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Unparticle may be a remedy to the information loss in
the scattering of fermion off dilaton black-hole
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Abstract

We study s-wave scattering of fermion off dilaton black-hole. With one loop correction it was found to
suffer from nonpreservation of information and that of course, went against Hawking’s revised suggestion
on this issue. A nonstandard approach, e.g. the probable existence of unparticle in (1 + 1) dimension has
been adopted here that shows a remedy to get rid of the danger of information loss to bring it in agrees with
the Hawking’s revised suggestion.
© 2018 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

There has been much interest in the physics of black-hole over the last few decades and
the scattering of fermion off dilaton black hole carries special interest because the literatures
related to this problem [1-11] have provided much insight into its connection to the Hawking
radiation. The issue that attracted attention to a great extent was the possible information loss
during the formation and the subsequent evaporation of the black-hole. A controversy in this
context was generated from Hawking’s initial suggestion about four decades ago [12], but his
revised suggestion on this issue [13] has brought back moderately pleasant scenario. In spite
of that, it is fair to admit that the matter related to the preservation of information did not yet
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conclusively settle down from all corner. Therefore, investigation related to this problem still be
of interest.

A general description of this process was pursued in [14], where it was found to be formu-
lated through the s-matrix description of the event which involved lots of inherent constructional
complexity and computational difficulty. Therefore, most of the authors preferred to handle this
problem with less complicated but interacting and well formulated model [1]; see [7] for review.
The model took birth in the description of two dimensional noncritical string theory and the black
hole solution of this was carried out in [15]. An extremal magnetic charged black-hole solution
was considered in these studies. Eventually, it was generated from a (3 + 1) dimensional model
involving a dilaton field. Since in the study of s-wave scattering of fermion in this black-hole,
angular coordinates becomes irrelevant and an interesting (1 4+ 1) dimensional effective action
takes birth. It is known from the important publication [1], that when the energy involved in
this process is not too high, the metric and the dilaton field can be treated as external classical
quantities and an amusing version of quantum electrodynamics with position dependent coupling
constant emerges out.

With this framework the scattering of massless Dirac fermion was studied in [1]. Although
the mathematical formulation did involve a general description (as permitted within this frame-
work), the authors did not encounter the problem of information loss since one loop correction
was not included there. However, with the similar framework, when this scattering phenomena
was extended with the chiral fermion in [9] the author had to face the danger of real information
loss. The one loop correction [16,17] entered in this description automatically during bosoniza-
tion. The present author in [ 18], showed that there exists a remedy of this danger if the possibility
of allowance of anomaly is exploited judiciously. Note that, this framework is so powerful and
beautifully designed that it itself has a room for taking the anomaly into consideration. In the
study of scattering of Dirac fermion [1], though the author did not face the danger of informa-
tion loss, the present author reported that information loss could not be avoided when one loop
correction that entered during the process of bosonization was taken into account [10]. The re-
sult though led to an uncomfortable situation there was no known standard physical principal to
avoid it as it was found in the case of chiral fermion [18]. It certainly diminishes the glory of
this important and well formulated framework of studying the scattering problem [1] since the
result went against Hawking’s revised suggestion [13]. In this work, therefore, an attempt has
been made to bring it in agreement with Hawking’s revised suggestion [13] making it free from
the danger of information loss even in the presence of one loop correction.

A failure to find the standard physical principal towards having a plausible solution of a stand-
ing unresolved problem does not mean that some non standard approach would not be of worth
for that. A very good instance in this direction is the introduction of unparticle to get a plausible
solution of momentum distribution [19] at high energy regime. After the introduction of the con-
cept of unparticle in the seminal work [19], it has been used in different important studies. The
studies related to dark matter using this concept is of worth mentioning [20,21]. Study of Casimir
effect in presence of unparticle is another important phenomenological development [22]. An at-
tempt to establish unparticle as holographic dual of gapped AdS gravity is also an interesting
theoretical improvement [23]. Unparticle with one loop correction was studied in [24] where a
remarkable retrieval of gauge invariance in the usual phase space was found. In this work we
are, therefore, intended to exploit the advantage of having the probable existence of unparticle in
(1 + 1) dimension [25] to get a remedy of the problem of information loss that occurred in the
s-wave scattering process when one loop correction got involved in [10]. Let us now turn towards
that end.
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