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The Mining Industry
and the Development
of Societies

From the beginning of time, humans utilized materials from the
nature around them to improve their survival, whether to defend
themselves or to obtain their daily sustenance. They chiseled
primitive tools from stones for hunting, logging, and building
their dwellings. Flint and other hard stones were crucial to
human survival and progression throughout the stone ages. But
the real shift for humans, the shift which enhanced the standard
of life and the establishment of settlements, communities and
cities, was in the development of their ability to identify and
exploit minerals. The first of which was copper. Inhabitants of
Mesopotamia and ancient Egypt knew how to extract copper
and tin, as well as how to mix copper with tin to produce bronze.
Subsequently, the mining of a list of minerals that followed
these two elements, such as gold, silver, and iron, played an
essential role in developing the industry.

With the increasing importance of minerals, which have
become the primary engine for building modern civilization, the
need to manage and sustain the influx of these basic resources
became more demanding. The modern technological mode of
living depends on minerals for everything such as cars, mobile
phones, communication towers, satellites, fertilizers, solar
panels, and all that is related to building. In order to sustain the

continuous production of these resources, the giant mining

companies have invested heavily in modern technologies such
as artificial intelligence, autonomous systems, the Internet of
things, sensitive sensor technologies and drone vehicles. A
surprising outcome is that the use of these very advanced
technologies has not only optimized mining economically, but
has also led to the conservation of the environment and
ecosystems, as a result of greater precision of drilling and
exploration, and the reduction in the destruction of huge
swathes of land in a random manner to access the desired
mineral deposits.

In this issue, we follow the mining process from ancient
times and successive civilizations: from ancient Egypt, the
Greeks, the Romans, through to the Middle Ages in Europe. We
also highlight the role of Arab civilization and the leading role of
Muslim scholars, who excelled in studying minerals using
experimental sciences methodology, and in documenting their
knowledge in comprehensive scientific encyclopedias, covering
a range of topics including mineralogy, precious stones, and how
to extract them.

In addition to mining the surface of the earth, this issue
also reviews promising technologies which may be used in the
future to mine the sea and ocean beds, in order to meet the
increasing demand for minerals. Because of this increase, the
issue addresses the future prospects of mining in space,
specifically the asteroids of our solar system, and the plans of
NASA and Japan Space Exploration Agency to achieve this goal.
Furthermore, we highlight the mining of nuclear materials in the
Arab world to support nuclear technology for peaceful purposes.
There are also interesting topics on the use of remote sensing
techniques in mining, and promising applications utilizing

metals in 3D printing and building complex designs and models.

Editor-in-Chief
Dr. Salam Ahmad Al-Ablani
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Highlights

Hussain Safar, sponsored by KFAS —
Recognized as Key Worker to COVID19 Pandemic

By Reham Alawadhi

Hussain Safar, an honorary research
fellow sponsored by the Kuwait
Foundation for the Advancement of
Sciences, has been selected as a key
worker contributing to the national
scientific response by the UK
Government to the CoVID19 pandemic.

Safar, 30, was completing
an honorary research fellowship at
University College London Centre for
Clinical Microbiology in the UK when
the CoVID19 pandemic broke out
and he was asked to contribute to the
nationwide project supported by
the World Health Organization (WHO)
and the International Severe Acute
Respiratory and Emerging Infection
Consortium (ISARIC).

The project entails Safar and his
colleagues collecting up to about 500
samples to be sent for analysis, as well
as involvement in two CoVID-related

clinical trial studies where they will be

ILLUSTRATION: NAIF SHAQQUR

Hussain
Safar

testing the response of patients to some
of the drugs available right now.

“The samples mean the biological
specimens that participants agreed to
share for research purposes,” Safar said.
“In the ISARIC study we collect blood
samples, nasopharyngeal swabs, and
urine from each patient over the course
of infection.”

The primary objective of the study
is to describe the clinical features of the
illness, the response to treatment, and to
observe the pathogen replication
evolution to determine the severity of
transmission, according to Safar.

Safar began his educational career
in Australia at RMIT University, where
he earned a bachelor’s in applied
science, laboratory medicine
specializing in microbiology, genetics,
and blood transfusion, and a master’s in
biotechnology and clinical microbiology.

His PhD was completed at Kuwait

University, where his thesis focused on
the immune response to major antigenic
proteins of Mycobacterium
tuberculosis-specific regions and their
role in immunomodulation of asthma
in mice.

It was following his PhD that Safar
came across the sponsorship program by
KFAS. “I'm really glad that the program
exists,” he said. “I was very honored that
I received the scholarship from KFAS.”

