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News & Analysis

NASA centre hit by major downsizing

The US space agency’s Goddard Space Flight Center has already seen a third of its buildings shut
over the past few months, as Peter Gwynne reports

NASA’s Goddard Space Flight Center
(GSFC) looks set to lose a big propor-
tion of its budget as a two-decade
reorganization plan for the centre is
being accelerated. The move, which
is set to be complete by March, has
left the Goddard campus with empty
buildings and disillusioned employ-
ees. Some staff even fear that the
actions during the 43-day US gov-
ernment shutdown, which ended on
12 November, could see the end of
much of the centre’s activities.

Based in Greenbelt, Maryland, the
GSFC has almost 10000 scientists
and engineers, about 7000 of whom
are directly employed by NASA con-
tractors. Responsible for many of
NASA’s most important uncrewed
missions, telescopes and probes, the
centre is currently working on the
Nancy Grace Roman Space Tele-
scope, which is scheduled to launch
in 2027, as well as the Dragonfly mis-
sion that is due to head for Saturn’s
largest moon Titan in 2028.

The ability to meet those sched-
ules has now been put in doubt by the
Trump administration’s proposed
budget for financial year 2026, which
started in September. It calls for
NASA to receive almost $19bn - far
less than the $25bn it has received for
the past two years. If passed, Godd-
ard would lose more than 42% of its
staff. Congress, which votes on the
final budget, is not planning to cut
NASA so deeplyasit preparesits 2026
budget proposal. But on 24 Septem-
ber, Goddard managers began what
they told employees was “a series of
moves...that will reduce our foot-
print into fewer buildings”. The shift
is intended to “bring down overall
operating costs while maintaining
the critical facilities we need for our
core capabilities of the future”.

While this is part of a 20-year
“master plan” for the GSFC that
NASA’s leadership approved in 2019,
the management’s memo stated that
“all planned moves will take place

Physics World December 2025

Under threat

With NASA’s budget
potentially dropping
from $25bn to
$19bn, its Goddard
Space Flight Center
has closed a third of
its buildings since
September.

The closures
are being
justified as
cost-saving
but no details
are being
provided

over the next several months and be
completed by March 2026”. A report
in September by Democratic mem-
bers of the Senate Committee on
Commerce, Science, and Transporta-
tion, which is responsible for NASA,
asserts that the cuts are “in clear vio-
lation of the [US] constitution [with-
out] regard for the impacts on NASA’s
science missions and workforce”.

On 3 November the Goddard
Engineers, Scientists and Techni-
cians Association, a union represent-
ing NASA workers, reported that
the GSFC had already closed over
a third of its buildings, including
some 100 labs. This had been done,
it says, “with extreme haste and with
no transparent strategy or benefit to
NASA or the nation”. The union adds
that the “closures are being justified
as cost-saving but no details are being
provided and any short-term savings
are unlikely to offset a full account of
moving costs and the reduced ability
to complete NASA missions”.

Accounting for the damage

Zoe Lofgren, the lead Democrat on
the House of Representatives Science
Committee, has demanded of Sean
Duffy, NASA’s acting administra-
tor, that the agency “must now halt”

any laboratory, facility and build-
ing closure and relocation activi-
ties at Goddard. In a letter to Duffy
dated 10 November, she also calls for
the “relocation, disposal, excessing
or repurposing of any specialized
equipment or mission-related activi-
ties, hardware and systems” to also
end immediately.

As Physics World went to press,
Lofgren demanded that NASA com-
plete a “full accounting of the dam-
age inflicted on Goddard thus far”.
Owing to the government shutdown,
no GSFC or NASA official responded
to Physics World’s requests for
comment.

Meanwhile, the Trump admin-
istration has renominated billion-
aire entrepreneur Jared Isaacman as
NASA’s administrator. Trump had
originally nominated Isaacman, who
had flown on a private SpaceX mis-
sion and carried out a spacewalk,
on the recommendation of SpaceX
founder Elon Musk. But the admin-
istration withdrew the nomination
in May following concerns among
some Republicans that Isaacman had
funded the Democrat party.

Peter Gwynne is Physics World’s North
America correspondent

NASA Goddard/Bill Hrybyk
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Education

Lower exam stakes could cut the gender grade gap

Female university students do much
better in introductory physics exams
if they have the option of retaking
the tests. That’s according to a new
analysis of almost two decades of US
exam results for more than 26000
students. The study’s authors say it
shows that female students benefit
from lower-stakes assessments and
that the persistent “gender grade
gap” in physics exam results does not
reflect a gender difference in physics
knowledge or ability (Phys. Rev. Phys.
Educ. Res. 21 020134).

The study has been carried out by
David Webb from the University of
California, Davis, and Cassandra
Paul from San Jose State University.
It builds on previous work they did
in 2023, which showed that the gen-
der gap disappears in introductory
physics classes that offer the chance
for all students to retake the exams.
That study did not, however, explore
why the offer of a retake has such
an impact.

In the new work, the duo analysed
exam results from 1997 to 2015 for a

series of 1ntr0ductory physms classes
at a public university in the US. The
dataset included 26783 students,
mostly in biosciences, of whom about
60% were female. Some of the classes
let students retake exams while
others did not, thereby letting the
researchers explore why retakes close
the gender gap. When Webb and Paul
examined the data for classes that
offered retakes, they found that in
first-attempt exams, female students
slightly outperformed their male
counterparts. But male students per-
formed better than female students

in retakes.

This, the researchers argue, dis-
° counts the notion that retakes close
£ the gender gap by allowing female
& students to improve their grades.
Instead, they suggest that the benefit
of retakes is that they lower the stakes
of the first exam.

Theresearchers then compared the
classes that offered retakes with those
that did not, which they called high-
stakes courses. They found that the
gender gap in exam results was much
larger in the high-stakes classes than
the lower-stakes classes that allowed
retakes.

“This suggests that high-stakes
exams give a benefit to men, on aver-
age, [and] lowering the stakes of each
exam can remove that bias,” Webb
told Physics World. He thinks that
as well as allowing students to retake
exams, physics might benefit from
not having comprehensive high-
stakes final exams but instead “use
final exam time to let students retake
earlier exams”.

Michael Allen
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The gender gap in
exam results has
been shown to be
much largerin the
high-stakes classes
thatdo notallow
retakes.

Jim Al-Khalili celebrates Quantum Year at the Royal Institution

Author, physicist and broadcaster Jim
Al-Khalili gave a public lecture at the
Royal Institution (RI) in central London on
7 November as the final part of a week-
long series of events in the UK organized
by the Institute of Physics to mark the
International Year of Quantum Science
and Technology. A theorist based at the
University of Surrey, Al-Khalili’s lecture
was titled “A new quantum world: ‘spooky’
physics to tech revolution”. It formed part of
the RI’s famous Friday night “discourses”,
which this year celebrate their 200th
anniversary. Al-Khalili, who also presents
A Life Scientific on BBC Radio 4, is now
the only person ever to have given three RI
discourses. After the lecture, which was
sold out, he took partin a panel discussion
with fellow physicists Peter Knight from
Imperial College and Elizabeth Cunningham,
a former vice-president for membership at
— the IOP. Al-Khalili was later presented with

| a special bottle of “Glentanglement” whisky
made by Glasgow-based Fraunhofer UK for
the Scottish Quantum Technology cluster.
Matin Durrani
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Funding

JPL lays off
10% of staff

NASA’s Jet Propulsion Laboratory (JPL)
is to lay off some 550 employees as part
of a restructuring that began in July.
The action affects about 11% of JPL's
employees and represents the lab’s
third downsizing in the past 20 months.
When the layoffs are complete by the
end of the year, the lab will have roughly
4500 employees, down from about
6500 at the start of 2024. A further
4000 employees have already left NASA
during the past six months via sacking,
retirement or voluntary buyouts.

Managed by the California Institute
of Technology in Pasadena, JPL
oversees scientific missions such as
the Psyche asteroid probe, the Europa
Clipper and the Perseverance rover on
Mars. JPL bosses already laid off about
530 staff - and 140 contractors - in
February last year followed by another
325 people in November 2024.

JPL director Dave Gallagher insists,
however, that the new layoffs are not
related to the US government shutdown
that ended on 12 November (see p3).
“[They are] essential to securing
JPL's future by creating a leaner
infrastructure, focusing on our core
technical capabilities, maintaining
fiscal discipline, and positioning
us to compete in the evolving space
ecosystem,” he says in a message to
employees.

Judy Chu, Democratic
Congresswoman for the constituency
that includes JPL, is less optimistic.
“Every layoff devastates the highly
skilled and uniquely talented workforce
that has made these accomplishments
possible,” she says. “Together with
last year’s layoffs, this will result in
an untold loss of scientific knowledge
and expertise.”

John Logsdon, professor emeritus
at George Washington University and
founder of the university’s Space Policy
Institute, says that the cuts are a direct
result of the Trump administration’s
approach to science and technology.
“The administration gives low priority
to robotic science and exploration, and
has made draconic cuts to the science
budget,” he told Physics World.

Peter Gwynne
Boston, MA
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Chinese scientists lead more collaborations

International research collaborations
will be increasingly led by scientists
in China over the coming decade.
That is according to a new study by
researchers at the University of Chi-
cago, which finds that the power
balance in international science has
shifted markedly away from the
US and towards China over the last
25 years (Proc. Natl Acad. Sci. 122
€2414893122).

To explore China’s role in global
science, the team used a machine-
learning model to predict the lead
researchers of almost six million sci-
entific papers that involved interna-
tional collaboration listed by online
bibliographic catalogue OpenAlex.
The model was trained on author
data from 80000 papers published in
high-profile journals that routinely
detail author contributions, includ-
ing team leadership.

The study found that between 2010

Taking the lead
Researchers predict
that “leadership
parity” between
China and US
scientists will be
reached in the next
few years.

% and 2012 there were only 4429 scien-
2 tists from China who were likely to
haveled China-US collaborations. By
2023 this number had risen to 12714,
meaning that the proportion of team
leaders affiliated with Chinese insti-
tutions had gone up from 30% to 45%.
If this trend continues, China
will hit “leadership parity” with
the US in chemistry, materials sci-
ence and computer science by 2028,
with maths, physics and engineer-
ing being level by 2031. The analysis
also suggests that China will achieve
leadership parity with the US in eight
“critical technology” areas by 2030,
including AI, semiconductors, com-
munications, energy and high-per-
formance computing. For China-UK
partnerships, the model found that
equality had already been reached
in 2019, while EU-China leadership
roles will be on par this year or next.
Michael Allen

Space

Shenzhou-20 return delayed by space debris

China delayed the return of a crewed
mission to the country’s space station
last month after the astronaut’s space-
craft was struck by space debris. The
craft was supposed to return to Earth
on 5 November but after an impact
analysis and risk assessment, China
Manned Space Agency brought the
astronauts home on another craft
nine days later.

The Shenzhou programme involves
taking astronauts to and from China’s
Tiangong space station, which was
constructed in 2022, for six-month
stays. Shenzhou-20, carrying three
crew, launched on 24 April from
Jiuquan Satellite Launch Center on
board a Long March 2F rocket. Once
docked with Tiangong the three-
member crew of Shenzhou-19 began
handing over control of the station to
the crew of Shenzhou-20 before they
returned to Earth on 30 April.

Shenzhou-21, which alsohada crew
of three, launched on 31 October and
underwent the same hand-over pro-
cess with the crew of Shenzhou-20
before they were set to return to

Space delay
The crewed
Shenzhou-20
spacecraft was
launched on 24 April
fora six--month
mission to China’s
Tiangong space
station.

g Earth. But pre-operation checks
Zrevealed that the craft had been
£ hit by “a small piece of debris” that
2 resulted in “tiny cracks” in a window
% of the craft. The crew of Shenzhou-20
= instead returned to Earth aboard

£ Shenzhou-21 on 14 November.

Space debris is of increasing con-
cernand this marks the first time that
a crewed craft has been delayed due
to a potential space debris impact.
In 2021, for example, China noted
that Tiangong had to perform two
emergency avoidance manoeuvres
to avoid fragments produced by Star-
link satellites that were launched
by SpaceX.

e Katherine Courtney, who

chairs the Global Network on
Sustainability in Space and Alice
Gorman from Flinders University in
Adelaide, Australia, appeared on a
Physics World Live panel discussion
about the impact of space debris
that was held on 10 November. A
recording of the event is available at
tinyurl.com/9symny67

Michael Banks


https://www.pnas.org/doi/abs/10.1073/pnas.2414893122
https://www.pnas.org/doi/abs/10.1073/pnas.2414893122
https://tinyurl.com/9symny67

News & Analysis

physicsworld.com

Nobel laureate Chen-Ning Yang dies aged 103

Influential theoretical physicist carried out pioneering work on parity violation and advanced US-
China collaboration, as Michael Banks explains

The Chinese particle physicist Chen-
Ning Yang died on 18 October at the
age of 103. Yang shared half of the
1957 Nobel Prize for Physics with
Tsung-Dao Lee for their theoretical
work that overturned the notion that
parity is conserved in the weak force
- one of the four fundamental forces
of nature.

Born on 22 September 1922 in
Hefei, China, Yang competed a BSc
at the National Southwest Associated
University in Kunmingin 1942. After
finishing an MSc in statistical phys-
ics at Tsinghua University two years
later, he moved to the University of
Chicago in the USin 1945 as partofa
government-sponsored programme.
He received his PhD in physics in
1948 working under the guidance of
Edward Teller.

The following year Yang moved to
the Institute for Advanced Study in
Princeton, where he made pioneer-
ing contributions to quantum field
theory, working together with Rob-
ert Mills. In 1953 they proposed the
Yang-Mills theory, which became a
cornerstone of the Standard Model of
particle physics. It was also at Prince-
ton where Yang began a fruitful col-
laboration with Lee, who died last
year aged 97. Their work on parity
- a property of elementary particles
that expresses their behaviour upon
reflection in a mirror - led to the duo
winning the Nobel prize.

Parity puzzle
In the early 1950s, physicists had
been puzzled by the decays of two
subatomic particles, known as tau
and theta, which are identical except
that the tau decays into three pions
with a net parity of -1, while a theta
particle decays into two pions with a
net parity of +1. There were two pos-
sible explanations: either the tau and
theta are different particles or that
parity in the weak interaction is not
conserved with Yangand Lee propos-
ing various ways to test their ideas
(Phys. Rev. 104 254).

This “parity violation” was later
proved experimentally by, among
others, Chien-Shiung Wu at Colum-

6

Particle pioneer
Chen-Ning Yang
paved the way to our
understanding that
parity is violated in
the weak force.

bia University. She carried out an

experiment based on the radioactive
decay of unstable cobalt-60 nuclei
into nickel-60 — what became known
as the “Wu experiment”. For their
work, Yang, who was 35 at the time,
shared the 1957 Nobel Prize for Phys-
ics with Lee.

Influential physicist

In 1965 Yang moved to Stony Brook
University, becoming the first direc-
tor of the newly founded Institute for
Theoretical Physics, which is now
known as the C N Yang Institute
for Theoretical Physics. During this
time, he also contributed to advanc-
ing science and education in China,
setting up the Committee on Edu-
cational Exchange with China - a
programme that has sponsored some
100 Chinese scholars to study in the
US. In 1997 Yang returned to Beijing
where he became an honorary direc-
tor of the Centre for Advanced Study
at Tsinghua University. He retired
from Stony Brook in 1999, becom-
ing a professor at Tsinghua Uni-
versity. During his time in the US,
Yang obtained US citizenship, but
renounced it in 2015.

More recently, Yang was involved
in debates over whether China
should build the Circular Electron
Positron Collider (CEPC) - a huge
100 km circumference underground
collider that would study the Higgs
boson in unprecedented detail and

be a successor to CERN’s Large Had-
ron Collider. Yang took a sceptical
view calling it “inappropriate” for a
developing country that is still strug-
gling with “more acute issues like
economic development and environ-
ment protection”.

Yang also expressed concern that
the science performed on the CEPCis
just “guess” work and without guar-
anteed results. “I am not against the
future of high-energy physics, but
the timing is really bad for China to
build such a super collider,” he noted
in 2016. “Even if they see something
with the machine, it’s not going to
benefit the life of Chinese people any
sooner.” As well as the Nobel prize,
Yang won many other awards such
as the US National Medal of Science
in 1986, the Einstein Medal in 1995,
which is presented by the Albert Ein-
stein Society in Bern, and the Ameri-
can Physical Society’s Lars Onsager
Prize in 1990.

“The world haslost one of the most
influential physicists of the modern
era,” noted Stony Brook president
Andrea Goldsmith in a statement.
“His legacy will continue through
his transformational impact on the
field of physics and through the
many colleagues and students influ-
enced by his teaching, scholarship
and mentorship.”

Michael Banks is news editor of Physics
World
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Research updates

First room-temperature superconductor

A ternary hydride shows signs of room-temperature superconductivity at high pressures, as

Isabelle Dumé reports

Researchers in China claim to have
made the first ever room-temperature
superconductor by compressing
an alloy of lanthanum-scandium
(La-Sc) and the hydrogen-rich mat-
erial ammonia borane (NH,BH;)
together at pressures of 250-260 GPa,
observing superconductivity with
a maximum onset temperature of
298 K. While these high pressures
are akin to those at the centre of the
Earth, the work marks a milestone
in the field of superconductivity, the
physicists say (arXiv: 2510.01273).

