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School physics teaches that everything is made up of 
atoms, and inside atoms are electrons, protons and 
neutrons. They, in turn, are made of quarks and other 
subatomic particles. Scientists have long puzzled 
over how these tiny building blocks of the universe 
acquire mass. Without mass, particles wouldn’t hold 
together and there would be no matter. One theory 
proposed by British physicist Peter Higgs and teams 
in Belgium and the United States in the 1960s is that 
a new particle must be creating a “sticky” field that 
acts as a drag on other particles.

In order to truly understand what the Higgs boson 
is however, we need to examine one of the most 
prominent theories describing the way the cosmos 
works: the standard model. The model comes to 
us by way of particle physics, a field filled with 
physicists dedicated to reducing our complicated 
universe to its most basic building blocks. It is a 
challenge scientists have been tackling for centuries 
and have made a lot of progress. First, we discovered 
atoms, then protons, neutrons and electrons, and 
finally quarks and leptons. But the universe doesn’t 
only contain matter; it also contains forces that act 
upon that matter. The standard model has given 
us more insight into the types of matter and forces 
than perhaps any other theory we have.

In brief, here’s what the standard model, which was 
developed in the early 1970s tells us: Our entire 
universe is made of 12 different matter particles 
and four forces. Among those 12 particles, you’ll 
encounter six quarks and six leptons. Quarks make 
up protons and neutrons, while members of the 
lepton family include the electron and the electron 
neutrino, its neutral counterpart. Scientists think 
that leptons and quarks are indivisible; that you 

can’t break them apart into smaller particles. Along 
with all those particles, the standard model also 
acknowledges four forces: gravity, electromagnetic, 
strong and weak.

As theories go, the standard model has been very 
effective, except for its failure to fit in gravity. Armed 
with it, physicists have predicted the existence of 
certain particles years before they were verified 
empirically. Unfortunately, the model still had 
another missing piece -- the Higgs boson until 2012.

As it turns out, scientists think each one of those 
four fundamental forces has a corresponding carrier 
particle, or boson, that acts upon matter. That’s a 
hard concept to grasp. We tend to think of forces as 
mysterious, ethereal things that do not have form or 
shape, but in reality, they’re as real as matter itself.

Scientists think each of the four fundamental ones 
has its own specific bosons. Electromagnetic fields, 
for instance, depend on the photon to transmit 
electromagnetic force to matter. Physicists think 
the Higgs boson might have a similar function – 
transferring mass itself.
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Can’t matter just inherently have mass without the 
Higgs boson confusing things? Not according to the 
standard model. But physicists have found a solution. 
What if all particles have no inherent mass, but 
instead gain mass by passing through a field? This 
field, known as a Higgs field, could affect different 
particles in different ways. Photons could slide 
through unaffected, while W and Z bosons would get 
bogged down with mass. In fact, assuming the Higgs 
boson exists, everything that has mass gets it by 
interacting with the all-powerful Higgs field, which 
occupies the entire universe. Like the other fields 
covered by the standard model, the Higgs one would 
need a carrier particle to affect other particles, and 
that particle is known as the Higgs boson.

WHY IS THIS IMPORTANT? The Higgs is part of 
many theoretical equations underpinning scientists’ 
understanding of how the world came into being. If 
it doesn’t exist, then those theories would need to 
be fundamentally overhauled. The fact that it has 
now been proven that it does exist, means scientists 
have been on the right track with their theories. 
But there’s a twist: the measurements seem to 
diverge slightly from what would be expected under 
the so-called Standard Model of particle physics. 
This is exciting for scientists because it opens the 
possibility to potential new discoveries including 
a theory known as “super-symmetry” where 
particles don’t just come in pairs - matter and anti-
matter - but quadruplets, all with slightly different 
characteristics.

While the Standard Model has been largely 
successful in predicting what experiments have 
also corroborated, about the basic building blocks 
of matter, physicists also recognize that it does not 
give the complete picture and hence is incomplete. 

Supersymmetry is an extension of the Standard 
Model that aims to fill some of the gaps. Though 
supersymmetry initially seems to complicate 
matters by introducing a partner particle for each 
particle in the Standard Model, the new particles 
solve a major problem with the Standard Model – 
fixing the mass of the Higgs boson and if the theory 
is correct, supersymmetric particles should have 
appeared in collisions at the LHC. But they didn’t! 

