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Abstract. We test observational consequences of primordial Kerr superspinars indicated by
string theories. We demonstrate that Kerr superspinars can serve as ultra-high energy acceler-
ators and explore specific optical phenomena related to accretion discs orbiting them.
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1. Introduction
Primordial Kerr superspinars are suggested by string theories, Gimon & Hořava (2009).

Such superspinars could survive up to the era of high redshift quasars, Stuchĺık, Hled́ık &
Truparová (2011), demonstrating variety of unusual optical and astrophysical phenomena
related to accretion discs orbiting them, Stuchĺık & Schee (2012).

2. Kerr superspinars as a laboratory of ultra high energy physics
For collision of a particle freely falling from infinity with a particle on a circular orbit

at r = 1 of a near-extreme Kerr superspinar with a = 1 + δ, δ � 1, the CM energy

E2
C M ∼ 2m2 1√

2δ
. (2.1)

In the case of head-on collisions of particles freely falling from infinity along radial tra-
jectories having θ = const, with particles of the same kind that inverted their motion
near r = 0, Stuchĺık (1980), we find possibility of much higher efficiency in obtaining
extremely large CM energy due to the approximate relation, Stuchĺık & Schee (2012),

E2
C M ∼ 2m2 1

[δ(1 + sin2 θ)]
. (2.2)

We see that in the field of near-extreme superspinars, when δ can be assumed very small,
e.g., δ ∼ 10−12 , or smaller, the extremely-high energy processes can frequently occur,
with energy amplification of order ∼ 106 or higher. We expect that generated particles
are highly relativistic (or high-frequency photons). The created particles (photons) are
distributed isotropically in the CM system. For collisions of the radially moving particles
the CM system is identical with the LNRF. The LNRF photon escape cones, Stuchĺık
& Schee (2010), give space and energy distribution of escaping photons as illustrated in
Fig. 1. The frequency shift relative to distant static observer is given by

g =

[
1 − 2r

Σ (1 − aΩsin2 θ)2 − (r2 + a2)Ω2 sin2 θ
]1/2

1 − λΩ
, (2.3)
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314 Z. Stuchĺık & J. Schee

Figure 1. Escape cones for two represenative values of superspinar spin a = 1 + 10−7 (left)
and 1 + 8 × 10−2 (right) and inclination angle θ = 85◦.

where is Ω = ΩLN RF = 2ar/[(r2 +a2)2 −Δsin2 θa2 ], and λ is the axial impact parameter
of the photon.

3. Profiled Lines from Keplerian Disc
Radiating Keplerian disc is composed of locally monochromatic and isotropically radi-

ating point sources uniformly distributed along circular geodesics. The frequency shift g
and focusing dΠ can then be determined enabling to compute the profiled spectral lines
of radiation from the Keplerian disc, Schee & Stuchĺık (2009).

Figure 2. The profiled lines of the radiation from Keplerian discs in the vicinity of Kerr black
hole and superspinar with spin a = 0.998 (blue) and a = 3.0 (red). The inner edge is at r = rm s

and the outer edge is at r = 10M . The inclination of the observer is θo = 30◦ (left) and 80◦

(middle). Superspinar radius is Rsusp = 0.1M . The influence of superspinar radius is illustrated
in plots on ther right. Emissivity law has standard form.

In Fig. 2 we demonstrate strong qualitative and quantitative differences between pro-
filed lines created in the field of Kerr black holes and Kerr superspinars.
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Stuchĺık, Z. & Schee, J. 2012, Class. and Quant. Grav., 29, 065002

https://doi.org/10.1017/S1743921312020170 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921312020170