His plan, once the pandemic
is over, is to extend his stay in the UK
for a year or two in order to continue
his research. In Kuwait he hopes to
continue research in one of the
research institutes in Kuwait, as well
as try to be involved in academia.

“I'would hope that research work
would start immediately in Kuwait
about CoVID19.” Safar said. “I think we
should have a nationwide project where
it involves scientists from different
fields - whether immunology, genetics,
biology, and all other pharmacology -
and then start researching to have a

better understanding of the virus itself.”

Kuwaiti researcher
participates in an
international study

to describe the clinical
features of the illness, the
response to treatment,
and to determine the
severity of transmission
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Chief Science Officers, a Student-led
STEM and Leadership Program

Before joining the Chief Science Officers
program, Sulaiman Alrabiah couldn’t
speak more than a few words in front of
an audience. Fast forward three years into
the program and Alrabiah can now give a
speech to a crowd full of people.

“That was a big development and
improvement in my personality,” he said.
Alrabiah, 16, first joined the CSO

program when he was 13 years old. The
student-led program was first created in
Arizona, United States, to increase

interest in Science, Technology,

Engineering, and Mathematics (STEM)
and foster communication and
collaboration among the students and
within the community.

KFAS, together with the Ministry of
Education, brought the initiative here;
making Kuwait the international flagship
of the CSO program as the first country
outside the U.S. to adopt it, with more
countries to be added as a result.

The goal of the program is to create
leaders of change who will inspire their
young friends to talk about science, build
international and local partnerships, and
grow the public visibility of their schools
while continuously developing their
leadership skills.

The program exposes students
to the best practices in a variety of
industries where science plays a major role
in development, according to Mohammad
Askar, 37, the CSO regional leader and an
assistant professor in operations
management at Kuwait University.

“It also improves their capabilities
when it comes to leadership and
managing teamwork, which is very
essential for the future and the careers of
these students,” Askar said.

He started working with CSOs as a
mentor when the program first started, so
he has seen firsthand the impact that it
has had.

“They have more self confidence,
they express themselves more
comfortably, they interact and lead their

peers and new students; that's something

By Reham Alawadhi

remarkable I noticed,” Askar said. “They
have the spirit of taking initiative.”

Many of those who helped establish
the program share the same reason
behind their desire to become a part of it,
according to Askar. They all really feel
and recognize the value.

“All of us wished we had this
opportunity when we were at that age;
to have this exposure to scientific
principles, to have such visits to
pioneering institutions in Kuwait, and
learning leadership skills and project
management skills,” Askar said. “I feel
honored to have the opportunity to lead
such a program that will build future

leaders for the country.”

Mohammad
Askar

It also improves

the students’
capabilities when it
comes to leadership
and managing
teamwork, which

is very essential for
their future
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Highlights

Advancing Tech Talent

KFAS hosted a cyber-security training and
competition event to showcase and develop
the computing skills of young people,
particularly women, in Kuwait

Abdulaziz
Ahmed

Zainab
Mohammad

As part of Kuwait’s celebration of
International Women’s Day (IWD), the
Kuwait National Cyber Security Capture
the Flag (CTF) competition and free
cyber security training were held online.
The launch of IWD2020 was
postponed due to the COVID-19
pandemic but ended up taking place

online to advance Kuwaiti youth’s

ILLUSTRATION: NAIF SHAQQUR

Zainab
AlMeraj

Amal
AlKhulaifi

technological skills. The three winning
teams received prizes of up to 450
Kuwaiti Dinars and access to co-working
spaces. They will represent Kuwait at the
Arab and Africa Cybersecurity CTF 2020
regionals held in October.

To encourage women’s participation
in technology development, and in line
with Kuwait’s agenda for the IWD, the

10

cyber security competition stipulated that
each competing team should have at least
one female member. Every team had a list
of challenges in different categories, from
reverse engineering to network security.

The event was supported by KFAS
and co-organized by Google Developer
Group and Women Techmakers Kuwait
City (GDG&WTM Kuwait City), Women
in Cyber Security Middle East (WiCSME)
and Cyber Talents.

“We are delighted that the training
company was still able to deliver the
training in cyber security and
competition online, despite what the
world is experiencing. This is a unique
opportunity for women to explore and
further develop cyber security skills,” said
Zainab AlMeraj, assistant professor at
Kuwait University and founder of the
GDG&WTM Kuwait City.

Since 2017, GDG&WTM Kuwait City
has delivered more than 50 workshops
and organised several major national
conventions. These conventions have
attracted a mix of high school and
university students, engineers, graphic
designers, computer scientists,
mathematicians and entrepreneurs.