Superconductors conduct electric-
ity without resistance when cooled
below a certain transition tempera-
ture, T.. Researchers looking for
superconductors that operate at
high temperatures made consider-
able progress towards this goal in the
1980s and 1990s with the discovery
of the “high-temperature” copper
oxide superconductors, which have
T. values between 30 and 133 K. Fast-
forward to 2015 and the maximum
known critical temperature rose even
higher thanks to the discovery of a
sulphide material, HS, thathasa T, of
203 K when compressed to pressures
of 150 GPa.

This result sparked much interest
in solid materials containing hydro-
gen atoms bonded to other elements
and in 2019, the record was broken
again, this time by lanthanum deca-
hydride (LaH,,), which was found
to have a T, of 250-260K, albeit
again at very high pressures. Then
in 2021, researchers observed high-
temperature superconductivity in the
cerium hydrides, CeHy and CeH,,,
which boast high-temperature
superconductivity at lower pressures
(about 80 GPa, or 0.8 million atmos-
pheres) than the other so-called
“superhydrides”.

In recent years, researchers have
started turning their attention to ter-
nary hydrides - substances that com-
prise three different atomic species
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binaryhydrides, ternary hydrides are
more structurally complex, which
may allow them to have higher T,
values. Indeed, Li,MgH,, has been
predicted to exhibit “hot” supercon-
ductivity witha T, of 351-473 Kunder
multimegabar pressures and several
other high-T, hydrides, including
MB,H,, MBeH; and Mg,IrHg ;, have
been predicted to be stable under
comparatively lower pressures.

In the new work, a team led by
physicist Yanming Ma of Jilin Univer-
sity studied LaSc,H,, - a compound
that’s made by doping scandium into
the well-known La-H binary system.
Ma and colleagues had already used
a theoretical model to predict that
this ternary material should feature
a hexagonal P6/mmm symmetry.
Introducing Sc into the La-H results
in the formation of two novel inter-
linked H,, and Hj, hydrogen clath-
rate “cages” with the H,, surrounding
Scand the H;; surrounding La.

The researchers calculated that
these two novel hydrogen frame-
works should produce an exception-
ally large hydrogen-derived density
of states at the Fermi level (the high-
est energy level that electrons can
occupy in a solid at a temperature
of absolute zero), as well as enhanc-
ing coupling between electrons and
phonons in the material, leading
to an exceptionally high T, of up to

,Jilin University
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316 K at high pressure.

To create their material, the
researchers placed it in a diamond-
anvil cell while heating it with alaser.
In situ X-ray diffraction experiments
revealed that the compound crystal-

g lizes into a hexagonal structure, in

excellent agreement with the pre-
dicted P6/mmm LaSc,H,, structure.

A key piece of experimental evi-
dence for superconductivity in the
La-Sc-H ternary system came from
measurements that repeatedly dem-
onstrated the onset of zero electri-
cal resistance below the T,. Another
significant proof, co-author Guang-
tao Liu adds, is that the T, decreases
monotonically with the application
of an external magnetic field in a
number of independently synthe-
sized samples. “This behaviour is
consistent with the conventional
theory of superconductivity since
an external magnetic field disrupts
Cooper pairs - the charge carriers
responsible for the zero-resistance
state — thereby suppressing super-
conductivity,” says Liu.

Sven Friedemann of the Univer-
sity of Bristol, who was not involved
in this work, says that the study is
“an important step forward” for
superconductivity. “The new meas-
urements show zero resistance and
suppression in magnetic fields, thus
strongly suggesting superconductiv-
ity,” he comments. “It will be excit-
ing to see future work probing other
signatures of superconductivity. The
X-ray diffraction measurements
could be more comprehensive and
leave some room for uncertainty as
to whether it is indeed the claimed
LaSc,H,, structure giving rise to the
superconductivity.”

Ma and colleagues say they will
continue to study the properties of
this compound - such as the isotope
effect and directly detect the Meiss-
ner effect — as well as synthesize new
multinary superhydrides.
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Triple-junction perovskite solar cell breaks efficiency records

An international research team
has produced the largest and
most efficient triple-junction
perovskite—perovskite-silicon tan-
dem solar cell to date. The finding
shows that there could be potential
for this triple-junction architecture
in real-world settings in the near
future, even though they are still
far away from their theoretical effi-
ciency limits (Nat. Nanotechnol.
doi:10.1038/541565-025-02015-x).

Multi-junction solar cells have
a vertical stack of semiconductor
materials with distinct bandgaps,
with each layer converting a dif-
ferent part of the solar spectrum to
maximize conversion of the Sun’s
energy to electricity. When there
are no constraints on the choice of
materials, triple-junction solar cells
can outperform double-junction and
single-junction solar cells, with a
power conversion efficiency (PCE) of
up to 51% theoretically possible. But
material constraints — due to fabrica-
tion complexity, cost or other tech-
nical challenges — mean that many
such devices still perform far from
the theoretical limits.

o P : Yo
Solar cells formed from metal
halide perovskites could be com-
mercially viable, being cheap,
efficient, easy to make and able
to be paired with silicon in multi-
junction devices. The ease of fabri-
cation means that the junctions can
be directly fabricated on top of each
other. However, these junctions can
still contain surface defects.

To enhance the performance and
resilience of their triple-junction
cell, in which the top and middle are
perovskite junctions on a bottom sil-
icon cell, the researchers addressed
surface defects in the top perovskite
junction by replacing traditional
lithium fluoride materials with
piperazine-1,4-diium chloride

Record breaker
The team atthe
University of Sydney
have created a

16 cm? triple-
junction perovskite-
based solar cell that
achieves a power
conversion
efficiency 0f 23.3%
-the highest
reported for a large-
area device.
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_|2used in perovskite cells - with

The Universi

ammonium - which is commonly

rubidium.

With this design, Anita Ho-
Baillie from the University of Sydney
and colleagues developed a 16 cm?
triple-junction cell that achieved an
independently certified steady-state
PCE of 23.3% - the highest reported
for a large-area device. While triple-
junction perovskite solar cells have
exhibited higher PCEs - with all-
perovskite triple-junction cells
reaching 28.7% and perovskite-
perovskite-silicon devices reaching
27.1% - these were all achieved on a
1cm?cell, notona large-area cell.

In the study, the researchers also
developed a 1 cm? cell that had a PCE
of 27.06% and passed the Interna-
tional Electrotechnical Commis-
sion’s 61215 thermal cycling test,
which exposes the cell to 200 cycles
under extreme temperature swings,
ranging from -40 to 85°C. During
this test, the 1cm? cell retained 95%
of its initial efficiency after 407h of
continuous operation.

Liam Critchley

Wearable UVA sensor monitors overexposure to sunlight

A flexible and wearable sensor

that allows the user to monitor

their exposure to ultraviolet (UV)
radiation has been unveiled by
researchers in South Korea. Based on a
heterostructure of four different oxide
semiconductors, the sensor’s flexible,
transparent design could vastly improve
the real-time monitoring of skin health
(Sci. Adv. 11 eaea7218).

UV light in the A band has wavelengths
of 315-400 nm and comprises about
95% of UV radiation that reaches the
surface of the Earth. Because of its
relatively long wavelength, UVA can
penetrate deep into the skin, where
it can alter biological molecules,
damage tissue and even cause cancer.
Materials used for traditional UV
sensors, such as gallium nitride and zinc
oxide, are opaque and rigid - making
them completely unsuitable for use in
wearable sensors, which could monitor
UVA levels in real time and alert users

10

certain level.

-§ when their UVA exposure reaches a

In their study, Seong Jun Kang at

¢ Kyung Hee University and colleagues
= addressed these challenges by
introducing a multi-junction
heterostructure, made by stacking
multiple ultrathin layers of different
oxide semiconductors. The four

Warning sign

The researchers
integrated their
heterostructure of
oxide semi-
conductorsinto a
wearable detector
thatenabled the
real-time display of
UVA intensity as well
aswarning alerts.

semiconductors they selected each had
wide bandgaps, which made them more
transparent in the visible spectrum but
responsive to UV light.

The structure included zinc and tin
oxide layers as n-type semiconductors
(doped with electron-donating atoms)
and cobalt and hafnium oxide layers
as p-type semiconductors (doped with
electron-accepting atoms) - creating
positively charged holes. Within
the heterostructure, this selection
created three types of interface: p-n
junctions between hafnium and tin
oxide; n-n junctions between tin and

zinc oxide; and p-p junctions between
cobalt and hafnium oxide.

When the team illuminated their
heterostructure with UVA photons, the
electron-hole charge separation was
enhanced by the p-n junction, while
the n-n and p-p junctions allowed for
more efficient transport of electrons
and holes respectively, improving
the design’s response speed. When
the illumination was removed, the
electron-hole pairs could quickly
decay, avoiding any false detections.

To test their design’s performance,
the researchers integrated their
heterostructure into a wearable
detector that enabled real-time display
of UVA intensity and warning alerts. The
team believes its design could push the
capabilities of oxide semiconductors
beyond their typical use in displays
and into the fast-growing field of smart
personal health monitoring.

Sam Jarman
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Entangled light leads to quantum advantage

Physicists at the Technical University
of Denmark (DTU) have demonstrated
what they call “strong and
unconditional” quantum advantage in
a photonic platform for the first time.
Using entangled light, they were able
to reduce the number of measurements
required to characterize their system
by a factor of 10, reducing the time it
would take a conventional scheme from
20 million years to just 15 minutes using
entanglement (Science 389 1332).

Quantum devices are hard to isolate
from their environment, which makes ita
challenge to learn about their behaviour.
To get around this problem, researchers
have tried various “quantum learning”
strategies that replace individual
measurements with collective,
algorithmic ones. These strategies
have already been shown to reduce the
number of measurements required to
characterize certain quantum systems,
such as superconducting electronic
platforms containing tens of qubits, by
as much as a factor of 105,

In the new study, the researchers
obtained a quantum advantage in an
alternative “continuous-variable”
photonic platform. The team’s
experiment works with conventional,

Bench test

The researchers say
thattheir next step
isto demonstrate
quantum advantage
ina more practical
set-up.

“imperfect” optical components
and consists of a channel containing
multiple light pulses that share the same
pattern, or signature, of noise.

The researchers began by performing
a procedure known as quantum
squeezing on two beams of light in
their system, which caused the beams
to become entangled. The team then
measured the properties of one of
the beams (the “probe” beam) in an
experiment known as a 100-mode
bosonic displacement process.
According to DTU physicist Romain
Brunel, the experiment is like tweaking
the properties of 100 independent light
modes, which are packets or beams
of light. “A ‘bosonic displacement

| 5 process’ means you slightly shift the

2 amplitude and phase of each mode,

y ‘g like nudging each one’s brightness and

P & timing,” he explains. “So, you then have
- % 100 separate light modes, and each

£ one is shifted in phase space according
% to a specific rule or pattern.”

By comparing the probe beam to the
second (“reference”) beamin a single
joint measurement, Brunel explains that
they were able to cancel out many of the
uncertainties in these measurements.
This meant they could extract more
information per trial than they could
have by characterizing the probe heam
alone. This information boost, in turn,
allowed them to significantly reduce the
number of measurements - in this case,
by a factor of 101,

While the researchers acknowledge
that they have not yet studied a
practical, real-world system, they
emphasize that their platform is
capable of “doing something that no
classical system will ever be able to do”,
which is the definition of a quantum
advantage. “Our next step will therefore
be to study a more practical system in
which we can demonstrate a quantum
advantage,” Brunel told Physics World.
Isabelle Dumé

Physicists ‘quantum squeeze’ a nanoparticle for the first time

Physicists at the University of Tokyo
in Japan have performed quantum
mechanical squeezing on a nanopar-
ticle for the first time. The feat, which
they achieved by levitating the parti-
cleand rapidly varying the frequency
at which it oscillates, could allow for
a better understanding of how very
small particles transition between
classical and quantum behaviours as
wellaslead toimprovementsin quan-
tum sensors (Science 389 1225).
Oscillating objects that are smaller
than a few microns in diameter
have applications in optical clocks
and quantum sensors. Such objects
are small enough to be affected by
Heisenberg’s uncertainty principle,
which places a limit on how pre-
cisely the position and momentum
ofa quantum object can be measured
simultaneously. In this case, the only
way to decrease the uncertainty in

Physics World December 2025

one variable is to boost the uncer-
tainty in the other. This process has
no classical equivalent and is called
squeezing because reducing uncer-
tainty along one axis of position-
momentum space creates a “bulge”
in the other, like squeezing a balloon.

In the new work, the research-
ers studied a single, charge-neutral
nanoparticle levitating in an optical
lattice created by lasers. After levi-
tating the particle and cooling it to
its motional ground state, the team
rapidly varied the intensity of the
lattice laser. This had the effect of
changing the particle’s oscillation
frequency, which in turn changed
the uncertainty in its momentum. To
measure this change — and prove they
had demonstrated quantum squeez-
ing - the researchers then released
the nanoparticle from the trap and
let it propagate for a short time before

& measurmg its velocity. By repeating
< ~ these time-of-flight measurements
ﬁ many times, they were able to obtain
£ the particle’s velocity distribution.

£ The tell-tale sign of quantum
squeezing, the physicists say, is that
the velocity distribution they meas-
ured for the nanoparticle was nar-
rower than the uncertainty in velocity
for the nanoparticle at its lowest
energy level. Indeed, the measured
velocity variance was narrower than

Asquash and a

squeeze that of the ground state by 4.9dB,
The team which they say is comparable to the
demonstrated largest mechanical quantum squeez-

quantum squeezing
via a single, charge-
neutral nanoparticle
levitatingin an
optical lattice.

ing obtained thus far. “Our system
will enable us to realize further exotic
quantum states of motions and to
elucidate how quantum mechanics
should behave at macroscopic scales

and become classical,” Kiyotaka
Aikawa told Physics World.
Isabelle Dumé
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Adaptive optics technique boosts the power of gravitational wave detectors

Future versions of the Laser Interfer-
ometer Gravitational Wave Obser-
vatory (LIGO) will be able to run at
much higher laser powers thanks to
asophisticated new system that com-
pensates for temperature changes
in optical components. Known as
the FROnt Surface Type Irradiator
(FROSTI) and developed by physi-
cists at the University of California
Riverside, US, the system will enable
next-generation machines to detect
gravitational waves emitted when the
universe was just 0.1% of its current
age, before the first stars had even
formed (Optica 12 1569).

Detecting and studying gravi-
tational waves is done via measur-
ing differences in distance via a
laser with an accuracy of 10" m.
Despite this challenge, for the past
decade, LIGO and two smaller facil-
ities, KAGRA and VIRGO, have
observed gravitational waves at fre-
quencies ranging from 30-2000 Hz.
Yet observing waves at lower and
higher frequencies in the gravi-
tational wave spectrum remains
challenging. At lower frequencies
(around 10-30Hz), the problem

g is quantized. FROSTI is designed to
§l & reduce quantum shot noise by allow-
£ ing the mirrors to cope with much
“higher levels of laser power. At its
heartisanovel adaptive optics device
that is designed to precisely reshape
the surfaces of LIGO’s main mir-
rors under laser powers exceeding
1 megawatt (MW), which is nearly
five times the power used at LIGO
today. FROSTI uses heat to restore
the mirror’s surface to its original
shape. It does this by projecting
infrared radiation onto test masses in
the interferometer to create a custom
heat pattern that “smooths out” dis-
tortions and so allows for fine-tuned,
higher-order corrections.

Jonathan Richardson, who led
the study, says that FROSTI will be
a critical component of future LIGO
upgrades as well as in the design of

Worth a shot

A novel adaptive
optics device is
designed to reduce
quantum shot noise
on gravitational-

stems from vibrational noise in the
40kg mirrors. The incredible preci-
sion required to detect gravitational
waves at these frequencies means
that even the minute amount of
energy the mirrors absorb from the

laser beam can affect them. wave detectorsto  gpyype gravitational-wave detectors,
At higher frequencies (150- gzte;cltji%gew such as Cosmic Explorer. “The cur-

2000 Hz), measurements are instead
limited by quantum shot noise.
Caused by the random arrival time
of photons at LIGO’s output photo-
detectors, it is a fundamental conse-
quence of the fact that the laser field

rent prototype has been tested on a
40kg LIGO mirror, but the technol-
ogyis scalable and will eventually be
adapted to the 440kg mirrors envi-
sioned for Cosmic Explorer,” he says.
Isabelle Dumé

frequencies.

Fluid dynamics

Here’s how fast-moving droplets stick to hydrophobic surfaces

Researchers in the UK have discovered
avelocity-dependent condition for
when microscopic droplets of water
land on a water-repelling surface. The
work could have applications when
spraying crops with pesticides or
studying the spread of disease-causing
aerosols (Proc. Natl. Acad. Sci. 122
€2507309122).

While single-droplet impact has
been widely studied, a lot of previous
work focused on millimetre-sized
drops taking place on millisecond
timescales. Previous research had
also shown that on perfectly non-
wetting surfaces, bouncing does not
depend on velocity. The researchers
wanted to study droplet sizes between
30-50 pm as they strike water-repelling
surfaces at speeds of 1-10m/s, where
higher surface-to-volume ratios make
interfacial effects critical.

To produce the droplets, they used

12

a piezoelectric droplet generator
capable of dispensing fluid via tiny
30um nozzles. The team then compared
its findings with calculations based

on a simple mathematical model that
treats a droplet like a tiny spring, taking
into account its speed; the stickiness

of the surface; the viscosity of the
droplet liquid; and the droplet’s surface
tension. The team found that if a droplet
moves either very slowly or quickly

it tends to stick, but for velocities in
between it will bounce given there is
enough momentum to detach from

the surface but not so much that it
collapses back onto it.