The two leading theories attempting to explain the 
absence are (a) that the particles are too massive to 
show up at the energies that LHC can muster, (calling 
for a more powerful collider in the future), and (b) the 
new particles are very short lived and decay into low 
energy Standard Model particles. Of late, assuming 
that Supersymmetry or SUSY in short is present but 
much stealthier than previously thought, machine 
learning coupled with neural networks is being put 
to use. This method looks for the production of two 
SUSY top quarks called squarks and their subsequent 
decay to two top quarks and many other jets. But this 
end result of many jets is not unique as many other 
processes also produce jets at the end. However, 
the top squark usually produces more sprays than 
other background processes. If this version of SUSY 
is correct, as opposed to the one with a lot of missing 
energy at the end, it explains why previous searches 
have not found anything.

One of the reasons for the Standard Model being so 
attractive to physicists, is that it has the potential 
to take physics beyond the realm of the 4% that we 
know of now. Let’s delve a little. A cursory look at 
the Standard Model gives the impression that the 
theory predicts all particles should be massless. But 
our observations on fundamental particles clearly is 
at odds with this. The Standard Model, gets around 
this problem by proposing the existence of the Higgs 
boson, as explained above. But it is puzzling why 
the particle that gives mass to all other particles, 
itself should be light, as interactions with other 
particles of the Standard Model will tend to make 
it very heavy! This is where the role of SUSY comes 
in. The extra partner-particles predicted by SUSY 
will cancel out the interactions by the Standard 
Model partners, making the Higgs boson light. What 
is more, the inclusion of SUSY particles allows the 
interaction using the same fundamental forces, but 
allows particles to have different masses. Another 
problem solved! There’s more: the inclusion of the 

Rahul S Chatterjee, ACCESS Journal (02), (03), 2021, 79-82



81

2709-8354 © 2021 The Author(s). Published by GEIST International Foundation. Peer review under 
responsibility of the editorial committee of the ACCESS Journal.

SUSY particles in the Standard Model predicts that 
the three fundamental forces – electromagnetism, 
and strong & weak nuclear forces would have the 
same exact strength at very high energies, as was 
the case in the early universe, just after the Big 
Bang, thus moving in the direction of the Grand 
Unification Theory that Einstein was working on 
when he passed away.

A further step in the direction of unification is that 
the different classes of particles, fermions having 
half integral spin (obeying Fermi-Dirac statistics) 
and bosons with integral spin (obeying Bose-
Einstein statistics) can be brought together under 
one umbrella by the SUSY particles.

Another reason making the Standard Model along 
with the modifications of Supersymmetry so 
attractive is that many theories have predicted that 
the lightest of the SUSY particles to be stable and 
neutral electrically, interacting very weakly with the 
particles of the Standard Model. Now, these are the 
very characteristics that fit the role for dark matter. 
Dark matter, as we understand, makes up most of 
the matter in the universe. It is also responsible for 
holding galaxies together. While the Standard Model 
alone is not an answer to the explanation for dark 
matter, Supersymmetry builds on the framework 
laid down by the former to build a more wholesome 
picture of the universe. Certainly, more experiments 
need to be done and more theoretical alternative 
models need to be developed to be able to probe 
deeper into the workings of the universe with some 
certainty.

HOW MUCH DID IT COST? CERN’s atom smasher, 
the Large Hadron Collider, alone cost some $10 
billion to build and run. This includes the salaries 
of thousands of scientists and support staff around 
the world who collaborated on the two experiments 
that independently pursued the Higgs, the ATLAS 
Experiment and the CMS, placed diametrically 
opposite each other along the LHC ring. 

Each experiment was designed, maintained and 
performed by a different group of experts. Each 
team competing against the other while looking 
for the same piece of the jigsaw puzzle; and when 
it was discovered, both teams reported similar 
observations and results! Woohoo!

WERE THERE ANY PRACTICAL RESULTS FROM THE 
SEARCH? Not directly. But the massive scientific 
effort that led up to the discovery has paid off in 
other ways, one of which was the creation of the 
World Wide Web. CERN scientists developed it to 
make it easier to exchange information among each 
other. The vast computing power needed to crunch 
all of the data produced by the atom smasher has 
also boosted the development of distributed - or 
cloud - computing, which has now made its way 
into mainstream services. Advances in solar energy 
capture, medical imaging and proton therapy - 
used in the fight against cancer - have also resulted 
from the work of particle physicists at CERN 
and elsewhere, giving hope and extending life to 
hundreds of people.

