Frontiers of Science and Theory 1, No.2 p1-4
Intrepid Publishing LLC

Primordial Magnetic Monopole Pair
Production In The Early Universe

L.E. Roberts

Department of Physics, Lincoln University, Lincoln University, PA. 19352

Received 11/15/18

Abstract: A new model, The Roberts Model, is proposed for Primordial Magnetic Monopole pair
Production in the early universe. Results for the production of Primordial Magnetic Monopole pairs
using this new model are consistent with the Parker Bound.

PACS.14.80.HV-Magnetic Monopoles.

PACS.98.80.Cqg-Particle Theory models of the early universe.

1.-Introduction

The “Big Bang” was a phase transition during which Primordial Magnetic Monopole production is
widely believed to have taken place(l'z). The mass of a primordial magnetic monopole is given by
M = 1017 Gev and if charge conservation is invoked, as it should be, single magnetic monopole
Production is unphysical. Hence we see that My, = 2.0x10%7Gev is the relevant quantity to be
included in our considerations here.

In a recent RHIC magnetic monopole paper(3) | determined a)M, ;- vs Tp and b) My vs €

Where T, and € are the temperatures and energy densities of the quark-gluon plasma necessary
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to produce magnetic monopole pairs of various masses. We will extrapolate backwards to the
period immediately following the big bang and estimate T, and €, necessary to produce primordial
magnetic monopoles as well as V/; the volume of the early universe immediately following the phase
transition (“The Big Bang”).

During the cosmological inflationary period, which subsequently took place, the universe
expanded
From V, to 1078V, which has non-trivial consequences for the primordial magnetic monopole flux.
We will take a careful look at the physical vacuum’s effect on this process, theorizing that it is crucial
in forming the interaction region hence enabling one to define the integrated Luminosity making it
possible to calculate #ny,,;-s the number of primordial magnetic monopole pairs formed
immediately following the phase transition that is popularly called “The Big Bang”.

Our results are that #ny4-5 = 1.2 x 10'3 for the number of primordial magnetic monopole pairs
formed immediately following the big bang and the flux of primordial magnetic monopole pairs is
given by

goﬁoﬁberts =1.3x10"¥cm ™ tsec™tsr~! whichis less than (p;‘%ker =107 cm™1sec™lsrt
Where (p;‘%ker is the Parker Bound. This is a reasonable result in that if goﬁ‘;w—be”s were to equal or
Exceed the Parker Bound all magnetic fields in the galaxy and possibly the universe would be
destroyed.

In the rest of this paper, the above e results will be motivated and amplified. In section 2 the
basic idea behind the model that it is necessary to formulate to form the interaction region is
discussed.

In section 3 the Luminosity, Integrated Luminosity and cross-section for the production of
primordial Magnetic monopole pairs are formulated for the period immediately following the Big
Bangand T, €, and V| are calculated so that we may get numerical values for the above-
mentioned quantities.

In section 4 the number of primordial magnetic monopole pairs produced in the early universe
Roberts

#n,q;r1s calculated. An upper limit to (o the flux of primordial magnetic monopole

Pairs, in the universe, is calculated and compared to the Parker Bound (p;;%ker. In section 5
concluding remarks are given.

2.- The Basic Idea Behind The Model For The Interaction Region

A knowledge of Ty ,€, and Vj is necessary to begin to understand the properties of the
interaction region immediately following the big bang(4). The mass M4 of the primordial
Magnetic Monopole pairs Mpqir =2 X 1017 Gev. In a previous paper(3) Ty and €, the
temperature and energy density, respectively, necessary to form Magnetic Monopole pairs was
computed. Assuming that in the epoch immediately following the big bang Magnetic Monopole
pairs were formed via a thermal process, consisting of a fireball, we may extrapolate T, and €, to
find the values that were necessary to produce Primordial Magnetic Monopole pairs for our value
of Mpqir- From Tpand €, we may then calculate Vj .

The physical interaction region arises as the reaction of the physical vacuum to the tremendous
burst of energy as, manifested in the primordial fireball ,formed via the big bang. The universe
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reacted to this tremendous burst of energy by forming an envelope around it similar to the way
that the flow of charge in an electric circuit gives rise to resistance. Another way to look at this is
that the vacuum acts to shield the universe from this infinite burst of energy by an alternate, much
quicker renormalization mechanism than the photon cloud(which is operant for particles taking part
in the electromagnetic interaction) , by forming an envelope such that the destruction of the fabric
of space-time Is prevented .

