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Abstract : Production rates, as well as the mass spectrum, are given for Dirac Magnetic Monopole Pairs,

at the Large Hadron Collider {LHC), having masses Mp,,-s 200 GeV for Vs =3.5 Tev/beam and Vs =
7Tev/beam. These rates are calculated for the initial luminosity L;,=10%*cm™2sec ™' and the proposed
upgraded luminosity Lygy = 2x10%* cm "2 sec ~'.Dirac Magnetic Monopoles pairs will be produced at the
LHC via two possible processes; a) the Drell-Yan Process and b} a new and extremely rare process, which

we are proposing here which takes place at these very high energies and predominantly occurs at the

higher luminosity L;g,, where energy from P+P-> P+P+Y" is deposited in the interaction region forming

sub-nuclear matter, from the destabilized vacuum, which is subsequently trapped in the envelope
formed by the combination of the proton beams and the vacuum, hence allowing the process y*=> M+M
to take place. At the high energies at the LHC since we are creating the conditions that were present
during the early universe the vacuum reacts to the tremendous amount of energy deposited, in the
interaction region, by this process, and tries to envelope it similar to the way that matter fights back
when an electromagnetic field propagates through it or an electric circuit fights back by creating
resistance when an electric charge flows through it. It is also well known that the bare charge and bare
mass of the proton is infinite, necessitating the somewhat artificial procedure of renormalization which
may really just be a manifestation of the vacuum having formed an envelope around the bare particle

(proton in this case) as a reaction to its infinite charge. A rich harvest of magnetic monopole pairs should

30



L.E. Roberts, Dirac Magnetic Monopole..............

be observed at the above energies and luminosities for t=6.31x10’ sec. specifically we conclude that if 1

in 10 collisions contribute to process b) then for M,,4;,= 200 GeV, Lz =10 ** cm™sec™ and t=6.31x10’

sec #pairs ny=1; for L, = (2 to 2.5)x10%m ’sec *. M, ,;,=200GeV and t=6.31x10"sec.

# pairs ny =3; for Mpq;=200 GeV, Ly;g, and t (as stated above), # pairs n, = 23 with 16 pairs

coming from Drell-Yan and 7 coming from process b); at vs= 14 TeV (i.e. 7 TeV/beam), Lyign and
Mpair= 200 GeV, # of pairs n, = 8 all coming from process b). Hence we predict that if at Vs=7
Tev/beam we observe any magnetic monopoles of mass Mpq;-= 200 GeV, at all, this indicates that the
new process b) has taken place.
PACS 12.90-Miscellaneous Theoretical ideas and Models.

PACS.14.80.HV-Magnetic Monopoles

(. Introduction

When James Clerk Maxwell originally formulated the field equations of electrodynamics he felt that
the equations should not only be completely symmetrical in the electric and magnetic fields, but
should also be symmetric in the electric and magnetic charge. " JJ. Thompson '’ also assumed that
magnetic charges exist and he formulated a model of a magnetic charge coupled to an electric charge
which has come to be known as “Thompson’s Dipole”. The total angular momentum per unit volume

that Thompson’s Dipole has is given by

L_ 3y

v e ()

Where L= total angular momentum carried by Thompson Dipole, V= volume of sphere centered at field
Pt., eE electric charge, g magnetic charge.
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The total angular momentum L is given by

. Ho
L= sreg. {2)

P.A.M. Dirac® proposed that the total angular momentum is quantized:

g, _ b
4n ee = 2 (31

Rescaling n

N
eg=n; {4)

And in natural units with n =1

We arrive at the conventional form of the Dirac quantization condition:

eg= (5)

N

Condition (5) is very useful in the elucidation of the concept of both electric and magnetic charge
quantization. Simply speaking if one type of charge is quantized then the other is also.In this paper we
will treat magnetic monopole pair production at the LHC for

Proton beams where v/s= 3.5 Tev/ bean andv/s= 7 Tev/beams at Ly, =10**cm?sec “and the proposed

upgraded luminosity Lygn = 2x10*cm ?sec %,
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In previous researches we have examined magnetic monopole pair production at the CERN ISR “ and at

BNL'’s Relativistic Heavy lon Collider "' (RHIC) with searches proposed at RHIC to take place in the not

too distant future.

We predict that the magnetic monopole pairs produced at the LHC will have masses My, 200 GeV.
Specifically our results for magnetic monopole pair production rates are as follows: a.) for L,=10¥cm?
sec’, M,qi-= 200 GeV and Vs=7 TeV and t= 6.31x10" sec, # pairs < 1 and it should be noted that we
more than likely will not see a magnetic monopole pair production event (at pair 200 Gev) until L;,, = (2.
To 2.5)x 10* cm™ sec " where we will then see 2 pairs (# pairs=2); b) at maximal luminosity Ly;gn=
2x10* cm? sec !, Vs=7 TeV and t= 6.31x10"sec we should see 16 pairs (#pairs=16) c) at vs= 14 TeV
(ie.7 TeV/beam) and Ly;gn. # pairs= 8 (Mp,;-= 200 GeV) from process b).

