
to xenotransplantation in people in Japan, 
says Maria Yasuoka, a medical anthropologist 
who studies organ transplantation at Otaru 
 University of Commerce in Hokkaido, Japan.

Gardener says the results in rats are fascinat-
ing but still a long way from being applicable 
to humans. 

Other researchers agree: “In principle, the 
prospect of organ transplantation in utero is an 
amazing concept,” says Ahmet Baschat, a spe-
cialist in fetal interventions at Johns Hopkins 

University in Baltimore, Maryland. “Scientif-
ically, it’s novel. It’s a beginning.” But Baschat 
says he wouldn’t get too excited yet.

Yokoo has started engaging with members 
of the public to inform them of the benefits 
of human fetal xenotransplantation and 
gain their trust. He will continue his research 
and plans to apply for approval to conduct 
research in people from ethics boards at his 
university and hospital, and Japan’s regulatory 
agency.

By Gemma Conroy in Beijing

On the outskirts of Beijing sits a set of 
unassuming buildings marked ‘X’, 
for ‘extreme’. Inside the Synergetic 
Extreme Condition User Facility 
(SECUF), researchers from all over 

the world are pushing matter to its limits with 
extreme magnetic fields, pressures and tem-
peratures, and examining it in new ways with 
extremely precise resolution in time.

One particularly tantalizing goal of many 
researchers using this US$220-million 
playground for physicists is to discover new 

superconductors — materials that conduct 
electricity without resistance. “This kind 
of combination of extreme conditions 
offers a very good chance for new discover-
ies,” says SECUF founding director Li Lu, a 
condensed-matter physicist at the Chinese 
Academy of Science’s Institute of Physics (IOP) 
in Beijing.

Understanding the mechanisms that under-
lie superconductivity is an important step in 
the global race to finding a material that exhib-
its this phenomenon at room temperature, 
instead of under frigid conditions. 

Such a discovery could open the door to 

US$220-million facility provides conditions  
for researching potential wonder materials.

SUPERCONDUCTIVITY 
HUNT BOOSTED BY CHINA’S 
PHYSICS ‘PLAYGROUND’

faster computers and cut electricity consump-
tion, among other benefits.

Under extreme conditions, matter exhib-
its properties that would otherwise remain 
hidden. For instance, when some ordi-
nary-seeming materials are subjected to high 
pressures and extreme cold, they become 
superconductors. But measuring supercon-
ductivity can be finicky, because it can show up 
differently depending on the technique used, 
says Konstantin Kamenev, a physicist at the 
University of Edinburgh, UK, who specializes 
in extreme-conditions engineering and instru-
mentation. The ability to mix and match such 
conditions at a single facility allows research-
ers to characterize their samples more fully 
and efficiently than they could otherwise. “It’s 
like a one-stop shop,” says Jinguang Cheng, a 
condensed-matter physicist at the IOP.

Extreme toolbox
Since September last year, all 22 experimental 
stations at SECUF have moved to full operation 
after a one-year trial period. Tucked into a cor-
ner of one of SECUF’s brightly lit rooms, Cheng 
oversees a station that combines a cubic anvil 
cell — a device that squeezes materials under 
enormous pressure on six sides — with two 
superconducting magnets and helium-based 
cooling systems. The sample-torturing instru-
ment can be used to measure a range of elec-
tronic properties and characteristics. Although 
conventional high-pressure tools, such as dia-
mond anvils, can accommodate samples that 
are only the width of a human hair, SECUF’s 
cubic anvil cell can compress larger samples, 
making it easier to measure electronic prop-
erties in finer detail, says Cheng.

He says that he and his colleagues have, in 
this way, discovered a handful of supercon-
ductors, including a rare magnetic one1 and 
another based on manganese2.

Behind a yellow warning barrier at the other 
end of the room sits a powerful superconduct-
ing magnet. Rui Zhou, a condensed-matter 
physicist at the IOP, and his colleagues have 
set up a station that combines the magnet with 
ultra-low temperatures to perform nuclear 
magnetic resonance (NMR) measurements. 
The technique tracks the behaviour of atomic 
nuclei in high magnetic fields. It offers a way 
of peering into the mechanisms that underlie 
high-temperature superconductors — those 
that operate above −195.8 °C.

SECUF’s magnet produces a weaker field — 
just 26 tesla — than do those at other facilities, 
such as the record-holding 45-T hybrid mag-
net, which is partially superconducting, at the 
US National High Magnetic Field Laboratory 
(NHMFL) in Tallahassee, Florida, and the 37-T 
resistive magnet at France’s National Labora-
tory for Intense Magnetic Fields in Grenoble. 
But these require a lot of power to run. Because 
it guzzles much less power, the SECUF magnet 
can maintain a stable magnetic field for up to 

The Synergetic Extreme Condition User Facility can put samples through a battery of tests.
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one month instead of a few days or hours, says 
Zhou. That makes it possible for researchers 
to conduct longer experiments on the same 
sample, he explains.