WHAT’S NEXT? “This is just the beginning,” CERN 
scientists say. Scientists will keep probing the new 
particle until they fully understand how it works. In 
doing so they hope to understand the 96 percent of 
the universe that remains hidden from view. This 
may result in the discovery of new particles and 
even hitherto unknown forces of nature.

Physicists understand that to be able to probe nature 
and its forces along with their exchange particles, 
accelerators working at energies higher than that 
of the Large Hadron Collider have to be built. Now, 
the smaller is the curvature of the beam pipes of 
the accelerator, the higher can be the energies 
achieved. This translates literally to having larger 
accelerators. The present LHC has a circumference 
of approximately twenty-seven Km and is ultimately 
capable of producing collisions at 13 Tev (6.5 TeV 
per beam), after going through a series of energy 
increasing steps. It works at a dipole operating 
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temperature of 1.9 K or -271.3oC. There are 9593 
superconducting magnets, 1232 main dipoles, 392 
main quadrupoles. There are 2802 bunches per 
proton beam, with 1.2 x 1011 protons per bunch at 
the start. The beam makes 11245 turns per second 
enabling one billion collisions per second! If none of 
that impressed you, maybe this will – consider the 
power consumption by the LHC: The total power 
consumption of the LHC (and experiments) is 
equivalent to 600 GWh per year, with a maximum 
of 650 GWh in 2012 when the LHC was running at 
4 TeV per beam. For Run 2, the estimated power 
consumption is 750 GWh per year. The total CERN 
energy consumption is 1.3 TWh per year while the 
total electrical energy production in the world is 
around 20000 TWh, in the European Union 3400 
TWh, in France around 500 TWh, and in Geneva 
canton 3 TWh. (Source: https://home.cern/
resources/faqs/facts-and-figures-about-lhc)

Now, that’s not enough (!) and a much larger 
accelerator, the FCC has already been designed. One 
of the major goals of the FCC is to reach collision 
energies of 100 TeV from the present 13 TeV, so 
that heavier particles can possibly be observed in 
the collision process, pushing the boundaries of 
knowledge to new frontiers. For this, more than 
150 universities, research institutes and industrial 
partners from all over the world will be collaborating. 
The beam pipe in this case is about 100 km in length, 
an upgrade of about four times from the present 27 
Km!

Truly, all the wonder that we see around our 
universe, is just 4% of the total and it bewilders us 
with its size, beauty and complexity! Wonder what 
surprises lie in the 96% that remains hidden. Would 
it ever be possible to “see” or even comprehend that 
hidden part? What would be the costs involved? Or 
is it a limit of Nature like the speed of light that we 
will never be able to achieve? The answers to all 
these questions lie in the future.

Suggested Readings:

1. https://home.cern/science/accelerators/
large-hadron-collider

2. https://home.cern/resources/faqs/facts-and-
figures-about-lhc

3. https://home.cern/science/physics/standard-
model

4. https://en.wikipedia.org/wiki/Standard_
Model

5. https://www.quantamagazine.org/a-new-
map-of-the-standard-model-of-particle-
physics-20201022/

Rahul S Chatterjee, ACCESS Journal (02), (03), 2021, 79-82



February 12, 2017, GEIST International foundation has been pledge bound in ensuring the overall development of the 
society by overcoming the long-standing problematic factors that constrained the wheel of development. GEIST is 
fundamentally the outcome of the collaborative initiatives of the State alumni in Bangladesh. These alumni, mostly 
teachers, were selected for different exchange programs by the U.S. Department of State through some rigorous 
processes. Their visits to different institutions across the country instilled them with distinct skills and knowledge. Upon 
their return from the programs, the alumni have been cascading their achievements to make a meaningful impact back 
to their communities. Working as a non-profitable charitable organization, in last four years, GEIST has been growing up 
as a much trusted platfrom of shared growth in the global State alumni community and others. Evidenced by some 
remarkable programs, it has embraced the legitimate voices, needs and interests of scholars and learners from over 
forty countries representing six continents. 

About GEIST

Get in Touch with Us