They also discovered a size effectin
which droplets that are too small cannot
bounce, no matter what their speed.
This size limit, they say, is set by the
droplets’ viscosity, which prevents the
tiniest droplets from leaving the surface
once they land on it.

Jamie McLauchlan at the University
of Bath, UK, who led the new research,
thinks that by linking bouncing to
droplet velocity, size and surface
properties, the new framework
could make it easier to engineer
microdroplets for specific purposes. “In
agriculture, for example, understanding
how spray velocities interact with plant
surfaces with different hydrophobicity
could help determine when droplets
deposit fully versus when they bounce
away, improving the efficiency of crop
spraying,” he says. Such a framework
could also be useful for studying
airborne diseases, since exhaled
droplets frequently bump into surfaces
while floating around indoors. The
researchers now plan to expand their
work on aqueous droplets to droplets
with more complex soft-matter
properties.

Isabelle Dumé
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Sticky issue
Whethera micron-
sized droplet sticks
orbounces when
landingon a
hydroscopic surface
depends on its size
and speed.
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Quantum fluids found to mix like oil and water

Researchers in the US have replicated
awell-known fluid-dynamics process
called the Rayleigh-Taylor instability
on a quantum scale for the first time.
The work opens the hydrodynamics of
quantum gases to further exploration
and could even create a new platform
for understanding gravitational

dynamics in the early universe (Sci. Adv.

11 eadw9752).

Due to their different molecular
structures and the nature of the forces
between their molecules, water and oil
do not mix well. After some time, they
separate, forming a clear interface
between oil and water. Scientists have
studied the dynamics of this interface
via perturbations - disturbances of
the system - for nearly 150 years.
Under specific conditions related
to the buoyant force of the fluid and
the perturbative force causing the
disturbance, they showed that this
interface becomes unstable. Rather
than simply oscillating, the system
deviates from its initial state, leading
to an instability and the formation of
interesting geometric patterns such as

Linear Nonlinear Turbulent

Metastable dynamics dynamics. mixture
£ 7 ;
i T T Mimeax DQO
Mixing itup mushroom clouds.
To study the To show that such dynamics occur

Rayleigh-Taylor
instability on a
quantum scale, the
team created a two-
state quantum
system using a
Bose-Einstein
condensate of
sodium atoms.

not only in macroscopic structures, but

also at a quantum scale, lan Spielman

from the University of Maryland

and colleagues created a two-state

quantum system using a Bose-Einstein

condensate (BEC) of sodium-23 atoms.

This state of matter is so cold that

the sodium atoms behave as a single

coherent system, giving researchers

precise control of their parameters.
The team confined this BEC in a

2D optical potential before applying

a microwave pulse that excites half

of the atoms from the spin-down to

the spin-up state. By adding a small

magnetic field gradient along one of

the horizontal axes, the researchers

induce a force that acts on the

two spin components in opposite

directions due to the differing signs of

S their magnetic moments. This creates

Z a clear interface between the spin-up

< and the spin-down atoms.

To initiate the Rayleigh-Taylor

£ instability, the scientists perturbed

§ the two-component BEC by reversing

< the magnetic field gradient, which

E consequently reverses the direction

% of the induced force. For a small
differential force, they initially
observed a sinusoidal modulation
of the interface. After some time,
the interface enters a nonlinear
dynamics regime where the instability
manifests through the formation of
mushroom clouds. Finally, it becomes
a turbulent mixture - and the larger
the differential force, the more rapidly
the system evolves.

While Rayleigh-Taylor instability
dynamics were expected to occurin
quantum fluids, Spielman says that
cold atoms are a great tool for studying
the instability with the team now
working to create a cleaner interface
inits two-component BEC, which would
allow a wider range of experiments.

Ali Lezeik
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Ultrasound probe maps real-time blood flow across entire organs

Researchers in France have
combined 3D ultrasound
localization microscopy (ULM)
with a multi-lens array method
to image blood flow dynamics
in entire organs with micron
resolution (Nat. Commun.
16 9317). 3D ULM has a
spatial resolution roughly 10
times finer than conventional
ultrasound and can map and
quantify micro-scale vascular
structures.

To enable a wide field of
view, the team developed
a multi-lens array probe
that comprises 252 large
(4.5mm?2) ultrasound
transducer elements. The
team used the probe to
perform 3D dynamic ULM on

an entire explanted porcine heart that was perfused with microbubble

solution. This enabled the probe to visualize the whole coronary

microcirculation network over 120x 100x82 mm with a spatial resolution
of around 125 pm. The probe could also assess flow dynamics across
all vascular scales with the researchers estimating the absolute flow

Physics World December 2025

100 mm

velocities ranging from 10 mm/s in small vessels to over 300 mm/s in

the largest. The team now plans to begin a clinical trial and suggest s

microcirculation disorders.
Tami Freeman

that the technique could evaluate kidney transplants as well as coronary
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A quantum future

A strong pipeline of skilled people is vital to maintain the UK’s lead in quantum

As we enter the final stretch of the International Year of Quantum Science and Tech-
nology (IYQ), I hope you've enjoyed our extensive quantum coverage over the last 12
months. We've tackled the history of the subject, explored some of the unexplained
mysteries of quantum physics, and examined many of the commercial applications of
quantum technology. You can find most of our coverage collected into two free-to-read
digital Quantum Briefings, available on the Physics World website.

One of my own highlights of IYQ was
attending the Helgoland 2025 conference
in June, which saw more than 300 physi-
cists gather on the North Sea island where
Werner Heisenberg made his pioneering
breakthroughs 100 years ago.

Quantum mechanics has had immense
practical ramifications in the form of
“quantum 1.0” technologies - lasers, semi-
conductors and electronics. Butas was clear
from the UK National Quantum Technologies Showcase in London last month, the
“quantum 2.0” revolution is in full swing. Attended by over 3000 people, the event
featured over 110 exhibitors, including many firms exploiting basic quantum concepts
such as entanglement and superposition for computing, sensing and communication.

Last month also saw a two-day conference at the historic Royal Institution in central
London that was a centrepiece of a week-long series of events organized by the Institute
of Physics (IOP) to mark IYQ. The first day, focusing on the foundations of quantum
mechanics, ended with a panel discussion - chaired by my colleague Tushna Commis-
sariat and Daisy Shearer from the UK’s National Quantum Computing Centre - with
physicists Fay Dowker (Imperial College), Jim Al-Khalili (University of Surrey) and
Peter Knight.

The second day included a discussion I chaired between four future leaders: Mehul
Malik (Heriot-Watt University) and Sarah Malik (University College London) plus
industry insiders Nicole Gillett (Riverlane) and Muhammad Hamza Waseem (Quan-
tinuum). As well as outlining the technical challenges in their fields, the four speakers
highlighted why physicists must work closely with industrialists, government offi-
cials and venture capitalists to ensure we reap the benefits of quantum tech. They also
stressed the importance of developing a “skills pipeline” so that the quantum sector has
enough talented people to meet its needs. By many measures, the UK is at the forefront
of quantum tech - and it is a lead it should not let slip.

Shutterstock/prawest; Shutterstock/VasylYurlov

Matin Durrani, editor-in-chief, Physics World

physics 'STORIES

Paul Davies discusses his new

book Quantum 2.0 and the impact
of quantum tech on society

Image courtesy: CC-BY-SA 4.0 ChristopherMichel
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Opinion: Robert P Crease

Critical Point Trump'’s ‘blitzkrieg’?

Robert P Crease wonders if
the Trump administration’s
sudden closure of many
long-standing science advisory
panels amounts to what one
academic calls a “blitzkrieg”

“Drain the swamp!”

In the intense first few months of his
second US presidency, Donald Trump has
been enacting his old campaign promise
with a vengeance. He’s ridding all the muck
from the American federal bureaucracy, he
claims, and finally bringing it back under
control.

Scientific projects and institutions are
particular targets of his, with one recent
casualty being the High Energy Physics
Advisory Panel (HEPAP). Outsiders might
shrug their shoulders at a panel of scientists
being axed. Panels come and go. Also, any
development in Washington these days is
accompanied by confusion, uncertainty,
and the possibility of reversal.

But HEPAP’s dissolution is different.
Set up in 1967, it’s been a valuable and
long-standing advisory committee of the
Office of Science at the US Department of
Energy (DOE). HEPAP has a distinguished
track record of developing, supporting
and reviewing high-energy physics pro-
grammes, setting priorities and balancing
different areas. Many scientists are horri-
fied by its axing.

The terminator

Since taking office in January 2025, Trump
has issued a flurry of executive orders -
presidential decrees that do not need Con-
gressional approval, legislative review, or
public debate. One order, which he signed
in February, was entitled “Commencing the
Reduction of the Federal Bureaucracy”.

It sought to reduce parts of the govern-
ment “that the President has determined are
unnecessary’, seeking to eliminate “waste
and abuse, reduce inflation, and promote
American freedom and innovation”. While
supporters see those aslaudable goals, oppo-
nents believe the order is driving a stake into
the heart of US science.

Hugely valuable, long-standing scien-
tific advisory committees have been axed
at key federal agencies, including NASA,
the National Science Foundation, the
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Crunch time The US High Energy Physics Advisory Panel, which offered community-led scientific advice
to the US government on topics such as particle colliders, has been abruptly terminated.

Environmental Protection Agency, the
National Oceanic and Atmospheric
Administration, the US Geological Service,
the National Institute of Health, the Food
and Drug Administration, and the Centers
for Disease Control and Prevention.

What’s more, the committees were termi-
nated without warning or debate, eliminat-
ing load-bearing pillars of the US science
infrastructure. It was, as the Columbia Uni-
versity sociologist Gil Eyal put it in a recent
talk, the “Trump 2.0 Blitzkrieg”.

Then, on 30 September, Trump’s ena-
blers took aim at advisory committees at
the DOE Office of Science. According to
the DOE’s website, a new Office of Science
Advisory Committee (SCAC) will take
over functions of the six former discretion-
ary (non-legislatively mandated) Office of
Science advisory committees.

“Any current charged responsibilities
of these former committees will be trans-
ferred to the SCAC,” the website states
matter-of-factly. The committee will provide
“independent, consensus advice regarding
complex scientific and technical issues” to
the entire Office of Science. Its members will
be appointed by under secretary for science
Dario Gil - a political appointee.

Apart from HEPAP, others axed with-
out warning were the Nuclear Science
Advisory Committee, the Basic Energy
Sciences Advisory Committee, the Fusion
Energy Sciences Advisory Committee, the

Advanced Scientific Computing Advisory
Committee, and the Biological and Envi-
ronmental Research Advisory Committee.

Over the years, each committee served a
different community and was represented
by prominent research scientists who were
closely in touch with other researchers.
Each committee could therefore assemble
the awareness of — and technical knowledge
about - emerging promising initiatives and
identify the less promising ones.

Many committee members only learned
of the changes when they received letters
or e-mails out of the blue informing them
that their committee had been dissolved,
that a new committee had replaced them,
and that they were not on it. No explana-
tion was given.

Physicists whom I have spoken to are
appalled for two main reasons. One is that
closing HEPAP and the other Office of Sci-
ence committees will hamper both the tech-
nical support and community input that it
has relied on to promote the efficient, effec-
tive and robust growth of physics.

“Speaking just for high-energy physics,
HEPAP gave feedback on the DOE and
NSF funding strategies and priorities for
the high-energy physics experiments”, says
Kay Kinoshita from the University of Cin-
cinnati, a former HEPAP member. “The
panel system provided a conduit for infor-
mation between the agencies and the com-
munity, so the community felt heard and the
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The elimination

of the advisory
committees spreads
the expertise so
thinly as to increase
the likelihood of
political pressure

on decisions

agencies were (mostly) aligned with the
community consensus”.

As Kinoshita continued: “There are
complex questions that each panel has to
deal with, even within the topical area. It’s
hard to see how a broader panel is going
to make better strategic decisions, ‘better’
meaning in terms of scientific advance-
ment. In terms of community buy-in I

expect it will be worse.”

Other physicists cite a second reason
for alarm. The elimination of the advisory
committees spreads the expertise so thinly
as to increase the likelihood of political
pressure on decisions. “If you have one
committee you are not going to get the right
kind of fine detail,” says Michael Lubell, a
physicist and science-policy expert at the
City College of New York, who has sat in on
meetings of most of the Office of Science
advisory committees.

“You’ll get opinions from people out-
side that area and you won’t be able to get
information that you need as a policy
maker to decide how the resources are to be
allocated,” he adds. “A condensed-matter
physicist for example, would probably have
insufficient knowledge to advise DOE on
particle physics. Instead, new committee
members would be expected to vet pro-
grams based on ideological conformity to
what the Administration wants.”

The critical point

At the end of the Second World War, the US
began to construct an ambitious long-range
plan to promote science that began with the
establishment of the National Science Foun-

dation in 1950 and developed and extended
ever since. The plan aimed to incorporate
both the ability of elected politicians to
direct science towards social needs and the
independence of scientists to explore what
is possible.

US presidents have, of course, had pet
scientific projects: the War on Cancer
(Nixon), the Moon Shot (Kennedy), pro-
moting renewable energy (Carter), to
mention a few. But it is one thing for a presi-
dent to set science to producing a socially
desirable product and another to manipu-
late the scientific process itself.

“Thisisanother sad day for American sci-
ence,” says Lubell. “If I were a young person
just embarking on a career, I would get the
hell out of the country. I would not want to
waste the most creative years of my life wait-
ing for things to turn around, if they ever do.
What a way to destroy a legacy!”

The end of HEPAP is not draining a
swamp but creating one.

Robert P Crease is a professorin the
Department of Philosophy, Stony Brook
University, US; e-mail robert.crease@
stonybrook.edu; www.robertpcrease.com; his
latest book is The Leak (2022 MIT Press)
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Transactions Quantum computing:
hype or hope?

Are you baffled by quantum
computers and bemused
by what they could do?
Honor Powrie offers her
personal perspective about
these devices and their
current potential

Unless you've been living under a stone, you
can’t have failed to notice that 2025 marks
the first 100 years of quantum mechanics.
A massive milestone, to say the least, about
which much has been written in Physics
World and elsewhere in what is the Interna-
tional Year of Quantum Science and Tech-
nology (IYQ). However, I’d like to focus
on a specific piece of quantum technology,
namely quantum computing.

I keep hearing about quantum comput-
ers, so people must be using them to do
cool things, and surely they will soon be as
commonplace as classical computers. But
as a physicist-turned-engineer working in
the aerospace sector, I struggle to get a clear
picture of where things are really at. If T ask
friends and colleagues when they expect to
see quantum computers routinely used in
everyday life, I get answers ranging from
“in the next two years” to “maybe in my life-
time” or even “never”.

Before we go any further, it’s worth
reminding ourselves that quantum comput-
ing relies on several key quantum proper-
ties, including superposition, which gives
rise to the quantum bit, or qubit. The basic
buildingblock of a quantum computer - the
qubit - exists as a combination of 0 and 1
states at the same time and is represented
by a probabilistic wave function. Classical
computers, in contrast, use binary digital
bits that are either 0 or 1.

Also vital for quantum computers is the
notion of entanglement, which is when two
or more qubits are co-ordinated, allowing
them to share their quantum information.
In a highly correlated system, a quantum
computer can explore many paths simulta-
neously. This “massive scale” parallel pro-
cessing is how quantum may solve certain
problems exponentially faster than a classi-
cal computer.
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The other key phenomenon for quan-
tum computers is quantum interference.
The wave-like nature of qubits means that
when different probability amplitudes are
in phase, they combine constructively to
increase the likelihood of the right solution.
Conversely, destructive interference occurs
when amplitudes are out of phase, making it
less likely to get the wrong answer.

Quantum interference is important in
quantum computing because it allows
quantum algorithms to amplify the prob-
ability of correct answers and suppress
incorrect ones, making calculations much
faster. Along with superposition and entan-
glement, it means that quantum computers
could process and store vast numbers of
probabilities at once, outstripping even the
best classical supercomputers.

Towards real devices

To me, it all sounds exciting, but what have
quantum computers ever done for us so
far? It’s clear that quantum computers are
not ready to be deployed in the real world.
Significant technological challenges need
to be overcome before they become fully
realisable. In any case, no-one is expect-
ing quantum computers to displace classi-
cal computers “like for like”™ they’ll both be
used for different things.

Yet it seems that the very essence of quan-
tum computing is also its Achilles heel.
Superposition, entanglement and interfer-
ence - the quantum properties that will

make it so powerful - are also incredibly
difficult to create and maintain. Qubits are
also extremely sensitive to their surround-
ings. They easily lose their quantum state
due to interactions with the environment,
whether via stray particles, electromagnetic
fields, or thermal fluctuations. Known as
decoherence, it makes quantum computers
prone to error.

That’s why quantum computers need
specialized - and often cryogenically con-
trolled - environments to maintain the
quantum states necessary for accurate
computation. Building a quantum system
with lots of interconnected qubits is there-
fore a major, expensive engineering chal-
lenge, with complex hardware and extreme
operating conditions. Developing “fault-
tolerant” quantum hardware and robust
error-correction techniques will be essential
if we want reliable quantum computation.

