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AIM: The search for the highly ionizing particle avatars of New
Physics with magnetic and/or electric charge

CERN COURIER

May 5,2010
MoEDAL becomes the LHC's magnificent MoEDAL
seventh

A new experiment is set to join the LHC fold. As James
Pinfold explains, MoEDAL will conduct the search for

magnetlc monopoles. TECHNICAL DESIGN REPORI1
OF THE MoEDAL EXPERIMEN'T

Résumeé
MoEDAL devient la septiéme expérience du LHC

“ The CERN Research Board (CRB) unanimously approved the MoEDAL
during their 190" meeting on Dec. 3rd 2009 — it became official at
there next meeting on March 10t

“ This LHC experiment was proposed and is led by the UofA
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66 physicists from 14 countries & 25 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, INP/PAS Cracow, ISS Bucharest, King’s College
London, Konkuk U., U. Montréal, 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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Avatar [av-uh-tahr]: An incarnation, embodiment, or manifestation of a person or idea:
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MOoEDAL — Highly lonizing Particles ~ ATLAS & CMS — New physics
directly detected as messengers of largely reconstructed from SM
new physics — no SM backgrounds particles — large SM backgrounds

Run; 189288
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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
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“ |fZ~0.001e (millicharged) we get anomalously low ionization

“ Magnetic charge - ionization increases with magnetic charge

and decreases with velocity  —a unique signature
- . -

s ’ lnzme@ +K|g|—l—B(g)
dx A I, 4 2 |

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

“ The ionization of a rel. monopole is 4700n?!! (n=1,2,3...) that of a MIP
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The search for the highly ionizing particle avatars of new physics

Search or Article-id

anIv.om > "P-ﬂ‘l > arXiv:1405.7662 —

High Energy Physics - Phenomenology

The Physics Programme Of The MoEDAL Experiment At The LHC
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TimePix pixel devices for monitorin w ueector do not require a electronic readout; or online

ber ()th 20 1 4‘)

3 (2014) 1430050 ¢ 91pages)

computerized data acquisition. The =ssepriysics reach, which is largely complementary to the pros ns of the large multi-purpose LHC detectors
ATLAS and CMS
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Dyons/Monopoles in general
Electroweak Monopole
Electroweak strings

Light 't Hooft-Polyakov monopoles
Monopolium

D-particles




Peter Higgs

“ 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 process for
MOoEDAL is the magnetic monopole production — thus we shall
concentrate more 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!

ge=[@n OR g=ie (from 4ﬂeg=2am n=1,2,3.)
2 20 hc .
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The fox knows many things — tﬁé "
- hedgehog knows one great thing

(rchiocus)

“Hedgehog? Higgs field
configuration

O RN Yongin Cho

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

Magnetic charge 2g, & mass potentially in the range 427 GeV/c?
His monopole arises from the Weinberg Salam model

Such monopoles are topological solitons like a knot in the
Standard Model Higgs field configuration

The Cho-Maison monopole could be detected at the LHC
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Drell-Yan Production Two-photon production
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el U9EDAL = cf Unjejyz Colliclag Daizcior
MoEDAL

Permanent ‘ No
Physical g 7 Standard

record [ e Model
of new ' 4 [~ Physics
physics Ny 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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3 sheets each

500 pm

Aluminium face plate

25 x 25 cm

“ 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

19



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 SQUID magnetometer at ETH Zurich for Monopole detection
@ Underground lab (SNOLAB) to detect decays of electrically charged MSPs

20
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Designed & optimized for SM
relativistic MIPs
& photons

Designed & Optimized for highly
ionizing particles

Insensitive to

SM particles Mass ~10K tons

Mass ~ 1 ton Size ~25m diam.

Size ~ 5 m3 x 46 m length
Thickness in RL Th/ckne:;f é’; I;L
~0.002 X, 0

Cannot detect

Can directly magnetic charge

detect & trap
magnetic charge

Calibrated by heavy-ions

Cannot be directly
calibrated for HIPs

The totally different systematics and mode of detection of
MOoEDAL compared to the ATLAS/CMS experiments =
important validation of and insights into a joint observations E
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N
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Electric charge (e)

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

MoEDAL COMPLEMENTS the physics reach of the existing
LHC experiments
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Search for millicharged particles to which the standard LHC
detectors are not sensitive

New dark sectors can have new particles which appear
“milli-charged” to the Standard Model

Charges typically in the range 10*to 103 e

No direct constraints above 100 MeV
A MoEDAL millicharged detector could probe up to 100 GeV
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Hadren 233~ Chambers
Calorimeter

Electromagneti
kR RICH Calorimeter
= Detector '

MoEDAL i
REGION

£~ MoEDAL Millicharged
" _a&-Particle detectoctor

* MoEDAL is now working on a new sub-detector to search for
millicharged particles (mQP) as low as 103e

— A location near to IP8 adjacent to the MoEDAL detector has been ID’ed

— Fine segmentation, deep detectors, precise timing and triple layer
coincidence will be used to get single photo-electron sensitivity






“ The existence of magnetic monopoles

is suggested by Electromagnetic
theory. But, Grand unified and
superstring theories, predict the
existence of the monopole.

