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Table 1.  Event horizon 74 , photon sphere radius 7p , and incident parameters at the photon sphere by for different &.
€ =0.01 € =0.05 £€=0.1 £€=03 £€=06 €=09
T+ 1.99499 1.97468 1.94868 1.83666 1.63246 1.31623
Tp 2.99443 2.97192 2.9432 2.821 2.60777 2.32892
bp 5.19037 5.16701 5.13731 5.0121 4.79933 4.53738
0.06 0.06 b
0.05 _(a) 0.05 _( ) [X13: b < 4.54 —
0.04 f XIh3: b < 5.17 X 2 0.04F E b=dod
o003t | P S o0t ||
S | S |
0.02 ¢ E Kifil: b > 5.17 0.02 E KIk1: b > 4.54
0-01F i r=2.97 0-01E i r=233

B 115 AS 310 F SR B A AR R, B 1 XTI U(r) < 1/62, KB 2 XD U(r) = 1/62, KB 3 ML U(r) > 1/b2 : (a) € =

0.05, (b) £ = 0.9

Fig. 1. In the effective potential image of the black hole under AS gravity, region 1 corresponds to U(r) < 1/ bg , region 2 corres-
ponds to U(r) = l/bg , and region 3 corresponds to U(r) > 1/bg : (a) € =0.05, (b) £ =0.9.
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Fig. 2. Tracks of light ray in polar coordinates (7, ). Blue line represents b = by, gray line represents b < b, , and orange line

represents b > b, . The impact parameters for all rays have a spacing of 0.2, black holes are represented by black disks: (a) & =

0.05; (b) &€ = 0.9.
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Fig. 3. (a), (b) Trajectory of light in the polar coordinate (r,¢)

(c), (d) relationship between n = ¢/2n and b. For the direct

radiation (green), lensing ring (orange) and photon ring (purple), the spacing of the collision parameters is 1/5, 1/100 and
1/1000 respectively. Black disks represent black holes: (a), (c) £ = 0.05; (b), (d) £ = 0.9.
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Fig. 4. Transfer function image for different values of & (a) € = 0.05; (b) £ = 0.9.
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Fig. 5. Under model 1, the specific intensity profile of accretion disk (a), (d), observed intensity profile (b), (e), as well as the black

hole image (c), (f): (a)—(c) € =0.05; (d)-(f) £€=0.9.
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Fig. 6. Under model 2, the specific intensity profile of accretion disk (a), (d), the observed intensity profile (b), (e), as well as the

black hole image (c), (f): (a)-(c) £ =0.05; (d)—(f) £ =10.9.
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Fig. 7. Under the model 3, the specific intensity profile of accretion disk (a), (d), the observed intensity profile (b), (e), as well as

the black hole image (c), (f): (a)-(c) £ =0.05; (d)—(f) £=0.9.
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Shadow and photon ring of black hole
in asymptotically safe gravity
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Abstract

In this paper, we discuss the influence of thin disk accretion and asymptotically safe (AS) gravity
correction parameters on the shadow and photon ring of black hole. For the thin disk accretion, the dark region
is the shadow of the black hole, and the bright photon ring is composed of direct image, lensing ring, and
photon ring. For the specific intensity of the radiation source of the accretion disk, we consider three different
emission profile models. For the second-order attenuation function model in which the emission starts from the
innermost circular orbit, direct image, lensing ring, and photon ring can be clearly distinguished. The direct
image contributes most of the brightness, and the lensing ring contributes a small portion, while the
contribution of the photon ring can almost be ignored. And the observed corresponding intensity peak decreases
with the increase of the AS gravity parameter, that is, the corresponding brightness of the photon ring darkens
as correction parameter increases. For the third-order attenuation function model in which the emission begins
at the radius of the photon sphere, lensing ring and photon ring are superimposed on the direct radiation. Thus
a new extreme value of the observed intensity emerges, and the extreme value increases with the increase of the
AS gravity parameter, which leads to a brighter observed photon ring. For the anti-trigonometric attenuation
function model in which the radiation starts from the event horizon, the superposition range of lensing ring and
photon ring on the direct radiation becomes larger, which makes photon ring wider. The smaller the AS gravity
parameter, the more difficult it is to distinguish between the lensing ring and photon ring, and the brighter the
photon ring turns. In short, the results show that the shadow radius decreases with the increase of the AS
correction parameter. For different AS gravity correction parameters, the light intensities of emission source,
especially emission profiles of the observed intensity are significantly different, resulting in obvious differences in

observed emission intensity between the shadow of the black hole and the bright photon ring of the black hole.
Keywords: black hole shadow, photon ring, lensing rings, asymptotically safe gravity
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