LOOKING FOR MAGNETIC
MONOPOLES
AT
THE LARGE HADRON COLLIDER
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- INTRODUCTION

IN 1884 PIERRE CURIE SUGGESTED THAT
MAGNETIC MONOPOLES COULD EXIST

About the possibility of existence of magnetic conductivity and free
magnetism.
by M. P. Curie
The paralelism between electric and magnetic phenomena leads o question
us if this analogy is more complete. Is it absurd to assume that there exist

bodies which are conductors of magnetism, of magnetic currents, of free
magnetism?
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IT RESTORES ELECTRIC-MAGNETIC
SYMMETRY IN MAXWELL’S EQUATIONS

O
O
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MIONOPOLES
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A PARTICLE WITH CHARGE, SAY AN ELECTRON,
TRAVELING AROUND SOME PATH P IN A REGION WITH
ZERO MAGNETIC FIELD (B =0 =V X A) MUST ACQUIRE A

€
PHASE (; GIVEN BY: ¢=£¢A.dr :
P

THE ONLY WAY WE WOULD NOT SEE THE DIRAC
STRING IS IF THE WAVE FUNCTION OF THE ELECTRON

ONLY ACQUIRED A “TRIVIAL PHASE” I1.E. AD =21 N
(N =1,2,3..). THAT IS, IF:

q ge=h?cn

Charge Quantization
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F=9gB+epxB/ym,
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MONOPOLES AND GRAND UNIFICATION

. GRAND UNIFIED GAUGE THEORIES PREDICT MONOPOLES:
‘T HOOFT AND POLYAKOV (1974) DISCOVERED THAT
MONOPOLES ARE FUNDAMENTAL SOLUTIONS TO NON-
ABELIAN GAUGE “GUT” THEORIES

- THESE MONOPOLES HAVE STRUCTURE AND NO STRING
SINGULARITY.

- THE FIELD OF THE GUT MONOPOLE IS B ~ g/r® ouTsIDE

- THE MAss M(GUT)m = Mx/g > 10'7 GEV. NOT PRODUCIBLE
BY PARTICLE ACCELERATORS

- PRIMORDIAL MONOPOLES PRESENT IN THE UNIVERSE

- GUT MONOPOLES CAN CATALYZE PROTON DECAY!
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WE SHALL TAKE A PHENOMENOLOGICAL APPROACH
AND ASSUME THAT THE MASS IS A PARAMETER
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The Monopole is a wishful object

It

one

mass
scale and abundance highly uncertain
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http://en.wikipedia.org/wiki/Joseph_Polchinski
http://en.wikipedia.org/wiki/Joseph_Polchinski
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MONOPOLE PRODUCTION
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(photons radiated from partons)

(one photon from partons the other
from the other proton leaving the
proton intact)

(both photons from protons)
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emiel
O (5)=2 2/de1f4 2 /s, dzlf4 dzle

rrzz/:ucl:x:1

F8(x 1,05 f  (z)f$,,(2,)8 . (x,2,2,5)

F'45 1s the deep inelastic proton structure function.
f,is the photon spectrum inside a quark
f v /p elastic photon spectrum
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monopole mass limit
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Dirac (1934)

"..The attractive force between two magnetic
poles is 4692 1/4 time that between the electron

and the proton. This very large force may perhaps
account for why the monopoles have never been

separated...”

- Monopolium -
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(photons radiated from partons)

(one photon from partons the other
from the other proton leaving the
proton intact)

(both photons from protons)
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- ]
emiel 1
O (S)T2 2/de1 f4 2 /sx | 9z, f4 9z X

rrzz/:ucl:x:1

g(xl,Qz)f (z) f}",l/p(zz 6},},(x121225)

F'5 1s the deep inelastic proton structure function.
f,is the photon spectrum inside a quark
f v /p elastic photon spectrum
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e Excited Coulomb states

n> 13 well defined

p:

Two parameters : M, m
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Small Binding Large Binding

=2m/M

Lower mass threshold M < 2m
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/ Binding Effect

Threshold effect

for m =1TeV and M=1 TeV at LHC for
100 fb! 10° monopoles and 102 monopolia.
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Total cross section for monopolium production at LHC with
3.5 TeV beams and monopole masses ranging from 500 to
1000 GeV, with binding energies 2 m/15 and widths 10 GeV.
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Mass effect
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i) near threshold (grounstate -> |= 0)

v

- B small -> elastic multiparticle collisions
- In presence of magnetic fields huge polarizability
d~ rm® B~ (& Ebinding)” B
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ii) boundstate -> excited states -> | > O

multipoles
-> bending (photon emission)
-> excitation and ionization
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iii) Monopolium
-> (capturing electrons or protons) -> Dions
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heavy neutral

(in the presence
of large B-fields)
(22 elastic
collisions)

(pseudo-polynomial
trajectories)
(multipole interactions)
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