The central purpose of this paper is to amplify the information contained in the abstract.

In section 2 we define the distribution functions that we will use for process a) and in section 3 we
review and apply the Drell-Yan Mechanism to P+P=> y*+x where y«=> M+M.
In section 4 we introduce a new process P+P->P+P+ y*, where y* is anomalous energy deposited in the
interaction region ,and calculate the cross section for y*=> M+M.
In section 5 the mass spectrum is given for the Drell-Yan and the new process and production rates are

tabulated for both processes for the various energies and luminosities. A discussion of the resuits then

concludes this paper.
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2. Distribution Junctions that we will use. — We will use the dynsmioal
QOD distributions:(¢)

a) Up quark

=1

|V o 3 40~

| n=0.5+0,00845 0.0200535*
(2.1) ‘ A, = 5496, A,—3.844,
A,=—0.822, A, = 0.460,

Mm=38 4+ 07985, 7,=5—0.3843,

lﬂa=7+34.53, 7,= 9 —3.8815.

b) Down quark

wdy(z, @*) = 2" i A1 —a)n

=3

n = 0.5 —0.10175 4 0.0139838*,
(2.2) A= 2.3382, 4,=1.907,

= — 3.667, A= 0,774,
h=4-0.9733, 7= 5-1.383%,
7= T—0.8893, =9 — 2.0425.

o) Uxdo~img

| 28(2, Q%) = A, (1 —z)%+ 4,(1 — 5)' + B, exp [~ 0, 2),
4= A4 AP A+ ATP,
7 = 0" + 03 + 0,
(3.3) | A= A3+ AT,
ne = 0" + '+ e,
B, = B?" 4+ 8:“‘. ]
) 0,2 o9+ 023+ O3,
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d) Gluon distndution
(3.4) 26(3,Q*) = 4,1 =z} + Ag(1 — )™ + B, exp(— 0,a)
where for (3.3) and (3.4)

22 =G

4w 0.0 0.0
4w 0.0227 03125
4w - 0.0046 ~ 0.0660
4 0.0388 0.9237
AW —0.0011 —0.1021
el 4.8728 1.4366

0.3428 1.4483
L 0.1015 —0.0143
' 10.9603 1.8768
n'® 1.2689 2.58020
o' 0.0011 0.6182
B ~0.0100 2.7120
Bw 0.0481 —0.0148
cw 20.0236 29.2319
(] 3.a868 - 3.3769
o 10482 3.8730

Choosing A__ = 0.25, we see that # = 1.11 The up-quark distributions
become

zQ,{x, QY) = 20T B 498(1  gprsere_ 3 Bg(1 — z)e-erre_
~ 0.823(1 — z)s5-000 o 0. 46(1 x)s-re)

The down-quark distributions become

zd,(m, Q%) = 20.494309(3 332(1 — )s-108 4 1 90T(1 — )-89 -
+ 3.657(1 — z)ses - 0,774(1 — z)e.n)
The strange and sea quark distributions become
E:E:s:isf

zg(z, Q1) = 0.019656(1 — )537 4 0.042(1 — )37 + 0,0482 exp[ — 36.525z] .

Gluon dislribution
2
XG(x, @°) - 9 278(1 - x)3:03 + 0.896(1 - x)5-2 + 3 exp [-30x]
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3. The Drell-Yan Process

In past works we have dealt with the Drell-Yan process in P-P collisions and the reader is referred to
those works)®), Here we will just summarize the results of these works so as not to be redundant. We
are considering the process P+P-> y*+X where y* is a virtual photon which subsequently decays into

M+M (i.e. magnetic monopole pairs).

The sub-process of relevance to the Drell-Yan mechanism is q+§=> y*+X.

These processes are illustrated in Figure 1.a) and b).
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Figure 1 a) The Drell-Yan Process P +P - y* ) M + M + X, Here PZ a proton, y*= a virtual photon,

M(M) = a Magnetic Monopole{Anti-Monopole) and X = anything ; b) The Drell-Yan sub-process
q+q 7" > M+ M +Xis very important for Magnetic Monopole pair production. Here q(q) = a

quark(anti-quark). All other definitions are the same as in figure 1 a)
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After some analysis the sub process cross section is given by

M_Zd;,{Q'Fq%M‘FM)—WE B(Mz'S) (3.1)