“The workshops have included
panel discussions aimed at supporting
tech start-ups in Kuwait and addressing
some of the issues facing women
in the workplace,” said Amal AlKhulaifi
Founder of Boushra app, a marketplace
for learners where they can buy/sell
or donate their books, notes and
learning kits.

“Last year’s IWD Women in Tech
panel was very well attended and

highlighted the need to inspire and
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empower women in computing fields,”
said Zeinab Mohammed, cybersecurity
analyst at Deloitte Middle East and event
co-organizer.
The events, held in March as part
of the IWD celebrations in Kuwait, also
include training workshops on the latest
programming languages, web design,
mobile and cloud technologies, to
develop the skills required for the yearly
Hackathon for Social Good. The 12-hour
hackathons highlight technical problems
faced by local NGOs and attract
technical talent to solve them. The
events foster a healthy recruitment
space, bringing tech talent, NGOs and o
large and small businesses together. P w' &“J O K I° !
At the end of the hackathon, if the NGO

sees merit in the presented prototype 9 m lé (< L.J.béj b.

solutions, they can continue working

with the teams to deliver them. “Our M I Pes \ﬂJ a.b'(l

hackathons are incredibly interesting

and very gratifying; everyone benefits [ bw I @ ﬁﬁy“ @ I

from the results,” AlMeraj said. .
This year, the hackathon’s theme . rllnj I é

is “Towards a sustainable environment” oo

and three NGOs will present

environmental issues they are facing

for participants to pitch and explore z -

innovative technical solutions. lJ la,'o M

The organisers hope to run this later o

bit.ly/aspdbooks
“We are careful to ensure that our

events are accessible to those who are

new to the field young or old, but also

challenging enough for those with

experience,” AlMeraj said. “Our

feedback so far has been very positive, as p d |_EJ

and we look forward to arranging future gl mellpece]

sessions on hot topics such as Machine o
G4 pb 529l
Learning and Internet of Things (IoT).” Q‘I?FAS ‘ Company




Giving Clinicians a Clearer View
JACMI is Dedicated to Advancing The Field
of Molecular Imaging in Kuwait

Fahad
Marafi

Imaging is one of the backbones of
modern medicine, allowing clinicians to
home in on sites of injury or disease deep
within the body without making a single
incision. This requires ready access to
specialized radioisotopes for selectively
labeling tissues of interest as well as the
expertise to employ them appropriately,
and Kuwait’s Jaber Al-Ahmad Center for
Molecular Imaging (JACMI) is bolstering
the nation’s capabilities on both fronts.

JACMI was established in 2013 by
KFAS, Kuwait University, and the
Ministry of Health. “The main mission
was to develop a center of excellence for
research, education, and radioisotope
production, as well as providing unique
clinical services for patients,” said Fahad
Marafi, JACMTI’s director general.

ILLUSTRATION: NAIF SHAQQUR

Much of JACMTI'’s production efforts
are focused on two radioactive
fluorine-containing compounds for
PET-based (positron emission
tomography) clinical diagnostics. One
compound, 18F-fluorodeoxyglucose, is a
radiolabeled sugar that is absorbed by
metabolically active cells and is used for
investigating neurological diseases like
Alzheimer’s, as well as detection of
tumors. The other is a version of sodium
fluoride that is absorbed by bones and
can be used for characterizing damage to
the skeleton or joints.

JACMI has rapidly scaled up PET
imaging efforts since 2013. “When we
started imaging, the average number of
patients was 600-700 per year,” said
Marafi. “Now our average is 3,000 per
year.” Since 2017, the center has also been
developing additional radioisotope
compounds for internal research use.
These include a labeled protein called
prostate-specific membrane antigen,
which can detect primary and metastatic
prostate tumors, and an iso tope-tagged
derivative of the neurotransmitter
dopamine. “We can use this to see
diminished dopamine concentrations in
Parkinson’s disease,” said Marafi, “And
we can also use it in some kinds of brain
tumors, like gliomas.”

