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Abstract

The SL(n,R) Toda black hole is an ideal field for us to study black hole physics because of its excellent
mathematical structure and high symmetry. This work is mainly to study the Hawking radiation of SL(n,R)
Toda black hole and and the problem about its related black hole information loss . For simplicity, we only
consider the Hawking radiation by calculating the tunneling effect of particles with zero rest mass near the
event horizon under the four-dimensional static spherical symmetric SL(n,R) Toda black hole. In the process of
particle tunneling through the event horizon of the black hole, due to the conservation of energy, the mass of
black hole will be changed, which will cause the event horizon to shrink. Therefore, the reaction of tunneling
particles to the background space-time leads to the dynamic change of spacetime metric, that is, the self-
gravitational action of the particles generates the tunneling barrier. The tunneling probability of the particle
passing through the event horizon depends on the change of the black hole entropy before and after the particle
exits. Under certain conditions, our results are consistent with those of RN black holes and Schwartz black
holes, and the calculation results once again support the tunneling model proposed by Parikh and Wilczek. This
semi-classical image shows that the new black hole radiation spectrum is not a pure heat spectrum, but there is
a small deviation from the pure thermal spectrum. From the knowledge of probability theory, it can be proved
that there is a correlation process between non-thermal spectra. According to the Shannon entropy definition,
the black hole entropy is analogous to Shannon information entropy. We calculate the SL(n,R) Toda black hole
information paradox, and find that the correlation between the particles emitted from black hole can carry
information and keep the information of black hole unchanged. The specific source of this correlation, as well as
the generation mechanism, remains to be further studied. The research on the problem about black hole
information loss reveals that information conservation remains true when gravitational correlations among
Hawking radiations are properly taken into account. Information conservation principle thus states that the
Hawking radiation is unitary, which shows that the dynamics of a black hole obeys the laws of quantum
mechanics. Since a black hole is a result of general relativity, the unitarity of a black hole definitely indicates

the possibility of a unified gravity and quantum mechanics.
Keywords: Hawking radiation, tunneling effect, event horizon

PACS: 04.70.Dy, 03.65.Nk, 03.65.Sq DOI: 10.7498 /aps.72.20221415

* Project supported by the Guangxi Scientific Program Foundation, China (Grant No. 2020AC20014), and the Scientific
Research Foundation of Guilin University of Technology, China (Grant No. GUTQDJJ2019206).
1 Corresponding author. E-mail: weiyang@glut.edu.cn

010401-5


http://doi.org/10.7498/aps.72.20221415
mailto:weiyang@glut.edu.cn
mailto:weiyang@glut.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

%fg%"—jﬁActa Physica Sinica

Institute of Physics, CAS




