T AN S TR B O B B 2k
PEARAGIY, O I AT R R oK. BRIt & 11
TEMT T RS RS E R, SEMNT.O
T IR £k

f(2) = apz® + boz + co. (10)

034203-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 3 (2023)

034203

FEAL R 2 4L, BB Bl T PO AR AR AE 2 =
f ()4, HFE—Rmab g 1e sy, nifsdagie
R(z)H

2
R(z) = u}w’ (11)

Hor, kAR REL, HBBEA T O KB R
. A 2 FREESTARBR AR, nIASAT P RE T 12 Ry
[z — f ()] +y* = R*(2). (12)
(HAFE A, A LT DAA: AY IR 4 R ER A 25 0
B R L R A, SGTDL o BN,
FERENT B R es O FRBER/NED S TR/,

x

7

o= f(@)2 4y = R2(2)

- -~ |
(o L
Yy I

I 2 JGZAE SGTDL H % fii i A 2 ]
Fig. 2. Schematic diagram of light transmission process in
SGTDL.
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Table 1. Simulation parameters.
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Fig. 3. A pair of wave trains passing through a point P in

space.
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Fig. 4. Schematic diagram of SGTDL decoherence principle.
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Fig. 6. Effect of lens length on transmission efficiency.
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Table 2. Divergence of lenses with different lengths.

Liem ¢, 4/rad &+ /rad  Pp—/rad ¢, /rad
5 0.131 0.089 0.131 0.165
10 0.06 0.049 0.065 0.082
15 0.043 0.029 0.045 0.055
20 0.032 0.031 0.032 0.035
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# 3 AR SGTDL ML £3
Table 3.  Light intensity gain of SGTDL with the
different lengths.
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Fig. 9. Shape of light spot at the exit of SGTDL: (a) Spot
3D morphology; (b) spot 2D morphology.
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Abstract

Laser has the advantages of high brightness, good monochromaticity, high coherence and good
directionality, however, in some cases such as laser imaging and laser processing where only its high brightness
or high monochromaticity is desired, the interference effect caused by high coherence can affect and limit its
effective applications. In this work, a new single glass tube decoherence lens (SGTDL) is designed for soft X-ray
laser decoherence through the simulation calculations. The simulation results show that an SGTDL with an
entrance diameter of 5 mm, exit diameter of 0.6 mm and a length of 15 cm can effectively reduce the coherence
of the X-ray laser with a wavelength of 10 nm and a beam waist radius of 1.25 mm. At the same time, the exit
beam with a divergence range of 30-50 mrad is obtained at the SGTDL’s exit, and the transmission efficiency
and gain in power density of the SGTDL are 78% and 52.74, respectively. For a laser beam with a wavelength
of up to 1 nm, this model of SGTDL can maintain the transmission efficiency of the beam at more than 30%.
This work also discusses the influence of the X-ray laser energy and the SGTDL’s length on the transmission
performances of the SGTDL. The results show that the SGTDL designed according to the total reflection
principle can meet the application requirements for laser decoherence in a range from the extreme ultraviolet to

X-ray wavelength, and has a wide application prospect in X-ray laser imaging, laser processing, etc.

Keywords: soft X-ray laser, decoherence, X-ray optics, glass tube X-ray optics based on external total

reflection
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* Project supported by the National Key Research and Development Program of China (Grant No. 2021YFF0701202) and the
National Natural Science Foundation of China (Grant Nos. 11875087, 12105020).

1 Corresponding author. E-mail: stx@bnu.edu.cn

034203-7


http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://dx.doi.org/10.1117/12.929686
http://dx.doi.org/10.1117/12.929686
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://dx.doi.org/10.1117/12.663084
http://dx.doi.org/10.1117/12.663084
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://dx.doi.org/10.1117/12.929686
http://dx.doi.org/10.1117/12.929686
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://dx.doi.org/10.1117/12.663084
http://dx.doi.org/10.1117/12.663084
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://dx.doi.org/10.1117/12.929686
http://dx.doi.org/10.1117/12.929686
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://dx.doi.org/10.1117/12.663084
http://dx.doi.org/10.1117/12.663084
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://dx.doi.org/10.27005/d.cnki.gdzku.2021.004491
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://doi.org/10.1007/s10043-014-0116-8
http://dx.doi.org/10.1117/12.929686
http://dx.doi.org/10.1117/12.929686
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://doi.org/10.1364/JOSAA.15.001114
http://dx.doi.org/10.1117/12.663084
http://dx.doi.org/10.1117/12.663084
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
https://www.opticsjournal.net/Articles/OJ30ac5ddf51e8ab51/Abstract
http://doi.org/10.7498/aps.72.20221917
http://doi.org/10.7498/aps.72.20221917
mailto:stx@bnu.edu.cn
mailto:stx@bnu.edu.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

— A TR RBOCE AT R R E R ER BT
ERIE AW INFER FERL RH DRA
Design of a single glass tube optical lens for soft X-ray laser decoherence

Yuan Tian-Yu  Shao Shang-Kun  Sun Xue-Peng  LiHui-Quan HualLu  Sun Tian-Xi

55 K. Citation: Acta Physica Sinica, 72, 034203 (2023) DOI: 10.7498/aps.72.20221917
TEZE 7)1 View online: https:/doi.org/10.7498/aps.72.20221917
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

X B2 R A s e T

Optical design of X-ray focusing telescope
YIHLEHE. 2019, 68(16): 160702  https://doi.org/10.7498/aps.68.20190709

SR XSO LY
High field X-ray laser physics
PrPReEd. 2021, 70(8): 084101  https://doi.org/10.7498/aps.70.20210096

BT IR R HA 1 23 [8] 70 BT T

Spatial resolution study of soft X—ray laser backlight shadow imaging technique
YIBR2EAf. 2018, 67(1): 015203 hitps://doi.org/10.7498/aps.67.20171124

— T 23 4 S5 B AR S R R B
Soft x—ray imaging system used for Z—pinch experiments

WFEEEAR. 2021, 70(4): 045203  hitps://doi.org/10.7498/aps.70.20200957

KU X S 2R AR SO A5

X-ray streak camera tube with two photocathodes

YrH2E 4. 2022, 71(23): 233201 https://doi.org/10.7498/aps.71.20221194

— PP T B A XO LB B A R CTH AL
Micro cone—beam CT scanner based on X-ray polycapillary optics

YIBR2A 7. 2022, 71(9): 090701  hitps://doi.org/10.7498/aps.71.20212195


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221917
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190709
https://doi.org/10.7498/aps.70.20210096
https://doi.org/10.7498/aps.67.20171124
https://doi.org/10.7498/aps.70.20200957
https://doi.org/10.7498/aps.71.20221194
https://doi.org/10.7498/aps.71.20212195