Which leads to the overall cross-section
M —— [ dx,d 2 A £ (22
szdy(p PO>M+M +X)= 200 J[ dxydx, 3oz a5 €3 [f(’-’naf(xz)a + (%1 © x3)]

y
Where x, = % X = -Mj_—s, y being the rapidity of the pair, and the flix; or X3) are the distribution

functions defined in section 2

4. A new, extremely rare, process is hypothesized
At very high energies we hypothesize that another process becormes important to the overa

production rates for magnetic monopole pairs
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pP+pop+p+y* SM+M wherey'—)M+_ﬁ. (4.1)
Figure 2 gives a schematic of the Roberts model of this very rare process. The basic idea behind this
new process is as follows: Consider two very highly energetic proton beams incident upon each other
(situation one of figure 2a). Renormalization theory tells us that the bare charge of the proton is infinite
and must be shielded by a photon cloud to give us the physical charge which has the value e= 1.6 x10~1°
coul. Looking at situation one, however, notice that the protons are extremely energetic and moving at
extremely high speed through the physical vacuum which, we hypothesize, tends to form tubes around
the protons to impede the flow of charge through it. The vacuum polarizes due to the tremendous rate
of charge flowing thru it. Also note that in figure 2a) the region in front of the two protons is not yet
connected by the flux tubes since charge has not entered that region. In figure 2b) which is situation
two, note that the flux tubes formed by the flow of charge, form the proton beams, and the breakdown
of the vacuum have connected. The sub-nuclear matter due to the vacuum polarization is also clearly

within the flux tube.
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Polarization of vacuum

b) Situation two

trivial amount of polarization here
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C)

Note:

Exiting protons are much less energetic
And the fiux tubes around them aren't
necessary, their function having been
taken over by the photon cloud
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D) Situation four

V' >M+M + X

+ X

Figure 2 Schemat of the newly theonzed process. a) Situation One Ultra high energy protons are
incvdent upon each other The dynamical vacuum polanzes to form tubes due to the uitra high rate of
flow of bare charge; b) Situation Two. The tubes have become one tunnel and the penetration of the
quarks of one proton into the other gives a negligiblie contribution to the polanzation, ¢) Situation
Three. As the protons leave the interaction region the flux tube closes around the largely contained and
moderately energetic quark-gluon plasma forming an envelope; d) Situation Four. The process

" 9 M+ M + X takes place in the new interaction region. If this newly theorized process occurs in

1in 10" collisions an observabie signal will occur at v S = {7 +7 =14)Tev
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In this model {The Roberts Model) the flux tube serves the purpose of shielding the rest of the universe
from the proton’s bare charge. This is necessary only when other production mechanisms (such as Drell-
Yan) are not present. When other mechanisms are present the tubes dissolve, no longer being
necessary.

Next consider figure 2c) (situation three):

Here the protons are exiting the interaction region and are much less energetic so that normal vacuum
processes are taking place via the photon clouds familiar from Renormalization Theory. The flux tubes
close around the subnuclear matter left from the vacuum polarization forming an envelope around the

new interaction region, ever tightening,

allowing the process y * = M+ M + X to take place.
If the process outlined in this section takes place in 1 out of 10" collisions, (it is very rare indeed), then

total
magnetic monopoles should be observed at VS e (7 +7) Tevor 14 Tev.
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Calculation of cross-section for yx=> M+M+X
In this process y* is the anomalous energy deposited in the interaction region largely from the vacuum
polarization process and marginally from the proton beams (since the protons are moving too quickly to

deposit much energy). From previous researches(4578) in order to produce magnetic monopoles

having Mp,,;,-<200 GeV then Ty =4 GeV and €< 40 Ge"/fm3 (see chart #1) where | am modeling this

production process by thermal production. The Thermal Production cross-section is given by:

. M+ X) =152 axp[XE Emax -2
Othermat(y” = M+ M +X) =152 expl==1%) (Gev™?) (4.2}

Note:Here €g =10Ty, Xp =1.6, Epgy =30,yp =z—);°:' Yo=30andyp = 2.
When these values are used this yields the following results:

Oehermall ¥ DM+ M +X) = AT¥P€ 6,63 x 10723 ¢n? (4.3)
Where Af%2€= probability for flux tube to form.,

However it should be noted this is an extremely rare process which we hypothesize to take place only

in 1 out of 10* collisions. Hence we see that AftPe¢=10"1%,
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Therefore we see that at LHC energies our guestimate gives :

OthermatlY' > M+M +X) = 6.63x10742 o2 (4.4)

and should solve the dessert problem for magnetic monopole production at higher energies. It should

tal

also be noted that Af“%¢ should increase with \/3’: o . Large mass muon pairs should also obey this
effect. At lower energies conventional renormalization effects are able to keep pace with the protons in
the proton beams, but aren’t able to do so at the extreme energies of the LHC, thus necessitating the

new process.

