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Where to Find Monopoles

Lightest Monopoles are Stable and pair production (magnetic charge conservation)

¢ Primordial “cosmic” monopole
o Moving freely through outer space

o Accelerated to relativistic speeds by
galactic magnetic fields if m < 10%° GeV

¢ Primordial “stellar” monopole
o Bound in matter before star formation:
earth, moon, comet, meteorite
s Secondary production
o Inside high-energy cosmic ray
o With high-energy collisions at
accelerators

Experiments to look for
monopoles:

Cosmic rays
=> |limitation: detector size and time of
exposure

Bulk matter
=> limitation: sample size

Accelerators
=> limitation: center-of-mass energy

&

From theory, masses and rates uncertain
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Property and Detection

lonization energy loss
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Highly ionizing in detector!
For Dirac monopole with g = g, yield ~1000 larger dE/dx than a MIP withz=1
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Property and Detection

Detection: track-etch technique

Passage of highly ionizing particle causes permanent damage in plastic foils

=> Etching reveals the etch-pit cones, area and height of cones depends on
restricted energy loss of the incident particles and of charge Z

— Can be calibrated with ion beams
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Property and Detection

Detection: extraction method

Strong magnetic field (> 50k G) applied to extract and accelerate monopoles
trapped in matter

—> Detector telescope measures dE/dx and range
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Property and Detection

Detection: induction technique

Moving magnetic charge induces electric field

= In combination with a superconducting coil, tiny
permanent current occurs and measured

Superconducting
Coil
Sample
(fixed to belt) Conveyor Belt
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Figure 117.1: Upper flux limits for (left) GUT monopoles as a function of 8 (right) Monopoles as

a function of mass for 7 > 0.05.
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Potential Sources of FCP

FCP

FCP

L From outside the earth (1 Produced with Accelerator

v’ Produced in early universe, v’ Pair production of FCPs, e.g.
lightest ones likely stable, and Drell-Yan process

concentrated on bulk matter
v' Probing mass range limited by
v' Or produced in present universe, C.M.E.

travel to earth as cosmic rays
v’ Can be searched for with fix-

v ' )
Or produced as cosmic rays target, e*e” and hadron colliders

interact with atmosphere
8/23/2021 Y. Wu 11



Experimental Probes

Particles or bulk-matter

E
samples to be examined b 2 B
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Experimental Results

MACRO Experiment
arXiv:hep-ex/0402006v1

** FCPs were searched for as lightly
ionizing particles, for total run time
(1989 — 2000)

¢ Streamer tube tracker + Liquid
scintillator for FCP searches
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Projected Z Position (mm)

Experimental Results

More recent: CDMS-II

Underground, Soudan mine in
Minnesota, U.S.
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Low-threshold solid-state detectors in an
array to detect very lightly ionizing
particles from cosmic rays,

=>» Sensitive to 1/200< q < 1/6e
=2 No positive results
=>» Upgrade ongoing to SuperCDMS
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Bulk Matter in a Nutshell

Method Material Sample (mg) Nucleons
Ferromagnetic levitometer Steel 3.7 2.4 x 10°!
Ferromagnetic levitometer ‘Tungsten 3.0 1.4 x 10°!
Ferromagnetic levitometer Niobium 6.5 4.2 x 10°!
Ferromagnetic levitometer Meteorite 2.8 1.8 x 10°!
Ferromagnetic levitometer Seawater solutes See Reference 39 See Reference 39
Superconducting levitometer Niobium 1.1 7 x 10%0
Liquid drop Seawater 0.05 3.2 x 1017
Liquid drop Mercury 2.0 1.3 x 10%!
Liquid drop Silicon oil 17.4 1.1 x 10%
Liquid drop Silicon oil 70.1 45 x 1022
Liquid drop Mineral oil 259 1.7 x 10%
Liquid drop Meteorite 3.9 2.51 x 10%!

¢ Two main classes of experiments: Liquid

drop; Levitometer

¢ Both cases need special care of samples, and
need high precision system

¢ Limitation is the sample size / throughput
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Searches in Bulk Matter

** Materials often chosen for ease of use w.r.t. experiments:
= Chemical features of FCP+nuclei system unclear
= Used: sea water, silicone oil, mercury, iron, niobium,
meteorite

s

= Might be interesting to do in the future: rocks from comet
and Moon, plus many others to be explore ?
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Searches in Bulk Matter

UV light

pulses

\ . -
\
\ ‘\»
. >
Vacuum vessel /
zdamping laser

zdamping coils

x damping coils

Spin coils

<3 Photodiodes

z
Levitation
magnet poles y x
N oo Y Lift servo coil
5N
-~ “~
S v, o %4 | Photodiode
A > »
Zdl
| & {||

Electrostatic
deflector plates

1 and lid

Field-shaping blocks N i

Some used diamagnetic levitation on a sample
consisting of superconducting niobium ball —
disadvantage of very limited sample choice;
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Sample cup

Ferromagnetic
Levitometer

- Magnetic field to levitate
the sample of O(0.1mm)
diameter

- Oscillating electric field
with laser and photodiodes
to measure charge

- Sample coated with iron, or
iron ball coated with
sample

- UV light to remove
electrons one-by-one from
the sample
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Searches in Bulk Matter

Liquid drop experiments

Millikan Oil experiment

DC VOLTAGE

Traditional method need to
suspend the old drop and
therefore limit the
throughput to <<mg
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