Another magnet system is enabling other 
types of superconductivity research. Gang Li, 
a condensed-matter physicist at the IOP, heads 
a station that combines blisteringly cold tem-
peratures with a 30-T superconducting magnet 
and a 20-T one to detect quantum oscillations — 
physical phenomena that are used to map the 
electronic ‘fingerprint’ of materials. Last July, 
Alexander Eaton, a condensed-matter physi-
cist at the University of Cambridge, UK, and his 
colleagues spent two weeks using the station to 
unpick the electronic properties of an unusual 
superconductor called uranium ditelluride3. “It 
was the only place we could do the experiment 
we wanted to do,” says Eaton.

Mix and match
Other superconductivity researchers are 
using multiple tools at SECUF. Guanghan 
Cao, a condensed-matter physicist at Zhejiang 
University in Hangzhou, China, used the cubic 
anvil cell and NMR to probe an intriguing 
chromium-based material he had discovered 
by accident. Cao and his colleagues spotted 
hints of superconductivity when they sub-
jected it to high pressures using the cubic anvil 
cell4. Over at the NMR station, the researchers 
were also able to catch a glimpse of the com-
pound’s magnetic properties. The ability to 
measure the material in multiple ways in one 
location enabled the researchers to conduct a 
more in-depth study in less time. “That’s really 
convenient for us,” Cao says.

Superconductivity isn’t the only phenome-
non researchers are pursuing at SECUF. Some 
researchers are using ultrafast lasers to study 
the properties of semiconductors, whereas 
others are using a range of instruments to hunt 
down elusive quantum states of matter. The 
facility is open to domestic and international 
users alike, and all proposals are considered 
equally, says Cheng. But the process will be 
more selective for all researchers this year, to 
give successful applicants more time at each 
station, he adds.

Although researchers from all over the 
world are using the facility, Ali Bangura, a 
condensed-matter physicist at the NHMFL, 
says that SECUF could give China an edge 
over other countries in the quest to achieve 
room-temperature superconductivity. By 
expanding the scope of measurements on 
offer in one location, SECUF “substantially 
increases the likelihood of groundbreaking 
discoveries”, says Bangura.
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By Ewen Callaway 

When Paul Zimmer-Harwood 
volunteered to be intentionally 
infected with SARS-CoV-2, he 
wasn’t sure what to expect. He was 
ready for a repeat of his first brush 

with COVID-19, through a naturally acquired 
infection that gave him influenza-like symp-
toms. But he hoped his immunity would help 
him to feel well enough to use the indoor bicy-
cle trainer that he had brought into quarantine.

It turned out that Zimmer-Harwood, a PhD 
student at the University of Oxford, UK, had 
nothing to worry about. Neither he nor any 
of the 35 other people who participated in the 
‘challenge’ trial actually got COVID-19.

The study’s results, published on 1 May in 
Lancet Microbe, raise questions about the 
usefulness of COVID-19 challenge trials for 
testing vaccines, drugs and other therapeu-
tics (S. Jackson et al. Lancet Microbe https://
doi.org/mtqs; 2024). “If you can’t get people 
infected, then you can’t test those things,” says 
Tom Peacock, a virologist at Imperial College 
London. Viral strains used in challenge trials 
take many months to produce, making it 
impossible to match emerging circulating var-
iants that can overcome high levels of existing 

immunity in populations.
Researchers use challenge trials to under-

stand infections and quickly test vaccines 
and therapies. In March 2021, after months 
of ethical debate, UK researchers launched 
the world’s first COVID-19 challenge trial 
(B. Killingley et al. Nature Med. 28, 1031–1041; 
2022). The study identified a minuscule dose 
of the SARS-CoV-2 strain that circulated in the 
early days of the pandemic that could infect 
about half of the participants, who had not pre-
viously been infected with the virus (at that 
time, vaccines weren’t yet widely available).

In parallel, a team led by Helen McShane, 
an infectious-disease researcher at Oxford, 
launched a second SARS-CoV-2 challenge 
study in people — including Zimmer-Harwood 
— who had recovered from naturally acquired 
SARS-CoV-2 infections, caused by a range of 
variants. The trial later enrolled participants 
who had also been vaccinated.

Evolving strains
The first participants in McShane’s trial got the 
same tiny dose of the ‘ancestral’ SARS-CoV-2 
strain as did those in the 2021 trial. None of 
the participants developed a sustained infec-
tion, so the researchers increased the dose 
by more and more in subsequent groups of 

A physician tends to a person who is recovering from COVID-19.

Participants’ high levels of immunity in ‘challenge’ 
trials complicate efforts to test vaccines and drugs.

SCIENTISTS TRIED TO  
GIVE PEOPLE COVID  
— AND FAILED
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