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Abstract

Black hole spectroscopy is an important content in the quantum properties of black holes. In this paper, we use
the adiabatic invariants of black holes to investigate the entropy spectrum and area spectrum of the Kerr black hole
in gravity’s rainbow. Firstly, by considering the particles passing through the event horizon, the adiabatic invariance
action for the modified Kerr black hole is calculated. Here, the Euclidean coordinate and the period of the Euclidean
time of a loop about the event horizon are used. Combined the obtained adiabatic invariants with the Bohr-Sommerfen
quantization condition, the equally spaced entropy spectra that are the same as the original Beckenstein spectra are
derived. The entropy spectrum of the gravity’s rainbow is independent of the test particle energy. Next, using the first
law of the black hole thermodynamics and the black hole entropy spectrum, the area spectrum of the modified Kerr
black hole is studied. Due to the quantum gravity effect of the gravity’s rainbow, the obtained area spectrum is different
from the original Beckenstein spectrum. The present area spectrum is non-equidistant and dependent on the horizon
area of the black hole. With the decrease of black hole area, the area space gradually turns smaller. When the black
hole reaches the minimum area on a Planck scale, the area quantum is zero. Thus the black hole area no longer decrease
and a remnant of the black hole radiation appears. In the case of a large black hole, the correction of the area spectrum
to the equally spaced spectra can be ignored, and the area spectrum of the Kerr black hole in gravity’s rainbow can
return to the original Beckenstein spectrum. It is also shown that like the entropy spectrum, the area spectrum of the
gravity’s rainbow does not depend on the energy of the test particles either. In addition, the entropy of the modified
Kerr black hole in gravity’s rainbow is discussed by using the first law of the black hole thermodynamics. The black
hole entropy with quantum correction items as the area reciprocal to the Beckenstein-Hawking entropy is derived and
the relation between the quantum correction items and the area is discussed. In addition, the consistency between the
entropy correction and the area correction for the modified black hole is analyzed. The current research supports that in
different spacetimes including quantum corrected spacetimes, the black hole entropy spectrum has the universality, but

the black hole area spectrum is dependent on the area due to the spacetime quantum properties.

Keywords: gravity’s rainbow black hole, action invariance, quantum effect

PACS: 04.70.Dy, 04.60.Bc, 04.62.4+v DOI: 10.7498/aps.67.20172374

* Project supported by the Natural Science Foundation of Zhejiang Province of China (Grant No. LY14A030001) and the
National Natural Science Foundation of China (Grant No. 11373020).

1 Corresponding author. E-mail: czlbj20@aliyun.com

060401-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172374

	1引    言
	2引力彩虹时空
	3引力彩虹时空中Kerr黑洞的熵谱
	4引力彩虹时空中Kerr黑洞的面积谱
	5结果与讨论
	References
	Abstract

