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  To the teams in Dubna, Berkeley, Darmstadt, RIKEN, and every lab in the race 







  
    
      “Physicists have to overcome the ‘sea of instability’ of chemical elements in order to find their ‘island of stability.’”


    

    
      Yuri Oganessian
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  Introduction

  
  




If there is one thing you are likely to remember decades after school chemistry classes, even if vaguely, it’s the periodic table. 




That grid of elements, each with a unique symbol, promises the secrets of chemistry. We traced our fingers across the colorful grid, reciting hydrogen, helium, and lithium like a familiar tune, marveling at the hidden order that Mendeleev first sketched out in a world where some elements were still waiting to be found. 




What began as a masterfully crafted map of elements, meticulously arranged by Mendeleev, has evolved into one of the most powerful predictive tools in science, guiding discoveries, unlocking the secrets of matter, and challenging our understanding of the universe itself. Over the past two centuries, it has expanded, one discovery at a time, stretching beyond what nature itself provides. And now, we stand at its frontier. Beyond uranium, beyond elements we can touch, lies a world of the unknown. 




For centuries, the periodic table has been a guide, revealing patterns, predicting elements before they were found, and shaping our understanding of the universe. As we extend the periodic table further, each new element challenges our understanding of atomic structure and nuclear stability. 




This is what it would take to discover a new element.
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  The Quest for Element 120

  
  




The periodic table has been a cornerstone of scientific progress, guiding everything from medicine to materials science. It has helped identify elements critical for modern technology, from semiconductors to nuclear energy. Uranium once marked the natural limit, but the discovery of elements beyond it, like plutonium, used in nuclear reactors and weapons, or einsteinium, crucial in radiation research, proved that nature’s boundaries could be pushed. These artificial elements have led to remarkable applications, from power generation to deep-space exploration. 




We have currently discovered elements reaching as high as an atomic number of 118. But now, as we push toward new elements, we are confronting a fundamental challenge: Are we reaching the ultimate limit of element formation, or can we still expand the table further?




The most recent addition to the periodic table, oganesson (element 118), was first synthesized in 2002 and officially named in 2016. Since then, the scientific community has set its sights on the next elements, but element 119 remains elusive. One major reason is that the required target material, berkelium-249, is extremely difficult to produce in sufficient quantities. 




This has led researchers to prioritize element 120 instead, which can be synthesized using californium-based targets in ongoing experiments. 




Unofficially named unbinilium, Scientists believe that element 120 is predicted to be part of the alkaline earth metal family, meaning it should behave somewhat like calcium or barium. But predictions also suggest that its electrons may not behave as expected. Relativistic effects, where electrons move so fast that they gain mass, may make element 120’s chemistry an enigma.




And there’s another reason why scientists are obsessed with 120: The Island of Stability. It is a theoretical region in the periodic table where superheavy elements may exhibit longer half-lives due to nuclear shell effects and help determine whether we are approaching the true limits of chemical existence.
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The Island of Stability




If element 120 exists long enough to be studied, it could confirm the long-held belief that a special region of superheavy elements can exist for extended periods. But getting there is an entirely different challenge




* * *




Nuclear Alchemy and Fleeting Shadows




Synthesizing a new element isn’t as simple as mixing chemicals in a beaker. This is nuclear alchemy. To make element 120, we must slam atomic nuclei together at unimaginable speeds, hoping that for a fleeting moment, they fuse into a new atom.




The difficulties begin with the immense energy required. Creating element 120 involves accelerating atomic nuclei to nearly 10% the speed of light using powerful particle accelerators. The challenge here is overcoming the electrostatic repulsion between two positively charged nuclei, a force that becomes exponentially stronger as atomic numbers increase.




Then, the required materials are scarce. The synthesis of superheavy elements often relies on highly rare isotopes like californium-249 or berkelium-249, which take years to produce in specialized reactors and are available only in minuscule amounts.




Even if a collision succeeds, the new element exists for mere milliseconds, if that. Detecting these fleeting atoms requires sophisticated decay tracking techniques, as traditional observation methods are far too slow. This is why, despite decades of effort, no new element has been discovered since 2002. Scientists are now working on more advanced detection methods and experimenting with new projectiles like Titanium-50 to improve reaction probabilities. 




There are two key methods of making new elements, called hot fusion and cold fusion. Hot fusion involves slamming a lighter element into a heavier target with extreme kinetic energy. This method was crucial in discovering elements up to 118, and it remains the best bet for 120. Scientists are now experimenting with Titanium-50 as a projectile, a heavier alternative to Calcium-48, in an effort to push further.




Cold fusion, despite its name, still requires immense energy, but the resulting atoms have lower excitation states, which means they’re less likely to fly apart instantly. However, cold fusion has its own set of limitations, primarily low reaction rates and difficulty in detection.




But even if we successfully create element 120, we face another hurdle: proving that we did. These elements exist for milliseconds, sometimes microseconds, before disintegrating. To detect them, scientists rely on alpha decay chains, tracking radioactive signatures backward to infer that element 120 was momentarily there.




Detection is especially challenging due to the incredibly short lifetimes of these atoms, requiring ultra-sensitive instruments that can register decays within fractions of a second. Complicating matters further, background radiation from other elements can create false positives, making it difficult to distinguish a real detection from noise. 




Scientists must use specialized recoil separators, magnetic fields, and time-sensitive decay correlation techniques to isolate and confirm the fleeting presence of element 120 before it vanishes. Even then, statistical uncertainty remains a major hurdle, requiring multiple successful detections before a new element can be officially recognized.
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  The Pioneers of Superheavy Elements

  
  




Over the past 50 years, a select group of scientists has driven the discovery of superheavy elements, each pushing the boundaries of chemistry and nuclear physics. Glenn T. Seaborg, the Nobel Prize-winning scientist, revolutionized our understanding of transuranium elements, discovering plutonium and several other actinides, which became instrumental in both energy production and medicine. Albert Ghiorso, another key figure, was instrumental in identifying elements up to 106, refining detection methods that are still in use today.


Georgy Flerov was one of the earliest nuclear scientists who understood that elements beyond uranium could exist. During the Cold War, Flerov’s lab at Dubna in Russia and competing American labs at Berkeley raced to create new elements.


But the most transformative figure in this field has been Yuri Oganessian, the modern-day pioneer of superheavy elements. His groundbreaking work in hot fusion methods enabled the discovery of elements beyond 114, reshaping our understanding of how atomic nuclei can form. Today, his name is immortalized in oganesson, element 118, which has been named in his honor.
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Yuri Oganessian


Some of the most prominent laboratories leading the charge in superheavy element research include the Joint Institute for Nuclear Research (JINR) in Dubna, Russia, the Lawrence Berkeley National Laboratory (LBNL) in California, USA, the GSI Helmholtz Centre for Heavy Ion Research in Germany, the Institute of Modern Physics (IMP) in China, and the RIKEN Nishina Center for Accelerator-Based Science in Japan. These institutions have been at the forefront of element discovery, refining synthesis methods and detection techniques that continue to
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