As for the development of software and
algorithms for quantum systems, there’s a
long way to go, with a lack of mature tools
and frameworks. Quantum algorithms
require fundamentally different program-
ming paradigms to those used for classical
computers. Put simply, that’s why building
reliable, real-world deployable quantum
computers remains a grand challenge.

What does the future hold?

Despite the huge amount of work that still
lies in store, quantum computers have
already demonstrated some amazing
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potential. The US firm D-Wave, for exam-
ple, claimed earlier this year to have car-
ried out simulations of quantum magnetic
phase transitions that wouldn’t be possible
with the most powerful classical devices.
If true, this was the first time a quantum
computer had achieved “quantum advan-
tage” for a practical physics problem
(whether the problem was worth solving is
another question).

Thereisalsoalot of research and develop-
ment going on around the world into solving
the qubit stability problem. At some stage,
there will likely be a breakthrough design
for robust and reliable quantum computer
architecture. There is probably a lot of tech-
nical advancement happening right now
behind closed doors.

The first real-world applications of quan-
tum computers will be akin to the giant clas-
sical supercomputers of the past. If you were
around in the 1980s, you'll remember Cray
supercomputers: huge, inaccessible beasts
owned by large corporations, government
agencies and academic institutions to ena-
ble vast amounts of calculations to be per-
formed (provided you had the money).

And, if I believe what I read, quantum

Quantum computing
pOses a major
threat to existing
encryption methods

computers will not replace classical com-
puters, at least not initially, but work
alongside them, as each has its own rela-
tive strengths. Quantum computers will be
suited for specific and highly demanding
computational tasks, such as drug discov-
ery, materials science, financial model-
ling, complex optimization problems and
increasingly large artificial intelligence
and machine-learning models.

These are all things beyond the limits of
classical computer resource. Classical com-
puters will remain relevant for everyday
tasks like web browsing, word processing
and managing databases, and they will be

essential for handling the data preparation,
visualization and error correction required
by quantum systems.

And there is one final point to mention,
which is cyber security. Quantum comput-
ing poses a major threat to existing encryp-
tion methods, with potential to undermine
widely used public-key cryptography. There
are concerns that hackers nowadays are
storing their stolen data in anticipation of
future quantum decryption.

Having looked into the topic, I can now
see why the timeline for quantum comput-
ing is so fuzzy and why I got so many differ-
ent answers when I asked people when the
technology would be mainstream. Quite
simply, I still can’t predict how or when the
tech stack will pan out. Butas IYQ draws to
a close, the future for quantum computers
is bright.

e More information about the quantum
marketplace can be found in the feature by
Philip Ball on pp28-32.

Honor Powrie is an engineer who is now senior
director for data science and analytics at GE in
Southampton, UK. She is writing here in a
personal capacity
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The ‘future of physics’ problem

Neil Downie believes that supporting students to devise, build and test their own projects can help to get

them and theirteachers interested in and enjoying physics

«

. \\:

Practical solutions Students who work on projects that they have devised can end up enjoying physics more as well as learning physics better and picking up

important life skills such as team-working and giving presentations.

Thugely enjoyed physics when I wasa young-
ster. Thad the opportunityboth athome and
school to create my own projects, which saw
me make electronic circuits, crazy flying
models like delta-wings and autogiros, and
even a gas chromatograph with a home-
made chart recorder. Eventually, this expe-
rience made me good enough to repair TV
sets,and work in an R&D lab in the holidays
devising new electronic flow controls.

That enjoyment continued beyond
school. I ended up doing a physics degree at
the University of Oxford before working on
the discovery of the gluon at the DESY lab
in Hamburg for my PhD. Since then I have
used physics in industry - first with British
Oxygen/Linde and later with Air Products
& Chemicals - to solve all sorts of differ-
ent problems, build innovative devices and
file patents.

While some students have a similarly
positive school experience and subsequent
career path, not enough do. Quite sim-
ply, physics at school is the key to so many
important, useful developments, both
within and beyond physics. But we have
a physics education problem, or to put it
another way — a “future of physics” problem.

There are just not enough school students
enjoying and learning physics. On top of
that there are not enough teachers enjoy-
ing physics and not enough students doing
practical physics. The education problem is
bad for physics and for many other subjects
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that draw on physics. Alas, it’s not a new
problem but one that has been developing
for years.

Problem solving

Many good points about the future of phys-
ics learning were made by the Institute of
Physics in its 2024 report Fundamentals of
11 to 19 Physics. The report called for more
physics lessons to have a practical element
and encouraged more 16-year-old students
in England, Wales and Northern Ireland
to take AS-level physics at 17 so that they
carry their GCSE learning at least one
step further.

Doing so would furnish students who
are aiming to study another science or a
technical subject with the necessary skills
and give them the option to take physics
A-level. Another recommendation is tolink
physics more closely to T-levels - two-year
vocational courses in England for 16-19
year olds that are equivalent to A-levels — so
that students following that path get a back-
ground in key aspects of physics, for exam-
ple in engineering, construction, design
and health.

But do all these suggestions solve the
problem? I don’t think they are enough
and we need to go further. The key change
to fix the problem, I believe, is to have stu-
dent groups invent, build and test their own
projects. Ideally this should happen before
GCSE level so that students have the enthu-

siasm and background knowledge to carry
them happily forward into A-level physics.
They will benefit from “pull learning” -
pulling in knowledge and active learning
that they will remember for life. And they
will acquire wider life skills too.

During my time in industry, I did out-
reach work with schools every few weeks
and gave talks with demonstrations at the
Royal Institution and the Franklin Insti-
tute. For many years I also ran a Saturday
Science club in Guildford, Surrey, for pupils
aged 8-15.

Developing skillsets
Based on this, I wrote four Saturday Science
books about the many playful and original
demonstrations and projects that came
out of it. Then at the University of Surrey,
as a visiting professor, I had small teams of
final-year students who devised extraordi-
nary engineering - designing superguns
for space launches, 3D printers for full-size
buildings and volcanic power plants inter
alia. A bonus was that other staff working
with the students got more adventurous too.
But that was working with studentsalready
committed to a scientific path. So lately I've
been working with teachers to get students
to devise and build their own innovative
projects. We’ve had 14-15-year-old state-
school students in groups of three or four,
brainstorming projects, sketching possible
designs, and gathering background informa-

21

Calum Watterson and Tom Williams



Calum Watterson and Tom Williams

Opinion: Forum

physicsworld.com

successes orriddled with mistakes.

tion. We help them and get A-level students
to help too (who gain teaching experience in
the process). Students not only learn physics
better but also pick up important life skills
like brainstorming, team-working, practical
work, analysis and presentations.

We’ve seen lots of ingenuity and some
great projects such as an ultrasonic scanner
to sense wetness of cloth; a system to teach
guitar by lighting up LEDs along the guitar
neck; and measuring breathing using light

Ingenuity and failure Students benefit from practica

=
Py

| physics projects whetherthey are brilliant

passing through a band of Lycra around the
patient below the ribs. We’ve seen the value
of failure, both mistakes and genuine tech-
nical problems.

Best of all, we've also noticed what might
be dubbed the “combination bonus” - stu-
dents having to think about how they com-
bine their knowledge of one area of physics
with another. A project involving a sensor,
for example, will often involve electronics as
well the physics of the sensor and so student

knowledge of both areas is enhanced.

Some teachers may question how you
mark such projects. The answer is don’t
mark them! Project work and especially
group work is difficult to mark fairly
and accurately, and the enthusiasm and
increased learning by students working on
innovative projects will feed through into
standard school exam results.

Not trying to grade such projects will
mean more students go on to study physics
further, potentially to do a physics-related
extended project qualification - equivalent
to half an A-level where students research
a topic to university level - and do it well.
Long term, more students will take phys-
ics with them into the world of work, from
physics to engineering or medicine, from
research to design or teaching.

Such projects are often fun for students
and teachers. Teachers are often intrigued
and amazed by students’ ideas and ingenu-
ity. So, let’s choose to do student-invented
project work at school and let’s finally solve
the future of physics problem.

Neil Downie works with the British Physics
Olympiad in the UK and abroad, andis a
co-founder of the charity Exovent, which
promotes negative-pressure breathing machines
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been edited, and do not necessarily reflect the
views of Physics World.

Please send us your feedback by e-mail to
pwld@ioppublishing.org

Dalen’s legacy

In response to the feature “The physics Nobel
prizes you've never heard of” by Margaret Harris
aboutthe 1908 and 1912 prizes being awarded,
respectively, to Gabriel Lippmann and Gustaf Dalén
(November pp28-32).

I read Harris’s article with interest since I
was born and raised not far from Dalén’s
hometown of Stenstorp, Sweden. Although
Dalén is a Nobel laureate, very little has
been written about him. I have not been
able to find any extensive biography in
English at all, and only two in Swedish:
one from 2016 by Anders Johnson and an
older book from the 1920s. There is also an
entry for Dalén in the Svenskt Biografiskt
Lexikon (the Swedish version of Who’s
Who) from 1931.

This lack of good sources may be why
errors about Dalén’s life have propagated
in other languages. While Harris’s article
correctly states that Dalén enrolled at what
is now Chalmers University of Technology,
itisinaccurate to say he earned a doctorate
there, since it was then a technical school
and did not award doctorates. The article
also glosses over the fact that Dalén did not
immediately join the company AGA after
finishing his year at ETH Ziirich. Instead,
he went to work for his mentor, Gustaf de
Laval, before co-founding a company with
a Chalmers colleague.

Dalén’s connection to AGA began via
Svenska Karbid & Acetylén AB, which
hired him as head engineer in 1901. He
left that company in 1904, but after it
was reorganized as AB Gasaccumulator
later that year, he became its consulting
engineer. He took a full-time position
at AGA in 1906 and was appointed
chief executive in 1909 following a
reconstruction that rescued the company
from near bankruptcy.

Apart from his Nobel prize, Dalén’s
legacy includes a museum and science
centre in Stenstorp; lighthouses in Sweden
and Finland named after him; alecture hall
at Chalmers; an award in his name; and a
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1954 biopic titled Seger i morker (“Victory
in Darkness”). He also donated a large
portion of his Nobel prize money to AGA
employees as an extra week’s pay.

Jonas Persson

Norwegian University of Science and Technology,
Trondheim, Norway

Margaret Harris replies:

Thank you for pointing out that Dalén
could not (despite statements to the
contrary in reputable English-language
sources) have received a doctorate from
Chalmers in 1896. We are happy to
correct this part of the record, and to add
Dalén’s generous gift to his employees to
the English-language information about

hislife.

Al and fusion

In response to the Transactions article by Honor
Powrie, which says that the success of artificial

intelligence (Al) will depend on good input data

(October p23).

Powrie concludes that we will need a
collective vigilance to avoid Al being
turned into “garbage in, garbage squared”.
After reading these wise words, I came
across a recent interview on the BBC
website with US energy secretary Chris
Wright, which advised us not to “worry too
much about planet-warming emissions. ..
because within five years AI will have
enabled the harnessing of nuclear fusion”.

Alis especially unreliable when asked
to make predictions outside its training
domain, and the bigger the extrapolation
the worse it gets. This is not good news for
fusion reactor designers, since even the
fusion world records in terms of energy
gain and other key parameters fall very far
short of the ultimate requirements. Real-
world Al training data spanning the fusion
reactor domain therefore remain woefully
inadequate or non-existent.

AThas been usefully applied to fusion
R&D for rapid first-pass analysis using
well-validated training data from
experiments — but there’s no reason to
believe that it will magically find a quick
fix for the plethora of complex physics
and engineering problems that await
would-be fusion reactors, which lie well
beyond the limits of current experimental
data. As far as fusion is concerned, we
will need a collective vigilance to avoid
Albeing turned into “garbage in, garbage
cubed out”.

Guy Matthews
Oxfordshire, UK

Way too sunny

Inresponse to Robert P Crease’s interview with US
physicist Richard Muller about his book Physics for
Presidents, based on lectures he once gave atthe
University of California, Berkeley (October pp21-22).

The article describes how someone called
Liz, who’d once taken one of Muller’s
courses, recently showed up at his office.
According to Muller, Liz told him that in
California, sunshine provides a gigawatt in
asquare kilometre and added that this was
“about the space of a nuclear-power plant™.
The implication is that solar takes up about
the same area as a nuclear-power plant.

But that intensity of sunlight occurs only
for a few hours in the day. On average, it is
around only one fifth of that value — and
that is before the efficiency of the solar
panels is taken into account. Undoubtedly,
solar electricity can play an important part
in the low-carbon mix, but statements like
Liz’s, which grossly overstates its capability,
do it no favours.

Norman Wilson
Lancaster, UK

Hello aliens

In response to Hamish Johnston’s review of Do
Aliens Speak Physics? by Daniel Whiteson and
Andy Warner (October pp24-25).

I'wonder if readers are aware of an
experiment supposedly proposed by
Carl Friedrich Gauss in about 1820. He
planned to buy a large tract of pine forest
in the Siberian tundra, fell the trees, and
lay out three vast squares in the pattern
of the famous visual representation of the
Pythagorean theorem. The idea was to
plant wheat in the cleared areas to create a
high-contrast image visible from space.
Any passing alien spacecraft, Gauss
reasoned, would instantly recognize
the mathematical proof and infer that
intelligent life exists on Earth. In fact,
Gauss believed that Mars harbours
intelligent beings and calculated that, if
the squares were “hundreds of miles in
size”, they would be visible to our planetary
neighbours. Later scholarship has cast
doubt on Gauss’s authorship, suggesting
the idea came from other astronomers,
notably Joseph Johann von Littrow.
Attribution aside, it remains one of the
most charmingly audacious attempts to say
“hello” across the cosmos.
Colin White
Exeter, UK
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Astrophysics and sports science:

David Jess and colleagues at Queen’s University Belfast are joining the dots between the seemingly
distant disciplines of solar physics and sports science. Joe McEntee assesses their game plan

Joe McEnteeis a
consultant editor
based in South
Gloucestershire, UK
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If David Jess were a professional footballer — and not a
professional physicist — he’d probably be a creative mid-
fielder: someone who links defence and attack to set up
goal-scoring opportunities for his team mates. Based in
the Astrophysics Research Centre at Queen’s University
Belfast (QUB), Northern Ireland, Jess orchestrates his
scientific activities in much the same way. Combining
vision, awareness and decision-making, he headsa cross-
disciplinary research team pursuing two very different
and seemingly unconnected lines of enquiry.

Jess’s research within the QUB’s solar-physics groups
centres on optical studies of the Sun’s lower atmosphere.
That involves examining how the Sun’s energy travels
through its near environment — in the form of both solar
flares and waves. In addition, his group is developing
instruments to support international research initiatives
in astrophysics, including India’s upcoming National
Large Solar Telescope.

But Jess is also a founding member of the Predictive
Sports Analytics (PSA) research group within QUB
and Ulster University’s AI Collaboration Centre - a
£16m R&D facility supporting the adoption of AT and
machine-learning technologies in local industry. PSA
links researchers from a mix of disciplines - including
physics, mathematics, statistics and computer science

- with sports scientists in football, rugby, cycling and
athletics. Its goal is to advance the fundamental science
and application of predictive modelling in sports and
health metrics.

Joined-up thinking
Astronomy and sports science might seem worlds apart,
but they havelots in common, notleast because both yield
vast amounts of data. “We’re lucky,” says Jess. “Study-
ing the closest star in the solar system means we are not
photon-starved - there’s no shortage of light — and we
are able to make observations of the Sun’s atmosphere at
very high frame rates, which means we’re accustomed to
managing and manipulating really big data sets.”
Similarly, big data also fuels the sports analytics
industry. Many professional athletes wear performance-
tracking sports vests with embedded GPS trackers that
can generate tens of millions of data points over the course
of, say, a 90-minute football match. The trackers capture
information such as a player’s speed, their distance trav-
elled, and the number of sprints and high-intensity runs.
“Trouble is,” says Jess, “you’re not really getting the
ebb and flow of all that data by just summing it all up
into the ‘one big number’” Researchers in the PSA
group are therefore trying to understand how athlete
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data evolves over time - often in real-time - to see if
there’s some nuance or wrinkle that’s been missed in the
“big-picture” metrics that emerge at the end of a game
or training session.

The group’s work might, for example, make it pos-
sible not only to measure how tired a player becomes
after a 90-minute game but also to pinpoint the rates
and causes of fatigue during the match. “Insights like
this have the power to better inform coaching staff so
they can create bespoke training regimes to target these
specific areas,” adds Jess.

Work at PSA involves a mix of data mining, analysis,
interpretation and visualization - teasing out granular
insights from raw, unfiltered data streams by adapting
and applying tried-and-tested statistical and mathemati-
cal methods from QUB’s astrophysics research. Take,
for example, observational studies of solar flares - large
eruptions of electromagnetic radiation from the Sun’s
atmosphere lasting for a few minutes up to several hours.

“We might typically capture a solar-flare event at mul-
tiple wavelengths — optical, X-ray and UV, for example
- to investigate the core physical processes from multiple
vantage points,” says Jess. In other words, they can see
how one wavelength component differs from another
or how the discrete spectral components correlate and
influence each other. “Statistically, that’s not so different
from analysing the player data during a football match,
with each player offering a unique vantage point in terms
of the data points they generate,” he adds.
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Knowledge transfer between QUB’s
astrophysics and sports analytics
programmes works in both directions
and delivers high-impact research

d |V|dendS David Jess from Queen’s University Belfast

If that sounds like a stretch, Jess insists that PSA is not
an indulgence or sideline. “We are experts in big data at
PSA and, just as important, all of us have a passion for
sports,” says Jess, who is a big fan of Chelsea FC. “What’s
more, knowledge transfer between QUB’s astrophysics
and sports analytics programmes works in both direc-
tions and delivers high-impact research dividends.”