The expansion of the universe is a consequence of the fireball and subsequently the particles,
that were produced by it, expanding both adiabatically and isobaric ally against the envelope
formed by the physical vacuum. Hence particles collide with and bounce off of the envelope, thus
forming the interaction region. Initially the interaction region was quite compact, but expanded
from

Vo to 1078V, during the first cosmological inflationary period.

3.- Parameters In The Interaction Region Are Calculated

The envelope formed by the vacuum forms the interaction region. From the RHIC Magnetic
Monopole paper(3) we may extrapolate backwords to the energy density and temperature
necessary to produce Primordial Magnetic Monopole pairs. From these we will calculate the
Luminosity, Integrated-Luminosity and oy, the production cross-section for primordial Magnetic
Monopole pairs. We must compute £ The Effective Luminosity in the interaction region to get a

handle on the primordial magnetic monopole pair production process. Clearly(4) [£] =cm™2sec™!

G
and [€4] = Cm% .Now
triux tube =time necessary for the vacuum to form an envelope= 4.0 x 10720 sec so that:
€
L = —2)—, (3.1)

tflux tube

We need a constant Q such that [Q] =% and it is quite reasonable to choose:

R k
Q = upquark (3.2)
Mup quark

Which has the numerical value Q=4.0x 10714 Cm/Gev . Hence we see that our result for the
Effective Luminpisity is
L = QFf = 40x1071*

€o 2

(cm™?%sec™1). (3.3)

tflux tube

Extrapolating from previous results®) we see that the energy density, of the interaction region,
Necessary to produce Primordial Magnetic Monopole pairs of mass 2 x 1017 Gev is given by

€0 =8.0x10° Gev/cm3 thus yielding £=8.0 x 10%* cm™2sec for the effective luminosity . Next

we need the Integrated Luminosity. Firstly, extrapolations from reference (3) indicate that

Ty =2.0x 10°Gev while V5 =2.5x1073% cm3.

We make the assumption that when the photon cloud forms,(thus turning on the electromagnetic
Force), the effective charge and energy become finite and primordial magnetic monopole
production stops. Conventionally, one chooses dt = 10~3>sec as the time for particle production to
take place in the early universe. Hence the Integrated luminosity becomes:

[dt £=8.0x10%" cm™2 . (3.4)
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We need og;p, Which is given by(?’) :

Gonr = &84T exp(-2E Enax g oy=2 (3.5)
thr . XFe/x/P 2Ty vg . .

Using the following input parameters; E,, 4, =2.0 x 1017 Gev, X = 1.6, E = 1.6 x 1017 Gev,
Vg = 2]/70 = 7.5 and noting that 1 in 1012 collisions in the interaction region form flux tubes® we
F

see
That oy = 1.52 x1071° cm? .

Roberts
MM

Parker

4.-Calculation of #ny;, @ MM

and @ and comparison of the fluxes

The number of Primordial Magnetic Monopole pairs produced in the early universe is given by:
#ny,5 = Oy [ dt £ . (4.1)
For the Roberts Model then #n,3; =1.2x 103, and the upper limit of the flux of primordial

Magnetic monopole pairs in the universe, in the Roberts Model is given by the following
Estimate (Here it must be noted that V for the very first cosmological inflationary period is

used):
Roberts _ #1ya 1 (4.2)
MM duniversetuniverse 4TST

Where t,niverse = the age of the universe and d,;;,;yerse =the diameter of the universe.

NOW tyniverse = 4.34 x 1017 sec and dypiperse™ 1.68 x 1013cm so that pR22eTt5~1 3 x

MM
-1
—19 cm
10 sec.Sr

-1
Parker —15 €m

And —“"=10 —_—.
MM sec.Sr

5.- Concluding Remarks

Roberts Parker
MM MM (5.1)

Is a physically reasonable and desirable result for reasons explained in this paper.
In this paper we have formulated a model for Primordial Magnetic Monopole pair production
and shown that the results of this model are physically reasonable.
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