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Abstract

Astrophysical safety assurances based on White Dwarf (WD) longevity and Neutron Star (NS) longevity were
proposed by Giddings and Mangano in the 2008 safety report [1] commissioned at CERN regarding the
existential risks to Earth from hypothetical micro black holes (MBH) theorised as potentially creatable in
Proton-Proton (P-P) collisions at the Large Hadron Collider (LHC) in the event that such TeV-scale MBH once
produced would be stable. The WD safety assurance being stated as only applicable to MBH of dimensions D<8
and at no greater than 14 TeV energy levels, the NS safety assurance was therefore provided as the main
astrophysical safety assurance (besides Hawking Radiation theory, and accretion estimates) outside these limits.

Amid suggestions in outsider-debate [2][3][4] that the process of Hawking Radiation (HR) theorised on such
TeV-scale MBH may prove less effective in practice than in its mathematical model, a closer look at the NS
assurance is reasoned herein. This short paper presents concerns regarding the NS safety assurance as a solitary
safety assurance for MBH of greater dimensions, and/or for MBH created at greater energy levels (> 14 TeV)
than of those which a solid WD safety assurance [3] can provide.



1. Introduction

The basis for the accepted NS safety assurance is the assertion that cosmic-ray (CR) to surface collisions on NS
are analogous to P-P collisions at particle colliders, and that, unlike Earth, which can be modelled as unable to
capture CR produced MBH due to high velocity unlike collider produced equivalents, NS can be assured of
being capable of slowing and capturing MBH produced in such CR collisions. The continued existence of NS is
seen as evidence that such hypothetical stable MBH are not produced, or are not dangerous if such are produced.

In considering such as a safety assurance, CR deflection was assessed in detail by Giddings and Mangano [1]
due to the ultra-high magnetic field strengths associated with NS, and in doing so also considered both neutrino
flux, and more elaborate scenarios of secondary MBH capture from production in binary pairs as alternatives.

Excluding the more elaborate circumstances of secondary MBH capture in binary pairs as over-elaborate, and
assurances based on neutrino flux as based on unreliable data, only the hypothetical direct production of MBH
on NS, from non-deflected CR impacts on the surface of NS, is reasoned here as a qualifiable safety assurance.

2. Magnetic Fields & Magnetic Deflection

Whereas a lower limit of a 100kG magnetic field strength for CR deflection was set as a criteria in determining
safety assurance based on WD observation and measurement [3][1], such upper limits were not applied for the
determination of safety assurance based on NS observation and measurement. Instead, as all known NS have far
stronger magnetic fields, upwards from 1078 G, a determination of maximum energy penetrable to a typical NS
was determined (without any error tolerance values provided), for perpendicular impingement of NS with lowest
known field strengths, giving collisions just above the LHC CM energy, with other impingements less effective.

Some consideration in the safety report was also given to CR penetration of theorised weaker magnetic fields at
the polar regions of NS, though such assurances cannot be supported with verifiable astrophysical measurement.
Indeed, the basic structure can be considered multipolar which would dampen weakness at any specific pole [5].

It is also noted that a number of discrepancies in the safety report, regarding the use of uncorrected production
rate figures in conclusions on NS safety assurance, have been highlighted in an ‘outsider’ independent study [4],
to the effect that magnetic fields of all known NS are too strong for significant MBH production from direct CR.

It is reasonable to surmise that NS safety assurance based on direct impact of CR is less reliable than assurance
based on WD observation and measurement, where magnetic field strengths are far weaker, of the order 1,000:1.

3. Consideration for Sub-Millisecond Pulsars

Pulsars — rapidly rotating highly magnetised neutron stars — have provided accurate references in our Universe
due to their regularity and predictability, of which there are now over 2,000 pulsars observed and measured [8].

Each of these pulsars have been measured to have a very distinct and consistent Barycentric period, with periods
in a range from several seconds to just over 1 millisecond [8], with older pulsars typically of shorter periods.

When one generates a plot of pulsar periods relative to the estimated age of such pulsars (Figure 1), there is a
noticeable cut-off at approximately 1.5 milliseconds. In Appendix 1, pulsars are listed in ascending order of
Barycentric period, in which it can be seen that there are in fact very few puslars below 2 milliseconds, and none
below 1 millisecond - with the lowest known pulsar measured at just under 1.4 milliseconds (0.001395954825s).



It has been noted that most neutron star equations of state allow shorter periods, and it has been speculated [6]
that the lack of such pulsars with P < 1.5 ms is caused by gravitational wave emission from R-mode instabilities.
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Figure 1: Generated plot of all known puslars, illustrating Barycentric period (p0) vs estimated Age.
Note the distinct lack of puslars with sub-millisecond p0 periods.

However, if one considers the pulsar as a rotating magnetic dipole, then the surface magnetic field strength can
be calculated [6] and can be derived relative to the Barycentric period, giving typical values of 10012 — 1078 G.
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As the existence of millisecond pulsars with 108 G fields were used as a safety assurance to LHC collisions, it
is reasonable to consider the non-existence of sub-millisecond pulsars which would have fields lower than 10"8.

