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The Higgs Boson & the Magne�c Monopole

• The main purpose of the general purpose LHC  experiments 

ATLAS and CMS is to �nd and study the Higgs boson

• The main purpose of the MoEDAL- LHC Experiment is to search 

for the magne�c monopole, possibly  a  topological excita�on   

in the Higgs �eld  (eg. Yongmin Cho’s Electroweak Monopole)

• But ATLAS, CMS and MoEDAL can do much more 

Dirac �rst hypothesized the monopole’s existence 
Higgs hypothesized the Higgs boson’s existence 



   Mo�va�on: Why should you care?!

• Their inclusion in the theory of EM would restore the symmetry 

between E and B �elds.

• Their existence would explain the quan�za�on of electric 

charge.

• MM appear in many GUT theories, and we all want uni�ca�on!

 



• The MoEDAL experiment the 7th LHC experiment was o6cially 

approved by the CERN Research  Board on March 3  rd 2010

• MoEDAL started taking data at the LHC in the Spring 2015

MoEDAL – the 7th and Newest LHC Exp.

MoEDAL has taken data in p-p collisons at 8 TeV and  13 TeV 

Collision Energy as well as in heavy-ion collisions



Now 66 physicists from 14 countries, 4 con�nents & 26 ins�tu�ons:
U. Alberta, U. Alabama, UBC,  INFN Bologna, U. Bologna,CAAG (Algeria), Algeria, U. CincinaE,  Concordia U., 

Gangneung-Wonju Nat. U., U. Geneva, U. Helsinki, ICTP Trieste,  IEAP/CTU Prague, IFIC Valencia,  Imperial College 

London, INP/PAS Cracow,  ISS Bucharest, King’s College London, Konkuk U., MiSIS U. Moscow, Muenster U., 

Na�onal Inst. Tec. (india),Northeastern U., Queen Mary University London, Simon Langton School UK, TuK’s.

The MoEDAL Collabora�on



Supersymmetry
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Sensi�ve to over 40 new physics scenarios

MoEDAL is Sensi�ve to Many

 Other New Physics Scenarios

         International Journal of Modern Physics A, September 2014, Vol. 29, No. 23 



MoEDAL’s Avatars of New Physics

Very Highly 

ionizing par�cles  
(≥ 5 �mes that of a 

standard rela�vis�c 

charged par�cle) 

Frac�onally charged  

par�cles (with charge 

down to less than  ~1% 

of the electron’s charge)

Very long-lived  

charged  par�cles  
(with life�mes up

 to ~10 years) 

Long lived neutral

 par�cles – 
( ofo 100m decay

 length or more)

Avatar [av-uh-tahr]: An incarna�on, embodiment, or manifesta�on of a person or idea:



MoEDAL is largely passive and made up of three detector systems
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The MoEDAL Detector in a Nutshell



VELO-LHCb

NTDs– A-side

NTDs– C-side

NTDs– Top

NTDs– Front

NTD-HighChargeCatcher

MMT-2

MMT-2

MMT-3

MoEDAL LHCb

• Acceptance for at least one pair produced monopole ~70% (NTD) 

Geant 4 

Panoramix

LHCbMoEDAL

The MoEDAL Detector Today



World’s best monopole limits
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• MAPP  (MoEDAL Apparatus for Penetra�ng Par�cles) has 3 

mo�va�ons:
• To search for  “millicharged “ par�cles with charge <<1e 

• To search for new neutral par�cles with very long life�mes

• To search for anomalously penetra�ng par�cles

• Detector is protected from SM backgrounds by 20m-30m of 

rock/concrete and can be moved from 5O to 25O to the beam

• Plan for deployment at LHC-RUN3 (2021)

 MAPP – MoEDAL Apparatus for Penetra�ng Par�cles
                            In prototyping phase

 MAPP – MoEDAL Apparatus for Penetra�ng Par�cles

  In prototyping phase



The MAPP Prototype Installed in 12/2017

MAPP prototype in its remote tunnel

MAPP prototype in its remote tunnel



The MAPP Prototype Installed in 12/2017

MAPP prototype in its remote tunnel

MAPP prototype in its remote tunnel

NOW ANALYZING!



MAPP: Physics Processes

• Explore BSM scenarios from various theories, which have 

signatures that MAPP could be sensi�ve to

• Use Feynrules + Mathema�ca to create Madgraph models

• Validate models using the literature, analy�c calcula�ons, and 

numerical calcula�ons.

• Generate Monte-Carlo events w/ MG5

• Write, test, and run simula�ons of MAPP to get detector 

acceptance.

• Establish MAPP’s sensi�vity to each of these processes.



MAPP PHYSICS PROCESS 1

Milli-Charged Par�cles in Dark QED (0.1e)

MAPP is sens�ve to mCP (~0.1-0.01e) with M ~ 0.1-100 GeV
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MoEDAL HELPS  THE  LHC TO ADDRESS 

 FUNDAMENTAL QUESTIONS SUCH AS:
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