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The Large Hadron Collider’s LHCb detector, pictured, reported anomalies in the behaviour of muons.

MUON RESULTS THROW
PHYSICS THEORIES

INTO CONFUSION

Surprising particle behaviour has physicists
trying to concoct new explanations.

By Davide Castelvecchi

hysicists should be ecstatic right now.

Taken at face value, the surprisingly

strong magnetism of elementary

particles called muons, revealed by

an experiment last month, suggests
that the established theory of fundamental
particlesisincomplete. If the discrepancy pans
out, it would be the first time that the theory
has failed to account for observations since
itsinception five decades ago — and there is
nothing physicists love more than proving a
theory wrong.

But the result — announced on 7 April' by
the Muon g - 2 experiment near Chicago, Illi-
nois — poses a riddle. It seems maddeningly
hard to explainit in a way that is compatible
with everything else physicists know about
elementary particles. And further anomalies
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in the muon’s behaviour, reported in March?
by a collider experiment, only make that task
harder.

Take supersymmetry, or SUSY, atheory that
many physicists once thought was the most
promising for extending the current para-
digm, the standard model of particle physics.
Supersymmetry comes in many variants, but,
in general, it posits that every particle in the
standard model has a yet-to-be-discovered
heavier counterpart, called a superpartner.
Superpartners could be among the ‘virtual
particles’ that constantly popinand outofthe
empty space surrounding the muon,aquantum
effect that would help to explainwhy this parti-
cle’smagnetic field is stronger than expected.

These particles could solve two mysteries
at once: muon magnetism and dark matter,
theunseenstuffthat, throughits gravitational
pull, seemsto keep galaxies from flying apart.
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Until tenyearsago, variouslines of evidence
had suggested that a superpartner weighing
as much as afew hundred protons could con-
stitute dark matter. Many expected that the
collisions at the Large Hadron Collider (LHC)
outside Geneva, Switzerland, would produce
aplethora of these new particles, but so far
none have materialized. The datathat the LHC
has produced so far suggest that typical super-
partners, if they exist, cannot weigh less than
1,000 protons.

“Many people would say supersymmetry
is almost dead,” says Dominik Stéckinger, a
theoretical physicist at the Dresden University
of Technology in Germany, who isamember of
theMuong-2collaboration. But hestill sees it
asaplausible way to explainthe experiment’s
findings. “If youlook atitincomparisonto any
otherideas, it’s not worse,” he says.

Thereis one way in which Muon g -2 could
resurrect supersymmetry and also provide
evidence for dark matter, Stockinger says.
There could be not one superpartner, but two
appearing in LHC collisions, both of roughly
similar masses — say, around 550 and 500 pro-
tons. Collisions would create the more massive
one, which would then rapidly decay into two
particles: the lighter superpartner plusarun-
of-the-mill, standard-model particle carrying
away the 50 protons’ worth of mass difference.

The LHC detectors are well-equipped to
reveal this kind of decay aslong asthe ordinary
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particle — the one that carries away the mass
difference between the two superpartners —is
large enough. But a very light particle could
escape unobserved.

Thetroubleisthat models thatinclude two
superpartners with similar masses also tend
to predict that the Universe should contain
a much larger amount of dark matter than
astronomers observe. So anextra mechanism
would be needed — one that can reduce the
amount of predicted dark matter. This adds
complexity to the theory.

Meanwhile, physicists have uncovered more
hints that muons behave oddly. Anexperiment
at the LHC, called LHCDb, has found tentative
evidence that muons occur significantly
less often than electrons as the breakdown
products of certain heavier particles called
B mesons? According to the standard model,
muons are supposed to be identical to elec-
trons in every way except for their mass,
whichis 207 times larger. As a consequence,
B mesons should produce electrons and
muons at nearly equal rates.

Other options

The task of explaining Muon g - 2’s results
becomeseven harder whenresearcherstryto
concoctatheory thatfitsboth those findings
and the LHCb results. In particular, the super-
symmetry model that explains Muong-2and
dark matter would do nothing for LHCb.

Somessolutions that could fit both do exist.
Oneistheleptoquark —ahypothetical particle
that could have the ability to transforma quark
into either amuon or an electron (which are
both examplesofalepton). Leptoquarks could
resurrectanattempt made by physicistsinthe
1970s to achieve a‘grand unification’ of parti-
clephysics, showing thatits three fundamental
forces — strong, weak and electromagnetic —
areall aspects of the same force.

