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& Just as the general purpose experiments ATLAS & CMS have

as their prime physics purpose the discovery and
elucidation of the Higgs

... Then the equivalent “benchmark” physics physics process for

MOoEDAL is the magnetic monopole production — thus we shall
concentrate on this topic due to time constraints

“ But ATLAS, CMS and MoEDAL can do much more!



@ In 1931 Dirac hypothesized that the Monopole exists as the
end of an infinitely long and thin solenoid - the “Dirac String”

@ Requiring that the string is not seen gives us the Dirac
Quantization Condition & explains the quantization of charge!

[—n OR g-ie (from 4mg=2m n=12.3.)
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exist with the framework the SU(5) GUT with mass around 10%®
GeV (10 ng in SI units)

& The 't Hooft and Polyakov monopole arises when the Higgs field vector
points away from the origin everywhere - the “hedgehog” configuration

&  Such monopoles are topological solitons (stable, non dissipative, finite
energy solutions) - Like a knot in the Higgs field configuration




@ Yongmin Cho’s pioneering paper in 1986 enwsmned a
spherically symmetric Electroweak Monopole, with:

® Magnetic charge 2g, & mass potentially in the range 427 GeV/c?

@ The Cho monopole is a non-trivial hybrid between the Dirac
monopole & the ‘t Hooft-Polyakov monopole

& His monopole arises from the framework of the Standard Model

@ The Cho-Maison monopole could be detectable by MoEDAL
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Data from Cabrera’s apparatus taken on St
Valentine’s day in 1982 (A=20 cm?).

The trace shows a jump — just before 2pm - that one
would expect from a monopole traversing the coil.

In August 1985 a groups at ICL reported
the:“observation of an unexplained event”
compatible with a monopole traversing the
detector (A= 0.18 m?

SAME TECHNOLOGY IS UTILIZED BY MoEDAL
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Avatar [av-uh-tahr]: An incarnation, embodiment, or manifestation of a person or idea:
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MOoEDAL — Highly lonizing Particles  ATLAS & C S'— New physics
directly detected as messengers of largely reconstructed from SM
new physics — no SM backgrounds particles — large SM backgrounds

IN CINEMAS THURSDAY DECEMBER 17

MWW AVATARMOVEE COUK S AkSO AVAILABLE IN 3D AlgD IMAX 3D - BOOK-NOW
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“ [Electriccharge - ionization increases with increasing charge &
falling velocity B (B=v/c) — use Z/[3 as an indicator of ionization

dE i [ Dt PP loax: 0 O
‘a-@g@[#“ I Bl ‘5]

“ |fZ~0.001e (millicharged) we get anomalously low ionization

“ Magnetic charge - ionization increases with magnetic charge

g = ng, and decreases with velocity  — a unique signature
. . _
_dE _ I%\Qz:)ln 2m€@ + K;g _ % - B(g)

“ The velocity dependence of the Lorentz force cancels 1/3° term

“ As g =137e/2 = 68.5e the ionization of a rel. monopole is 4700n?!!
(n=1) that of a MIP. But n could be larger!
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66 physicists from 14 countries & 24 institutes. on 4 continents:

U. Alberta, UBC, INFN Bologna, U. Bologna, CAAG-Algeria, U. Cincinatti, Concordia U.,
CSIC Valencia, Gangneung-Wonju Nat. U., U. Geneva, U. Helsinki, IEAP/CTU Prague,
IFIC Valencia, Imperial College London, ISS Bucharest, King’s College London, Konkuk
U., U. Montréal, MISiS Moscow, Muenster U., National Inst. Tec. (india),Northeastern
U., Simon Langton School UK, Stanford University [is the latest ( associate) member of
MOoEDAL], Tuft’s.
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NUCLEAR TRACK DETECTOR TRAPPING DETECTOR ARRAY  TIMEPIX Array a digital
Plastic array (~200 sgm) A tonne of Al to trap Highly Camera for real time

— Like a Giant Camera lonizing Particles for analysis radiation monitoring
(with film) 24
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& Largest array (150 m? of NTDs every deployed at an accelerator

& Plastic NTD stacks consist of CR39 (threshold 5 MiPs) and Makrofol ( 50
MiPs) — that are “damaged” by the highly ionizing particle

& The damage is revealed by controlled etching in a hot Sodium
Hydroxide solution — etch pits are formed

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

& NTD system acts like a giant camera that is only sensitive to
new physics - no known SM backgrounds

24



“ Exposed NTDs are being used to test automated high-rate
optical CCD based scanning microscopes developed by
MOoEDAL groups at INFN Bologna and the Univ. of Muenster.

@ Very high scan rate 60-100 frames /sec = 100 cm? in 40 minutes

% Specialized image enhancement/pattern recognition software

X
22
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Trapped monopole SQUID magnetometer (ETH Zurich) ~S€arch for trapped quasi-
stable decays at SNOLAB

@ We will deploy trapping volumes (~1 tonne) in the MoEDAL/
VELO Cavern to trap highly ionizing particles

& The binding energies of monopoles in nuclei with finite magnetic
dipole moments are estimated to be hundreds of keV

@ After exposure the traps are removed and sent to:
& The 5QUID magnetometer at ETH Zurich for Monopole detection
& Underground lab to detect decays of MSPs

25
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MoEDAL COMPLEMENTS the physics reach of the exrshng
LHC experiments




VIGEDALSNeoPICrentality):
I : | Optimized for SM
fonizing particies relativistic MIPs

Insensitive to & photons

SM particles Difficult to

Sensitive to measure very
very long- slow decays

lived particles Cannot detect
Can directly magnetic charge

an;EizﬁcfE iﬁ; . Cannot be directly
g g calibrated for highly

Calibrated by heavy-ions ionizing particles

The totally different systematics and mode of detection of
MoEDAL compared to the ATLAS/CMS experiments will yield
important validation of and insights into a joint observation

of new physics that we hope to see starting in 2015
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MBH
remnants

