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Figure 1 (Color online) Diagram of the response function and the
source.

110411-2



LTS FEES: Y )i RX¥ 2024 4F 5 545 511 #

o 1 .
W(Da z, 05 ¢) = Z Z[ eilwl)ClOZl(Z) Yln(e') ¢) (12)

1=0 n=—
SXF 87 () 7 B H0(K ) AT R T A
(K) =3 e “ClK) 1, (0). (13)
CE = W AV LB Ee) R
2’hZ" + (2°h = 2zh+ 2wz D)7,
+H—2iwz—z*1(1+1)]Z,= 0. (14)
FRIERITE 51 SIXHE, Z 5 AdST T T ol R T A
limz, = 1 fiwz+zz(7’(2ﬂ+ (K) 2 +KEY. (15)
R Z A AL R, b — AN EE A
itz =z, 4t HFER
(z, ' +2iwz, )72~ [Qiwz, +z, U1+ 1)]Z,=0.  (16)
Ty N RAE=0AL, BEIER S AbR B IS TC 55
WrEna e, B4 RZ0)=1. RAHNEE, &
(NEEEIV A IR QIR #T%EXEH(K}I[”’IS], WG4
A(13), UK ) 19 2000 o U (. B2 1A
[) 25 H50RT IS 1) Wi 57 R SR 52, T2 AT, BRI R
MR B2 S H ARG KRN, B3R, ek A
WIBE A AR o P3G RIS/, MEIATT R, i 8% o 2501
PR e IR FE AR R 2, WM T = 0.2761), 1 N R £ (1)
PRIEIEFNE(EALE, FHAET=0.517FT = 0.31840 FF%.
550 A2 0] 7 B 50 D40 R o 5 7 ) 386 I T 95 /)

|<K>|

2 (RS RROR ) A R A 0 7 R B B T, ez, =5,
=80

Figure 2 (Color online) Effect of different 4 on the response function,
where z,=5, w=80.
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Figure 3 (Color online) Effect of different w on the response function,
where 4=0.1, z,=5.
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Figure 4 (Color online) Effect of different 7 on the response function,
where 4=0.1, »=80.
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Figure 5 (Color online) Observational appearance of the response on the screen for different A at various observation angles, where z,=5, »=80.
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Figure 6 (Color online) The effect of 4 on the brightness, where
Oups=0, z;,=5, ®=80.
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Holographic Einstein ring of a black hole with torsion
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We delve into holographic duality and investigate the Einstein rings associated with a black hole that possesses torsion.
This paper is centered around a time-dependent Gaussian wave source located at the AdS boundary, which is used to
investigate the response function. Furthermore, we utilize an optical system equipped with a convex lens to observe the
Einstein ring on the screen. Notably, the position angle of the observer directly affects the appearance of the spherical
symmetric photon ring. Depending on the observer’s position, the photon ring can morph into an arc or a simple light
spot. Additionally, as the torsion parameter increases, the ring radius also increases. Conversely, when the horizon radius
increases, the ring radius decreases. Moreover, as the angular frequency increases, the ring radius becomes clearer. In
addition, we examined the incident angle of the photon based on geometric optics; reportedly, this angle perfectly aligns
with the incident angle of the photon ring obtained by wave optics and confirms the validity of studying Einstein rings
using wave optics.
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