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Scientists search for mysterious
Ghost Particles

By Pallab Ghosh,
BBC Science. March 24, 2024

Preamble

Scientists have created rules to separate their discipline from the early Natural
Philosophers who tried to explain observable Natural phenomenon by relying on the
existence of a Supernatural being.

The rules involve clear steps, beginning with theories (possible explanations),
followed by experiments which will support or disprove the theories. In the simplest
situations, theories end up as laws.

In the cases where Science may be operating beyond its own limits, theories begin
to proliferate and the experiments to test them become incredibly expensive.

The article below almost begs the question: “When is Enough, Enough?”

Some physicists have long suspected that mysterious 'ghost' particles in the world
around us could greatly advance our understanding of the true nature of the
Universe. Now scientists think they've found a way to prove whether or not they

exist.

Europe's centre for particle research, Cern, has approved an experiment designed to
find evidence for them. The new instrument will be a thousand times more sensitive
to such particles than previous devices. It will smash particles into a hard surface to
detect them instead of against each other like Cern's main device the Large Hadron
Collider (LHC).

What are ghost particles?

So what are these ghostly particles and why was a new approach needed to detect
them?

The current theory of particle physics is called the Standard Model. It says that
everything in the Universe is made up of a family of 17 particles - well known ones
such as the electron and the Higgs boson - as well as the lesser known but


https://www.bbc.com/news/science-environment-68631692
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wonderfully named charm quark, tau neutrino and gluon. Some are mixed up in
different combinations to make up the larger, but still incredibly small, particles that
make up the world around us, as well as the stars and galaxies we see in space,
while others are involved in the forces of nature.

But there's a problem: astronomers have noticed things in the heavens - the way
galaxies move, for example - that strongly suggest that all that we can observe
makes up just five per cent of the Universe.

What makes up the matter in the Universe?

5% Normal matter

26%
Dark matter

69%
Dark energy

The current theory of physics explains only the behaviour of normal matter.
The remaining 95% might involve unknown particles and a new theory.

Source: Nasa E ﬂ

Editor’s Note: The Standard Model describes the structure of an atomic nucleus. The simplest
atom (Hydrogen) consists of a nucleus with a single positively charged proton and a single
negatively charged electron orbiting around the nucleus.

The sub-atomic particles of the Standard Model are only observable (on earth) for an incredibly
brief period of time — pico-seconds. To assume that they play a part in the evolution of the universe
is a bit of a stretch. Hydrogen and Helium are the 2 stable items (normal matter) involved in the
billion-year universe.
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Some, or even all the rest of the Universe, could be made up of the 'ghost' or 'hidden’
particles. They are thought to be phantom doppelgangers of the 17 particles of the
Standard Model.

If they exist, they are really hard to detect because they very rarely interact with the
world we know. Like ghosts, they pass straight through everything, and can't be
detected by any earthly device.

But the theory is that the ghost particles can, very rarely, disintegrate into Standard
Model particles, and these can be picked up by detectors. The new instrument
increases the chances of detecting these disintegrations by greatly increasing the
number of collisions.

More bangs per particle

Collisions

Particles collide with each other in bunches in accelerators
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Instead of colliding particles together, which most current experiments do, the Search
for Hidden Particles (SHiP) will crash them into a big block of material. This means
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that all the particles are smashed into smaller bits - rather than some of them. The
diagram below shows why this 'fixed target' approach is so much more effective.

Fixed target

With a fixed target system, nearly all the particles are
smashed into smaller pieces

The project's ghostbuster-in-chief, Prof Andrey Golutvin of Imperial College London
said that the experiment "marks a new era in the search for hidden particles".

"SHiP has the unique possibility to solve several of the major problems of particle
physics, and we have the prospect of discovering particles that have never been
seen before," he said.

The hunt for ghost particles requires specially adapted equipment. With normal
experiments, using the Large Hadron Collider, for example, new particles can be
detected up to a metre from the collision. But the ghost particles can remain invisible
and travel several tens or even hundreds of meters before they disintegrate and
reveal themselves. So SHiP's detectors are placed much further away.

'We are explorers'
Prof Mitesh Patel of Imperial College described the new approach as "ingenious".

"What really appeals to me about the experiment is that these particles are right
under our noses, but we have never been able to see them because of the way they
interact, or rather the way they don't interact.

"We are explorers, and we believe that we can see something interesting in this new
terrain. So, we have to take a look."
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SHiP will be built within existing facilities at Cern, according to Dr Claudia Ahdida, a
physicist at Cern.

Proposed particle collider will be largest ever
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"We will be making use of an existing cavern and infrastructure and parts that we will
try and re-use as much as possible and what we will have is a facility that will help us
search for this hidden sector, which has not been seen before," she said.

SHIiP will run alongside all of Cern's other experiments, the largest of which is the
Large Hadron Collider, which has been searching for the missing 95% of the
Universe since it was completed in 2008 at a cost of £3.75bn. So far it hasn't found
any non-Standard Model particles, and so the plan is to build a machine that is three
times larger and much more powerful.

The Future Circular Collider has an estimated initial cost of £12bn. Its planned start
date is sometime in the mid-2040s, though it won't be at its full new particle-hunting
potential until 2070.
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By contrast, the SHiP experiment is scheduled to start looking for new particles in

2030 and will be around a hundred times cheaper at around £100m. But researchers
say that all approaches are needed to explore all the possible options in order to find
the particles that they say would lead to one of the biggest breakthroughs in physics

of all time.m

Frequently Asked Questions

How a Particle accelerator works

Accelerators were invented in the 1930s to provide energetic particles to
investigate the structure of the atomic nucleus. Their job is to speed up and
increase the energy of a beam of particles by generating electric fields that
accelerate the particles.

The Large Hadron Collider (LHC) accelerates and collides protons.


https://home.cern/science/accelerators/how-accelerator-works
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How to accelerate protons?

First, an electric field strips hydrogen atoms (consisting of one proton and one
electron) of their electrons. Then, electric fields along the accelerator switch
from positive to negative at a given frequency, pulling charged particles
forwards along the accelerator. CERN engineers control the frequency of the
change to ensure the particles accelerate not in a continuous stream, but in
closely spaced “bunches”.

I's important that the particles do not collide with gas molecules on their
journey through the accelerator, so the beam is contained in an ultrahigh
vacuum inside a metal pipe — the beam pipe.

Particle detectors are placed around the collision point to record and reveal the
particles that emerge from the collisions.

How Particle detectors work?

Modern particle detectors consist of layers of subdetectors, each designed to
look for particular properties, or specific types of particle. Tracking devices
reveal the path of a particle; calorimeters stop, absorb and measure a particle’s
energy; and particle-identification detectors use a range of techniques to pin
down a particle's identity.

Matters Debatable & Philosophical

1) If the colliding protons were indestructible, what would have been detected?
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2) The components of our solar system are well known (see below). Although the
amount of normal matter is enormous, it only amounts to a small percentage of
the total volume. Why then are scientists looking for explanations for why the
greater universe contains only 5% of normal matter??


https://home.web.cern.ch/science/experiments/how-detector-works
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The pimary objects in our Solar System.
They are large, but they only occupy a small percentage of the total space.