‘ Stable MBHs
4t Gen
fermions @
Electroweak H
monopoles eavy
Sleptons

Metastable
charginos
Light TP Long lived
monopoles gluinos
Doubly Fat Higgs
charged Higgs ‘ ‘ scenarios
Doubly charged Doubly charged
higgsinos Int.J.Mod.Phys. A29 (2014) 143005 fermions




& Most of MoEDAL’s 34 physics scenarios involve new physics with
well motivated dark matter scenarios (SUSY, extra dimensions)

& Several scenarios directly involve the detection of particles that
could contribute to the dark matter of the universe:

&

> ® » » »

Magnetic monopoles and monopolium

Stable microscopic black holes and black hole remnants
D-particles and Quirks.

Q-balls nuclearites/strangelets
Fractionally charged CHAMPs
Millicharged particles (Phase-1l MoEDAL)

31
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Drell-Yan Production Two-photon production
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Prototype trapping detector The challenge Current d:‘yment
160 kg 270 kg /800 kg

@ The MoEDAL trapping detector is the first of its kind ( a
purpose built detector for trapping highly ionizing particles

@ Our first result is on the search for trapped magnetic charge

using a SQUID to monitor for magnetic charge - future
results also on trapped electric charge are in the pipeline.



Journal of High Energy Physics

August 2016, 2016:67

Search for magnetic monopoles with the MoEDAL
prototype trapping detector in 8 TeV proton-proton
collisions at the LHC

The MoEDAL collaboration, B. Acharya, J. Alexandre, K. Bendtz, P. Benes, J. Bernabéu, M. Campbell, S. Cecchini,

J. Chwastowski, A. Chatterjee, M. de Montigny, D. Derendarz, A. De Roeck, J. R. Ellis, M. Fairbairn, D. Felea, M. Frank,
D. Frekers, C. Garcia, G. Giacomelli, D. Hasegan, M. Kalliokoski, A. Katre, D.-W. Kim, M. G. L. King, K. Kinoshita,

D.H. Lacarrére, S. C. Lee, C. Leroy, A. Lionti, A. Margiotta, N. Mauri, N. E. Mavromatos, P. Mermod [, D. Milstead,

V. A. Mitsou, R. Orava, B. Parker, L. Pasqualini, L. Patrizii, G. E. Pavalas, J. L. Pinfold, M. Platkevi¢, V. Popa, M. Pozzato,
S. Pospisil, A. Rajantie, Z. Sahnoun, M. Sakellariadou, S. Sarkar, G. Semenoff, G. Sirri, K. Sliwa, R. Soluk, M. Spurio,

Y. N. Srivastava, R. Staszewski, M. Suk, J. Swain, M. Tenti, V. Togo, M. Trzebinski, J. A. Tuszynski, V. Vento, O. Vives,

Z. Vykydal, T. Whyntie, A. Widom, G. Willems, J. H. Yoon ... show less

SECTIONS, Mass IMITS are aervea 1or |g1 = Lgp anda ig1 = Jgp ToT tNe Nrst UmMe at (Ne LHL, SUrpassing tne resuits rom previous
collider experiments.
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& Even with this prototype & low lumi MoEDAL probed multiple
magnetic charges which other LHC detectors find challenging

Greater mass range probed by MoEDAL - 3.5 TeV (M) 2.5 Tev (A)
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@ MOoEDAL is working on a new sub-detector to search for
millicharged particles (as low as 107e)

& A location near to IP8 in front of the MoEDAL detector (protected by
20m of rock/concrete) has been identified

@ We can also use this detector as a beam dump detector when
LHCb is using SMOG ( a gas fixed target beam using their VELO)
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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 charge ~0.1 (beyond the reach of the other
LHC detectors)

— To search for new pseudostable neutrals.
— To search for anomalously pentrating particles
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("1,5[10% Colliders CMS FIGURE TAKEN FROM: “Looking for milli-

| charged particles with a new experiment at
o the LHC Andrew Haas, Christopher S. Hill,
&%) Eder Izaguirre, Itay Yavin, . Oct 24, 2014. 4
¢ | . pp. Phys.Lett. B746 (2015) 117-120 -

‘33’1_‘_1_‘-_’; Experiment is planning to run at the CMS IP.
0.005 ESTRE MilliQ
' Vs =14 Tev

S — 300 fblis the data expected to be gained in
1 10 . the first 10-12 years of LHC running

Mpcp(GeV)

0.001
0.01

Search for millicharged particles — a dark matter candidate -
to which the standard LHC detectors are not sensitive

New dark sectors can have new particles which appear with small
fractional charge wrt the Standard Model sector

Charges typically in the range 10*to 103 e
No direct constraints above 100 MeV and Q/e <0.01
A MoEDAL millicharged detector could probe up to 100 GeV
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Monopole mass (GeV/c?)

* SLIM was a (400 m?) IM magnetic monopole and nuclearite
deployed at high altitude. The detector consists of multiple
CR39 layers and Makrofoil

* The RH figure shows flux (90% CL) upper limits for cosmic
MMs of charge g =g,and B >0.05vs monopole mass.
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» Possible sites under consideration: Chacaltaya, Teide (Canary
Islands), Pryamid Lab. in Nepal, etc.

* Detect monopoles, nuclearites, strangelets, microscopic black
hole remnants, etc. Particularly to push the serach for GUT
monopoles to well below the Parker Bound and previous limits
from MACRO.
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SUSY
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What happened just after Ralis
the big bang?

What is the nature of Are there new symmetries

Dark matter? of nature?
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What is the nature of Are there new symmetries
Dark matter? of nature?