Most of the grand-unification schemes of
that era failed experimental tests, and the
surviving leptoquark models have become
more complicated — but they still have their
fans. “Leptoquarks could solve another big
mystery: why different families of particles
have such different masses,” says GinoIsidori,
atheoretician at the University of Zurich in
Switzerland.

There is one other major contender that
might reconcile both the LHCb and Muon
g -2discrepancies. It is a particle called the
Z’ boson, because of its similarity to the
Zboson, whichcarries the ‘weak force’ respon-
sible for nuclear decay. Both leptoquarks
and the Z’ boson have an advantage, says
Ben Allanach, a theorist at the University of
Cambridge, UK: they have not been completely
ruled out by the LHC.

The LHC is currently undergoing an
upgrade, but it will start to smash protons
together again in April 2022. The coming
data could strengthen the muon anomalies

and perhaps provide hints of long-sought new
particles. Meanwhile, beginning next year,
Muong-2will release further measurements.
Onceit’'sknownmore precisely, the size of the
discrepancy between muon magnetism and
theory coulditselfrule out some explanations
and point to others.

Unless, that is, the discrepancies disap-
pear and the standard model wins again. A
recent recalculation of the standard model’s

prediction for muon magnetism>gave avalue
much closer to the experimental result. Sofar,
those who have bet against the standard model
have always lost, which makes physicists cau-
tious. “We are — maybe — at the beginning of
anew era,” Stockinger says.
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US NATIONAL SCIENCE
FOUNDATION SET FOR
AFUNDING BOOM

But some worry the proposed budget boost
will change the agency’s scientific mission.

By Ariana Remmel

Sofficials are discussing whether the

National Science Foundation (NSF)

— which funds about 25% of all basic

academic research in the country —

should get a historic budget boost,
potentially changing the US sciencelandscape.
During congressional hearings last month,
legislators evaluated proposals that would
increase the agency’s funding by as much as
US$100 billion over about five years. Any of
these, if passed, would represent one of the
largestincreases for the NSF sinceitlaunched
nearly 70 years ago.

Abig cashinflux for the NSF, which supports
basicresearchand developmentinthescience,
technology, engineering and mathematics
(STEM) workforce, could help to fortify the

“I've never been as optimistic
that, finally, the National
Sciencebudget willbe
significantly increased.”

country’s status as a global leader in innova-
tion — at a time when US officials are worried
that it’s losing ground to other nations. In
particular, China has invested aggressivelyin
research and development at arate that might
soonsurpass the United States’ ownresearch
and development funding levels. In 2019,
China’s patent office received more than twice
asmany applications asits US counterpart did.

“Itisnotan overstatement tosay that we are
already losing leadership,” says Rita Colwell, a
microbiologist at the University of Maryland,
College Park, who led the NSF from 1998 to
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2004. “If we don’tinvest significantly in basic
researchand technology-transfer capabilities,
we will find ourselves far below leadership in
theyears ahead.”

The administration of President Joe Biden,
the US Senate and the US House of Representa-
tives have each put forward aslightly different
vision for expanding the NSF, although each of
their proposals agrees that the agency should
invest in emerging technologies and assist in
their commercialization. That suggestion has
made some researchers nervous about losing
funding for basic research —acore priority for
the NSF since its inception. As US legislators
debate the merits of the proposals and con-
verge on afinal plan, one thing is certain: big
changes are on the horizon for the NSF.

A boost for basicscience

“The National Science Foundation budget
should have beensubstantially increased long
before now,” says Colwell. Since its launchin
1950, the agency has seen its budget steadily
plod towardsits current level of $8.5 billion. By
comparison, the National Institutes of Health
(NIH) — the country’s top science funding
agency for biomedical research — received
$42.9 billion this year.

The NIH’s budget more than doubled
between 1990 and 2003, and during this time
itwasabletofundroughly 30% of the grant pro-
posals it received (that proportion has since
dropped to around 20%). Members of the sci-
entificcommunity say that boost was responsi-
bleforsignificantachievementsin US science.
“ThemRNA vaccines are a product of doubling
ourinvestmentin the NIH,” said Sudip Parikh,
chiefexecutive of the American Association for
the Advancement of Science, at apresentation
totheNational Press Club last month. The NIH
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