Training is a major focus at JACMI,
offering newly trained medical students

the chance for further education,

PHOTOS: JACMI

specializing in nuclear medicine. The
facility also offers additional educational
programs and laboratory training. Marafi
also aims to transform JACMI into a
preclinical research hub. “This means
using small animals to test certain
isotopes to assess molecular and
biological processes, like blood vessels
growing in a tumor or infections induced
in the animal,” he said. This effort would
also include exploring non-radiological
techniques such as fluoxrescence and
optical imaging—areas where Kuwait’s
resources are currently lacking and
according to Marafi, their aim is “to add

those missing parts to the bigger picture.’
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A Lighter Approach
to Cancer Treatment

A combination of precision chemistry
and laser light offers hope for safer
cancer therapy

Saad
Makhseed

ILLUSTRATION: NAIF SHAQQUR

Although radiotherapy and chemo-
therapy are powerful tools to treat
cancer, they also cause major side effects
by damaging or killing healthy cells
as well as cancerous ones. At Kuwait
University, Saad Makhseed is working
on a technique that promises to kill
cancer cells while leaving their healthy
neighbors unharmed.

The approach, known as
photodynamic therapy (PDT), relies
on a combination of three ingredients
— oxygen, light, and a type of molecule
known as a photosensitizer — which are
harmless individually but can kill a cell
when brought together in the right way.

When a photosensitizer is
illuminated by the correct wavelength,
it reacts with nearby oxygen to
transform it into a more reactive form
known as singlet oxygen. These highly
reactive oxygen molecules are toxic
to cells, damaging their components
and eventually causing them to die.

By ensuring that the photosensitizer

is only taken up by cancer cells and
illuminating them as precisely as
possible, clinicians can provide PDT

to treat cancer without damaging any
healthy tissue. Makhseed, a chemist,
had been studying molecules known
as phthalocyanines (Pcs) in an effort to
improve their performance as catalysts.
While reading about these molecules,
he discovered that they were being used
in PDT. “I like medicine, so I started to
read more about this line of research,
the difficulties and challenges and
what kinds of properties are needed to
use these molecules for photodynamic

therapy,” he said.

Refining Pcs for target treatment

In principle, Pcs are quite efficient at
producing singlet oxygen, but a few
drawbacks limited their use in practice.
The first challenge is that Pc molecules
aren't soluble in water and so tend to
clump together, forming aggregates that

no longer react with oxygen.
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To overcome this, Makhseed
designed and synthesized Pcs with bulky
attachments above and below them, like
two donuts sandwiching the Pc core. By
using charged attachments, he hoped to
prevent the molecule from aggregating.

Makhseed reached out to Petr
Zimcik of Charles University in the
Czech Republic to help analyze the
new molecules. “We had some facilities
which Saad didn’t have at the time, so we
were able to evaluate the compounds’
photo-physical properties,” said Zimcik.
“The modifications perfectly inhibited
aggregation, which is really important
in this field. We really liked these
molecules,” Zimcik added.

In continuing collaboration with
Zimcik, Makhseed has refined the Pc
design even further. The latest iteration
replaces the zinc at the core of Pcs with
indium, making them even more efficient
at producing singlet oxygen.

The second major challenge is to
ensure that Pcs are only taken up by
cancer cells. This is accomplished by
attaching specific functional groups to
the Pcs to make them more attractive to
cancer cells. For example, because cancer
cells divide rapidly, they have higher
metabolic rates than normal cells, so
affixing a Pc to a sugar molecule would
make it more likely to be taken up by a
cancer cell.

Synthesizing large, complex
molecules is no easy task. Thanks to
funding from KFAS, Makhseed now
has the facilities to test the photo-
physical properties of the molecules he
develops, but he still needs to send them

to Zimcik and other collaborators for
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testing in cell cultures, and, eventually,
in animal models.

Makhseed recently overcame
the challenge of developing repeated
synthesis techniques. “We developed a
building block with certain functionality
which lets us attach anything that we
want to the phthalocyanine,” he said.
Using this technique, he can generate
Pcs with various attachments —
carbohydrates, amino acids or lipids, for
example - to target cancer cells. “By using
existing information from biological
research, we should be able to design
molecules which are highly selective for
cancer cells,” Makhseed said.

Makhseed has patented these
molecules and the new synthesis
technique, and he has high hopes for
them. “These techniques will benefit not
only Kuwaiti society, but the Gulf area
and even the entire world,” he said. “This
kind of treatment doesn’t involve a big
procedure, so it can be done as often as
needed. It can be highly selective, so there
are no side effects for the patients, and
there’s no need for an operation either.”

Zimcik is planning to include
Makhseed’s molecules in a global project
to test the efficacy of different Pcs. Along
with Makhseed’s compounds, he is
collecting molecules from labs in China,
Russia, Spain, Poland, and elsewhere.
“The biological assessment of PDT
activity is done differently in every lab,
which makes it problematic to compare
the results,” Makhseed said. “So, we
wanted to standardize the protocol and
collect the best molecules that have been
published and compare them to see what

the differences are.”
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Makhseed’s new technique
for tweaking the structure of
phthalocyanines also opens up the
possibility of customizing them for use
as catalysts, bringing him full circle.

