Scientists are Baffled

Scientists baffled after extremely high-energy particle detected falling to Earth 24 Nov 2023 Sky News
https://news.sky.com/story/scientists-baffled-after-extremely-high-energy-particle-detected-falling-to-earth.
“Experts have been left wondering how the event could have happened, as the particle appeared to emerge from the Local Void, an empty area of space bordering the Milky Way galaxy.

A rare and extremely high-energy particle has been detected falling to Earth by astronomers.

Named after the Japanese sun goddess, Amaterasu, it is one of the highest-energy cosmic rays ever detected, according to scientists.

The Amaterasu particle has an energy exceeding 240 exa-electron volts (EeV) and comes only second in recorded history to the Oh-My-God particle, another ultra-high-energy cosmic ray which was detected in 1991, possessing 320 EeV of energy.

The origins of the particle are unknown, but experts believe that only the most powerful celestial events - bigger than a star explosion - can create them.

Toshihiro Fujii, an associate professor at Osaka Metropolitan University in Japan, said he thought there "must have been a mistake" when he first discovered the particle.

"It showed an energy level unprecedented in the last three decades," he said.

The mystery deepens for scientists, as the particle seemingly came out of nowhere.

John Matthews, a research professor at the University of Utah's department of physics and astronomy, explains that there was nothing in the area high energy enough to have produced the event.

It appeared to emerge from the Local Void, an empty area of space bordering the Milky Way galaxy.

"You should be able to point to where they come from in the sky," Prof Matthews said.

"But in the case of the Oh-My-God particle and this new particle, you trace its trajectory to its source and there's nothing high energy enough to have produced it.

"That's the mystery of this - what the heck is going on?"……………

Experts suggest it could indicate a much larger magnetic deflection than predicted, an unidentified source in the Local Void, or an incomplete understanding of high-energy particle physics.

Another professor in Utah, John Beltz, said he is "spit-balling crazy ideas" to try to explain the mystery. "These events seem like they're coming from completely different places in the sky. It's not like there's one mysterious source," he said. "It could be defects in the structure of spacetime, colliding cosmic strings."

But he added: "There's not a conventional explanation." END of Article
Note: Why is it called Oh-My-God particle?
Scientists looked at the data they'd collected and worked backward to deduce the properties of the space-borne particle that led to the air shower. The results weren't just shocking —they were thought to be impossible. They called their discovery the Oh-My-God particle.
Oh My God Particle

https://www.smithsonianmag.com/smart-news/scientists-mystified-by-the-highest-energy-cosmic-ray-since-1991-180983333/  (Extracts only)

“Scientists in Utah have detected the second-most energetic cosmic ray ever seen. The powerful particle rivals the highest-energy cosmic ray on record, called the Oh-My-God particle, which was spotted in 1991.
Like other cosmic rays, scientists knew this one came from outer space. But when the researchers tried to track down where it originated, they were pointed to a void, per a paper published last week in the journal Science.
The instruments clocked the cosmic ray at about 240 exa-electron volts, or about 40 joules of energy. That’s roughly the equivalent of the amount of energy in a brick dropped on your toe from waist height—but carried in one subatomic particle. “It’s amazing, because you have to think of what could produce such high energy,” 
Only a few particles above 200 exa-electron volts have ever been discovered. The Oh-My-God particle in 1991 measured 320 exa-electron volts. Such high-energy cosmic rays contain tens of millions of times the energy of particles in accelerators like the Large Hadron Collider on Earth, Glennys Farrar, a physicist at New York University who did not contribute to the findings, tells CNN
Evidence suggests that high-energy gamma rays come from supernova explosions and supermassive black holes—and it’s possible that powerful cosmic rays originate with similar sources, per CERN.

Cosmic rays, which carry an electric charge, usually have their trips through space disturbed by electromagnetic fields. The ultra-powerful ones, however, follow a straighter path. Still, the researchers have been unable to find a source galaxy for either of the two most energetic particles.

“If you take the two highest-energy events—the one that we just found, the Oh-My-God particle—those don’t even seem to point to anything,” Matthews tells CNN. “It comes from a region that looks like a local empty space. It’s a void. So, what the heck’s going on?” END

Why is it called Oh-My-God particle?
Scientists looked at the data they'd collected and worked backward to deduce the properties of the space-borne particle that led to the air shower. The results weren't just shocking — they were thought to be impossible. They called their discovery the Oh-My-God particle.
Huge ring of Galaxies challenges thinking on Cosmos BBC 12 Jan 2024

The Big Ring was identified by Alexia Lopez, a PhD student at the University of Central Lancashire (UCLan), who also discovered the Giant Arc - a structure spanning 3.3bn light-years of space.

