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Abstract

We obtain a polynomial based iterative solution for early universe creation of the Higgs boson mass, using a
polynomial Am; +Am’ +Am? + Am, + A, =0with the coefficients for A derived through integral

formulations with mﬁ the mass of a Higgs boson, and the construction of the coefficients derived as of the A

using a potential system, for the Higgs, largely similar to the Peskin and Schroeder quantum field theoretic treatment
for a Higgs potential. Afterwards, we examine if mass may have complex number and possibly imaginary values,
with attendant description of consequences in the electroweak regime of space-time. We end with a description of
Imaginary mass becoming Real in Electroweak, with resultant consequences for DM discussed in the last section
with explicit construction of space-time bubbles nucleated due to imaginary mass of Higgs becoming real, as a
contributing source of GW radiation in Electroweak era

l. Introduction

We first of all review what was done in a prior document, as given in Appendix A, as far as finding roots
of a fourth order polynomial and the question of Higgs mass. We begin with a traditional Higgs mass
calculation, much of which is taken from Peskin and Schroeder (1995). [1],[2] similar to Halzen
and Martin [1],[3] as well as Kleinert [1],[4], whereas we will use material from Maggiore [5] as
to identify a protocol for a fourth order polynomial in Higgs Mass, while assuming a Higgs style
potential as given in [1],[2] which is also discussed in [3] and[4] in a more general fashion, to
come up with a procedure as to analyze m, mass, After this, we will calculate the range of
integration given in Eq. (1) and Eqg. (2) below. Which will be used to evaluate Eq. (1) below.
Note we do not agree to the [6] [20] interpretation, but the issues it brings forward can be
addressed as to isolating out the mass of a Higgs particle m, as a solution to the polynomial

equation. Which comes about due to the potential system given in Appendix A.

Amy +Am+ Am; +Am, +A =0 (2)
Note that we are doing is to walk this to Eq. (15) of our text, in which we urge the readers to go
to Appendix B ,which has the coefficients of Eqg. (1) in what is Eg. B(3). For the different
coefficients for A We then go next to define how we evaluated the coefficients in Eq. B(3) of

Appendix B. In addition, when we use these results, from Appendix A and Appendix B, we
will set the stage for real and imaginary Higgs mass, which will lead to accessing, say at the start
of the electroweak era the details given in Appendix C, as to the formation of Singlet Dark
matter. We close with a proof of how minimum uncertainty principle sets up Appendix D, for
the formation of a magnetic field, which is concurrent with the production of Gravity due to the
collision of bubbles of space time, and also due to the variability of the space-time conditions for
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DM singlet production. We conclude with a calculation as to the radii of the bubble of space-
time for which there would be a imaginary to real Higgs mass formation in the Electroweak era.

II.  Numerical procedure used to give first order integration values in Eq.
B(3) of Appendix B

Initially we could use the following Integral for Eq. (1) and Eq. B(3) of appendix B, along the lines of
. exp(-B,-r) .
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These in themselves do not give a physical feel as to the dynamics of the situation as well as the

change from Imaginary to Real values in the Electroweak era, which will lead to new physics

later on. Due to the smallness of the value Ar~ ﬁ.lp'%k which will be evaluated, the
following is a default choice , i.e.. Gauss quadrature [7],[8],9]
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In this case, the values of function f will be dependent upon the details of what is chosen for the
different integrands in the five integrals given in Eq. (7), but due to the smallness of
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value, and we will next, in order to address this, detail procedures as to isolating optimal AE
values in order to ascertain, optimal strategies for implementing Eq.(2) strategies on the integrals
given in Eqg. (7) This means, above all, accessing Appendix A below, and then using that
information as a tie into section I11 below.

~
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, we claim that this will put a premium upon the evaluation of a suitable AE

This means, above all, accessing Appendix A below, and then using that information as a tie
into section Il below. Appendix B, will give a condensed version of the ideas used to form the
Polynomial in Eq. (1).

1.  Optimal AE strategies, possibly from astrophysical data,

We will look at what is given in [10]as to an elementary Fluctuation — Dissipation theorem given in Pages
325-327, i.e. first of all we define a spectral density type of derivation for an average energy, given by, for
a Bose system in a heat bath, of quantum oscillators, which becomes

E - ha, N ha, @)

mean haylkgT (temperature




Assume that T, temperature is of the order of over 100 GeV, and that we will also have
frequency a,, for the background as to the creation of particles in the electroweak era. i.e. our

estimate is, then that we will be able to assert, then that with temperature of a very large
magnitude, and with frequency ~ 1/ (time for initiation of electro weak regime) that if we have
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IV. Examining issues as to root finders and Eqg. (1)
Doing this means we will be considering an optimal set of procedures so as to find a numerical protocol

as to solve for a fourth order polynomial for iteration of mass of m, . If we wish to solve for a fourth

order equation and we are examining to obtain real values for m, one of the very few papers giving the
Cardano solution is sourced here, i.e. [11], and then one also look at [12],[13],[14], [15], for the idea of
the Descartes rule of signs. In other words, if Eq. (1) and its inputs are defined properly one has the
probability one is looking at a real and complex part of a solution to m,

