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Intriduction and motivation

Maxwell equation
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Does magnetic charge g exits? Replacement or Duality
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Dirac monopole

If magnetic monopole exits with charge g, the magnetic field can
be shown as a form which is very similar to the electric field:
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Add an infinetely small, infinitely extended solenoid field along
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And choose proper vector potential at different region
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Consider a particle (4¢€) is moving around the solenoid, and the
particle interference fails to detect the solenoid if

exp(iG) = exp <—iej{ﬁ : d?) =1

= Dirac quatization condition
eg=2rN,NeZ

where N is the winding number
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‘t Hooft-Polyakov Monopole (1974)

» Based on Georgi-Glashow model
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a=1,2,3 adjoint representatin of SO(3)
> After symmetry breaking SO(3) — U(1)
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» Energy
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should be finite at r— oo
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Solutions

Homotopy structure
®:52 -SSP =My={d:d)=0}

2nd homotopy group of S = My(S?) ~ Z We can find the
solution (time-independent)
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In the fundamental 2 representation of SU(2). These would carry
electric charge +e/2 for W.
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MoEDAL Experiment

» Monopole and Exotics Detector at the LHC

» The 7th experiment at the Large Hadron Collider (LHC),
shares LHC intersection point 8 with LHCb

» The most important motivation for the MoEDAL experiment
is to pursue the quest for magnetic monopoles and dyons at
LHC energies.

> Like a huge camera
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MoEDAL Experiment
Nuclear Track Detectors(NTD)
» Stacks of 9 plastic sheets (CR39, Makrofol and Lexan)
» Total surface area ~ 100m?
» Removed and etched, analysed for particle tracks with optical
microscope
» lonisation threshold Z/3 ~ 5. SM particles Z/3 ~ 1. In
principle no background
» When a charged particle crosses a plastic nuclear track
detector it produces damages at the level of polymeric bounds
in a small cylindrical region around its trajectory forming the
so-called latent track
Magnetic Monopole Trapper(MMT)

» Consists of roughly 1 tonne of aluminium (Al) paramagnetic
volumes placed at three points around IP8

» Capture electrically- and magnetically-charged highly-ionising
particles
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Production process

» Collider searches generally assume tree-level
g=2m/e~207>1

» g — gB% Monopole production described from this EFT is
relevant only if these particles are produced at threshold

where f < 1
» M spin: 0, % 1

» Photon Fusion(PF) & Drell-Yan(DY)
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Results /s = 13TeV, NNPDF23-DY & LUXqed-PF [1]
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Results /s = 13TeV, NNPDF23-DY & LUXqed-PF [1]
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The spin-0 & and spin-1 yield a more central production for DY
than PF, whilst for spin-1/2 the spectra are practically the same.
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Reproduction and validation
» SQED model [1]
1
L=—7PYFu+ (D*)' (D, ®) — MPdT
where D, = 0, — iggA, and F,, = 0,A, — 0, A,. ®is the

scalar monopole field with mass M.

> Two types of vertex
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Reproduction and validation

» Three channels

» Cross section for PF:

Ao
opr=—=2[(B8* — 1) tanh1(B) — B (8> — 2)]
7Y
» Cross section for DY:
B 57Tozg0zeﬁ3
oDy = 27qu,

» All the calculations are ahieved by using FeynRules and
FeynArts and can be here: [Link]
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http://yhang.web.cern.ch/yhang/Private/Monopole/MonoSQED_yhModel.pdf

Cross section

MadGraph implementaion
» Create the model with usage of FeynRules and generate the
UFO files. The original model file can be found here: [Link]
» In MadGraph command prompt, import that model and
generate the process

P> Fix the centre-of-mass energy, colliding particles, PDF and
particle mass in the run card and parameter card

o Colider—ToammerlG fom ) Event] Run | Collider __[Banner] Cross section (pb) Run Collider __[Banner] Cross section (pb)
un_01|¢500.0 x 00,0 Gev [ [0.08176 £ 9.9¢.05 10000 Jrun_01f <000 x 6500.0 Gev[iRE-L [00002145 = 2.6¢-07] run_01}¢c00.0 :"’“ ltag 1 536205 = 6.4¢-08]
run_02l 60,0 x 65000 Gev [ 10000 run 020100 5000 Gevf2E- L [00001917 = 17607 un 02000 ~ oo ag 1 4.792¢-05 = 43¢-08]
run_03{ 60,0 x 64000 Gey [ |0.04949 £ 55005 10000 run_03]500 0 es00.0 Gev[2e L 00001552 + 1.7¢:07) un_03)6500.0 ~ 66000 Gev]88-1 | 28805 = 426.08
run_ 040600 0 52000 Gevfi3e L [003959:+ 676.05] 10000 run_04f <000 x 50,0 Gev[i28-L |0.000109 = 27¢:07 run_04lcc00 :"" y tag 1 [2.725¢-05 = 6708
run_05{6500.0 x 6500.0 Gev]@e-L | 0.0353.£6.8¢:05 | 10000 run_05}c500. 0 X" b ltag 1 |5.807¢-05 + 1.7¢-07 run_03{cc0.0 :’:sz)o.u Gevfel [L4s2e05 < a2e.08
run_06l<00.0 xﬂsgooo Gevluel 002897 16705 10000 run_06c<00.0 x 65000 Gev|i28-L |1.266¢:05 = 4.3¢-08] un_06lc500.0 :"" tag 1 [3.164¢-06 = 1.1e.08

times scale factor g#3* = (1377 x (1 — %/’ )2
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http://yhang.web.cern.ch/yhang/Private/Monopole/MonModel.pdf

Summary & Problem

vvyyy

Introduction & motivation
Dirac & 't Hooft solution
MoEDAL Experiment

Reproduce

» Combine SM.fr with Mon.fr for convenience

» Do not generate it's own .gen file (GenericFile -> False)

No complete theory (spin, g3)
Model parameter (LHC, quark energy)
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