Asked how it felt to have made the discoveries, she said: "It's really surreal. I do have to pinch myself, because I made these discoveries accidentally, they were serendipitous discoveries. But it is a big thing and I can't believe that I'm talking about it, I don't believe that it's me

"Neither of these two ultra-large structures is easy to explain in our current understanding of the universe," she said.

"And their ultra-large sizes, distinctive shapes, and cosmological proximity must surely be telling us something important - but what exactly?"

The giant arcs that may dwarf everything
Both the Big Ring and the Giant Arc appear relatively close together, near the constellation of Boötes the Herdsman.

Professor Don Pollacco, of the department of physics at the University of Warwick, said the likelihood of this occurring is vanishingly small so the two objects might be related and form an even larger structure.

"So the question is how do you make such large structures?

"It's incredibly hard to conceive of any mechanism that could produce these structures so instead the authors speculate that we are seeing a relic from the early universe where waves of high and low density material are 'frozen' in to extragalactic medium."

There are also similarly large structures discovered by other cosmologists - such as the Sloan Great Wall, which is around 1.5 billion light-years in length, and the South Pole Wall, which stretches 1.4 billion light-years across. But the biggest single entity scientists have identified is a supercluster of galaxies called the Hercules-Corona Borealis Great Wall, which is about 10 billion light-years wide. While the Big Ring appears as an almost perfect ring on the sky, analysis by Ms Lopez suggests it has more of a coil shape - like a corkscrew - with its face aligned with Earth. "The Big Ring and the Giant Arc, both individually and together, gives us a big cosmological mystery as we work to understand the universe and its development."
The discovery of giant superclusters of galaxies are challenging our very understanding of the Universe  BBC 12 Jan 2024

https://www.bbc.com/future/article/20230302-the-giant-arcs-that-may-dwarf-everything-in-the-cosmos
“In 2021, British PhD student Alexia Lopez was analysing the light coming from distant quasars when she made a startling discovery.

She detected a giant, almost symmetrical arc of galaxies 9.3 billion light years away in the constellation of Boötes the Herdsman. Spanning a massive 3.3 billion light years across, the structure is a whopping 1/15th the radius of the observable Universe. If we could see it from Earth, it would be the size of 35 full moons displayed across the sky.

Known as the Giant Arc, the structure throws into question some of the basic assumptions about the Universe. According to the standard model of cosmology – the theory on which our understanding of the Universe is based – matter should be more-or-less evenly distributed across space. When scientists view the Universe on very large scales there should be no noticeable irregularities; everything should look the same in every direction.

Yet the Giant Arc isn't the only example of its kind. In January 2024, Lopez revealed the discovery of another cosmic megastructure – a ring of distant galaxies with a diameter of 1.3 billion light years, which she has named the Big Ring. And these gargantuan structures are now forcing scientists to reassess their theory of how the Universe evolved……….

According to Lopez's article, it is extremely unlikely (a probability of just 0.0003 per cent) that such a large structure could have arisen by chance. It suggests that it may have formed due to something in the natural physics of the Universe that we currently don't account for. Her findings directly challenge a central facet of the standard cosmological model – the best explanation we have for how the Universe started and evolved.

This facet, known as the cosmological principle, states that on a large scale, the Universe should look roughly the same everywhere, no matter your position or the direction in which you are looking. There should be no giant structures, rather space should be smooth and uniform. This is convenient, as it lets researchers draw conclusions about the whole Universe based only on what we see from our corner of it. However it also makes sense, as following the Big Bang the Universe expanded outwards, flinging matter in every direction simultaneously. 

There is another problem. According to the standard model, structures like the Giant Arc simply wouldn't have had time to form.

"The current idea for how structures formed in the Universe is through a process known as gravitational instability," says Subir Sarkar, a professor of theoretical physics at the University of Oxford.

About a million years after the Big Bang, when the Universe was expanding, tiny fluctuations in density led to bits of matter clumping together. Over billions of years, the pull of gravity eventually led these clumps to form stars and galaxies. However, there is a size limit to this process. Anything larger than about 1.2 billion light-years across simply wouldn't have had sufficient time to form.
"To form structures you need particles to congregate close to each other so gravitational collapse can occur," says Sarkar. "Those particles would have to move in from outside the structure to get there. So, if your structure is 500 million light years across, light would take 500 million years to move from one end to the other. However, the particles we are talking about are moving much more slowly than light, so it would take billions of years to create a structure of this size, and the universe has only been around for about 14 billion years."

