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Magnetic monopoles
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The MoEDAL Experiment

LHCDb MoEDAL



The search of heavy stable 1onizing particles
(HIP) avatars of new physics such as magnetic
monopoles at LHC energies; the existence of
extra dimensions

MOEDAL uses stacks of passive plastic
Nuclear Track-Etch Detectors & Trapping
Detectors, with a MediPix chip based online
radiation monitor system- an interaction point
with the LHCb experiment

Monopoles
trapped in the
dense
material of the

trapping
detector




Could formation of Black Holes and monopoles
be connected?
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In extra dimensions suppose Standard Model
Interactions confined to D = 4 but gravity
propagates in n extra dimensions of size L:then
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BH formation needs gravity with M, : 17TeV



~ Black Holes produced in particle collisions:
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« Planck Mass must be ~ 1 TeVv

*Collision with b <r, HOWEVER in our

case we are not

Regardless of subsequent collisions, this forms requiring large

an Event Horizon extra dimensions



String theory and
gravity
Graviton, dilaton (scalar), Kalb-Ramond field

(antisymmetric tensor); model independent sector

Model-dependent sector: additional (gauge) fields
according to type of string theory

Low energy dynamics from effective action for a
truncation to the model independent sector

Generalisation of general relativity: effect on
gravitational (non-magnetic) monopole



Dirac Monopole
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Properties of solutions

O “4”:singular for6 =n© = negative z axis
O “". singularfor06 =0 = positive z axis

Except for z axis: Vx(A,—A4)=0
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O

Dirac monopole quantised

If one non-relativistic monopole in the world

Invariance under gauge transformation:
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W Must be single valued function

e quantised
Monopole pointlike
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Georgi-Glashow model: SU (2) Gauge symmetry



Search for solutions which minimize the energy E
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‘tHooft-
Polyakov (HP)
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Non-trivial topology
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Gauge Invariant EM tensor
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HP monopole in curved space-time:

: Metric tensor Reissner-Nordstrom form

corresponding to a point magnetic

charge g=1/e

Global monopole: gravitational field + scalar triplet (

spontaneous symmetry breaking of global symmetry )
0(’?3)
Metric tensor similar to Schwarzschild spacetime with solid angle

deficit
Non-zero scalar curvature though

Can the global monopole transform to a HP type of
monopole in a generalired general relativity (from string
theory) and standard electromagnetism’




Gravitational Multiplet Model

O Inspired by bosonic sector of string theory:

L=(-g) " {%BH;{“ a“x“—%(%“%“—nz)Z—R

puv

+19 cpaﬂcb—v(cb)—ie—mH H™
2 © 12
1 _ v
_Ze beﬂvfu }
Scalar y=0 H =apa
guv g:det(g:“v) @ (dilaton 7/:1) puv [p ‘le]

Labels
f aw = d u i av Aﬂ Electromagnetic field tensor Y Mot



What could be the form of the solutions?

Special casers

1= ()" (Redgrm)

ds’ =—Adt* + Adr® +r dQ)’
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P magnetic Q electric

charge charge

Reissner-Nordstrom metric

Both

undetemined



Sclf-gravitating 0(3) global monopole
=(-0) o, H-n) -r

Spontaneous symmetry breaking Goldstone bosons: energy
densities which scale as 1/1%; linear divergence of mass
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Conical deficit angle
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Asymptotically NON FLAT
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Torsion vs Electromagnetism

Potential I ~
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Tensor formulation

Field from potential

Gauge invariance

Torsion from string:

Point on string x" (T,g)

Area element in target
space:
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Torsion coupling to strings

O String torsion action:

1 1
S = ——J-dG“VB (X(T,g))—— d'x Ho i HEE
2 w 6’ oy
String is the source of torsion:
1 3H™
) !

j“v(x') = %J.dd“v 54(X'—X(T,g))



y=1 model

In 4 dimensions introduce pseudoscalar axion field
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Dilaton equation of motion:
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Kalb-Ramond and Christoffel symbols

Scherk and Schwarz showed that

the action
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(wheref (¢) is arbitrary and V,9,,~ 9,9, ) is equivalent

to
I=[d'x\-gR

o)
o / 4G ( 50 ¢
[T Hov 3
Antisymmetric

87th(¢)H , €— piece

5v ¢,,u il g,uvq)’ )+ 3 uv



Solution Ansatze

0 0 0 0 =
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Kalb-Ramond Bianchi identity
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Asymptotic results: near field (r—() and far

field pr— oo

For small r from Einstein’s
equations

Without the use of the dilaton equation

is undetermined
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Dilaton equation case for all r
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For large r

and so also

where 8 is the radial component

and so
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Large coupling A
The scalar triplet takes on classical vacuum

expectation value

Reissner-Nordstrom form for B both large and small r

Monopole mass cannot be calculated from asymptotic analysis
alone BUT it is proportional to torsion charge



Torsion quantisation when =1

B = % with g= \/Eg

r

Since g is quantised, € is quantised from

Dirac quantisation



The model and experiments

Need large A to have high enough probability p of

producing monopole-antimonopole pairs

P o exp(— COZSt }

Monopole mass M estimate
M~ 4AmELn

Since assumed n<« 1 M<KM, no
Reissner Nordstrom horizons (no black holes)

Scalars are non-propagating



[ssues for phenomenology

Large A: losses due to production of Goldstone bosons
need to be estimated for monopole-antimonopole pairs

Gravitational coupling to photons and Kalb-Ramond
modes of monopoles

Perturbative Drell-Yan process estimates for scalar
monopole mass not valid in the presence of strong
magnetic fields

Collision of Standard Model particles and production of
global monopoles

Interpolating solutions and estimate of 5
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