V.  Ground zero, what if we obtain m_ with real and complex coefficients as

far as a solution to Eqg. (1) above?
Beyer, [16] has standard root finding procedures for Eq (1) on page 12. Note that in doing it, we
STILL have to obtain the cubic solution to the equation, given below, namely as given by [16],
page nine, we need to use the standard cubic root finders to solve for the rescaled cubit
polynomial.

y* —by® +(ac—bd)y—a’d +4bd —c* =0 (7)

Where i ) 3 i
a=epf A g B ®)
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And of course we will be requiring that in Eqg.(11) below, is that to solve for Eq. (1) in full
generality, we will almost certainly be observing complex valued solutions to m, . If we solve for
m, and obtain complex valued solutions to the Higgs mass, as obtained this way, we then have some



fundamental questions to answer. Before we do that, let us review below, in Eq. (10) the full
generality of our answer. It is to put it very specifically, a huge mess. Why would we do this or
want to do it?

V1. Implications if a mass for the Higgs has real and complex components,
I.e. Imaginary mass has Tachyon mass properties (Faster than light ). As
cited from Baez, reference [17].

What we can expect if the Higgs, say has both real and imaginary mass, and we should note that Baez
says that if the mass of a particle is purely imaginary that, in [17], this means faster than light
travel. We suppose from what we know of real valued Higgs physics, as to what is given in the
middle to latter part of the Electroweak era [18], that [2] ,[3], to [4] actually hold up very well.
According to Baez, [17], we then have if the mass is purely imaginary, a situation where one has particles
which travel faster than the speed of light, i.e. the Tachyon. What we are supposing, taking a line from
[17] is a situation in which then at least part of the mass will contribute to faster than light ‘travel’. This is

also discussed on page 16 and 17 of [18] , albeit as a supposed fault of prior to present day String theory
models.

mh = Re(mh ) +i-1m (mh ) Prior—To—Electroweak —era >i-1m (mh)

&

'Quantum —entan glement(inf ormation —transfer) (9)
mh = Re(mh ) +i-1m (mh ) Electroweak—era—to—today Re(mh )

&
S tan dard — Model — Higgs — mass — formation — properties

Getting a description of this modeling would require extensive numerical and analytical
treatment of Eq. (1), which we see in Eq. (10) below, with the result that we have the following
decomposition of the Eq. (1) if we wish to have a generalized complex Higgs Boson mass. Keep
in mind that we put a restraint in, in order to have a comparatively simple value, but this is done
in such a way as NOT to appeal to an inflection point for the solution to the resulting third order
equation which is used.

Our next iteration takes the inflection points of our derived third order polynomial in terms of the
Higgs Boson mass, but we start off with a solution without appealing to the inflection points of
this iterative system for solving for the mass of a Higgs Boson at the start of the expansion of the
universe. First, let us start off assuming no inflection point for the third order polynomial in
Higgs mass [1],[16]
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Here, we have two cases, depending upon the value of R, and NOT assuming inflection points
for the Third order equation.

If R#0
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We then read off the following integrals, i.e. Go to Eq. (2) of our document. Also we make the
following approximations, In doing so we set up a complex field interpolation for the mass, m, of
the Higgs mass and we do it with the following assumptions. Pick the following reduced
equation for the cubic, and we obtain, from CRC, page 12 that[16]
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Which allows us to write z as having the following solution
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Then we make the following assumption, namely if we want to have a complex Higgs mass we
could write the following assumption. (NOT assuming a third order equation inflection
point! )
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This value of y, will then be put into R above. Having said this, we will review a simpler
procedure and limiting cases for how one could achieve an (almost ) imaginary mass value.

(14)

XI1. Problem of what happens if we have a complex mass value, in terms of

physics for Higgs, and what happens if the mass goes to real values?

I.e. what we have in that case, is that we can look at when we will have a real mass. l.e. the key
is to examine where Eq. (10) will have an inflection point and from there to extrapolate to the
real valued version of this problem. l.e. our supposition is that we will go to the inflection point
of Eqg. (11), come up with a value of y, so then that after, first calculation of R, then obtaining v,
and then obtaining x, effectively then obtaining the mass value of the Higgs, real valued for the
solution of Eq. (1) above, And then we obtain the following real value for the Higgs boson,
namely
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This takes into account the inflection point of Eq. (10), which is treating both parts of Eq.(15)
as real valued, with the resultant value of m, > 0 but real valued for suitably chosen values of the

values of Eq.(2) put in. What this is saying, i.e. the complex value of m, is for the Pre Planckian regime

of space-time whereas we should use Eq.(15) to come up with Mass: 125.09+0.21 (stat.)+0.11 (syst.)
GeV/c2 .and a Mean lifetime: 1.56x107% s (predicted)

Now, how could we ascertain an imaginary mass for the Higgs Boson? First of all would be
A

setting R = 0. The other would be in having an infinitesimal value for a=—== First

e
(3}
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We further simplify the mass of the Higgs Boson by writing Eq. ( 16) as stated by Eq. (17) as

m, ~—&" +\/—2b—2\/E.[b+MHZ ~ 4d?