The benefits of association

In-house synergies are all well and good, but the biggest
operational challenge for PSA since it was set up in 2023
has been external. As a research group in QUB’s School
of Mathematics and Physics, Jess and colleagues need to
find ways to “get in the door” with prospective clients and
clubsin the professional sports community. Bridging that
gap isn’t straightforward for a physics lab that isn’t estab-
lished in the sports-analytics business.
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It’s all in the game for PSA

Setupin 2023, the Predictive Sports Analysis (PSA) research group in Belfast has
developed collaborations with professional football teams, rugby squads and other
sporting organizations across Northern Ireland and beyond. From elite-level to
grassroots sports, real-world applications of PSA’s research aim to give athletes
and coaches a competitive edge. Current projects include:

e Player/squad speed distribution analyses to monitor strength and conditioning
improvements with time (also handy for identifying growth and performance
trajectories in youth sport)

e Longitudinal examination of acceleration intensity as a proxy for explosive
strength, which correlates with heart-rate variability (a useful aid to alert
coaching staff to potential underlying cardiac conditions)

e 3D force vectorization to uncover physics-based thresholds linked to concussion
and musculoskeletal injury in rugby

With so much data - whether
astrophysics or sports analytics -
we want to be at the cutting edge
and deliver new advances

David Jess from Queen’s University Belfast

But clear communication as well as creative and acces-
sible data visualization can help successful engagement.
“Whenever we meet sports scientists at a professional club,
the first thing we tell them is we’re not trying to do their
job,” says Jess. “Rather, it’s about making their job easier
to do and putting more analytical tools at their disposal.”

PSA’s skill lies in extracting “hidden signals” from big
data sets to improve how athlete performance is moni-
tored. Those insights can then be used by coaches, physi-
otherapists and medical staff to optimize training and
recovery schedules as well as to improve the fitness,
health and performance of individual athletes and teams.

Validation is everything in the sports analytics busi-
ness, however, and the barriers to entry are high. That’s
one reason why PSA’s R&D collaboration with STAT-
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Solar insights David Jess from Queen’s University Belfast
assembles a near-UV instrument for hyperspectral imaging at the
Dunn SolarTelescope in New Mexico, US.
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Fast-track physics Real-time monitoring of athlete performance
by PSA PhD students Jack Brown (left) and Eamon McGleenan.
The researchers capture acceleration and sprint metrics to provide
feedback on sprint profiling and ways to mitigate injury risks.

Sports could be a game-changer. Founded in 2007 in
Newry, Northern Ireland, the company makes wearable
devices that record and transmit athlete performance
metrics hundreds of times each second.

STATSports is now a global leader in athlete monitor-
ing and GPS performance analysis. Its technology is used
by elite football clubs such as Manchester City, Liverpool,
Arsenal and Juventus, as well as national football teams
(including England, Argentina, USA and Australia) and
leading teams in rugby and American football.
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Six physicists who also succeeded at sport

e Quantum physicist Niels Bohr was a keen footballer, who played in goal

for Danish side Akademisk Boldklub in the early 1900s. He once let a
goal in because he was more focused on solving a maths problem mid-
game by scribbling calculations on the goal post. His mathematician
brother Harald Bohr also played for the club and won silver at the 1908
London Olympics for the Danish national team.

e Jonathan Edwards, who originally studied physics at Durham University,

still holds the men’s world record for the triple-jump. Edwards broke the
record twice on 7 August 1995 at the World Athletics Championships
in Gothenburg, Sweden, firstjumping 18.16 m and then 18.29 m barely
20 minutes later.

David Florence, who studied physics at the University of Nottingham,
won silver in the single C1 canoe slalom at the Beijing Olympics

in 2008. He also won silver in the doubles C2 slalom at the 2012
Olympics in London and in Rio de Janeiro four years later.

e Louise Shanahan is a middle-distance runner who competed for Ireland

inthe women’s 800 m race at the delayed 2020 Summer Olympics
while still doing a PhD in physics on the properties of nanodiamonds at
the University of Cambridge. She has recently set up a sports website
called TrackAthletes.

US professional golfer Bryson DeChambeau is nicknamed “The
Scientist” owing to his analytical, science-based approach to the
sport - and the fact that he majored in physics at Southern Methodist
University in Dallas, US. DeChambeau won the 2020 and 2024

US Open.

In 2023 Harvard University’s Jenny Hoffman, who studies the electronic
properties of exotic materials, became the fastest woman to run across
the US, completing the 5000 km journey in 47 days, 12 hours and 35

minutes. In doing so, she beat the previous record by more than a week.

Matin Durrani

The tie-up lets PSA work with an industry “name”,
while STATSports gets access to blue-sky research that
could translate into technological innovation and com-
mercial opportunities. “PSA is an academic research
team first and foremost, so we don’t want to just rest on
our laurels,” explains Jess. “With so much data — whether
astrophysics or sports analytics — we want to be at the
cutting edge and deliver new advances that loop back to
enhance the big data techniques we’re developing.”

Right now, PhD physicist Eamon McGleenan pro-
vides the direct line from PSA into STATSports, which
is funding his postgraduate work. The joint research pro-
ject, which also involves sports scientists from Saudi Pro
League football club Al Qadsiah, uses detailed data about
player sprints during a game. The aim is to use force,
velocity and acceleration curves — as well as the power
generated by a player’s legs — to evaluate the performance
metrics that underpin athlete fatigue.

By reviewing these metrics during the course of a
game, McGleenan and colleagues can model how an
athlete’s performance drops off in real-time, indicating
their level of fatigue. The hope is that the research will
lead to in-game modelling systems to help coaches and
medical staff at pitch-side to make data-driven deci-
sions about player substitutions (rather than just taking
a player off because they “look leggy”).
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The transfer market

Jess says that the PSA group has been inundated with
applications from physics students since it was set up.
That’s not surprising, argues Jess, given that a physics
degree provides many transferable skills to suit PSA’s
broad scientific remit. Those skills include being able
to manage, mine and interpret large data sets; dissemi-
nate complex results and actionable insights to a non-
specialist audience; and work with industry partners in
the sports technology sector.

“We’re looking for multidisciplinarians at PSA,” says
Jess, with a nod to his group’s ongoing PhD recruitment
opportunities. “The ideal candidates will be keen to move
beyond their existing knowledge base in physics and
maths to develop skills in other specialist fields.” There
have also been discussions with QUB’s research and
enterprise department about the potential for a PSA spin-
out venture — though Jess, for his part, remains focused
on research.

“My priority is to ensure the sustainability of PSA,”
he concludes. “That means more grant funding -
whether from the research councils or industry partners
- while training up the next generation of early-career
researchers. Longer term, though, I do think that
PSA has the potential to be a ‘disruptor’ in the sports-
analytics industry.” |
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In the second of a two-part article, Philip Ball looks the challenges of error correction to build truly
useful quantum computing; how algorithms will need to be platform-independent; and finally how

Il adopt quantum technologies

When it comes to building a fully functional “fault-
tolerant” quantum computer, companies and govern-
ment labs all over the world are rushing to be the first
over the finish line. But a truly useful universal quan-
tum computer capable of running complex algorithms
would have to entangle millions of coherent qubits, which
are extremely fragile. Because of environmental factors
such as temperature, interference from other electronic
systems in hardware, and even errors in measurement,
today’s devices would fail under an avalanche of errors
long before reaching that point.

So the problem of error correction is a key issue for the
future of the market. It arises because errors in qubits
can’t be corrected simply by keeping multiple copies, as
they are in classical computers: quantum rules forbid the
copying of qubit states while they are still entangled with
others, and are thus unknown. To run quantum circuits
with millions of gates, we therefore need new tricks to
enable quantum error correction (QEC).

Protected states
The general principle of QEC is to spread the informa-
tion over many qubits so that an error in any one of them

doesn’t matter too much. “The essential idea of quantum
error correction is that if we want to protect a quantum
system from damage then we should encode it in a very
highly entangled state,” says John Preskill, director of the
Institute for Quantum Information and Matter at the
California Institute of Technology in Pasadena.

There is no unique way of achieving that spreading,
however. Different error-correcting codes can depend
on the connectivity between qubits — whether, say, they
are coupled only to their nearest neighbours or to all the
others in the device — which tends to be determined by
the physical platform being used. However error correc-
tion is done, it must be done fast. “The mechanisms for
error correction need to be runningataspeed thatis com-
mensurate with that of the gate operations,” says Michael
Cuthbert, founding director of the UK’s National Quan-
tum Computing Centre (NQCC). “There’s no point in
doing a gate operation in a nanosecond if it then takes 100
microseconds to do the error correction for the next gate
operation.”

At the moment, dealing with errors is largely about
compensation rather than correction: patching up the
problems of errors in retrospect, for example by using
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1 From many to few

2 Error correction in action

physical qubits

Qubits are so fragile that their quantum state is very susceptible to the local
environment and can easily be lost through the process of decoherence. Current

logical qubit

decoding

</>

Riverlane via www.riverlane.com
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quantum computers therefore have very high error rates - roughly one error in every /P
few hundred operations. For quantum computers to be truly useful, this error rate AN

will have to be reduced to the scale of one in a million especially as larger more

quantum processor

complex algorithms would require one in a billion or even trillion error rates. This

requires real-time quantum error correction (QEC).

To protect the information stored in qubits, a multitude of unreliable physical
qubits have to be combined in such a way that if one qubit fails and causes an error,
the others can help protect the system. Essentially, by combining many physical
qubits (shown above on the left), one can build a few “logical” qubits that are

strongly resistant to noise.

algorithms that can throw out some results that are likely
to be unreliable (an approach called “post-selection”). It’s
also a matter of making better qubits that are less error-
prone in the first place.

According to Maria Maragkou, commercial vice-
president of quantum error-correction company
Riverlane, the goal of full QEC has ramifications for the
design of the machines all the way from hardware to
workflow planning. “The shift to support error correc-
tion has a profound effect on the way quantum proces-
sors themselves are built, the way we control and operate
them, through a robust software stack on top of which
the applications can be run,” she explains. The “stack”
includes everything from programming languages to
user interfaces and servers.

With genuinely fault-tolerant qubits, errors can be kept
under control and prevented from proliferating during
a computation. Such qubits might be made in principle
by combining many physical qubits into a single “logical
qubit” in which errors can be corrected (see figure 1). In
practice, though, this creates alarge overhead: huge num-
bers of physical qubits might be needed to make just a few
fault-tolerantlogical qubits. The question is then whether
errors in all those physical qubits can be checked faster
than they accumulate (see figure 2).

That overhead has been steadily reduced over the past
several years, and at the end of last year researchers at
Google announced that their 105-qubit Willow quantum
chip passed the break-even threshold at which the error
rate gets smaller, rather than larger, as more physical
qubits are used to make a logical qubit. This means that
in principle such arrays could be scaled up without errors
accumulating.
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The illustration gives an overview of quantum error correction

supercomputer.

Fault-tolerant quantum computing is the ultimate
goal, says Jay Gambetta, director of IBM research at the
company’s centre in Yorktown Heights, New York. He
believes that to perform truly transformative quantum
calculations, the system must go beyond demonstrating
a few logical qubits - instead, you need arrays of at least
a 100 of them, that can perform more than 100 million
quantum operations (10° QuOps). “The number of opera-
tions is the most important thing,” he says.

It sounds like a tall order, but Gambetta is confident
that IBM will achieve these figures by 2029. By building
on what has been achieved so far with error correction
and mitigation, he feels “more confident than I ever did
before that we can achieve a fault-tolerant computer.”
Jerry Chow, previous manager of the Experimental
Quantum Computing group at IBM, shares that opti-
mism. “We have a real blueprint for how we can build
[such a machine] by 2029,” he says (see figure 3).

Others suspect the breakthrough threshold may be a
little lower: Steve Brierley, chief executive of Riverlane,
believes that the first error-corrected quantum computer,
with around 10000 physical qubits supporting 100 logical
qubits and capable of a million QuOps (a megaQuOp),
could come as soon as 2027. Following on, gigaQuOp
machines (10° QuOps) should be available by 2030-32,
and teraQuOps (10'> QuOp) by 2035-37.

Platform independent

Error mitigation and error correction are just two of the
challenges for developers of quantum software. Funda-
mentally, developinga truly quantum algorithm involves
taking full advantage of the key quantum-mechanical
properties such as superposition and entanglement.

(QEC) in action within a quantum processing unit. UK-based
company Riverlane is building its Deltaflow QEC stack that
will correct millions of data errors in real time, allowing a
quantum computer to go beyond the reach of any classical
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3 The road ahead for IBM
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IBM’s current roadmap charts how the company plans on scaling up its devices to achieve a fault-tolerant device by 2029. Alongside hardware development,
the firm will also focus on developing new algorithms and software for these devices.

Ultimately the
goal will be to
make software

thatis not
platform-
dependent

and so doesn’t

require the
user to think
aboutthe
physics
involved
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Often, the best way to do that depends on the hardware
used to run the algorithm. But ultimately the goal will

e to make software that is not platform-dependent and
so doesn’t require the user to think about the physics
involved.

“At the moment, a lot of the platforms require you
to come right down into the quantum physics, which
is a necessity to maximize performance,” says Richard
Murray of photonic quantum-computing company Orca.
Try to generalize an algorithm by abstracting away from
the physics and you’ll usually lower the efficiency with
which it runs. “But no user wants to talk about quantum
physics when they’re trying to do machine learning or
something,” Murray adds. He believes that ultimately it
will be possible for quantum software developers to hide
those details from users - but Brierley thinks this will
require fault-tolerant machines.

“In due time everything below the logical circuit will be
a black box to the app developers”, adds Maragkou over
at Riverlane. “They will not need to know what kind of
error correction is used, what type of qubits are used, and
so on.” She stresses that creating truly efficient and use-
ful machines depends on developing the requisite skills.
“We need to scale up the workforce to develop better
qubits, better error-correction codes and decoders, write
the software that can elevate those machines and solve
meaningful problems in a way that they can be adopted.”
Such skills won’t come only from quantum physicists, she
adds: “I would dare say it’s mostly not!”

Yet even now, working on quantum software doesn’t
demand a deep expertise in quantum theory. “You can
be someone working in quantum computing and solving

problems without having a traditional physics training
and knowingabout the energylevels of the hydrogen atom
and so on,” says Ashley Montanaro, who co-founded the
quantum software company Phasecraft.

On the other hand, insights can flow in the other
direction too: working on quantum algorithms can lead
to new physics. “Quantum computing and quantum
information are really pushing the boundaries of what
we think of as quantum mechanics today,” says Mon-
tanaro, adding that QEC “has produced amazing physics
breakthroughs.”

Early adopters?

Once we have true error correction, Cuthbert at the UK’s
NQCC expects to see “a flow of high-value commercial
uses” for quantum computers. What might those be?

In this arena of quantum chemistry and materials sci-
ence, genuine quantum advantage - calculating some-
thing that is impossible using classical methods alone - is
more or less here already, says Chow. Crucially, however,
quantum methods needn’t be used for the entire simula-
tion but can be added to classical ones to give them a boost
for particular parts of the problem.

For example, last year researchers at IBM teamed up
with scientists at several RIKEN institutes in Japan to
calculate the minimum energy state for the iron sulphide
cluster (4Fe-4S) at the heart of the bacterial nitrogenase
enzyme that fixes nitrogen. This cluster is too big and
complex to be accurately simulated using the classical
approximations of quantum chemistry. The researchers
used a combination of both quantum computing (with
IBM’s 72-qubit Heron chip) and RIKEN’s Fugaku high
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4 Structural insights

SR A promising application of quantum computers is simulating novel materials.
Researchers from the quantum algorithms firm Phasecraft, for example, have
already shown how a quantum computer could help simulate complex materials
such as the polycrystalline compound LK-99, which was purported by some
researchers in 2024 to be a room-temperature superconductor.

Using a classical/quantum hybrid workflow, together with the firm’s proprietary
material simulation approach to encode and compile materials on quantum
hardware, Phasecraft researchers were able to establish a classical model of the
LK99 structure that allowed them to extract an approximate representation of
the electrons within the material. The illustration above shows the green and blue

Joint effort In June 2025, IBM in the US and Japan’s national
research laboratory RIKEN, unveiled the IBM Quantum System Two,
the first to be used outside the US. Itinvolved IBM’s 156-qubit IBM
Heron quantum computing system (top) being paired with RIKEN’s
supercomputer Fugaku (bottom) — one of the most powerful
classical systems on Earth. The computers are linked through a
high-speed network at the fundamental instruction level to form a
proving ground for quantum-centric supercomputing.

Phasecraft

performance computing (HPC). This idea of “improving
classical methods by injecting quantum as a subroutine”
is likely to be a more general strategy, says Gambetta.
“The future of computing is going to be heterogeneous
accelerators [of discovery] that include quantum.”

Likewise, Montanaro says that Phasecraft is develop-
ing “quantum-enhanced algorithms”, where a quantum
computer is used, not to solve the whole problem, but just
to help a classical computer in some way. “There are only
certain problems where we know quantum computing
is going to be useful,” he says. “I think we are going to
see quantum computers working in tandem with classi-
cal computers in a hybrid approach. I don’t think we’ll
ever see workloads that are entirely run using a quantum
computer.” Among the first important problems that
quantum machines will solve, according to Montanaro,
are the simulation of new materials - to develop, for
example, clean-energy technologies (see figure 4).