In addition to the PDT work, he’s
developing Pcs customized to absorb
carbon dioxide or purify water and is
also starting a collaboration with a lab at
Durham University in the UK to develop
organic light-emitting diodes.

“For Kuwait, the knowledge we’re
gaining is very important,” Makhseed
said. “This research gives us novel
information and helps us develop
optimal molecules more quickly. I'm
also building external collaborations and
bringing that knowledge back to Kuwait.”

Makhseed hopes to see his work
developed into an effective cancer
treatment and become available to the
public. “What we have now could be used
as a medicine in the future if funders
help us find the right people and set
up clinical trials,” he said. “I want to be
part of a field where we help people get

treated, and even cured permanently.”

Makhseed, at Kuwait
University, is working
on a technique that
promises to kill cancer
cells while leaving their
healthy neighbors
unharmed
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Probing the Mysteries
of the Mitochondria

Kuwaliti scientist Nour Alsabeeh looks
iInto malfunctions in the mitochondria that
leads to developing diabetes

Nour
Alsabeeh

ILLUSTRATION: NAIF SHAQQUR

The boilerplate description of mito-
chondria is often the ‘powerhouse of the
cell’. While these bean-shaped structures
provide an essential source of cellular
energy, they also perform a wide range

of other metabolic activities. Kuwait
University Assistant Professor and L'Oréal-
UNESCO Women in Science fellow, Nour
Alsabeeh, now hopes to shine a light on
the mechanisms by which malfunctions in
mitochondria contribute to type 2 diabetes
and a host of other diseases.

Alsabeeh completed her PhD in
2018, and in November 2019, received a
EUR20,000 fellowship from the L'Oréal-
UNESCO Women in Science program
for her research on mitochondria
and diabetes.

Alsabeeh and her colleagues
identified a specific protein complex as
the source of mitochondrial proton leak
that allows mitochondria to stimulate
insulin secretin. This means that insulin
production in this case is triggered by a

subset of fatty acids, and not by glucose.

Type 2 diabetes is particularly
prevalent in Kuwait, with recent
estimates indicating that up to 40%
of the population is either diabetic or
pre-diabetic!. As Alsabeeh prepared to
embark on her PhD training at Boston
University in 2012, she made a point of
finding a lab focused on this condition.
This led her to Orian Shirihai’s group,
which was pursuing something of an
unconventional approach to diabetes
research, with a particular focus on the

role of mitochondria.

Focused efforts

“Our project was basically looking at
trying to dissect mechanisms that may
contribute to the hyperinsulinemia that
is seen in the pre-diabetic state,” said
Alsabeeh. This refers to a situation in
which the pancreatic beta islet cells

are secreting excessive levels of this
hormone into circulation. Diabetes
researchers generally believe that this

occurs as a consequence of tissues, such
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as the liver’s and muscle’s, losing the
ability to respond to this hormone—a
condition known as insulin resistance.
This insulin resistance leads to an
inability to remove excess glucose
from the bloodstream, which could in
turn trigger further insulin release and
hyperinsulinemia.

The Shirihai group was exploring
an alternative model for diabetes
progression, in which hyperinsulinemia
precedes insulin resistance, rather than
the other way around. There is already
evidence for the existence of such a
mechanism; for example, obese or High-
Fed-Diet animals can continue to release

insulin even when exposed to very low
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concentrations of glucose. Although
the basis for such insulin secretion is
unclear, mitochondria seemed likely to
play a role. “The mitochondria basically
gauge how much nutrients the beta cell
is exposed to,” said Alsabeeh. When
glucose levels are high, mitochondria
metabolize this sugar and produce ATP,
the cell’s energetic currency. This process
also stimulates the release of insulin.
However, mitochondria are
also susceptible to a process known
as ‘proton leak’, which can allow
mitochondria to stimulate insulin
secretion even in the relative absence
of glucose. In this scenario, insulin

production is instead triggered by a
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particular subset of fatty acids rather
than glucose. With the support of KFAS,
Alsabeeh was able to help uncover

the key components of this process

and elucidate how it may contribute

to hyperinsulinemia and diabetic
progression. In a paper? published this
past December in Diabetes, she and her
Shirihai lab colleague, Evan Taddeo, and
collaborators described their findings as
co-directors of the project.