“ Dirac felt that he "would be surprised

if Nature had made no use of it". It,
being the Magnetic Monopole.

“ Ed Witten once asserted in his Loeb

Lecture at Harvard, “almost all
theoretical physicists believe in the
existence of magnetic monopoles, or
at least hope that there is one.”
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Dirac showed that the existence of at least one magnetic
monopole would explain charge quantization

—) Charge
Quantization

Thus, Polchinski conjectured, any theory requiring charge
quantization must have a monopole

Quantization

He also maintains that in any fully unified theory, for every
gauge field there will exist electric and magnetic sources.
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[ would like to express my strong support for the MoEDAL experiment.
Although monapoles do not get as much press as dark energy and other
hot topics, in fact they are the most certain prediction of theory beyond the
Standard Model - more so than supersymmetry, strings, extra dimensions,

modified gravity, or many other widely discussed ideas. As I have

discussed in my Dirac Centenary lalk, their existence seems inevitable in
any framework that explains the quantization of electric charge. Of
course t/aez'r mass scale and abundance are highly uncertain, but the same

-
| 55 .
Ed Witten
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electric charges magnetic dipole

magnetic monopoles?

Does magnetic charge exist?

= = M L
Are there extra dimensions?

What happ(éed just after .
What is the nature of the big bang? Are there new symmetries

Dark matter? of nature?

The MoEDAL experiment as just set sail on a voyage of
discovery with the opening of a new LHC high energy
frontier 13-14TeV in 2015 - stay tuned (or join us)
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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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 The symmetrized Maxwell’s equations are invariant under
rotations in the plane of the electric and magnetic field

* This symmetry is called Duality - the distinction between
electric and magnetic charge is merely one of definition

* SEE VERY NICE TALK BY ARTTU RAJANTIE ON THE FIELD
THEORY OF MAGNETIC MONOPOLES (Thursday parallel-9)
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The structure of the SU(5) GUT is similar to the Georgi-Glashow EW
theory — thus it also predicted 't Hooft-Polyakov with mass around 106

GeV (or 10 ng in Sl units).
A symmetry-breaking GUT phase transition triggered the creation of

topological defects (domain walls cosmic strings, monopoles) when the
universe froze out at the GUT transition (Kibble-Zurek mechanism)

GUTS+ standard cosmology leads to a monopole glut that
enouraged Guth to introduce inflation to dilute their density

They are obviously much too heavy to be produced on Earth
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SO GREAT TOGETHER YOU'LL WISH THEY'D NEVER PART AGAIN!
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higher luminosity. MoEDAL will throw a new light on this search

ATLAS SUSY Searches* -

95% CL Lower Limits (Status: March 26

/ [ATLAS-CONF-2012-1¢
Le58 167, 8 TaV [ATLAS-CONF-2012-108]

Ls4.8 07, 7 TeV [ATLAS-CONF-2012-144)

w.‘ (] \vwmmmaq
L=12815", 8 TeV [ATLAS-CONF-2012-145]
L=12.5 1", 8 TeV [ATLAS-CONF-2012-185]

1=20.7 ", 8 TeV [ATLAS-CONF-2013-007]
LeA.7 B, 7 TV [1208.4305, 1209.2102]
L=20.7 1", 8 ToV [ATLAS-CONF-2013-037)
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“ No evidence for SUSY at the LHC as yet but we should not
despair - the search will continue in 2015 at 13.8 TeV and




LQ1, B=0.5

C M S EXOT' CA 95% cL ExcLusion LiMiTs (Tev) LaeReo

g* (qg), dijet
q* (qW)
q*(q2)

q*, dijet pair
q*, boosted Z
e’ , A=2TeV
P, A=2TeV

Z'SSM (ee, pp)

Z'SSM (1)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lop+jet) width=1.2%
Z’SSM () fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) kM = 0.2

G (yy) M =0.1

G (z(z(qq)) kM = 0.1
W’ (lv)

W’ (dijet)

W’ (td)

W’ — WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p=10TeV

pTC, niTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP =&
stop, Stopped Gluino |

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV |
neutralino, ct<50cm &

LQ2, B=0.5

LQ2, B=1.0

LQ3 (bv), Q=x1/3, B=0.0

LQ3 (b1), Q=+2/3 or +4/3, B=1.0
stop (b1)

Compositeness

#*¥" MD, monojet, nED = 3

MD, monojet, nED = 6

MD, mono-y, nED = 3

MD, mono-y, nED = 6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=8TeV, nED =2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED =2

Extra Dimensions
& Black Holes

The search for physics beyond the Standard Model will continue

at the LHC — MoEDAL expands this discovery horizon
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Topological soliton

“ In 1974 ‘t Hooft and Polyakov showed that monopoles exist
with the framework of Georgi-Glashow with an SO(3) GS
broken to the U(1) of electromagnetism — with charge 2g,

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 with a topological charge
Like a knot in the Higgs field configuration

38
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