The Giant Arc discovered by Lopez isn't the only large-scale structure discovered by astronomers.

There's the "Great Wall" (also called the CfA2 Great Wall) of galaxies discovered in 1989 by Margaret Geller and John Huchra. The wall is approximately 500 million light-years long, 300 million light years wide, and 15 million light years thick.

Even bigger is the Sloan Great Wall – a cosmic structure formed by a giant wall of galaxies, discovered in 2003 by J Richard Gott III and Mario Juric and their colleagues at Princeton University. That wall is nearly 1.5 billion light years in length.

In the last decade the discovery of these behemoths has accelerated even further. In 2014, scientists discovered the Laniakea supercluster, a collection of galaxies in which our own Milky Way resides. Lanaikea is 520 million light years across and contains roughly the mass of 100 million billion suns. Then in 2016 the BOSS Great Wall – a complex of galaxies over one billion light years across – was uncovered. BOSS is made up of 830 separate galaxies that gravity has pulled into four superclusters. The galaxies are connected by long filaments of hot gas. In 2020 the South Pole Wall, which stretches 1.4 billion light-years across was also added to the list.

However the current record holder for the biggest of these structures is the Hercules-Corona Borealis Great Wall. Discovered in 2013, it spans 10 billion light years – more than one-10th the size of the visible Universe.

"We calculated it and then realised, 'Uh oh, this is the biggest thing in the Universe'," says Jon Hakkila, professor of physics and astronomy at the University of Alabama in Huntsville.

Their concern was justified. Both Hakkila and Lopez performed a range of statistical tests to try to prove that the results couldn't be down to chance. For the Giant Arc, the results have a confidence level of 99.9997%. In scientific research, the gold standard for statistical significance is known as 5- sigma, which equates to a probability of about 1 in 3.5 million that the results are down to chance. The Giant Arc reached a significance of 4.5 sigma, so there's still the possibility that the structure is a chance arrangement of stars. 

If more structures like the Giant Arc and Hercules-Corona Borealis Great Wall are proven to exist, astronomers will be forced to rewrite – or at least revise – the standard model of cosmology.

It isn't the first time that the model will have had to have been adapted. In 1933, Caltech scientist Fritz Zwicky measured the mass of a cluster of galaxies, and found the number to be smaller than he expected. The mass was so small, in fact, that the galaxies should have flown apart and escaped the gravitational pull of the cluster. Something else, therefore, must hold the clusters of galaxies together.

This "something" is dark matter, a mysterious substance thought to make up 27% of the Universe. Then in 1998, the model was further adapted to include dark energy, after two independent teams of astronomers measured the expansion of the Universe, and found that it was speeding up.” END 

(Note: This article was originally published on 3 March 2023, but was updated on 12 January 2024 to include details about the discovery of the Big Ring.)

Scientists not sure of the origin of life on the Planet

“4.5 billion-year-old asteroid could reveal the origins of life on Earth. A specimen, taken from asteroid Bennu, could hold vital clues to the formation of the planets and our solar system, experts say.  (Sky News 28 Nov 2023 https://news.sky.com/story/4-5-billion-year-old-asteroid-could-reveal-the-origins-of-life-on-earth-)

Samples of a 4.5 billion-year-old asteroid could reveal the origins of life on the planet.

The teaspoon-sized specimen, taken from asteroid Bennu, is being examined by scientists at the Natural History Museum (NHM).

The black dust-like sample could help shed light on some of the biggest questions about how Earth was formed.

It could hold vital clues to the formation of the planets and our solar system, experts say.

Professor Sara Russell, senior research lead at the NHM, said: "We're really excited at the moment because we've just taken receipt of a tiny teaspoonful of black powder, but it's actually come from space."

She added: "We're really excited to get a piece of asteroid Bennu because we believe that this asteroid dates from the very earliest times of the solar system, when the solar system and the sun and the planets were forming four and a half billion years ago.

"It formed from a swirling disc of dust and gas, and we think that we might have components here of that time period."…………

Explaining what the sample may contain, she said: "It also, we think, contains minerals like clays that trap loads of water, so it might contain loads of water and that could tell us how the Earth got to be a watery habitable planet.