Alsabeeh and colleagues de-
monstrated that insulin release in
cultured pancreatic islets is boosted by
increasing the level of proton leakage,
even when glucose levels remained at

low, ‘non-stimulatory’ concentrations.
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They specifically homed in on a protein
complex called the mitochondrial
permeability transition pore (mPTP), a
channel in the organelle membrane, as
the primary driver of proton leak in this
context. Another protein known
as cyclophilin D is known to regulate
mPTP activity, and the researchers
found a clear connection between a
high-fat diet, cyclophilin D expression,
and glucose-independent insulin
production. “Islets from obese mice or
animals fed a high-fat diet actually have
higher expression of cyclophilin D,” said
Alsabeeh. “We think that because there
is higher expression of cyclophilin D,
these animals are now more sensitized
to fatty acids and that allows for
higher proton leak.” This could fuel
hyperinsulinemia even in the absence
of insulin resistance and elevated blood
glucose levels.

Remarkably, comparable results
were demonstrated in cultured
human islets, indicating that a similar
mechanism may be at play in pre-
diabetic individuals. The Shirihai
group, at the University of California,
Los Angeles, is exploring the possibility
of developing drugs that target this
mitochondrial pathway as a way to either
prevent onset or control the progression
of diabetes. Alsabeeh thinks this could be
a promising alternative to conventional
treatment strategies. “Most drugs on
the market actually push beta cells to
work harder and produce more insulin
ultimately resulting in beta cell failure,”
she said. “What we're showing is that, if
you could perhaps lower the workload

on the beta cell under non-stimulatory

glucose conditions... and only allow the
cells to secrete insulin when it’s actually
needed, this could better preserve the
long-term function and survival of these
essential cells.”

Now, as a faculty member at
Kuwait University, she aims to take a
deeper dive into this enigmatic driver
of diabetes. “We’ve identified mPTP
as the source of mitochondrial proton
leak,” she said, “but we don’t completely
understand the mechanism, and
we don’'t know everything about the
dysfunction in mitochondria during
diabetes progression.”

She is also excited to be part
of a broader reconsideration of the
contributions of the mitochondria to
human health. “They’re not just these

static structures in the cell,” she said.

“More and more now, we're seeing their

effects on aging and a lot of chronic

diseases... they have an impact on

cancer, diabetes, obesity, cardiovascular

disease and Alzheimer’s.” For now, her
group will remain primarily focused
on diabetes—a condition where she
sees a particularly urgent need for
new strategies for treatment and
prevention. However, the toolbox of
scientific techniques that her group
has assembled to tackle this condition
should be broadly applicable to a

host of other mitochondria-related
disorders, and she sees ample
opportunities to expand her research
effort in the future. “Mitochondria

are just so essential to any cell,”

said Alsabeeh. “So you could always
extrapolate from this work into other

models or diseases.”
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Alsabeeh and her
group will remain
primarily focused on
diabetes. However,
the toolbox of scientific
techniques that her
group has assembled
should be broadly
applicable to a host

of other mitochondria-
related disorders
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[lluminating Science
for The Masses

In collaboration with CERN, an interactive
science exhibit at Kuwalt University
makes hard-to-explain physics concepts
accessible to a general audience

Science enthusiasts, students,
researchers and experts in Kuwait were
given a chance to step into the fascinating
and mysterious realm of modern physics
through a variety of activities, games,
films, and virtual reality experiences in

a Kuwait University (KU) science exhibit
sponsored by KFAS.

The CERN Exhibition in Kuwait,
held from November 2019 to January
2020, introduced CERN'’s fundamental
research and its applications to the
public. This followed Kuwait’s successful
membership in the Compact Muon
Solenoid (CMS) program, one of the
main experiments taking place at CERN.

CMS boasts one of the largest
scientific collaborations worldwide,
with scientists, engineers, students and
partners across 200 universities and
institutes and 50 countries, including KU.

The exhibit is part of a larger drive

to create strong affiliations with the

European research organisation and
advance science in the region. In 2019,
KFAS also sent two students to CERN’s
Summer Student Programme.

In designing the exhibit, KU and
CERN media lab focused on CMS, which
utilizes a large particle physics detector
on the Large Hadron Collider (LHC)
to recreate conditions similar to those
that occurred after the Big Bang. Visitors
would also study fundamental particles
such as the Higgs Boson and particles
that make up dark matter, among
other things.

Walking into the exhibit, the first
thing to capture the attention of the
visitors is the enormous poster of the
CMS detector, according to Nasser
Demir, assistant professor of physics
at KU and head of the exhibit. “This
naturally stimulates the curiosity in the
visitors; the most natural question is,

‘what is this exhibit about?’” he said.