AR A (17)
and
2 oh 1 5
R= %—?+§ Jb?=3-(ac—bd) =0

We can justify both Eqg. (17) and Eq.(16) in terms of a sliding scale as far as what we put in for
Ar in the integrals specified for Eqg. (2) . Our supposition is that the dividing line between Eq.

(16) and Eq. (17) is due to how we vary Ar with a small value of Ar commensurate with Pre
Planckian values for the Higgs mass, i.e. the Higgs mass would be largely then imaginary, which



would be due to R = 0, and also A, - 6+, leading to Eq.(17) to be dominated by imaginary

mass. Whereas for Ar with a larger value, we would be then tending toward Eg. (15) which
would be centered upon Eq.(3). I.e. which is influenced by Ar

XIIl. What we are leading up to, is the change from Eq. (17) imaginary
value, to Eq. (15) real value corresponds to when bubbles, in space-time, form
in the Electro-weak regime. Here is why.

What we are going to do is to claim that when we use the Duerrer bubble nucleation with the
space time bubbles commencing in formation when there was a transfer from largely imaginary
Higgs Boson mass, to real Higgs Boson mass, in the Electroweak era. The way to start this is to
look at a way to form mass, from the transfer from Imaginary to Real space-times, and to do it

with respect to the Electroweak regime. From [19] we isolated the way to have an equivalent mass,
based upon a nonstandard way to illustrate a basic cosmology as given by

Quote: pages 38-39 of [19]

We begin with a non standard representation of mass from Plebasnki and Krasiniski [20]which affirms
the likelihood of the synthesis of mass, if and when the radii of a universe, due to a metric is non zero. l.e.
[20] , page 295, and page 296

If one assumes a metric given by[20], page 295
ds? = [exp(C [t, r])]dt2 —[exp(A[t, r])]odr2 -R(t, r)'[dl92 +(sin? 3)~d¢2] (18)
Pick, in this case, R is equal to r, usual spatial distance, due to the following argument given below.

S(surface) =47 -R*(x,t)

< R*(x,t)=square, of areal radius (19)

< R (x,t)=r?(xt)
but we are presuming due to Beckwith, [19] that we have a finite, nonzero beginning to the radius of

expansion of the universe. Furthermore, to get this in terms of R = r, that the above is, then at (Friedman
equation Hubble parameter H, with H = 0 re written as, if R=r = Planck length,

2 3
m(effective)|H(Hubble):0 _C (r.t) -(rz —(exp(=A(r,t))-r+ A; j
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Here is how we relate the formation of effective mass, to bubble formation. le. What we are suggesting is that for

A

the shift to effective mass, what we have is that for the Higgs, assuming that a:K is very small, that

NEES

Effectively this is consistent with formation of a space-time bubble, which we will define in the
following fashion. i.e. This above is equal to a change in energy, when the imaginary component
goes to real , hence, if we have a bubble of space time we need to pay attention to the following

2
A3+2 -

m, (Pre— Electroweak) ~i-|m, | ~i- ZE

@ @

Higgs ~125GeV 22)
Planck ~ 2.4x10"GeV

Start with the idea of how the total energy of a particle changes with the approach to the speed of
light, as given by Jackson, [ 21 ] we can write the following, i.e.

E(energy) = mc? / \/1—(v(velocity) / c)Z
10" ~ 1/\/1—(v(velocity) / c)2 =10% ~ 1/(1—(v(ve|ocity) / c)z) 23)
= 1—(v(velocity) /¢)* ~ 107 = (v(velocity) / ¢) ~ y1-10"

— (v(velocity) / ¢) ~ (1— 10:2 j

The supposition here is that the effective mass-energy of a Higgs would be after transition from
imaginary mass to real mass, equal to the mass of a Planck mass particle, which is 10716 times
larger than that of a rest Higgs Boson mass. The velocity of the Higgs would be close to the
actual speed of light as given above. Note that a Tachyon, travels much faster than the speed of
light. We would have a shift from Imaginary mass, to Real mass, a sudden deceleration of the
imaginary to real mass, so that then we would have due to the breaking, a situation in which
there would be a Tachyon which would likely have a matter-energy impact upon the electro
weak regime In order to obtain the radii of the bubble created by emergence of the Tachyon, to real
mass space, we will use the following Potential, i.e. the Coleman-Weinberg potential, i.e. from Kolb and
Turner, [ 22 ], with the result that, as given in page 292 of [ 22 ] we have that

V (Potential —energy) = Bo* / 2 ~|m, |c?
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&
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r(bubble —radius) = I,



We then would have that there would be Planck sized bubbles of space, time for suddenly
appearing in the Electroweak regime of space time Higgs boson mass sized nucleation, which
would then be inclined to ‘bounce’ off each other. The transition of imaginary to real mass
values, would lead to then the idea of entanglement which is discussed below

Quote, [19] page 39

We claim that this effective mass should be put into the following wave function at the boundaries of the
H = 0 causal boundary, as outlined by Beckwith, in [23]. Then we make the following approximation at
the H = 0 causal boundary, for the entangled wavefunction for Faster than light transmission of ‘quantum
information’, i.e.