In the context of such safety assurances, one should consider a non-existence of sub-millisecond pulsars may be
due to their lower magnetic fields, allowing for more significant MBH production from direct CR collisions. In
other words — a non-existence of sub-millisecond pulsars could be considered observational evidence of not only
the production of stable MBH on NS with lower order magnetic field strengths, but NS transformation into BH.



4. Conclusions

In consideration of the NS safety assurance of P-P collisions in the case of MBH of dimensions D>=8, and/or
for MBH created at energy levels > 14 TeV, one finds that not only are there discrepancies in safety assurance,
but observational evidence suggesting stable MBH might be created from comparable astrophysical processes.

However, other explanations for the absence of observable sub millisecond pulsars are latent, and orthogonal
safety assurances also remain in both Hawking Radiation theory and in G&M accretion estimates of stable BH.

In the context of such orthogonal safety assurances, although the cut-off point on observable NS may not be

considered alarming, the cut-off point of pulsars at the lower threshold is in need of consideration for statistical
significance. In absentia, one could suggest it as unsafe to conduct P-P collisions at energies > 14 TeV, and for
the safety of P-P collisions at lower energy levels to be reconsidered in the context of MBH dimensions D>=8.



ABBREVIATIONS & ACRONYMS:

ATNF Australia Telescope National Facility

BH Black Hole

CERN Organisation européenne pour la recherche nucléaire (European Organisation for Nuclear Research)
CM Centre of Mass

CR Cosmic Ray(s)

D Dimension(s)

G Gauss

HR Hawking Radiation

LHC  Large Hadron Collider

MBH  Micro Black Hole

NS Neutron Star

P Barycentric Period

P-P Proton-Proton (i.e. Proton-to-Proton Collisions)
TeV  TeraElectron-Volt

WD White Dwarf
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Appendix 1: List in ascending order of pulsars with shortest periods PO (source: ATNF)

# PO Pl T
(s)
1 0.00139595482 6 hrs+06 *
2 0.001557806472448817 3 cbl+95 1.05e-19
3 0.00160740168480632 3 aft94 1.13e-20
4 0.00165 0 kcj+12 *
5 0.00166 0 hrm+ll *
6 0.00167663 0 rhs+05 *
7 0.0016879874440059 4 asr+09 1.02e-20
8 0.00172862 0 rhs+05 *
9 0.00174 0 kcj+12 *
10 0.00184 0 rap+l2 *
11 0.0018456662924246 5 hfs+04 *
12 0.001855732795729 11 cls+13 *
13 0.0018771818845850 2 aaa+l0b 5.36e-22
14 0.00204816 0 rhs+05 *
15 0.0020569603924157 6 nbb+14 1.59e-20
16 0.00207251 0 rhs+05 *
17 0.00210063354535247 3 fck+03 -1.06e-20
18 0.00214991236434921 5 fbw+ll 1.78e-20
19 0.00215928839043292 5 brr+l3 *
20 0.002166 1 hrs+07 *
21 0.0021866997715528 15 kjr+1l *
22 0.00219469577985001 7 nbb+14 9.59%9e-21
23 0.00219666 0 fre08 *
24 0.00219780 0 rhs+05 *
25 0.00224470 0 rhs+05 *
26 0.00229 0 hrm+11 *
27 0.0022947270806719 29 1frj12 *
28 0.0023230904678309 17 hlk+04 7.60e-20
29 0.00233851444011854 4 nbb+14 2.07e-21
30 0.00234455954688568 11 nbb+14 2.45e-20
31 0.002352344 1 clf+00 *
32 0.00237987896026 4 gfc+l2 4.13e-21
33 0.00238 0 rap+l2 *
34 0.002389420757786 1 hrs+07 *
35 0.00241 0 hrm+11 *
36 0.00244 0 kcj+12 *
37 0.002451 0 fre08 *
38 0.00246259 0 fre08 *
39 0.002484 1 hrs+07 *
40 0.002487 1 hrs+07 *
41 0.002545 1 hrs+07 *
42 0.0025603710316720 3 pgf+l2 *
43 0.0025731519721683 2 kcj+12 4.05e-21
44 0.0026056722466 1 1rll *
45 0.00201 0 hrm+l1l *
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211  0.00544297516 6 hrs+07 *
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241  0.007453584373467 3 nbb+14 -1.71e-20
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243 0.007588479807364 5 fck+03 *
244  0.0076128487111379 68 1frjlz *
245  0.00762 0 hrm+ll *
246  0.00764587288390884 4 §sb+10 2.35e-20
247  0.00780 0 mlb+12 *

*

248 0.007946940657879 21  awkp97
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hlk+04
vbc+09

cpl+06
1mbm00
nbb+14
rhs+05
eb01b

cpl+06
hlk+04
clm+01
nbb+14
rhs+05

mlb+12
kek+13
dsm+13
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* ok

.57e-20

.24e-20
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