"Also, we think that it might contain several per cent of carbon, which might be in the form of organic carbon, so we need to investigate that further.

"But it could be that asteroids like Bennu also provided the nutrients that were needed for life to flourish on Earth."

Orbiting the Sun roughly 120,000,000 kilometres (74,564,543 miles) away, the asteroid is thought to be an "untouched time capsule from the beginning of the solar system", providing clues about the origin of Earth, according to the Natural History Museum. Sky News 28 Nov 2023
Prof Russell said: "When the Earth formed it was probably formed really, really hot, and things like water would have just boiled up and escaped into space, it would have been very dry when it first formed.

"So the question is, how did we get to be on this beautiful blue planet that's covered in oceans? "And it's likely that the answer is because water was brought to it by impact of asteroids and comets from the outer solar system."

Here’s why scientists don’t know how life on Earth began

Earth is unlike any planet we know by virtue of hosting a rich variety of life. But experts are still unsure what got it started. 

Science Focus BBC 2 Feb 2024 https://www.sciencefocus.com/science/how-did-life-on-earth-begin
Open your eyes anywhere on Earth and there is life: whether it’s a pigeon in the park or the invisible microorganisms coating every surface. But when the planet was born 4.5 billion years ago, it was sterile. How did the first life emerge?

The short answer is we don’t know. If we did, we could reproduce it. Scientists could put the right chemicals in a sealed container under the correct conditions and when they opened it, they’d find living organisms. Nobody has ever done this.

But while we don’t know exactly how life began, we have a lot of clues.

Let’s start with the easiest bits: what is life made of and where did those components come from? Living organisms contain thousands of chemicals: like proteins and nucleic acids that carry our genetic information. These chemicals are complex, but we now know that their constituent parts form quite readily.

The first evidence of this was published in 1953 by a young chemist named Stanley Miller. He put water and three gases in a glass apparatus, mimicking the sea and air of the young Earth. Miller heated the water and electrically shocked the air to simulate lightning. Within days, this setup produced an amino acid: a fragment of protein.
Since then, scientists have performed many similar studies……..

The implication is that the young Earth was a factory of biological chemicals. But having lots of these chemicals doesn’t necessarily yield life, any more than a pile of bricks will automatically become a house.
This is where things get tricky, because we must think about what makes something alive. It boils down to three things. First, the organism has to keep itself together, often with an outer layer, the removal of which is immediately problematic. Second, it must feed itself. This involves complex chemical reactions. And third, life has to reproduce itself, which means it must have genes it can pass on.
The last 50 years of origin-of-life research were dominated by attempts to make one of these systems on its own: for instance, a genetic molecule that reproduced by copying itself. The other bits were assumed to come later.

Personally, I’m dubious about this approach. None of the three systems is alive by itself: they need each other. What’s more, if Earth was doing such a good job of making all the chemicals of life, it may be that all three systems formed simultaneously in the same place. This would have happened more readily in a confined space, such as a deep-sea hydrothermal vent or a pool on land.
Exactly how life originated is still unclear, but what was once utterly mysterious now seems much less inexplicable. END

From https://brainly.com/question/23367443

Scientists are uncertain about how life began on Earth due to several reasons: 
1. Lack of direct evidence: Since the origin of life on Earth occurred billions of years ago, there is a lack of direct evidence that can be studied. Fossils and other remnants of early life forms are scarce and difficult to interpret.
 2. Complex process: The origin of life is a complex process that involves the formation of simple organic molecules, the assembly of these molecules into more complex structures, and the development of self-replicating systems. Understanding how all these steps occurred and came together is challenging. 
3. Harsh conditions: The early Earth was a hostile environment with high temperatures, intense radiation, and a lack of oxygen. These conditions make it difficult to imagine how life could have emerged and survived.
 4. Multiple theories: There are different theories about the origin of life, such as the Miller-Urey experiment, RNA world hypothesis, and panspermia. Each theory provides a different perspective on how life might have started, but none of them has been proven beyond doubt. 
5. Complexity of life: Life is incredibly complex, with intricate biochemical processes and systems. Explaining how such complexity arose from simple organic molecules is a major challenge for scientists. In summary, the uncertainty about how life began on Earth arises from the lack of direct evidence, the complexity of the process, the harsh conditions of early Earth, the existence of multiple theories, and the complexity of life itself. Scientists continue to study and explore these questions through various experiments, simulations, and research to gain a better understanding of our origins.
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