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Peter Higgs
 The general purpose experiments have as their prime physics
purpose the discovery & elucidation of the Higgs boson....

* The corresponding “baseline” physics prpose for MoEDAL is
the search for the Magnetic Charge

* BUT ATLAS, CMS & MOEDAL CAN DO MUCH MORE



The Magnetic Monopole’s Importance

They restore symmetry to They explain electric
Maxwell’s Equations charge quantization

CHARGE
QUANTISATION

MAGNETIC UNIFICATION
MONOPOLES ? OF FORCES

GUT & EW monopoles are They are required by GUTs
excitations of the Higgs field string theory & M-theory




Magnetic Monopole Properties
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Monopole Production at Colliders

Drell-Yan Production




Anomalous lonization Signature
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MOoEDAL - Physics Scenarios (34+)
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The LHC Detectors with Results - MoEDAL

MoEDAL

Permanent
Physical
record
of new
physics

No
standard
Model
Physics
Backgrnds

NUCLEAR TRACK DETECTOR TRAPPING DETECTOR ARRAY  TIMEPIX Array a digital
Plastic array (~200 sqm) A tonne of Al to trap Highly Camera for real time
— Like a Giant Camera lonizing Particles for analysis radiation monitoring
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Full NTD Deploymentin 2015/16

MOEDA!L NT

NTD Stack

Signal etch pits

® Accceptance for at least one monopole from monopole pair
production to hit NTDs ~70% (over 150 m? of plastic)
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The Signal in the NTDS

Relativistic SM  Spallation  Relativistic Slow
Charges particle  products monopole  mongpole

CR39 { —
MAKROFOL‘|:

* Largest NTD array (150m? tot) ever deployed at an accelerator
— NTD tacks consist of CR39 (Thr. 5 mip) & Makrofol (Thr. 50 mip)

— Damage revealed by controlled etching - etch pits are formed

original surface

— Charge resolution is ~[0.1|e, where [e] is the electron charge

— Precision of each track measurement 120-20 microns

 NTDs are calibrated at heavy-ion beams at NSRL & NA61
 ATLAS and CMS cannot calibrate for highly ionizing plastic
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Signal in the MMT & SQUID Detectors

= |
Monopole trapped The MoEDAL trapping THE Zurich DC-SQUID
by aluminium nuclei detectors at IP8 magnetometer

The Signal

SQUID coil current
Is a constant amount

Sample
(fixed to belt)

after the passage of
A monopole
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MoEDAL Monopole Search Results
at-vs =13 TeV - PRL 118061811 (2017)
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First monopole constraints in 13 JEEIEIERY
MoEDAL 13 TeV

TeV pp CO//ISIO”S (this result)
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* Probe TeV masses for up to 5g, DY spin-0
MoEDAL 8 TeV

for the 1st time at the LHC DY spin-1/2
DY spin-0
Exclude monopole with [g[=4g, ATLAS § TeV

for the 1st time at the LHC Dy e/




MoEDAL Apparatus for Penetrating
Particles (MAPP)
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€ MAPP will be able to take data in p-p, p-A,A-A and also fixed
target interactions using SMOG (an internal gas target in LHCb)

® MAPP has three motivations
® To search for particles with charges <<le (ATLAS & CMS limited to
searches with particles of charge e > 1/3)
® To search for new pseudo-stable neutrals with long lifetime and
anomalously penetrating particles s
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clectric charses magnetic dipole

magnelic monopoles”

Are there extra dimensions?

595?
What happened just after
the big bang?
What is the nature of Are there new symmetries
Dark matter? of nature?
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ADDITIONAL SLIDES






LHC Sensitivitvy to Monoboles
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Cross-section limits for magnetic (LEFT) and electric charge
(RIGHT) (from arXiv:1112.2999V2 [hep-ph])

MoEDAL COMPLEMENTS the physics reach of the exrshng
LHC experiments 20




The MoEDAL Trapping Detector System

I

* Only 1/3 of the trapping array used for Vs=13 TeV search

* The full sensitivity includes results from all of the trapping and
NTD detectors — so much impoved results in the future

* Total mass of trapping detectors ~ 800 kg of Al (~2400 bars)
* Read out by a SQUID magnetometer calibrated with special solenoids

* First time a purpose built trapping detector has ever been deployed



LHC experiments are back in business at
a new record energy 13 TeV

3 June 2015

Jun 16 Aug 16 Oct 16

Recorded Luminosity
ge
") The luminosity delivered to
|| MoEDAL in 2015 was 366 pb™

Despite “Sparky” the Beech Marten — LHC is now on track



The MoEDAL Monopole Search
ats=8TeV - JHEP 1608 (2016) 067
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The LHC's Voyage of Discovery
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Relativistic SM  Spallation  Relativistic Slow

Charges particle  products monopole  mongpole
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