The number 10™is of fundamental significance to the new process because it has another physical
interpretation. The Electromagnetic Force Interaction Time, which we interpret to be the formation
time of the photon cloud, is t,,; =10 sec. Hence we see that according to our flux tube formalism
a flux tube must form in under 10" sec or the photon cloud will form.

For the electromagnetic force, in our universe, to turn on it must be renormalized by the photon
cloud. So at energies present at the LHC 10" sec is the time for the photon cloud to form and the
electromagnetic force therefore to be switched on. The question s, then, is it possible for the flux tubes,
necessary for process b), to form? To examine this question the cross-section of a flux tube is
Oftux tuve= 1.25x 10715 cm? and L;,, = 1033cm™2 sec , and we will use the following values:
Lyign=2x10**cm™%sec™ and te,, < 10712 sec. Now iz tupe= the number of flux tubes created

And is given by:

Nfiux tube = Of tux tube IL dten - (4.5)
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NOW Tyyux rube = O for Ly, even when to, = 10719 sec. At Ly;gp and for tep,=4.0x 10720 sec

Nrjux tube =1-

In the first case the photon cloud will be produced pre-empting the flux tube, while in the 2™ case

(at Lyign) the flux tube will be created with 6.0 x 10~2%sec to spare. It should be noted that in this
model the existence of the flux tube and photon cloud are mutually exclusive. While one exists the

other cannot. We conclude therefore that at LHC energies and Ly;gp , flux tubes will be created making

process b.) possible.

5. Results, Conclusion and Discussion
The results for the mass spectrum for Drell-Yan and production rates for both Drell-Yan and the new

process b) are given in the table below.

In this table:

n, = # magnetic monopole pairs produced assuming L=L;,= 2.5x10% cm? sec
n,= magnetic monopole pairs produced assuming LxL .,.,,..2.0x10“ cm?sec
where t=6.3x10’ sec is running time for beams.

*in the n, and/or n, column indicates particle production from process b.)

From the table below we see that at high energies and large masses production rates and the mass

spectrum fall off dramatically. The new process P+PDP+P+y" > M+ M + X
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Gives results atthese high energies that Drell-Yan does not, leading us to the conclusion that if we see

any magnetic monopole pairs of M, = 200 Gev then they must have come from the anomalous

process b).
Mas ectrum (Drell-Yan and Anomalous Pracess
S ={3.5+ 3.5) Tev=7 Tev VS =(7 + 7) Tev= 14 Tev
Myqi-(Gev) C.S.(cm?) 1, ny My (Gev) C.S. (cm?) n;  na
10 5.13 x 10732 - =¥ 10 1.29 x 10—%° 20 162
20 8.97 x 10-4° 142 1130 20 225x107%1 4 28
30 5.13 x 1010 81 646 30 1.29x 10~*2 2 16
40 3.21 x 1040 s0 ao04 40 8.04 x 10-*%2 3 16
. 50 2.05 x 10 4% 32 258 50 514 x 10—%2 1 6
60 1.41 x 1049 22 177 60 354x10"% ¢ -]
70 1.05 x 1040 16 132 70 2.64 x 1042 o] 3
80 8.08 x 10-% 12 101 80 2.03 x 1042 o 2
S0 6.28 x10™%1 10 79 90 1.58 x 1042 [+] 2
100 513 x10 " * 8 &5 100 1.29x10°%*2" ¢ 1
110 4.24 x 1042 7 53 110 1.06 x10°%2 ¢ 1
120 3.56 x 10—+ 6 as 120 8.94x10"%? 0 1
130 2.95x 10— 4 37 130 7.4x 10743 Q 1
140 2.62 x 1041 4 33 140 6.60x10°%3% ¢ 1
150 2.28x 10~ a 29 150 5.72x107%3 o 1
160 2.0x10"% 3 25 160 502x101*3 ¢ i
170 1.77 x 10—%1 3 22 170 444 x1074%* 1
180 1.60 x 10~41 3 20 180 4.0x 1043 o 1
190 1.42 x 1041 2 18 i90 3.57x10"%3 ¢ [1]
200 1.30 x 1041 2{1°) 16(7") 200 3.23x107%3 p(1*) O(8")

{**) Ruled out by previous searches so the results here are spurious.

Table of Results. This table contains the mass spectrum for My, for the Drell-Yan process and the
Production rates for the newly theorized process. Here 1, = Magnetic Monopole pairs produced
Assuming L= Ly, = 2.5 x1033cm™25ec™ !, n,= # Magnetic Monopole pairs produced assuming that

L= Lyign =2.0 x 10%3*cm™2sec™ with t = running time of beams= 6.3 x 107 sec being in common to

1, and n,. Asterisked (+) quanties denote the presence of process b).
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