V/Entangled

OCL 1_1M ® _‘]__lnBz.72-2'rPresent2'h2 (25)
N8 3! 2mE, 3! 2mE,

+L~ 1—1nAz'”z'rp'esemz"ﬁ2 ® LlM
Jar |7 3! 2mE, 3! 2mE,

End of quote

What we are suggesting is that we may have something very similar as to the formation of mass problem,
for a Higgs, with the positions r (prior) referring to prior universe positions, and r(present) referring to
positions as of about the formation(start) of the electro weak era. The indices (A) and (B) refer to
information states in the prior to present universe which would be relatively instantaneously transferred
from the prior to the present universe. l.e. the position r(present) would be about at the start of the
electroweak era in the present universe, i.e. an ‘imaginary’ mass corresponding to ‘information’ packet
which is almost instantaneously transferred. Our supposition is that imaginary mass, not being measurable
in our space-time, would be in its transfer from a present to a prior universe, similar in the entanglement
information exchange as referenced in [1], [24], [25], [26].

This is a detail which has to be worked out. The numbers n(A) and n(B) in this case would refer to
specifically numbered states of matter — energy packets whose information would be exchanged almost
instantaneously from a prior to a present universe. In this case, our supposition is that any would be
imaginary mass, going in between the prior to present universe, would probably be unmeasurable, until
they went to being a real valued traditional mass value.

. Our next goal will be to see if there is any linkage of this topic with that as to gravity waves and
gravitation.

XIl.  Does our formulation of Higgs bosons with imaginary mass, initially
(information transfer?) help to explain initial gravitational wave
generation?

So far, we have discussed the formation of a Higgs mass, with, prior to and then up to the start of the
Electro weak era having at least some imaginary mass component.

To rephrase our question, what would happen if the mass went from an unmeasurable by physics
instruments imaginary value to real value, say as in the middle of the Electroweak transformation?, i.e. to
see what we are referring to, we go to [27] where massive gravitons are conflated with Dark energy, and
also we have that [26] has explicit linkage of early universe graviton states, as generated by information



transfer from prior to present universe conditions as seen in the counterpart to (49) in [19], which we have
already cited. Our supposition is that the emergence of Higgs mass due to the following transformation
created local space-time turbulence, hence thereby generation of GW, and what we suppose are gravitons.
So we will make the following linkage between a change from imaginary (Higgs boson mass), to real
(Higgs boson mass), and then the generation of GW, from what would be a phase transition induced in the
Electro-weak era, as we go directly to real valued Higgs boson mass, from an earlier imaginary valued
Higgs boson mass. This would induce turbulence, in local space time which would also then induce GW,
and by default, massive gravitons.

This is an extension of discussions given in [1], [28], [29], [30]
Chiara Caprinia, Ruth Durrer and G eraldine Servant [1], [28] state specifically that
Quote: page 2 of [28], and also part of [1] we have

Although the first GW detections will come from astrophysical processes, such as merging of
black holes, another mission of GW astronomy will be to search for a stochastic background of
GWs of primordial origin. An important mechanism for generating such a stochastic GW
background is a relativistic first-order phase transition. In a first-order phase transition, bubbles
are nucleated, rapidly expand and collide. The free energy contained in the original vacuum is
released and converted into thermal energy and kinetic energy of the bubble walls and the
surrounding fluid. Most of the gravitational radiation comes from the final phase of the
transition, from many-bubble collisions and the subsequent MHD turbulent cascades. The
associated GW spectrum encodes information on the temperature of the universe T = at which the
waves were emitted as well as on the strength of the transition. The characteristic frequency of
the waves corresponds to the physics that produces them

End of quote

Note that in [1], [28] , we have the following approximations given in page 36 of that document ,
in [28] to the effect that

j-h~8GT
h= Amplitude —of —GW — producing — Perturbation

1/,5 = Characteristic —time —which — GW — producing — Perturbation —occurs (26)
oc 1/ (wg, = Gravitational —wave — frequency)

T = Energy — momentum —tensor — of —source— for —creation —of —GW

Pew = (GW —energy — density) = (1 / ﬁ).g,, G.T

In [21] we estimated a relic GW frequency of the order of 1/Planck length, i.e ~10"35 GHz, or
higher, i.e. very high, at the start of the Electroweak regime, or just before at the beginning of

Planckian physics.What we will be doing later will be to make an argument as to what T should
be following an emergence of imaginary (initially) Higgs bosons, transferred to real Higgs
bosons, in the middle of the Electroweak era. We submit that the emergence from imaginary to
real space time of such Higgs bosons, would precipitate the creation of the bubbles in space time



which would subsequently collide, thereby generating gravitational waves and turbulence, and
we will briefly state what this may presage as far as Dark Matter.

