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Why Monopoles 2
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Dirac monopoles

Existence of a single monopole implies charge 
quantized due to quantization of angular 
momentum of electron-monopole system

Note the large charge
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Grand Unified Theory monopoles
ÅΨǘ IƻƻŦǘ-Polyakov monopoles:  fundamental 

solutions to non-Albelian gauge theories
Å Produced early in the Big Bang
Å9ȄǘǊŜƳŜƭȅ ƘŜŀǾȅΥ  D¦¢ Ƴŀǎǎ όҗ мл16 GeV)



Monopole Properties

ÅCaution:  most every statement I make here should have an asterisk 
associated with it as there are almost always assumptions that have been 
made. 

ÅMass:

ÅGrand unified theories predict the existence of monopoles, produced 
in the early Universe with masses greater than the GUT scale:  Mmҗ 
1016 GeV/c2.

ÅSome GUT and some SUSY models predict intermediate mass 
monopoles: 105 GeV/c2ҖMmҖ1016 GeV/c2, that were produced in 
later phase transitions in the early Universe.

ÅMagnetic charge:gD = nƚc/2e.  Charge can be quite large if n > 1.  Note 
that since ag = g2

D/ƚŎ= 34 perturbation calculations cannot be used.

ÅElectric charge:monopoles can have an intrinsic electric charge (Dyons) or 
pick up an electric charge from an attached proton or nucleus. 

ÅSpin: undefined; can either be ½  or 0.

ÅEnergy: the energy gained by a monopole with the minimum Dirac charge 
over a coherent galactic length is 2 x 1011 GeV. 

Å Lifetime: lowest mass stable due to conservation of charge.
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NuMIOff-AxisʉἭAppearanceExperiment 
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Ã NOvA is a 2-detector long-baseline, off-
axis neutrino oscillation experiment.

Ä Far detector 14 kton, fine grind, low-Z, liquid 
scintillator, 810 km from Fermilab, on the 
surface 
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Why Search for Monopoles with NOvA

ÅNOvA far detector has a very large 
surface area:

ÅNOvA: 4290 m2

ÅMACRO: 3482 m2

ÅSLIM: 427 m2

ÅOHYA: 2000 m2

ÅNOvA will run a long time:  at least6
years, most likely more

ÅNOvA far detector is on surface, which means it has 
little overburden:

ÅAllows access to lighter monopoles that deep underground 
detectors cannot see, because they cannot penetrate deep 
underground. 

ÅMeans backgrounds are much larger:  muon rate 150kHz!
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Monopole Energy Loss in Matter

Energy loss for monopoles of 
a single Dirac charge in Silicon. 
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Å Salient feature:  the higher the 
energy the more the energy loss,
opposite of electric monopoles 
(no Bragg peak)

Å A few regimes:

Å 10-1 > b:  ionize or excite the 
atoms and molecules 

Å 10-3< b < 10-2 :  assuming that 
the medium is a degenerate 
electron gas

Å 10-4 < b< 10-3:  excitation of 
atoms predominates

Åb< 10-4:  monopoles cannot 
excite atoms, but only lose 
energy in elastic collisions with 
atoms and nuclei
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Uncertainty of Monopole Energy Loss in Matter

Energy loss for monopoles of 
a single Dirac charge in Silicon. 
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Simulated Monopole and Real Cosmic Data

Å150kHzof cosmic induced events

ÅData driven trigger to control trigger rate lower than 10Hz.

ÅMake fast decision to reject 99.99%backgrounds. Limited bandwidth. 
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A  b=0.01 monopole overlaid with 5 msof 
minimum biascosmic-ray data. ADC values 
indicated by color. 
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monopole

A  b=0.01 monopole overlaid with 5 msof 
minimum biascosmic-ray data. ADC values 
indicated by color. 



Fast Monopole Trigger
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Cosmic shower

Å First trigger uses simple cutsbased on 
energy. Dec 2014

Å Improved trigger withless energy 
dependency and less uncertainty. Using 
some additional topological value and 
ADC distribution. Feb 2016

Å A proposed trigger using a neural 
network model. This summer. 

Reduce 
uncertainty. 

Increase 
efficiency

first trigger

Some typical backgrounds 
with high energy hits.

Low trigger efficiency and 
large uncertainty are due 
to high ADC cut. 



Fast Monopole Trigger with A Neural Network Model

ÅChoose framework:  Kerasand TensorFlow(GPU support).

ÅData set:300 million cosmic events,  5 million monopole events. 

ÅInput: Values from hits cluster information.

ÅPreselection: Through going, 3D requirement, etc.

ÅBuild a good model:
ÅChoose a set of inputs. Remove inputs with high linear correlation.

ÅTune hyperparameters of models. Number of layers, nodes in each layer, etc. 
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A neural network model will find a curved 
surface in high dimensional space to 
separate signal and backgrounds.  

We need to be careful 
with model 
complexity. A simple 
model can not fully 
utilize the data, but a 
too complicated model 
mightoverfit.