“For a physicist like me,” says Preskill, “what is really
exciting about quantum computing is that we have good
reason to believe that a quantum computer would be able
to efficiently simulate any process that occurs in nature.”

Montanaro believes another likely near-term goal
for useful quantum computing is solving optimization
problems - both here and in quantum simulation, “we
think genuine value can be delivered already in this NISQ
era with hundreds of qubits.” (NISQ, a term coined by
Preskill, refers to noisy intermediate-scale quantum
computing, with relatively small numbers of rather noisy,
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electronic structure around red and grey atoms in LK-99.

error-prone qubits.)

One further potential benefit of quantum computing
is that it tends to require less energy than classical high-
performance computing, which is notoriously high. If the
energy cost could be cut by even a few percent, it would
be worth using quantum resources for that reason alone.
“Quantum has real potential for an energy advantage,”
says Chow. One study in 2020 showed that a particular
quantum-mechanical calculation carried out on a HPC
used many orders of magnitude more energy than when
itwas simulated on a quantum circuit. Such comparisons
are not easy, however, in the absence of an agreed and
well-defined metric for energy consumption.

Building the market

Right now, the quantum computing marketisin a curious
superposition of states itself — ithas ample proof of princi-
ple, but today’s devices are still some way from being able
to perform a computation relevant to a practical problem
that could not be done with classical computers. Yet to get
to that point, the field needs plenty of investment.

The fact that quantum computers, especially if used
with HPC, are already unique scientific tools should
establish their value in the immediate term, says Gam-
betta. “Ithink thisis going to accelerate, and will keep the
funding going.” It is why IBM is focusing on utility-scale
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[t's not clear, systems of around 100 qubits or so and more thana thou- a certain level of performance,” while also being much
though, sand gate operations, he says, rather than simply trying cheaper, and easier to use?
whetherthere  tobuild ever bigger devices. But Cuthbert is optimistic about bridging this gap to
will be a big Montanaro sees a role for governments to boost the get to commercially useful machines, encouraged in part
growth of the industry “where it’s not the right fit for bylookingbackat the classical computingindustry of the
demand for the private sector”. One role of government is simply as  1970s. “The architects of those systems could not imagine
quantum acustomer. For example, Phasecraftis working with the what we would use our computation resources for today.
machines that UK national grid to develop a quantum algorithm for So I don’t think we should be too discouraged that you
every userwill ~ optimizing the energy network. “Longer-term support can grow an industry when we don’t know what it’ll do
own and run foracademic research is absolutely critical,” Montanaro in five years’ time.”

adds. “It would be a mistake to think that everything is
donein terms of the underpinning science, and govern-
ments should continue to support blue-skies research.”

It’s not clear, though, whether there will be a big
demand for quantum machines that every user will
own and run. Before 2010, “there was an expectation
that banks and government departments would all want
their own machine - the market would look a bit like
HPC,” Cuthbert says. But that demand depends in part
on what commercial machines end up being like. “If it’s
going to need a premises the size of a football field, with
a power station next to it, that becomes the kind of infra-
structure that you only want to build nationally.” Even
for smaller machines, users are likely to try them first on
the cloud before committing to installing one in-house.

According to Cuthbert , the real challenge in the
supply-chain development is that many of today’s tech-
nologies were developed for the science community
- where, say, achieving millikelvin cooling or using high-
power lasers is routine. “How do you go from a specialist
scientific clientele to something that starts to look like a
washing machine factory, where you can make them to

Montanaro too sees analogies with those early days
of classical computing. “If you think what the computer
industry looked like in the 1940s, it’s very different
from even 20 years later. But there are some parallels.
There are companies that are filling each of the differ-
ent niches we saw previously, there are some that are
specializing in quantum hardware development, there
are some that are just doing software.” Cuthbert thinks
that the quantum industry is likely to follow a similar
pathway, “but more quickly and leading to greater mar-
ket consolidation more rapidly.”

However, while the classical computing industry was
revolutionized by the advent of personal computing in
the 1970s and 80s, it seems very unlikely that we will
have any need for quantum laptops. Rather, we might
increasingly see apps and services appear that use cloud-
based quantum resources for particular operations,
merging so seamlessly with classical computing that we
don’t even notice.

That, perhaps, would be the ultimate sign of success:
that quantum computing becomes invisible, no big deal
but just a part of how our answers are delivered. |

- Agilent

Trusted Answers

The Definitive Guide to UHV and XHV

Discover Agilent solutions for ultra and extreme-high vacuum through
the new ion pumps catalog.

n
0

| 28

L
&2

[ -

=

S

Learn more: www.agilent.com/chem/vacuum
00800 234 234 00 (toll-free) * vpt-customercare@agilent.com

[ oY TEE |
li; bt § P9y |
+ © Agilent Technologies, Inc. 2024


https://www.agilent.com/en/product/vacuum-technologies
mailto:vpt-customercare@agilent.com
https://www.agilent.com/cs/library/catalogs/public/catalog-ion-pumps-5994-6595en-agilent.pdf

I0P  ebooks

Discover our new
engineeringtitles

T —— P
Fundamentals Qf High-Performance
Al-Processor Dres inelgence nProcess
5 JivanZahar Engineering
Electronics
Basic technology of

artificial intelligence Eo 3 @

010P| ebooks

0 10P | ebooks 2

E—
Fretting Friction A Course on Digital
W NN NN NN N and Wear at Bolted Image Processing
Joint Interfaces with MATLAB®

O 10P| ebooks

0O 10P|ebooks 0 10P | ebooks

Your access options
® \iayourinstitutional login atiopscience.org/books. No access? Recommend to your librarian.
® Purchaseindividual books at store.ioppublishing.org. Use code PHYSWLD30 for 30% off all titles.

I0P Publishing


https://iopscience.iop.org/booklistinfo/home
https://store.ioppublishing.org/

physicsworld.com

FestiveReviews

The entangled histories of
women in quantum physics

Jennifer Carter reviews Women in the History of Quantum Physics: Beyond Knabenphysik edited by
Patrick Charbonneau, Michelle Frank, Margriet van der Heijden and Daniela Monaldi

Women in the
History of Quantum
Physics: Beyond
Knabenphysik
Patrick
Charbonneau,
Michelle Frank,
Margrietvan der
Heijden and Daniela
Monaldi (eds)

2025 Cambridge
University Press
486 pp £37.99hb
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Women of quantum Clockwise from top left: Chien-Shiung Wu, Hertha Sponer, Grete Hermann, Carolyn Beatrice Parker, Katharine Way,

Ana Maria Cetto Kramis.

Writing about women in science
remains an important and worth-
while thing to do. That’s the premise
that underlies Women in the History
of Quantum Physics: Beyond Knaben-
physik — an anthology charting the
participation of women in quantum
physics, edited by Patrick Charbon-
neau, Michelle Frank, Margriet van
der Heijden and Daniela Monaldi.
What does a history of women in
science accomplish? This volume
firmly establishes that women have
for a long time made substantial
contributions to quantum physics.
It raises the profiles of figures like
Chien-Shiung Wu, whose early work
on photon entanglement is often

overshadowed by her later fame in
nuclear physics; and Grete Hermann,
whose critiques of John von Neu-
mann and Werner Heisenberg make
her central to early quantum theory.

But in specifically recounting the
work of these women in quantum, do
we risk reproducing the same logic
of exclusion that once kept them
out - confining women to a special-
ized narrative? The answer is no, and
this book is an especially compelling
illustration of why.

Areference and a reminder

Two big ways this volume demon-
strates its necessity are by its success
as a reference, a place to look for the

accomplishments and contributions
of women in quantum physics; and
as a reminder that we still have far to
go before there is anything like true
diversity, equality or the disappear-
ance of prejudice in science.

The subtitle Beyond Knabenphysik
- meaning “boys’ physics” in Ger-
man - points to one of the book’s
central aims: to move past a vision
of quantum physics as a purely male
domain. Originally a nickname for
quantum mechanics given because
of the youth of its pioneers, Knaben-
physik comes to be emblematic of the
collaboration and mentorship that
welcomed male physicists and con-
sistently excluded women.

Physics World December 2025
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The exclusion was not only sym-
bolic but material. Hendrika Johanna
van Leeuwen, who co-developed a
key theorem in classical magnet-
ism, was left out of the camaraderie
and recognition extended to her
male colleagues. Similarly, credit
for Laura Chalk’s research into the
Stark effect — an early confirmation
of Schrodinger’s wave equation — was
under-acknowledged in favour of
that of her male collaborator’s.

Something this book does espe-
cially well is combine the sometimes
conflicting aims of history of science
and biography. We learn not only
about the trajectories of these wom-
en’s careers, but also about the scien-
tific developments they were a part
of. The chapter on Hertha Sponer,
for instance, traces both her personal
journey and her pioneering role in
quantum spectroscopy. The piece
on Freda Friedman Salzman situates
her theoretical contributions within
the professional and social networks
that both enabled and constrained
her. In so doing, the book treats each
of these women as not only whole
human beings, but also integral play-
ers in a complex history of one of the
most successful and debated physical
theories in history.

Lost physics
Because the history is told chrono-
logically, we trace quantum physics
from some of the early astronomical
images suggesting discrete quan-
tized elements to later developments
in quantum electrodynamics. Along
the way, we encounter women like
Maria McEachern, who revisits Wil-
liamina Fleming’s spectral work;
Maria Lluisa Canut, whose career
spanned crystallography and femi-
nist activism; and Sonja Ashauer,
a Brazilian physicist whose PhD at
Cambridge placed her at the heart of
theoretical developments but whose
story remains little known.
Thishistory couldlead toabroader
reflection on how credit, network-
ing and even theorizing are accom-
plished in physics. Who knows how
many discoveries in quantum phys-
ics, and science more broadly, could
have been made more quickly or eas-
ily without the barriers and prejudice
women and other marginalized per-
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The book critiques
theidea of a
“leaky pipeline”
as this metaphor
minimizes how
educational and
institutional
investmentsin
women often
translate into
contributions both
inside and outside
formal science

sons faced then and still face today?
Or what discoveries still lie latent?
Not all the women profiled here
found lasting professional homes in
physics. Some faced barriers of rac-
ism as well as gender discrimination,
like Carolyn Parker who worked on
the Manhattan Project’s polonium
research and is recognized as the
first African American woman to
have earned a postgraduate degree
in physics. She died young without
having received full recognition in
her lifetime. Others - like Elizabeth
Monroe Boggs who performed work
in quantum chemistry - turned
to policy work after early research
careers. Their paths reflect both the
barriers they faced and the broader
range of contributions they made.

Calculate, don’t think

The book makes a compelling argu-
ment that the heroic narrative of
science doesn’t just undermine the
contributions of women, but of the
less prestigious more broadly. Plac-
ing these stories side by side yields

something greater than the sum of
its parts. It challenges the idea that
physics is the work of lone geniuses
by revealing the collective infrastruc-
tures of knowledge-making, much of
which has historically relied not only
on women’s labour - and did they
labour - but on their intellectual rig-
our and originality.

Many of the women highlighted
were at times employed “to calcu-
late, not to think” as “computers”,
or worked as teachers, analysts or
managers. They were often kept
from more visible positions even
when they were recognized by col-
leagues for their expertise. Kathar-
ine Way, for instance, was praised by
peers and made vital contributions
to nuclear data, yet was rarely cred-
ited with the same prominence as her
male collaborators. It shows clearly
that those employed to support from
behind the scenes could and did
contribute to theoretical physics in
foundational ways.

The book also critiques the idea of
a “leaky pipeline”, showing that this
metaphor oversimplifies. It mini-
mizes how educational and institu-
tional investments in women often
translate into contributions both
inside and outside formal science.
Ana Maria Cetto Kramis, for exam-
ple, who played a foundational role
in stochastic electrodynamics, com-
bined research with science diplo-
macy and advocacy.

Should women’s accomplishments
be recognized in relation to other
women’s, or should they be integrated
into a broader historiography? The
answer is both. We need inclusive his-
tories that acknowledge all contribu-
tors, and specialized works like this
one that repair the record and show
what emerges specifically and signifi-
cantly from women’s experiences in
science. Quantum physicsisa unique
field, and women played a crucial and
distinctive role in its formation. This
recognition offers an indispensa-
ble lesson: in physics and in life it’s
sometimes easy to miss what’s right
in front of us, no less so in the history
of women in quantum physics.

Jennifer Carter is a lecturerin the
Department of Philosophy at Stony Brook
University, NY, US

35



=

@

©
<}
=

=

o
st
S
=
S
<
<
@
S
=
o
S

FestiveReviews

physicsworld.com

Optimistic, idealistic and naive

Tara Shears reviews This is for Everyone: the Captivating Memoir from the Inventor of the World
Wide Web by Tim Berners-Lee

Outward focus

Tim Berners-Lee’s
memoir reveals less
about himself and
more about his
vision forthe future
of the Web.
I
This is for Everyone:
the Captivating
Memoir from the
Inventor of the
World Wide Web
Tim Berners-Lee
2025 Macmillan
400pp
£25.00/$30.00hb
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It’s rare to come across someone
who’s been responsible for ena-
bling a seismic shift in society that
has affected almost everyone and
everything. Tim Berners-Lee, who
invented the World Wide Web, is one
such person. His new memoir This
is for Everyone unfolds the history
and development of the Web and, in
places, of the man himself.
Berners-Lee was born in London
in 1955 to parents, originally from
Birmingham, who met while work-
ing on the Ferranti Mark 1 computer
and knew Alan Turing. Theirs was
a creative, intellectual and slightly
chaotic household. His mother could
maintain a motorbike with fence
wire and pliers, and was a crusader
for equal rights in the workplace. His
father - brilliant and absent minded
- taught Berners-Lee about comput-
ers and queuing theory. A childhood
of camping and model trains, it was,
in Berners-Lee’s view, idyllic.
Berners-Lee had the good fortune
to be supported by a series of teach-
ersand managers who recognized his
potential and unique way of working.
He studied physics at the University
of Oxford (his tutor “going with
the flow” of Berners-Lee’s uncon-

ventional notation and ability to
approach problems from oblique
angles) and built his own computer.
After graduating, he married and,
following a couple of jobs, took a six-
month placement at the CERN parti-
cle-physics lab in Geneva in 1985.
This placement set “a seed that
sprouted into a tool that shook up the
world”. Berners-Lee saw how difficult
it was to share information stored in
different languages in incompatible
computer systems and how, in con-
trast, information flowed easily when
researchers met over coffee, con-
nected semi-randomly and talked.
While at CERN, he therefore wrote
a rough prototype for a program to
link information in a type of web
rather than a structured hierarchy.
The placement ended and the pro-
gram was ignored, but four years later
Berners-Lee was back at CERN. Now
divorced and soon to remarry, he
developed his vision of a “universal
portal” to information. It proved to
be the perfect time. All the tools nec-
essary to achieve the Web - the Inter-
net, address labelling of computers,
network cables, data protocols, the
hypertext language that allowed
cross-referencing of text and links

on the same computer - had already
been developed by others.

Berners-Lee saw the need for a
user-friendly interface, using hyper-
text that could link to information
on other computers across the world.
His excitement was “uncontainable”,
and according to his line manager
“few of us if any could understand
what he was talking about”. But
Berners-Lee’s managers supported
him and freed his time away from his
actual job to become the world’s first
web developer.

Having a vision was one thing, but
getting others to share it was another.
People at CERN only really started to
use the Web properly once the lab’s
internal phone book was made avail-
able on it. As a student at the time, I
can confirm that it was much, much
easier to use the Web than log on to
CERN’s clunky IBM mainframe,
where phone numbers had previously
been stored.

Wider adoption relied on a set
of volunteer developers, working
with open-source software, to make
browsers and platforms that were
attractive and easy to use. CERN
agreed to donate the intellectual
property for web software to the pub-
lic domain, which helped. But the
path to today’s Web was not smooth:
standards risked diverging and com-
panies wanted to build applications
that hindered information sharing.

Feeling that “the Web was out-
growing my institution” and “would
be a distraction” to a lab whose core
mission was physics, Berners-Lee
moved to the Massachusetts Insti-
tute of Technology in 1994. There he
founded the World Wide Web Con-
sortium (W3C) to ensure consistent,
accessible standards were followed by
everyone as the Web developed into
a global enterprise. The progression
sounds straightforward although
earlier accounts, such as James Gil-
lies and Robert Caillau’s 2000 book
How the Web Was Born, imply some
rivalry between institutions that is
glossed over here.

The rest is history, but not quite
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the history that Berners-Lee had in
mind. By 1995 big business had dis-
covered the possibilities of the Web
to maximize influence and profit.
Initially inclined to advise people to
share good things and not search for
bad things, Berners-Lee had reck-
oned without the insidious power
of “manipulative and coercive”
algorithms on social networks. Col-
laborative sites like Wikipedia are
closer to his vision of an ideal Web;
an emergent good arising from indi-
vidual empowerment. The flip side
of human nature seems to come as
asurprise.

The rest of the book brings us up
to date with Berners-Lee’s concerns
(data, privacy, misuse of Al, toxic
online culture), his hopes (the good
use of Al), a third marriage and his
move into a data-handling business.
There are some big awards and an
impressive amount of name drop-
ping; he is excited by Order of Merit
lunches with the Queen and by sitting
next to Paul McCartney’s family at
the opening ceremony to the London
Olympicsin2012. A flick through the
index reveals names ranging from

Berners-Lee had
reckoned without
the insidious power
of “manipulative and
coercive” algorithms
on social networks

Al Gore and Bono to Lucien Freud.
These are not your average comput-
ing technology circles.