XI11. Starting off with a setting of stationary Initial states, as given by an
example from Merzbacher, which we cite and quote. Leading to
Imaginary to real Higgs mass transformation creating turbulence which
would break up the initial stable state. And be when DM formes.

First of all, we will review what is mean by a wave function which reflects minimizing uncertainty, in
Quantum mechanics. This is given by Merzbacher [ 31 ] in the following argument which will be then
adopted and modified as to issues in DM production as we call it.

Merzbacher [ 31 ] in page 161 of his book gave a simple Schrodinger Equation, one dimension for a
minimum uncertainty state as having the form

@'%_<p*>j"' i 2(2@2 (e
Sy E|:27Z"(AX)2:|1/4 exp{(xo())2 + iO(pX>'X] (27)

4-(Ax) h
S AX-Ap=hl2

As Merzbacher relates, in [ 31 ], this is for, spatially, a situation for which there is a specified
linkage as to change in position to a directly correlated momentum variance. With the result that
the wave function y has both Gaussian and Plane wave characteristics superimposed upon each
other directly. We can state that then, if we go to the problem of representation of a matter wave,
in the regime of Planckian space-time that the above is similar to , if we take it literally, of the
following wavefunction approximation

,-1/4 (x-<x>)2 i
l//|PIanckian—space—time - [27{ ) (AX) i| eXp [_W + E (28)

In other words, aside from a phase factor, of exp(i/2) ~0.877582562 + 0.479425539 i , this
wavefunction argument so parlayed, would be a way of identification of how we could write

l//| Planckian—space—time

IS )
~[0.877582562 + 0479425539 i]-| 27-(Ax)’ | exp{—m (29)

I.e. a complex valued wave functional, at the edge of the uncertainty principle, with real and

Complex magnitude, which is in line with treating exp(i/2) as a phase factor, whereas the factor



exp —% (30)

should be thought of as a Gaussian wave function type development. l.e. this is in tandem with
our supposition as to having a tie in with another result from Merzbacher, [ 31 ] to the effect that
if we have again, as a start, a Harmonic oscillation, with initial conditions of( see page 165 of

[311)
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This is important on several levels. It suggests that if there is a minimum Heisenberg Uncertainty
principle as to initial conditions for a wavefunction at the start of the inflationary era, obeying initial
imperatives similar to the SHO, that according to Eq. (31) based upon page 165 of Merzbacher, [31] there
would be NO variation as to the spatial component as to the absolute magnitude form of the shape of the
initial wavefunction of a system with minimum uncertainty.

We have postulated minimum uncertainty, as far as the boundary between the Pre Planckian physics, to
Planckian physics regime, and if space is acting, initially spatially in a one dimensional type of spatial
action, this means that IF we have some form of harmonic motion, initially, if the Initial conditions are in
line with Eq. (30) that there would be NO spatial variation in time, at least before the formal onset of
inflation. Hence, this also requires a Schrodinger type argument with initial conditions being congruent as
to Eq. (27) above, with Ax-Ap =#/2 being approximately implying the formation of Eq. (30)
above. And that at the boundary just after Pre-Planckian-to Planckian physics length ( just
before Electro-weak) regime, giving credence to the idea of states of matter which would be
changing from perhaps an imaginary mass value, to real value along the lines suggested by Eq.
(21) and Eq. (24) above.

What would cause a violation of this zone of would be near spatial non variability ? In a
word, the shift from Imaginary to Real mass as far as the HIGGS boson . le. Up to the
point this would happens, we would have due to the reasoning in Eqg. (31) a pre Planckian



regime of space-time stability which would be broken apart by the shift from Imaginary to
Real Higgs mass !

Having initial wavefunction conditions in a regime of space-time given by Eq. (31) right at the
junction of where we have Higgs mass change from imaginary, to real, along the lines of Eq.(9)
above will lead to conditions for when we can discuss the potential effects upon DM. i.e. see
Appendix C, for what we have to say about the Singlet model of DM. Whereas if we wish to
use the idea of Gravitational wave generation we can avail ourselves to the matter of reference
[ 28 ] given which has a crucial quote as to a regime of space — time turbulence. l.e. see
Appendix D, which we quote the last two equations. One for a current, and one for a B field. It
is our contention that the B field is commensurate with the formation of non imaginary mass, in
the Electroweak regime. As a result of mass formation, which is what the Higgs is all about.

Quote

(From Appendix D), we would have a current we will call

TR A PR A C ) 32)
272G At|T At \ 81G-V,

(Then our net magnetic field, is to first approximation given by use of linkage of E and B fields given by
Griffiths [32] as resulting in)

B, (magnetic — field) =B,
2\V4 33
Vet [ (o )| 7z o)y 1 7] )
c &Ly 27G At At '\ 872GV,

Our formation of Dark matter, will ALSO avail ourselves of a generation of strong initial
magnetic fields, in the vicinity of the transition between complex (possibly pure imaginary)
Higgs boson mass, to real Higgs mass, partly due to the generation of space-time bubbles to
match the aims of Eq. C(8) of Appendix C. l.e. we state that eq. (32) and Eq. (33) which are
from Appendix D form right in the aftermath of the range of applicability of Eq. C(8) of
appendix C, below.