Nasser Demir, assistant professor of physics and head of the exhibit
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A journey through science
Some of the most popular highlights
in KU’s exhibit included CERN’s LHC
Interactive Tunnel (LIT), a hall of
immersive activities and simulations
designed by a CERN media lab team
led by Jodo Pequendo. Pequendo’s
team designed the exhibit, interactions
and storyline, and also trained Kuwait
University volunteer students on guided
tours. A joint team from KFAS, KU,
and Ibhath/ Shaikh Ebrahim Center-
Bahrain, supervised the installation of
the exhibit itself.

“While the exhibit itself was built
by team, we used our know-how, and

some of the ideas behind our thematic
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exhibits at CERN. We gathered materials,
and we did a sampler then tailored it to
the Middle East in terms of storytelling,”
Pequendo said.

Inside a ‘proton football station,’
visitors can also play a virtual game
where they kick balls that represent
particles. The set up involves multiple
X-Box stations and a large screen
showing the game play. Participants
attempt to fire up the energy of several
balls in order to initiate collisions that are
conceptually and figuratively comparable
to collisions of high-energy proton beams
inside LHC.

Stepping into The Higgs-Night,

members of the audience can see their

20

movement being tracked in real time

on a screen split in two, with each half
representing a state in which the Higgs
field—a field of energy present in every
part of the universe—is either present
or absent. In reality, this field interacts
with all particles and lends them mass
through these interactions; it'’s what this
activity tries to translate to the public in
an entertaining way.

“You walk in front of the screen. On
one side of the screen, there’s a shadow
that moves at the same rate as you do,
while on the other side, there’s some lag,
like resistance that slows you down,”
said Demir. The visual metaphor helps

explain to the public how “in a universe
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with the Higgs field, anything with
mass interacts with the field. Anything
with mass slows down. In a universe
without the Higgs, everything moves
at light speed,” he said.

The third activity inside the
interactive tunnel is HEAL: proton for
health, a game showing how particle
accelerators are used in therapeutics
and medicine. “We wanted to tell
people not just about the basic science
research that comes out of CERN,
but how the fundamental science
research and the peripheral research
are interconnected; that they have
applications that we see in our everyday

lives,” Demir said.
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Simplifying science
to a general audience
“The idea behind these activities was
to make the audience actors in the
discovery,” said Pequendo of CERN
media lab. “It's more dynamic than a
video, because you become an actor in
the construction of that animation.”
Every activity has an engagement path
and a story arch, he added, that are
meant to remove the barrier between the
public and a complex field like physics.
In addition to general visitors,
Kuwaiti schools arranged trips to the
exhibit, which offered guided tours
tailored to different ages. “The guides

would interact with the visitors.
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Sometimes, they would inject humour
into their storytelling or connect some
ideas to pop culture,” Demir said. “I
noticed visitors asking very curious
questions, clearly indicating passion for
the subject.”

The exhibit attracted a total of 7,730
visitors with ages ranging from 9 years
old to over 7o.

The touring exhibit is part of a
large educational outreach project that
made a stop in Bahrain before coming to
Kuwait. The exhibit in Kuwait, according
to Demir, was similar to Bahrain’s
exhibit, except some adjustments were
made to a few of the interactive games.

The exhibit also took place across
several departments in KU, including
physics, computer science, information
technology and engineering.

“Bahrain and Kuwait made a
big push to boost scientific research
activities, and both became part of
one of our biggest experiments, CMS.
There are already researchers from both
countries working on that experiment,”
said Pequenao.

The exhibit was due to travel
to the UAE next, but due to the current
COVID-19 pandemic, all activities

are pending.

The Exhibition
introduced fundamental
research and its
applications to the public



Special Report

Hala
Al-Jassar

ILLUSTRATION: NAIF SHAQQUR

22

Remote Sensing
Technologies
Forecast Dust
Storms and
Monitor Climate
Change

Physicist Hala Khalid
Al-Jassar talks about
her work with NASA
to calibrate and
validate soil moisture
measurements

of the Kuwaiti desert
taken from Space
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Soil moisture is a key factor when
exploring and predicting the Earth’s
response to environmental changes.
“The percentage of water in a soil
sample is an important indicator of the
effect of the increase in greenhouse
gases on the climate,” said Hala Khalid
Al-Jassar, an assistant professor at
the department of physics at Kuwait
University and leader of the Space and
Climate Physics research group.

Knowledge about changes in soil
moisture allows scientists to make
more accurate weather forecasts that
predict where and when heavy rain or
dust storms might strike next.

