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Improvements in the material that converts X-rays into light, for medical
or industrial images, could allow a tenfold signal enhancement.

Scintillators are materials that emit light when bombarded with high-energy particles or X-
rays. In medical or dental X-ray systems, they convert incoming X-ray radiation into visible
light that can then be captured using film or photosensors. They’re also used for night-vision
systems and for research, such as in particle detectors or electron microscopes.

 

Researchers at MIT have shown how one could improve the efficiency of scintillators by at least tenfold by
changing the material’s surface. This image shows a TEM grid on scotch tape, with the right side showing

the scene after it is corrected.

 

Researchers at MIT have now shown how one could improve the efficiency of scintillators by
at least tenfold, and perhaps even a hundredfold, by changing the material’s surface to
create certain nanoscale configurations, such as arrays of wave-like ridges. While past
attempts to develop more efficient scintillators have focused on finding new materials, the
new approach could in principle work with any of the existing materials.

Though it will require more time and effort to integrate their scintillators into existing X-ray
machines, the team believes that this method might lead to improvements in medical
diagnostic X-rays or CT scans, to reduce dose exposure and improve image quality. In other
applications, such as X-ray inspection of manufactured parts for quality control, the new
scintillators could enable inspections with higher accuracy or at faster speeds.

https://statnano.com/org/Massachusetts-Institute-of-Technology
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The findings are described today in the journal Science, in a paper by MIT doctoral students
Charles Roques-Carmes and Nicholas Rivera; MIT professors Marin Soljacic, Steven Johnson,
and John Joannopoulos; and 10 others.

While scintillators have been in use for some 70 years, much of the research in the field has
focused on developing new materials that produce brighter or faster light emissions. The new
approach instead applies advances in nanotechnology to existing materials. By creating
patterns in scintillator materials at a length scale comparable to the wavelengths of the light
being emitted, the team found that it was possible to dramatically change the material’s
optical properties.

To make what they coined “nanophotonic scintillators,” Roques-Carmes says, “you can
directly make patterns inside the scintillators, or you can glue on another material that would
have holes on the nanoscale. The specifics depend on the exact structure and material.” For
this research, the team took a scintillator and made holes spaced apart by roughly one
optical wavelength, or about 500 nanometers (billionths of a meter).

“The key to what we’re doing is a general theory and framework we have developed,” Rivera
says. This allows the researchers to calculate the scintillation levels that would be produced
by any arbitrary configuration of nanophotonic structures. The scintillation process itself
involves a series of steps, making it complicated to unravel. The framework the team
developed involves integrating three different types of physics, Roques-Carmes says. Using
this system they have found a good match between their predictions and the results of their
subsequent experiments.

The experiments showed a tenfold improvement in emission from the treated scintillator.
“So, this is something that might translate into applications for medical imaging, which are
optical photon-starved, meaning the conversion of X-rays to optical light limits the image
quality. [In medical imaging,] you do not want to irradiate your patients with too much of the
X-rays, especially for routine screening, and especially for young patients as well,” Roques-
Carmes says.
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“We believe that this will open a new field of research in nanophotonics,” he adds. “You can
use a lot of the existing work and research that has been done in the field of nanophotonics
to improve significantly on existing materials that scintillate.”

“The research presented in this paper is hugely significant,” says Rajiv Gupta, chief of
neuroradiology at Massachusetts General Hospital and an associate professor at Harvard
Medical School, who was not associated with this work. “Nearly all detectors used in the $100
billion [medical X-ray] industry are indirect detectors,” which is the type of detector the new
findings apply to, he says. “Everything that I use in my clinical practice today is based on this
principle. This paper improves the efficiency of this process by 10 times. If this claim is even
partially true, say the improvement is two times instead of 10 times, it would be
transformative for the field!”

Soljacic says that while their experiments proved a tenfold improvement in emission could be
achieved in particular systems, by further fine-tuning the design of the nanoscale patterning,
“we also show that you can get up to 100 times [improvement] in certain scintillator systems,
and we believe we also have a path toward making it even better,” he says.

Soljacic points out that in other areas of nanophotonics, a field that deals with how light
interacts with materials that are structured at the nanometer scale, the development of
computational simulations has enabled rapid, substantial improvements, for example in the
development of solar cells and LEDs. The new models this team developed for scintillating
materials could facilitate similar leaps in this technology, he says.

Nanophotonics techniques “give you the ultimate power of tailoring and enhancing the
behavior of light,” Soljacic says. “But until now, this promise, this ability to do this with
scintillation was unreachable because modeling the scintillation was very challenging. Now,
this work for the first time opens up this field of scintillation, fully opens it, for the application
of nanophotonics techniques.” More generally, the team believes that the combination of
nanophotonic and scintillators might ultimately enable higher resolution, reduced X-ray dose,
and energy-resolved X-ray imaging.
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This work is “very original and excellent,” says Eli Yablonovitch, a professor of Electrical
Engineering and Computer Sciences at the University of California at Berkeley, who was not
associated with this research. “New scintillator concepts are very important in medical
imaging and in basic research.”

Yablonovitch adds that while the concept still needs to be proven in a practical device, he
says that, “After years of research on photonic crystals in optical communication and other
fields, it's long overdue that photonic crystals should be applied to scintillators, which are of
great practical importance yet have been overlooked” until this work.

Read the original article on Massachusetts Institute of Technology (MIT).
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