There are brief character studies to
illustrate some of the main players,
but don’t expect much insight into
their lives. This goes for Berners-Lee
too, who doesn’t step back to particu-
larly reflect on those around him,
or indeed his own motives beyond
that vision of a Web for all enabling
the best of humankind. He is firmly
future focused.

Still, there is no-one more quali-
fied to describe what the Web was
intended for, its core philosophy, and

what caused it to develop to where it is
today. You’ll enjoy the book whether
you want an insight into the inner
workings that make your web brows-
ing possible, relive old and forgotten
browser names, or see how big tech
wants to monetize and monopolize
your online time. It is an easy read
from an important voice.

The book ends with a passionate
statement for what the future could
be, with businesses and individuals
working together to switch the Web
from “the attention economy to the
intention economy”. It’s a future
where users are no longer distracted
by social media and manipulated
by attention-grabbing algorithms;
instead, computers and services do
what users want them to do, with the
information that users want them
to have.

Berners-Lee is still optimistic, still
an incurable idealist, still driven by
vision. And perhaps still a little naive
too in believing that everyone’s val-
ues will align this time.

Tara Shears is a professor of particle
physics at the University of Liverpool, UK
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Builders of the hbomb

Andrew Robinson reviews Destroyer of Worlds: the Deep History of the Nuclear Age 1895-1965 by

Frank Close

Destroyer of
Worlds: the Deep
History of the
Nuclear Age 1895-
1965

Frank Close

2025 Allen Lane
£25.00hb 321pp
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Dark destroyers This photo of the Trinity test was taken by Jack W Aeby, a Los Alamos empl

oyee, on 16 July 1945. Two months later many

Manhattan Project participants returned to the Trinity test site for news crews, including RobertJ Oppenheimer and General Leslie
Groves, who are shown here examining the remains of a base of the steel test tower.

The title of particle physicist Frank
Close’s engaging new book, Destroyer
of Worlds, refers to Robert Oppen-
heimer’s famous comment after he
witnessed the first detonation of an
atomic bomb, known as the Trin-
ity test, in July 1945. Quoting the
Hindu scripture Bhagavad Gita, he
said “Now I am become death, the
destroyer of worlds.” But although
Close devotes much space to the
Manhattan Project, which Oppenhe-
imer directed between 1942 and 1945,
his book has a much wider remit.
Aimed atnon-physicist readers with
a strong interest in science, though
undoubtedly appealing to physicists
too, the book seeks to explain the
highly complex physics and chem-
istry that led to the atomic bomb - a
term first coined by H G Wells in his
1914 science-fiction novel The World
Set Free. It also describes the contri-
butions of numerous gifted scientists
to the development of those weapons.
Close draws mainly on numerous
published sources from this deeply
analysed period, including Richard

Rhodes’s seminal 1988 study The
Making of the Atomic Bomb. He starts
with Wilhelm Rontgen’s discovery of
X-rays in 1895, before turning to the
discovery of radioactivity by Henri
Becquerel in 1896 - described by
Close as “the first pointer to nuclear
energy [that was] so insignificant that
it was almost missed”. Next, he high-
lights the work on radium by Marie
and Pierre Curie in 1898.

After discussing the emergence of
nuclear physics, Close goes on to talk
about the Allies’ development of the
nuclear bomb. A key figure in this
history was Enrico Fermi, who aban-
doned Fascist Italy in 1938 and emi-
grated to the US, where he worked
on the Manhattan Project and built
the first nuclear reactor, in Chicago,
in 1942.

Within seconds of seeing Trin-
ity’s blast in the desert in 1945, Fermi
showed his legendary ability to esti-
mate a physical phenomenon’s mag-
nitude by shredding a sheet of paper
into small pieces and throwing them
into the air. The bomb’s shock wave

blew this “confetti” (Close’s word) a
few metres away. After measuring the
exact distance, Fermi immediately
estimated that the blast was equiva-
lent to about 10000 tonnes of TNT.
This figure was not far off the 18000
tonnes determined a week later fol-
lowing a detailed analysis by the
project team.

The day after the Trinity test, a
group of 70 scientists, led by Leo
Szilard, sent a petition to US Presi-
dent Harry Truman, requesting him
not to use the bomb against Japan.
Albert Einstein agreed with the peti-
tion but did not sign it, having been
excluded from the Manhattan Pro-
ject on security grounds (though in
1939 he famously backed the bomb’s
development, fearing that Nazi Ger-
many might build its own device).
Despite the protests, atomic bombs
were dropped on Hiroshima and
Nagasaki less than a month later - a
decision that Close neither defends
nor condemns.

Other key figures in the Manhat-
tan Project were emigrants to the UK,
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who had fled Germany in the mid-
1930s because of Nazi persecution of
Jews, and later joined the secret Brit-
ish Tube Alloys bomb project. The
best known are probably the nuclear
physicists Otto Frisch and Rudolf
Peierls, who initially worked together
at the University of Birmingham for
Tube Alloys before joining the Man-
hattan Project. They both receive
their due from Close.

Oddly, however, he neglects to
mention their fellow émigré Franz
(Francis) Simon by name, despite
acknowledging the importance of his
work in demonstrating a technique
to separate fissionable uranium-235
from the more stable uranium-238.
In 1940 Simon, then working at
the Clarendon Laboratory in war-
time Oxford, showed that separa-
tion could be achieved by gaseous
diffusion of uranium hexafluoride
through a porous barrier, which he
initially demonstrated by hammer-

ing his wife’s kitchen sieve flat to
make the barrier.

As Close ably documents and
explains, numerous individuals and
groups eventually ensured the suc-
cess of the Manhattan Project. In
addition to ending the Second World
War and preserving freedom against
Fascism, there is an argument that
it also set an example for the future
of science as a highly collaborative,
increasingly international albeit
sometimes dangerous adventure.

A fusion of minds

Close finishes the book with a shorter
discussion of the two decades of
Cold War rivalry between scientists
from the US and the Soviet Union to
develop and test the hydrogen bomb.
It features physicists such as Edward
Teller and Andrei Sakharov, who led
the efforts to build the American
“Super Bomb” and the Soviet “Tsar
Bomba”, respectively.

The book ends in around 1965,
after the 1963 partial test-ban treaty
signed by the US, Soviet Union and
the UK, preventing further tests of
the hydrogen bomb for fear of their
likely devastating effects on Earth’s
atmosphere. As Close writes, the Tsar
Bomba was more powerful than any
recorded explosion other than the
meteorite impact 65 million years
ago that wreaked global change and
killed the dinosaurs, which had ruled
for 150 million years.

“Within just one per cent of that
time, humans have produced nuclear
arsenals capable of replicating such
levels of destruction,” Close warns.
“The explosion of a gigaton weapon
would signal the end of history. Its
mushroom cloud ascending towards
outer space would be humanity’s
final vision.”

Andrew Robinson is the author of
Einstein on the Run and Einstein in Oxford

Condensed natter: bite-size reviews of recent hooks

Cereal conundrums
Michael Banks’ new
book explores,
among otherthings,
the science of why
Cheeriostend to
stick togetherwhen
floating in milk.

Hamish Johnston
talks to Michael
Banks about his new
book Physics
Around the Clock

Physics Around the Clock

By Michael Banks

Why do Cheerios tend to stick
together while floating in a bowl of
milk? Why does a runner’s ponytail
swing back and forth? These might
not be the most pressing questions
in physics, but getting to the answers
is both fun and provides insights
into important scientific concepts.
These are just two examples of
everyday physics that Physics World
news editor Michael Banks explores
in his book Physics Around the
Clock: Adventures in the Science of
Everyday Living, which begins with
the physics (and chemistry) of your
morning coffee and ends with a
formula for predicting the winner
of those cookery competitions that
are mainstays of evening television.
Hamish Johnston

e 2025 The History Press

Quantum 2.0

By Paul Davies

You might wonder why the world
needs yet another book about
quantum mechanics, but for
physicists there’s no better guide
than Paul Davies. Based for the

Physics World December 2025

last two decades at Arizona State
University in the US, in Quantum
2.0: the Past, Present and Future of
Quantum Physics Davies tackles the
basics of quantum physics — along
with its mysteries, applications and
philosophical implications - with
great clarity and insight. The book
ends with truly strange topics such
as quantum Cheshire cats and
delayed-choice quantum erasers

- see if you prefer his descriptions
to those we’ve attempted in Physics
World this year. Matin Durrani

e 2025 Pelican

Can You Get Music on the
Moon?

By Sheila Kanani, illustrated by Liz Kay
Why do dogs bark but wolves howl?
How do stars “sing”? Why does
thunder rumble? This delightful,
fact-filled children’s book answers
these questions and many more,
taking readers on an adventure
through sound and space. Written
by planetary scientist Sheila Kanani
and illustrated by Liz Kay, Can you
get Music on the Moon? the Amazing
Science of Sound and Space reveals
not only how sound is produced

but why it can make us feel certain
things. Each of the 100 or so pages
brims with charming illustrations

that illuminate the many ways that
sound is all around us. Michael Banks
e 2025 Puffin Books

A Short History of Nearly
Everything 2.0

By Bill Bryson

Alongside books such as Stephen
Hawking’s A Brief History of Time
and Carl Sagan’s Cosmos, British-
American author Bill Bryson’s A
Short History of Nearly Everything
is one of the bestselling popular-
science books of the last 50 years.
First published in 2003, the book
became a fan favourite of readers
across the world and across
disciplines as Bryson wove together
a clear and humorous narrative of
our universe. Now, 22 years later,
he has released an updated and
revised volume — A Short History of
Nearly Everything 2.0 - that covers
major updates in science from the
past two decades. This includes the
discovery of the Higgs boson and the
latest on dark-matter research. The
new edition is still imbued with all
the wit and wisdom of the original,
making it the perfect Christmas
present for scientists and anyone else
curious about the world around us.
Tushna Commissariat

e 2025 Doubleday
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A rocky road to success

Kate Gardner reviews IfI Am Right, and | Know | Am: Inge Lehmann, the Woman Who Discovered

Earth’s Innermost Secret by Hanne Strager
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Intrepid In the 1930s a little-known Dan-
Inge Lehmannatthe jsh seismologist calculated that the
Ittoggortootmitt Earth has a solid inner core, within
(Scoresbysund) the liquid outer core identified just

seismic station in
Greenland c. 1928.
A keen hiker,
Lehmann was
comfortable in cold
and remote
environments.
I
If 1 Am Right, and |
Know | Am: Inge
Lehmann, the
Woman Who
Discovered Earth’s
Innermost Secret
Hanne Strager
2025 Columbia
University Press
308 pp, £25hb
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a decade earlier. The international
scientific community welcomed
Inge Lehmann as a member of the
relatively new field of geophysics -
yet in her home country, Lehmann
was never really acknowledged as
more than a very competent keeper
of instruments.

It was only after retiring from
her seismologist job aged 65 that
Lehmann was able to devote herself
full time to research. For the next
30 years, Lehmann worked and pub-
lished prolifically, finally receiving
awards and plaudits that were well
deserved. However, this remarkable
scientist, who died in 1993 aged 104,
rarely appears in short histories of
her field.

In a step to address this, we now
have a biography of Lehmann: If I
Am Right, and I Know I Amby Hanne
Strager, a Danish biologist, science
museum director and science writer.
Strager pieces together Lehmann’s
life in great detail, as well as provid-
ing potted histories of the scientific
areas that Lehmann contributed to.

A brief glance at the chronology

of Lehmann’s education and career
would suggest that she was a late
starter. She was 32 when she gradu-
ated with a bachelor’s degree in
mathematics from the University of
Copenhagen, 40 when she received
her master’s degree in geodosy and
was appointed state geodesist for
Denmark. Lehmann faced a litany of
struggles in her younger years, from
health problems and money issues to
the restrictions placed on most wom-
en’s education in the first decades of
the 20th century.

The limits did not come from her
family. Lehmann and her sister were
sent to good schools, she was encour-
aged to attend university, and was
never pressed to get married, which
would likely have meant the end of
her education. When she asked her
father’s permission to go to the Uni-
versity of Cambridge, his objection
was the cost — though the money
was found and Lehmann duly went
to Newnham College in 1910. While
there she passed all the preliminary
exams to study for Cambridge’s leg-
endarily tough mathematical tri-
pos but then her health forced her
to leave.

Lehmann was suffering from stom-
ach pains; she had trouble sleeping;

her hair was falling out. And this was
not her first breakdown. She had pre-
viously studied for a year at the Uni-
versity of Copenhagen before then,
too, dropping out and moving to the
countryside to recover her health.

The cause of Lehmann’s recur-
rent breakdowns is unknown. They
unfortunately fed into the prevailing
view of the time that women were too
fragile for the rigours of higher learn-
ing. Strager attempts to unpick these
historical attitudes from Lehmann’s
very real medical issues. She posits
that Lehmann had severe anxiety or
a physical limitation to how hard she
could push herself. But this conclu-
sion fails to address the hostile condi-
tions Lehmann was working in.

In Cambridge Lehmann formed
tirm friendships thatlasted the rest of
herlife. But women there did not have
the same access to learning as men.
They were barred from mostlibraries
and laboratories; could not attend all
the lectures; were often mocked and
belittled by professors and male stu-
dents. They could sit exams but, even
if they passed, would not be awarded
adegree. This was a contributing fac-
tor when after the First World War
Lehmann decided to complete her
undergraduate studies in Copenha-
gen rather than Cambridge.

More than meets the eye
Lehmann is described as quiet, shy,
reticent. But she could be eloquent
in writing and once her career began
she established connections with sci-
entists all over the world by writing
to them frequently. She was also not
the wallflower she initially appeared
tobe. When she was hired asan assis-
tant at Denmark’s Institute for the
Measurement of Degrees, she quickly
complained that she was being using
as an office clerk, not a scientist, and
she would not have accepted the job
had she known this was the role. She
was instead given geometry tasks that
she found intellectually stimulating,
which led her to seismology.
Unfortunately, soon after this
Lehmann’s career development
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Valued colleague
Afarewell party held
forInge Lehmann in
1954 at Lamont
Geological
Observatory after
one of herresearch
stays.

stalled. While her title of “state geod-
esist” sounds impressive, she was the
only seismologist in Denmark for
decades, responsible for all the seis-
mographs in Denmark and Green-
land. Her days were filled with the
practicalities of instrument mainte-
nance and publishing reports of all
the data collected.

Despite repeated requests
Lehmann didn’t receive an assistant,
which meant she never got round to
completing a PhD, though she did
work towards one in her eveningsand
weekends. Time and again opportu-
nities for career advancement went to
men who had the title of doctor but
far less real experience in geophysics.
Even after she co-founded the Dan-
ish Geophysical Society in 1934, her
native country overlooked her.

The breakthrough that should
have changed this attitude from the
men around her came in 1936, when
she published “P’”. This innocuous
sounding paper was revolutionary,
but based firmly in the P wave and S
wave measurements that Lehmann
routinely monitored.

In If1 Am Right, and I Know I Am,
Strager clearly explains what P and
S waves are. She also highlights why
they were being studied by both state
seismologist Lehmann and Cam-
bridge statistician Harold Jeffreys,
and how they led to both scientists’
biggest breakthroughs.

After any seismological distur-
bance, P and S waves propagate
through the Earth. P waves move

Physics World December 2025

at different speeds according to
the material they encounter, while
S waves cannot pass through liq-
uid or air. This knowledge allowed
Lehmann to calculate whether any
fluctuations in seismograph readings
were earthquakes, and if so where the
epicentre was located. And it led to
Jeffreys” insight that the Earth must
have aliquid core.

Lehmann’s attention to detail
meant she spotted a “discontinuity”
in P waves that did not quite match
a purely liquid core. She immediately
wrote to Jeffreys that she believed
there was another layer to the Earth, a
solid inner core, but he was dismissive
- which led to her writing the state-
ment that forms the title of this book.
Undeterred, she published her discov-
eryin the journal of the International
Union of Geodesy and Geophysics.

In 1951 Lehmann visited the insti-

Time and again
opportunities for
career advancement
wentto men who
had the title of
doctor but farless
real experience in
geophysics

tution that would become her second
home: the Lamont Geological Obser-
vatory in New York state. Its director
Maurice Ewing invited her to work
there on a sabbatical, arranging all
the practicalities of travel and hous-
ing on her behalf.

Here, Lehmann finally had some-
thing she had lacked her entire
career: friendly collaboration with
colleagues who not only took her seri-
ously but also revered her. Lehmann
took retirement from her job in Den-
mark and began to spend months of
every year at the Lamont Observa-
tory until well into her 80s.

Though Strager tells us this “sec-
ond phase” of Lehmann’s career was
prolific, she provides little detail
about the work Lehmann did. She
initially focused on detecting nuclear
tests during the Cold War. But her
later work was more varied, and
continued after she lost most of her
vision. Lehmann published her final
paper aged 99.

If1 Am Right, and I Know I Am is
bookended with accounts of Strag-
er’s research into one particular let-
ter sent to Lehmann, an anonymous
(because the final page has been lost)
declaration of love. It’san insight into
the lengths Strager went to - reading
all the surviving correspondence to
and from Lehmann; interviewing
living relatives and colleagues; work-
ing with historians both professional
and amateur; visiting archives in
several countries.