End of quote

l.e. to put a finer point on it, we have the aftermath of the breakdown of the relations referred to in Eq.
(31), i.e. the end of stationary pattern for an initial wavefunction, absolute value, with no spatial variation
due to a minimum uncertainty principle.

Once that quasi stationary condition of Eq. (31) breaks down, even if we have harmonic conditional
oscillatory behavior, due to non minimum uncertainty relations commencing as given, we can have Eq.
(32) and Eqg. (33), as well as perhaps the generation of Gravitational waves.

We after stating this will make our concluding remarks as far as how to tie in the production of B fields
with Higgs bosons becoming real valued, and that also with GW production, in our conclusion



XIV. Conclusion: Tie in of our supposition about Imaginary to real mass for
Higgs Boson, and the current + B field of Eqg. (32) and Eq.(33)

First of all, we will try to tie in our Imaginary to real mass value of the Higgs Boson, to a current, similar
to Eq. (32). To do this, we will use a typical definition of what Soper called a mass current [ 33 ] in order
to make our point

Here, use what Soper called the current, namely on page 38, the number of ‘atoms’ per unit volume. In
our example, replace the caveat of ‘atoms’ with real mass Higgs Bosons

In [ 33 ], page 38, Soper writes
'[d3x-J(°) (t, x) = Number —of —atoms (34)

In our supposition, we will replace the term , ‘“Number of Atoms” with number of Higgs bosons,
and then we have that

I=jo~_2L .2, -1 7-(37-1)
27G At At 87G -V,

~ Number —of — Higgs —bosons(real — mass)

= B, (magnetic — field) =B,

ot 1+(0T C e {1_; 7.(37_1)} (35)

o gL, ' At |7 At \ 842G -V,

27G At
1/4

2
- N 1+ (i} x[Number —of —Higgs —bosons(real — mass)]
o 220

It means that there will be a 1-1 correlation between a generated B field as we call it for initial
Electro-weak reactions. That we have called it leads to yet another item we will go over, namely
from Mukhanov, page 353, [ 34 ] which is in the adage of Self-reproduction of the universe. l.e.
a critical condition for inflation (classical and quantum effects super-imposed) is that there be the
following for the inflaton magnitude, i.e. this for a self replicating universe

#(inf) > Jm =~ \/Mass(Higgs —boson) x [ Number —of — Higgs —bosons(real — mass)] 36)

< ¢(inf) > C, (const) x \/ Mass(Higgs —boson) x (effective — B — field)



What we call the Higgs, is presumed to be covering both regular mass, and to be tied into the
Singlet model for Dark Matter, as brought up in Appendix C

The formation of the inflaton is also covered in Appendix D, and we will finally be making
a statement as to the radii of the presumed bubble created in Electroweak space-time if
there is a change from Imaginary to Real mass for the Higgs.

In Mukhanov, page 352, [ 34 ] there is a statement as to the scale of the inhomogeneity of the
Universe, which is when we expect to have quantum (bubbles?) introduced, via use of Appendix
D for the inflaton, and also Mukhanov, page 352-353, to obtain

ﬂ“ScaIe ~H - exp(—\/ﬁ)
J/m ~ \/Mass(Higgs —boson) x| Number —of — Higgs —bosons(real —mass)]
~ \/Mass(Higgs —boson) x (effective — B — field)

ey (37)
H Early-Universe 1.66- \/g_* ,_ Early-Universe
mass—scale
M mass—scale 1-TeV
9" ~100

Hence, we are expecting a radii of the bubbles of space-time for when the Higgs mass goes from
imaginary to real to look approximately like

radii(Im—to — real — Higgs —mass) = A, /2 ~ (2H )71 exp(—/m)
(38)

T - -1
~ (3.32@-%} exp(—/Mass(Higgs —boson) x (effective — B — field))

mass—scale

The task we have, in sorting through all of this will be in ascertaining the reality of these
approximations and linking them to Quantum entanglement.

These will be the next step of our research inquiry, and it ties in directly with refining the Dark
Matter models given in [1],[35]
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Appendix A. Brief review of the formation of the Potential system
used for the Higgs based upon [1],[2], [3], and [4]

Essentially what we will do here is to discuss the usual procedures done to isolate out the Higgs
mass. In doing so, we do not do it to refute the existence of the Higgs, itself, but more to the
point to help in the elucidation of background which may give more evidence as to [35], and also
to ascertain the necessity of certain fixes as brought up in [36] as well as what was brought up in
[37], i.e.

Quote:
As in the SM, the electroweak vacuum is metastable, it is important to explore if an extended
scalar has an answer in its reserve. As the scalar weakly interacting massive scalar particles

protected by Z2 symmetry can serve as viable dark matter candidates, it is interesting to explore
if they help prolong the lifetime of the Universe.

