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Abstract: <p>Just like how milli-electric charged particles can exist, so can milli-magnetic charged particles.&nbsp; We review simple wa
evading the standard quantization arguments and why there are no model independent constraints on magnetically charged particles, milli-
or not.&nbsp; We then provide the first ever model independent bounds coming from magnetar cooling arguments.</p>
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New Particles

e Particle physics has been all about finding
new particles

e Particles that make us up (leptons/quarks/
Higgs)

e Particles that carry forces (photon/gluon/W/
Z/graviton)
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Where are they?

e Heavy

e They have large masses so we haven't been able to produce
them yet

e [ ight but weakly coupled

e We can produce them, but they are weakly coupled so hard to
produce and hard to see
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How to find them

e Heavy

e Collide things at higher and higher energies

e [ ight but weakly coupled

¢ High intensity/luminosity (Do experiment many many many
times)
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e At high energies everything interconverts

e Just collide stuff, doesn’t matter what it is
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Light particles

e Need high intensity (of what?)

e (Converting between particles rarer so what
It couples to and how it couples matters

e Electrons/muons/protons/dark matter/...

e Gauge charge/dipole moments/Yukawa interactions/...

e Many options = many different experiments
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High intensity colliders

e Standard collider but just run at very high
luminosity

e Explores new particles weakly coupled to
protons/electrons
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Beam Dump

e Al _ X
\) y
Electron ¢
Beam Target Dirt Detector

1406.2698v2

e (Collide a large number of protons or
electrons or atoms with atoms

e Explores new particles weakly coupled to
protons/electrons/atoms/...
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High density

e Neutron stars
e Red Giants

e Supernova

e New particles as new sources of
e Cooling
e Energy transport

e Production mechanism combined with direct detection
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Direct detection : Dark matter

e [arge energy flux of dark matter

e (Collision of dark matter with nuclei

e Nuclear recoils

e FElectron recoils in the future
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Dark Matter

™.

e |f dark matter has macroscopic size look for
time dependent processes

e Time dependent dipole moments, charge, mass...
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New light particles

e Many different scenarios

e New particle / old interactions
o Gravity

e FElectricity and magnetism

e So what about new particles that carry
charge and mass”?
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Milli-charged particles

e Two types of charges under the photon
e [lectric and magnetic (hence E+M)

e \What about milli-magnetic charged
particles?
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Outline

e Milli-magnetic charged particles
e (Constraints

e (Conclusion
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Milli-magnetic charge

e Monopoles : Yes
e Milli-magnetic charges : 7?77
e \Why don't people look for this?

e (Quantization of angular momentum
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Angular momentum

= / d*rz x (E x B) = ?—ngQmﬁ
a47r

& % Qc(gm =7

e (Given that electrons exist, there exists a
minimum magnetic charge

e Most work directed towards this mimimim
charge
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Example

m| 0| —e| O 1

e Angular momentum in U(1) canceled by
angular momentum in U(1)’
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Plausible?

e Milli-magnetic charged particles are
possible but are they plausible?

e (Claim - Just as plausible as any other
scenario with dark photons

e Fractional charges?

e Monopoles at low energy?
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Kinetic Mixing

1

e 1
U e .
4

‘ 1
4]7}% + 2eFpF + §m%AQD

e Dark photon with kinetic mixing

e Electron has milli charge under dark U(1)

A— A+ €Ap
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Kinetic Mixing
E < Ep

EDEFFD Bo Bl

e Dark Monopoles pick up milli-magnetic
charge

e Result required by consistency

e (Can be seen explicitly for 't Hooft Polyakov monopoles
F| B |EF | P
el [ () € =l
= 0 —c.| [
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Magnetic transformation

RS DEE

e |ntegrate out G

e Theory of the photon

* |ntegrate out F

e Theory of the dual photon
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Magnetic transformation

LD F?+ F2 +¢FpF + FG + FpGp

e Remove kinetic mixing by field redefinition

A—>A—|—€AD
Bp — Bp — eB

® [heir monopoles become charged under
our E+M
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Plausible?

e Milli-magnetic charged particles are
possible but are they plausible?

e (Claim - Just as plausible as any other
scenario with dark photons

e Fractional charges?

e Monopoles at low energy?
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Light monopoles?

e Strong theory bias against light monopoles

e Due to the original discovery of monopoles
in grand unified theories
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Light monopoles?