But for me it hit the wrong tone.
The preface and epilogue are mostly
speculation about Lehmann’s love
life. Lehmann destroyed a lot of her
personal correspondence towards the
end of her life, and chose what papers
to donate to an archive. To me those
are the actions of a woman who wants
to control the narrative of her life -
and does not want her romances to
be written about. I would have pre-
ferred instead another chapter about
her later work, of which we know she
was proud.

But for the majority of its pages,
this is a book of which Strager can
be proud. I came away from it with
great admiration for Lehmann and
an appreciation for how lonely life
was for many women scientists even
in recent history.

Kate Gardner is the contentand
production manager of Physics World
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From an attic
laboratory to
the heart of

galaxies

Thaisa Storchi Bergmann, who won the
L'Oréal-UNESCO For Women in Science
prize in 2015, talks to Meghie Rodrigues
about extragalactic astronomy, doing
high-impactinternational research, and

|
/74N

Lifelong curiosity Thaisa Storchi Bergmann won the L'Oréal-UNESCO For Women in Science
prize in 2015 “for her outstanding work on supermassive black holes in the centres of
galaxies and their associated regions of dense gas, dust and young stars surrounding them,

beingawomanin South American physiCS aswell as their role in the evolution of galaxies”.

As a teenager in her native Rio Grande
do Sul, a state in Southern Brazil, Thaisa
Storchi Bergmann enjoyed experiment-
ing in an improvised laboratory her par-
ents built in their attic. They didn’t come
from a science background - her father
was an accountant, her mother a primary
school teacher - but they encouraged her
to do what she enjoyed. With a friend from
school, Storchi Bergmann spent hours look-
ing at insects with a microscope and run-
ning experiments from a chemistry toy kit.
“We christened the lab Thasi-Cruz after a
combination of our names,” she chuckles.

At the time, Storchi Bergmann could not
have imagined that one day this path would
lead to cosmic discoveries and international
recognition at the frontiers of astrophysics.
“I always had the curiosity inside me,” she
recalls. “It was something I carried since
adolescence.”

That curiosity almost got lost to another
discipline. By the time Storchi Bergmann
was about to enter university, she was
swayed by a cousin living with her family
who was passionate about architecture. By
1974 she began studying architecture at the
Federal University of Rio Grande do Sul
(UFRGS). “But I didn’t really like technical
drawing. My favourite part of the course
were physics classes,” she says. Within a
semester, she switched to physics.

There she met Edemundo da Rocha
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Vieira, the first astrophysicist UFRGS ever
hired - who later went on to structure the
university’s astronomy department. He
nurtured Storchi Bergmann’s growing fas-
cination with the universe and introduced
her to research.

In 1977, newly married after graduation,
Storchi Bergmann followed her husband
to Rio de Janeiro, where she did a master’s
degree and worked with William Kunkel,
an American astronomer who was in Rio to
help establish Brazil’s National Astrophys-
ics Laboratory. She began working on data
from a photometric system to measure star
radiation. “But Kunkel said galaxies were a
lot more interesting to study, and that stuck
in my head,” she says.

Three years after moving to Rio, she
returned to Porto Alegre, in Rio Grande do
Sul, to start her doctoral research and teach
at UFRGS. Vital to her career was her deci-
sion to join the group of Miriani Pastoriza,
one of the pioneers of extragalactic astro-
physics in Latin America. “She came from
Argentina, where [in the late 1970s and
early 1980s] scientists were being strongly
persecuted [by the country’s military dicta-
torship] at the time,” she recalls. Pastoriza
studied galaxies with “peculiar nuclei” -
objects later known to harbour supermas-
sive black holes. Under Pastoriza’s guidance,
she moved from stars to galaxies, laying the
foundation for her career.

Between 1986 and 1987, Storchi Berg-
mann often travelled to Chile to make
observations and gather data for her PhD,
using some of the largest telescopes avail-
able at the time. Then came a transformative
period - a postdoc fellowship in Maryland,
US, just as the Hubble Space Telescope was
launched in 1990. “Each Thursday, I would
drive to Baltimore for informal bag-lunch
talks at the Space Telescope Science Insti-
tute, absorbing new results on active galac-
tic nuclei (AGN) and supermassive black
holes,” Storchi Bergmann recalls.

Discoveries and insights

In 1991, during an observing campaign, she
and a collaborator saw something extraor-
dinary in the galaxy NGC 1097: gas moving
atimmense speeds, captured by the galaxy’s
central black hole. The work, published in
1993, became one of the earliest documented
cases of what are now called “tidal disrup-
tion events”, in which a star or cloud gets too
close to ablack hole and is torn apart.

Her research also contributed to one of
the defining insights of the Hubble era: that
every massive galaxy hosts a central black
hole. “At first, we didn’t know if they were
rare,” she explains. “But gradually it became
clear: these objects are fundamental to gal-
axy evolution.”

Another collaboration brought her into
contact with Daniela Calzetti, whose work
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on the effects of interstellar dust led to the
formulation of the widely used “Calzetti
law”. These and other contributions placed
Storchi Bergmann among the most cited
scientists worldwide, recognition of which
came in 2015 when she received the LOréal-
UNESCO Award for Women in Science.

Her scientific achievements, however,
unfolded against personal and structural
obstacles. As a young mother, she often
brought her baby to observatories and con-
ferences so she could breastfeed. This kind
of juggling is no stranger to many women
in science. “It was never easy,” Storchi Berg-
mann reflects. “T'was always running, trying
todo 20 thingsatonce.” Thelack of childcare
infrastructure in universities compounded
the challenge. She recalls colleagues who suc-
ceeded by giving up on family life altogether.
“That is not sustainable,” she insists. “Sci-
ence needs all perspectives — male, female
and everything in-between. Otherwise, we
lose richness in our vision of the universe.”

When she attended conferences early in
her career, she was often the only woman
in the room. Today, she says, the situation
has greatly improved, even if true equality
remains distant.

Now a tenured professor at UFRGS and
a member of the Brazilian Academy of Sci-

ences, Storchi Bergmann continues to push
at the cosmic frontier. Her current focus
is the Legacy Survey of Space and Time
(LSST), about to begin at the Vera Rubin
Observatory in Chile.

Her group is part of the AGN science col-
laboration, developing methods to analyse
the characteristic flickering of accreting
black holes. With students, she is experi-
menting with automated pipelines and
artificial intelligence to make sense of and
manage the massive amounts of data.

Challenges ahead
Yet this frontier science is not guaranteed.
Storchi Bergmann is frustrated by the recent
collapse in research scholarships. Histori-
cally, her postgraduate programme enjoyed a
strong balance of grants from both of Brazil’s
federal research funding agencies, CNPq
(from the Ministry of Science) and CAPES
(from the Ministry of Education). But cuts
at CNPgq, she says, have left students without
support, and CAPES has not filled the gap.
“The result is heartbreaking,” she says. “I
have brilliant students ready to start, includ-
ing one from Piaui (a state in north-eastern
Brazil), but without a grant, they simply
cannot continue. Others are forced to work
elsewhere to support themselves, leaving no

time for research.”

She is especially critical of the policy of
redistributing scarce funds away from top-
rated programmes to newer ones without
expanding the overall budget. “You can-
not build excellence by dismantling what
already exists,” she argues.

For her, the consequences go beyond
personal frustration. They risk undermin-
ing decades of investment that placed Bra-
zil on the international astrophysics map.
Despite these challenges, Storchi Bergmann
remains driven and continues to mentor
master’s and PhD students, determined to
prepare them for the LSST era.

At the heart of her research is a question
as grand as any in cosmology: which came
first — the galaxy or its central black hole?
The answer, she believes, will reshape our
understanding of how the universe came to
be. And it will carry with it the fingerprint
of her work: the persistence of a Brazilian
scientist who followed her curiosity from a
home-made lab to the centres of galaxies,
overcoming obstacles along the way.

Meghie Rodrigues is a Brazil-based science and
environment journalist covering mainly earth and
physical sciences, climate change and
environmental policy

Ask me anything: Kirsty McGhee

Kirsty McGhee did a PhD in
condensed-matter physics at the
University of Sheffield, UK, and a
postdoc at the University of Leipzig,
Germany, before becoming a
science writer at the quantum-
software company Qruise. She was
previously part of the Physics World
student-contributor network.

What skills do you use every day in your job?
Obviously, | write: | wouldn’t be a very good
science writer if | couldn’t. So communication
skills are vital. Recently, for example, Qruise
launched a new magnetic-resonance product
forwhich | had to write a press release, create

a new webpage and do social-media posts.

That meant co-ordinating with lots of different
people, finding out the key features to advertise,
identifying the claims we wanted to make -

and if we have the data to back those claims

up. I'm not an expert in quantum computing

or magnetic-resonance imagining or even
marketing so | have to pick things up fast and
then translate technically complex ideas from
physics and software into simple messages for a
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Kirsty McGhee speaks to Physics World’s
Hamish Johnston about her career

AUDIO

broader audience. Thankfully, my colleagues
are always happy to help. Science writing is a
difficult task but I think I'm getting better at it.

What do you like best and least about your
job?

I love the variety and the fact that I'm doing so
many different things all the time. If there’s a
day | feel | want something a little bit lighter, |
can do some social media or the website, which
is more creative. On the other hand, if | feel |
could really focus in detail on something then |

can write some documentation that is a little bit
more technical.

l also love the flexibility of remote working,
but | do miss going to the office and socialising
with my colleagues on a regular basis. You can’t
get to know someone as well online, it’s nicer to
have time with them in person.

What do you know today, that you wish you
knew when you were starting out in your
career?

That’s a hard one. It would be easy to say | wish
I'd known earlier that | could combine science
and writing and make a career out of that. On
the other hand, if I'd known that, | might not
have done my PhD - and if I'd gone into writing
straight after my undergraduate degree, |
perhaps wouldn’t be where | am now.

My point s, it's okay not to have a clear plan
in life. As children, we're always asked what we
want to be - in my case, my dream from about
the age of four was to be a vet. Butthen | did
some work experience in a veterinary practice
and | realized I'm really squeamish. It was only
when I was 15 or 16 that | discovered | wanted to
do physics because | liked it and was good at it.
So just follow the things you love. You might end
up doing something you never even thought was
an option.
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The future is in laser technologies

The ELI Beamlines Facility is a leading laser research centre and part of ELI (Extreme Light
Infrastructure) pan-European Research Infrastructure hosting the world's most infense lasers. EL
provides unigue tools of support for scientific excellence in Europe. ELI Beamlines developed and
operates four leading-edge high-power femtosecond laser systems reaching unprecedented intensities.

The ELI ERIC is a specific legal form designed to facilitate the establishment and operation of
Research Infrastructures of European inferest. ERICs are participated by States and infernational
organisations as members. As a main stafutory mission, ELI ERIC is responsible for making the ELI
Facilities available to the scientific community as a single infernational organisation, with unified
governance and management.

The Czech Republic hosts the ELI ERIC statutory seat in Dolnf Brezany, in the South of Prague, at the
ELI Beamlines facility.

Our research groups are expanding and recruiting physicists and engineers.
In our feam we therefore have the following positions available:

* Junior Scientist * Senior Engineer Safety Engineer

* Senior Scientist * Technician Optical Engineer

* Laser Physicist * Safety systems engineer X-ray Scientist

* Junior Engineer * Control System Specialist Linux systems engineer

For more information see our website www.eli-beams.eu/careers and send your application, please
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RICE NATURAL SCIENCES
Department of Physics and Astronomy

Assistant Professor in Experimental AMO Physics

The Department of Physics and Astronomy at Rice University in Houston, Texas invites applications for a tenure-track
faculty position in the area of experimental atomic, molecular, or optical physics, focusing on quantum science which
encompasses quantum information processing, quantum sensing, quantum networks, quantum transduction, quantum
many-body physics, and quantum simulation. The ideal candidates will intellectually connect AMO physics to topics in
condensed matter and quantum information theory. We seek outstanding scientists whose research will complement
and extend existing quantum activities within the Department and across the University. In addition to developing

an independent and vigorous research program, the successful applicants will be expected to teach, on average, one
undergraduate or graduate course each semester, and contribute to the service missions of the Department and
University. The Department anticipates making an appointment at the assistant professor level. A Ph.D. in physics or
related field is required.

Applications for this position must be submitted electronically at https://apply.interfolio.com/174345.

Applicants will be required to submit the following:

1. cover letter 2. curriculum vitae 3. statement of research 4. statement on teaching 5. PDF copies of up to three
publications 6. the names, affiliations, and email addresses of three professional references.

Rice University, and the Department of Physics and Astronomy, actively promotes a dynamic and inclusive
environment. In this spirit, we welcome applications from all backgrounds and members of historically
underrepresented groups. We will begin reviewing applications by November 15, 2025. To receive full
consideration, all application materials must be received by December 15, 2025. The expected appointment
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Lateral Thoughts: Michael Banks
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Spider webs, jumping worms, cutting onions

Michael Banks picks his favourite stories and quotes from the weird and wonderful world of physics

Spider webs are a marvel of bioengineering, but there is
still more to understand about these sticky structures.
Many spider species build spiral orb webs to capture prey,
and some incorporate so-called “stabilimenta” into their
web structure. These “extra touches” look like zig-zagging
threads that span the gap between two adjacent “spokes,”
or threads arranged in a circular “platform” around the
web centre. The purpose of stabilimenta is unknown and
proposed functions include as a deterrence for predatory
wasps or birds. To find out more, Gabriele Greco of the
Swedish University of Agricultural Sciences and col-
leagues observed different stabilimentum geometries that
were constructed by wasp spiders, Argiope bruennichi
(PLOS One20¢e0332593). The researchers then performed
numerical simulations to explore how stabilimenta affect
the propagation of web vibrations triggered by the impact
of captured prey. For waves generated at angles perpen-
dicular to the threads spiralling out from the web centre,
stabilimenta caused negligible delays in wave propaga-
tion. However, for waves generated in the same direction
as the spiral threads, vibrations in webs with stabilimenta
propagated to a greater number of potential detection
points across the web — where a spider might sense them
- than in webs without stabilimenta. This suggests that
stabilimenta may boost a spider’s ability to pinpoint the
location of unsuspecting prey caught in its web.

Flight of the nematode

From arachnids to nematodes as researchers in the US
have discovered that a tiny jumping worm uses static
electricity to increase its chances of attaching to unsus-
pecting prey. The parasitic roundworm Steinernema
carpocapsae can leap some 25 times its body length by
curling into a loop and springing in the air. If the nema-
tode lands successfully on a victim, it releases bacteria
that kills the insect within a couple of days upon which
the worm feasts and lays its eggs. To investigate whether
static electricity aids their flight, a team at Emory Univer-
sity and the University of California, Berkeley, used high-
speed microscopy to film the worms as they leapt onto a
fruit fly that was tethered with a copper wire connected
to a high-voltage power supply (Proc. Natl Acad. Sci. 122
€2503555122). The researchers found that a charge of a
few hundred volts - similar to that generated in the wild
by an insect’s wings rubbing against ions in the air - fos-
ters a negative charge on the worm, creating an attractive
force with the positively charged fly. They discovered that
without any electrostatics, only 1 in 19 worm trajectories
successfully reached their target. The greater the voltage,
however, the greater the chance of landing with 880V
resulting in an 80% probability of success. “We’re help-
ing to pioneer the emerging field of electrostatic ecology,”
notes Emory physicist Ranjiangshang Ran.

Tear-jerking result

While it is known that volatile chemicals released from
onions irritate the nerves in the cornea to produce tears,
how such chemical-laden droplets reach the eyes and
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Hanging by a thread Wasp spiders, Argiope bruennichi, are known to incorporate zig-
zagging threads known as “stabilimenta” into their web structure.

Itis harderto be a parent than to be a Space Shuttle commander
Astronaut Eileen Collins, who in 1995 became the first woman to pilot and command
a NASA spacecraft, notes in a new feature-length documentary - Spacewoman -
about her life and career that the best commander training she ever had “was being a
parent because you have to learn how to say no to people”. (Source: BBC)

This is like The Kardashians for physicists - | love it

Podcaster Chris Williamson, host of the show Modern Wisdom, was commenting on
the rise of “conspiracy physics”, in which people build huge audiences of millions of
viewers or listeners by proclaiming that physics is in crisis, despite concerns from
scientists that itis damaging the field. (Source: Wall Street Journal)

whether they are influenced by the knife or cutting tech-
nique remain less clear. To investigate, Sunghwan Jung
from Cornell University and colleagues built a guillotine-
like apparatus and used high-speed video to observe the
droplets released from onions as they were cut by steel
blades (Proc. Natl Acad. Sci. 122 €2512779122). They
found that droplets, which can reach up to 60 cm high,
were released in two stages — the first being a fast mist-like
outburst that was followed by threads ofliquid fragment-
ing into many droplets. The most energetic droplets were
released during the initial contact between the blade and
the onion’s skin. When they began varying the sharpness
of the blade and the cutting speed, they discovered that
a greater number of droplets were released by blunter
blades and faster cutting speeds. “That was even more
surprising,” notes Jung. “Blunter blades and faster cuts
- up to 40m/s — produced significantly more droplets
with higher kinetic energy.” Another surprise was that
refrigerating the onions prior to cutting also produced
anincreased number of droplets of similar velocity, com-
pared to room-temperature vegetables.

Michael Banks is news editor of Physics World
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0332593
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