End of quote

As given in [2] explicitly. The scalar field, as used in the Higgs, which is involved in symmetry
breaking is part of a physical transformation which uses a Unitary Gauge, and in [1], [2] and [3] ,
[4] which leads to a scalar field we can represent as

U O
¢‘T[v+h(x)j A

Peskin and Schroeder [1], [2] use Unitary gauge transformation arguments to the Lagrangian
allowing isolating a Higgs potential energy term which takes the form of, if we start off with a
Lagrangian

+ \2
S=[D,¢f +1'¢'¢-2(4'9) (A2)
This after a Unitary transformation will lead to the following representation of an explicit Higgs
Boson potential

h4
3, =—y2h2(x)—/1yh3(x)—# (A3)

This can be written as:

- 1 A Ah* (x

J=-3 mhzhz(x)—\/;mhhs(x)—T() (A4)
The method in all of this is to isolate out the quadratic term and to read off, in doing so a mass
value as from going from Eq.(A2) to Eqg. (A3) and then go to Eqg. (A4). relying upon spatial
integration, whereas the difference in the upper and lower limits of integration will be

r(spatial) to r(spatial)+Ar . The Ar will be to put in the Heisenberg uncertainty principle,

and from there we will attempt to make connection with the physics of what Eq. (A4) entails.
h(x) ~ h(r) ~ exp(—ar) will be used as well. It will allow us, to make connection with several

issues which will be outlined in the following text.



Appendix B. Using reference [1], and [35], we can write a mass, as
given by the following semi classical approximation

Use the following from [1], [35]

mh =
r(electroweak )+Ar

24—”. J. dr.rz.{ }
E r(electroweak )
dt ’ acceleration

(L1929 5 ) [L.9 25
{ }_(rz o o \V(r)j (rz or V(r)j
- 1 A Ah*(r
\sv(r):—Emhzhz(r)—\/;mhhS(r)— 4()

i r(electroweak )+Ar
( f dr~r-[A&-h“(r)}J-/1°-mﬁ

r(electroweak )
r(electroweak )+Ar
+ '[ dror-[ A, -h®(r)] |- 2" m;
r(electroweak )
r(electroweak )+Ar

m,=—————:/+ I dr~r-[%-h6(r)] Am?
[dzj r(electroweak )

erat r(electroweak )+Ar B(l)
+ [ drer[AN(r)]]-2%m,
r(electroweak )

r(electroweak )+Ar

+ '[ dror-[A-h*(r)] |- 4%

r(electroweak )

We will fill out the A terms in the next block of equations as follows:
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A4(r) =

r
This leads to a decomposition of the mass, as looking like what is given in Eq. (1) of this text
with the following coefficients filled in for Eq. (1)

r(electroweak )+Ar
/X[ | dr-r-[Ai(r)-e“”"]]-/‘t0
r(electroweak )
r(electroweak )+Ar
A, = dror-[ A(r)-e*" ]| 2"

r(electroweak )

r(electroweak )+Ar
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r(electroweak )

r(electroweak )+Ar
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r(electroweak )

2
—(E [4Ar

acceleration

[r(electroweak)+Ar

J' dr-r-[AS(r)-e8’5”]}/12

r(electroweak )

(B3)

The sheer amount of algebra is , in this situation, unbelievable,



Appendix C. Modified Higgs theory, as alluded to in Eg. (33) and
linkage to reference [35] Higgs fields & 2 dark matter models.

In [35] there is a statement as of page 133 to 134 about Scalar Singlet dark matter, as to adding to the
Standard Model Lagrangian the following addition, namely

2
v(H,S):m—-H*H+£(HTH)2+Q.HTHS+§-HTH52
2 4 2 2 C )
G Mg Kage, Ksga, Kigs
2 A 2 3 4
This leads to a total Lagrangian for the Higgs singlet model
2
. m—~H*H+i-(H*H)Z+iHTHS+§HTHS2
=3, +50,50"S - 2 4 2 2 C (2
SO M Kagr Kigs Kige
2 A 2 3 4

Here, we have that h is the physical Higgs field, v=246Gev, and the vacuum expectation value
(vev) of scalar H is defined by m and A4 as w/—2m2//1 , with H defined as given below.

1 0
" :$(V+h(x)] ¢

Furthermore, [5] on page 134 designates that after electroweak symmetry breaking one has
H"HS? reset as

202 22
%.H*Hszz%-(vzs +vh82+hzS j C4)

2
Where we also have a scalar mass term defined by, (if A= 522\/ is a coupling between two

scalars and the Higgs field, and % HTHS’the interaction term between the two scalars and the

2 2
Vv maSS:%-Kmﬁ =-m’ = %j+(mf = K? +%ﬂ C(5)

Our supposition, is that if we have an initially imaginary mass, that this will lead to

Higgs)



2

2 m o 2
m2 = ﬂ == 2mmal — 52\/ C(G)
initial 2 Vv 2
The consequence would be in having
4am?|
52 — 4|n|t|al C(?)

v
Leading to a recasting of the coupling of the two scalars and the Higgs field, to read as follows

2m? |
V2|n|t|a C(8)

A=

What we are saying, is that when we have this, that we will be referring to mz‘initial ,which is

due to the imaginary mass contribution being dominant, as a direct result of information transfer,
a.k.a. the same way we have quantum entanglement. So, to highlight the importance of this idea,
we will next revisit what we can say from [21] as far as entanglement and information transfer,
as it applies, as we think to the problem of up to the initial start of the Electroweak era.