1 1 .|
> —EFQ — ZFE; + 2eFFp + im%Bg

e Perform E+M duality on the previous
example

e Electron now : perfectly reasonable for it to
be light!
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Light monopoles?

E| B | E "5
e | 1] 0 0 | —e¢
€p 0 —iC 1 0

e Just a dark electron with magnetic mixing

e Magnetic Stuckleberg mass
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Physical Picture

1
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e \What is the physical picture of this
Lagrangian?
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Physical Picture
| B | B
h | 0] O 1 | 0
e | 1 0 € 0
m| 0| —e| O 1

e Milli-magnetic charge

e Dark U(1) Higgsed so monopoles are
confined

e Like QCD, strings connecting monopole with anti-monopole
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Physical Picture

e Dark U(1) Higgsed so monopoles are
confined

e Like QCD, strings connecting monopole with anti-monopole
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Physical Picture
| B | B
h | 0] O 1 | 0
e | 1 0 € 0
m| 0| —e| O 1

If dark photon mass is irrelevant

e Electron generatesafield E B. E' =¢E,B' = eB

e Monopole feels afield FE.g=—€E+E =0
B.s——cB i
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Physical Picture

¥ | B | E| B
0| 0 1 0 ’ oy
B[ 0| |0 B = eberiy
m| 0| —e| 0O 1
e FElectron generates a field
* Monopole feels a field Beg = €eB(e”™4'" — 1)

e As long as distance long enough

that dark magnetic field is
screened, then electron and

monopole can interact

irsa: 17030083 Page 34/62



Outline

e (Constraints

e (Conclusion
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Constraints

e |f magnetic charges already exist around
us

e Astrophysical constraints/experimental constraints/...

e |f they are not surrounding us

1. No constraints if they are non-perturbative ('t Hooft Polyakov
monopoles)

2. Weak constraints if fundamental
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Parker bound

~18 =0 -
Foeer = 107 ecm 28 sy

e Magnetic fields accelerate monopoles

Energy in monopoles comes from B field

If too much energy is taken, then B field of Milky Way
neutralized

Usually applied to some cosmological abundance
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Non-perturbative
monopoles

¢ 't Hooft Polyakov monopoles have size
larger than Compton wavelength
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Non-perturbative
monopoles

e Magnetic charge conserved so pair
produce monopoles

e De Broglie wavelength of colliding particles
much smaller than physical size of
monopoles

e (ross section for producing particles is
exponentially suppressed due to
decoupling
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Goal

Obtain model independent bounds on milli-
magnetic charged particles

Perturbative production can be
exponentially suppressed

Need non-perturbative production

Exponentially large number of initial states
(photons)

Extremely large electric and magnetic
fields

Page 40/62



Pirsa: 17030083 Page 41/62



Pirsa: 17030083 Page 42/62



Pirsa: 17030083 Page 43/62



Pirsa: 17030083 Page 44/62



Pirsa: 17030083 Page 45/62



Pirsa: 17030083 Page 46/62



Pirsa: 17030083 Page 47/62



Pirsa: 17030083 Page 48/62



Pirsa: 17030083 Page 49/62



Pirsa: 17030083 Page 50/62



Pirsa: 17030083 Page 51/62



Pirsa: 17030083 Page 52/62



Pirsa: 17030083 Page 53/62



Pirsa: 17030083 Page 54/62



Pirsa: 17030083 Page 55/62



Pirsa: 17030083 Page 56/62



Pirsa: 17030083 Page 57/62



Pirsa: 17030083 Page 58/62



Pirsa: 17030083 Page 59/62



Pirsa: 17030083 Page 60/62



Pirsa: 17030083 Page 61/62



Pirsa: 17030083 Page 62/62