In arid regions, decreases in soil

moisture translate into dust becoming
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loose and being easily picked up by
wind, causing dust storms. These
powerful storms have severe socio-
economic impacts. They adversely
affect agriculture, industry, water
and air quality and human health.
Silica, for example, which makes up
around 60 percent of windblown
desert dust, is known to cause chronic
lung inflammation, lung cancer, and
autoimmune diseases.

“Soil moisture is also the
main environmental factor that
restricts plant growth,” Al-Jassar
said. “Monitoring and mapping
the changes of soil moisture over
deserts is very important to estimate

dust emission, better manage

23

irrigation systems, and combat land
degradation.”

Satellites with microwave
sensors are being used to monitor soil
moisture on Earth. The data collected
allows scientists to create models
to support agriculture and manage
the risks related to climate change,
including dust storms.

The rise in global temperatures
is increasing the frequency and
intensity of dust storms. For those
who live in areas where dust storms
are unavoidable, preparation is the
best way to prevent loss of property
and preserve health. Predicting dust
storms helps people to be better

prepared and take measures such
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The team plan to
correlate remotely

sensed decreases in soil
moisture to dust emission
and human health
problems in Kuwait and
the Middle East

as staying indoors, wearing face
masks, and covering up property and
equipment.

“Our aim is to retrieve accurate
measurements of soil moisture
from satellites in order to develop
models that are based on physics and
mathematics, and that help us forecast

dust storms in Kuwait,” she said.

The moisture levels

before the storm

There are two dedicated soil moisture
missions; the European Space Agency
(ESA)’s Soil Moisture Ocean Salinity
(SMOS) sensor and the National
Aeronautics and Space Administration
(NASA)’s Soil Moisture Active Passive
(SMAP) sensor. The two sensors pick
up microwave emissions from Earth’s
surface and use algorithms to convert
the satellite microwave measurements
into estimates of soil moisture.
Generally, microwave measurements
associated with L (1 - 2 GHz),
C(4-8GHz),and X (8 - 12 GHz)
frequency bands are sensitive to

the dielectric constant of soil, an
electrical property that is highly

dependent on the moisture content.

Lower frequencies can retrieve soil
moisture from greater depths. L-band
sensors currently in SMOS and SMAP
missions, can retrieve soil moisture
up to a depth of 5 centimeters.

However, the microwave
measurements intended to retrieve
soil moisture can be attenuated
due to the presence of vegetation
and the atmosphere. The retrieval
algorithms to separate the effects of
these attenuations from the satellite
measurement to estimate the signal
that is associated exclusively with
soil moisture.

Al-Jassar has been working with
NASA on calibrating and validating
soil moisture measurements over the
desert of Kuwait before and after the
launch of SMAP. Her team has been
gathering ground-based soil moisture
measurements and adapting retrieval
algorithms to the characteristics
of Kuwait’s desert to verify the
satellite’s estimates.

“The intensive field work that is
required to validate remote sensing
can be challenging,” said Al-Jassar.
Typically, satellite soil moisture
data are validated against on-site
field measurements. While on-site
measurements are the most accurate
method for measuring soil moisture
at a particular point, they may not
be representative of the large area
covered by the satellite. To minimize
errors attributed to upscaling point
measurements to the satellite’s
footprint, measurements from several
soil moisture stations have to be

averaged or interpolated.
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The NASA SMAP project compared
the satellite’s soil moisture data of
the Kuwait desert with that from six
permanent ground stations and those
from the desert test site. The SMAP soil
moisture dataset was also compared with
the soil moisture from the SMOS sensor.

Al-Jassar told us how the Kuwait
SMAP Science team conducted around
78 field trips to collect samples from
the SMAP test site in the open desert
located on the west side of Kuwait
City. “We found a station positive
bias of 0.034 m3 m-3 and corrected
it in sensor readings,” she said. This
deviation was comparable to the one
obtained when SMOS soil moisture
data of the Kuwait desert was compared
with the station’s measurements. Data
collected from two field campaigns in
2016 demonstrated that soil moisture
variations were consistent across the
SMAP test site and that the satellite’s
microwave measurements reflected this
consistency in space and time.

Al-Jassar and colleagues also
explored the performance of a dielectric
mixing model, which combines the
dielectric properties of soil, while
accounting for physical soil properties
such as soil temperature and texture,
over the desert of Kuwait. In a paper
published in 2019, they describe
how L-frequency bands are the most

sensitive to soil moisture in bare soil’.

References

1. Aljassar, H.K. et al. Forward simulation
of multi-frequency microwave
brightness temperature over desert soils
in Kuwait and comparison with satellite

observations. Remote Sens. 11, (2019).