APPENDIX D. FORMING A MAGNETIC FIELD IN EARLY SPACE-TIME PHYSICS

D1. Outlining an inflaton model, which is pertinent, to the physics just in
the vicinity of a Quantum bounce

We wish to state that our paper is an extension of the initial manuscript, as given by the author, in [1] and
is to answer a question which has vexed the author repeatedly. If magnetic fields exist at the start of the
universe, then what creates them?

Our solution is to base a current, for the magnetic field, as created by a Noether current [1], [2] , as a
starting point, with the Noether current created as partly derived from an inflaton field, times exponential
of the imaginary number, frequency, and time interval. In doing so, our derived Noether current is real
valued, which is astonishing, and is part of the reason we call this effective current as the actual current of
an initial relic gravitational field.

We will now commence introducing the scalar field we will use over and over again, as far as the physics,
our document. This means paying attention to [38] , after we make the following approximation

We will begin using the physics outlined in as to

¢EJ@:HZZZ.JAT D()

Our starting point in this Linde result , is to utilize the Beckwith- Moskaliuk, result that [38]

staE> L0
69y 2 D (2)

Unless &g, ~O(1)



Utilizing here that, [38]
|59%| ~ a*[g(inf)] <<1 D (3)

If so then we have, approximately a use of, by results of Sarkar, as in [39]

* T rly—Univers
H Early-Universe 1.66- »\, g - _ Early-Universe o)

mass—scale

in terms of early universe Hubble expansion behavior which we incorporate into our uncertainty principle, to obtain

T ) 3
(1.66.«/9*.Wj 7
AE ~

mass—scale

(Z”amin )2 ¢3

D (5)

And by Padmanabhan [40] for the interior of the bubble of space-time we will have, here that

a'zaminty
@¢z\/ 7 | BV 4
47G 7-(3y-1)

oV zvo-exp{— /167[6 ~¢(t)}
Y D (6)

From here, we will explain the behavior of a change in energy about the structure of a Causal boundary of the
bounce bubble in space-time defined by Beckwith, in [38] so that

Oy ~ 00y ® ariinﬂnitial <«<1

D(7)
Pre—Planck—Planck \§gn ~ ariin¢Planck = 1
R| . ~C-At
C}[ C||n|t|a| ]~ 9(1)
IPIanck Planck
Here, in doing so, to fill in the details of Eq. (4) we will be examining the Camara et al result of [41]
a 1/4

A ~ % -(2—%-(,/%2 +327u,0-BE — )J

472G D(8)
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/i — AEinsteinCZ
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Specifically, we will be filling in the details of Eg. (1) to Eq. (8) with the adage that we will be using of all things, a
modified version of the Noether Current, [2] according to a simplified version of the treatment given in [8] with a
scalar field we will define as



¢ =[exp(i-o-t)]x¢ D(9)

Which will allow, after calculation, that the Noether current will be, if linked to its time component, real valued.
Which is a stunning result. Our next trick will be then to put this effective quantum bubble “current’ as the magnetic

field, B, , using the results of both Gifffiths, [32] and Landau and Liftschitz, [42] for a magnetic field, for Eq. D(7)
.This, then will be the plan of what we will be working with in this article, in subsequent details

D2. Making a statement about a constituent early universe magnetic field
We start off with Ohm’s law [32 ] assuming a constant velocity within the space-time bubble, of

j=cE D(10)
Where the velocity of some ‘particle’ ,. Or energy packet, or what we might call it, does not change. Then use the
Griffith’s relationship [32] of

B, (magnetic — field) =B,

2 \U4 D(11)
= %'(H[in E,
0
2 1/4 .
()]
0

We will comment upon the o later, but first say something about what | as current is proportional to. The modus

operandi chosen here is to employ the following. Use a scalar field defined by Eqg. D (9) and a Noether conserved
current [2] proportional to:

Tx

=i (0,8)8-4(0.8)] D(12)

Here we take the time component of this Noether current, and use Eq. D(9) for¢7 ,and Eq. D(6) for ¢ . Therefore

=~ 7 @) L |G-y D (13)
271G At At '\ 872GV,

Then our net magnetic field, is to first approximation given by

B, (magnetic — field) =B,
2 \V* D (14
th |1 (o )| e | 1 7Bl -
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At the same time we have complex to real Higgs boson mass formed, we do believe that this B field is formed due
partly to the influence of the inflaton field, as mentioned, but also due to the turbulence, which would be reflected
in the switch over from imaginary to real Higgs mass. This is important, since the conductivity terms and all that,
after the formation of a space-time plasma must adhere to considerations given in [42] and [43].



