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Fig.1 This figure is the three-level of grids sketch of a image plane. The gray grids represent the levell grids, the blue grids

represent the level2 grids within a levell grid, the green dots represent the rays within a level2 grid (i.e. the center position of

level3 pixels within a level2 grid), and the yellow asterisks represent the microlenses. For the green dots in the figure, the

asterisks within the black dotted box represent the near microlenses and the asterisks outside represent the far microlenses.
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Table 1 Parameter setting in simulation

Parameter Value
Ko 0.83
d/()! (3.62, —3.41)

Or/" 1076
K" 1.9 x107°

K 0.001

N, 13745

Nav 1000

! ke is the threshold of mass density of star surface,
when k4 > K¢, the microcritical curves of the mi-
crolens are highly coupled with the critical curve
of the galaxy cluster, forming the band of corru-

gated microcritical curves!.
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Fig.2 This figure is magnification map of the source plane. The figure shows the region on the source plane in the range of
By € (0,5)0g and B, € (—0.632456, 1)0g. This region is divided into 9091 x 2969 pixels. Parameter settings of the lens field are

shown in Table 1. The brown solid line marks part of the trajectory of the background source moving vertically downward along

column 5000 of the source plane. The magnification map is shown in logarithmic form, i.e. 1g u, with different gray levels

representing different magnifications.
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Fig.3 Light curves and example diagram of peak identification. The solid brown line in panel (a) represents the change of the
magnification in each source plane pixel as the background source moves vertically downward along column 5000 of the
magnification map, where 3, is the vertical position of the source plane, and the dashed black line represents the change of the
average magnification along the vertical direction of the source plane. The black solid lines in the lower three panels represent
the changes of magnification that the background source moving vertically downward along column 4999, 5000, and 5001 of the
source plane. j represents the vertical label of the source plane pixel. Both the black and red vertical lines indicate candidate
peaks with confidence higher than 50;;, and red vertical lines mark candidate peaks excluded after cross validation in column

5000.
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Fig.4 The relationship between microcaustic density and
the distance from source to macrocaustic. The black solid
line is the result of our statistics of 800 light curves, and the
black error bar represents the statistical error. For the
convenience of display, the ordinate is the microcaustic
density scaled by the factor in the Eq. (14), and the abscissa

is the distance from source to macrocaustic scaled by s;.
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magnification and distance from source to macrocaustic. The
black dots represent the scaled average peak magnification,
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Microlensing Simulation near the Critical Curve

YANG Xu-liut?  CHEN Xue-chun'?  ZHENG Wen-wen’?  LUO Yu!'?

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China, Heifei 280026)
(8 National Basic Discipline Public Science Data Center, Beijing 100190)

AsstracT In the smooth mass distribution model, the critical curve is a line with magnification diver-
gence on the image plane in the strong gravitational lens system. After considering the microlensing of a
very small amount of discrete mass, the magnification map in the source plane has a complex structure,
which provides an effective way to detect the dark matter. There are difficulties including the magnification
divergence at critical curve and the huge amount of computation in microlensing simulation. To achieve
the required simulation accuracy, using inverse ray-shooting directly will require huge computational re-
sources. Therefore we developed a Graphics Processing Unit (GPU)-based parallel method to achieve the
goal for massive computing. It takes about 7000 seconds to calculate ~ 13000 microlenses for 10*3 orders
of magnitude of rays on the GPU of NVIDIA Tesla V100S PCle 32 GB. On the basis of GPU parallel,
compared with the direct ray tracing algorithm, the interpolation approximation improves the computing
speed by about two orders of magnitude. We use this method to generate 80 magnification maps, and
select 800 light curves for a statistical analysis of microcaustic density and peak magnification.

Key words gravitational lensing: strong gravitational lensing, gravitational lensing: gravitational micro-
lens, methods: numerical
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