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Easily recyclable polymers, which could be 
broken down into their constituent monomers 
and then repolymerised, would potentially 
help to solve the global plastic-waste problem. 
Jian-Bo Zhu and colleagues of Colorado State 
University have developed a polymer system 
based on γ-butyrolactone (GBL) that renders 
the usually nonpolymerisable GBL ring 
easily polymerisable at room temperature and 
under solvent-free conditions. The polymer 
has high molecular weight, thermal stability 

and crystallinity, and can be repeatedly 
converted back into its monomers by 
thermolysis or chemolysis, ready to be used 
again as a raw material.

 ● Further reading 
J-B Zhu et al. 2018 Science 360 398.

20-qubit entanglement
For quantum computing to reach its full 
potential, the critical benchmark to push is the 
number of quantum-entangled qubits. Nicolai 
Friis of the Austrian Academy of Sciences 
and colleagues now report entangled states 
in a fully controlled 20-qubit system using 
trapped atomic ions as the qubits. The 
previous largest number of entangled qubits 
was 14, but even modest improvements in how 
many qubits can be entangled can lead to vast 
increases in computational power. The team 
observed genuine multipartite entanglement 
in all neighbouring qubit pairs and triplets, in 
most quadruplets, and in some quintuplets. 
Genuine multipartite entanglement in  
larger qubit groups in their system remains  
to be demonstrated.

 ● Further reading 
N Friis et al. 2018 Phys. Rev. X 8 021012.

Two new time crystals
Time crystals – structures whose lowest- 
energy configurations are periodic in time 
rather than space – were first experimentally 
demonstrated in 2017 in (spatially) disordered 
systems. Two independent teams have now 
added spin systems periodically driven by 
NMR pulses to the list of systems that can  
host time crystals. Jared Rovny and colleagues 
of Yale University used radio-frequency 
(RF) pulses to periodically rotate the spins 
of phosphorus-31 nuclei inside a crystal 
of ammonium dihydrogen phosphate, 
finding that the spins displayed time-crystal 
behaviour, oscillating at twice the period of the 
pulse sequence. In a distinct NMR experiment, 
Soham Pal and colleagues at the Indian 
Institute of Science Education and Research 
found time-crystal behaviour in a liquid, using 

molecules with a central spin surrounded 
by several satellite spins and subjecting the 
molecules to an RF pulse sequence.

 ● Further reading 
J Rovny et al. 2018 Phys. Rev. Lett. 120 180603;  
Phys. Rev. B 97 184301.
S Pal et al. 2018 Phys. Rev. Lett. 120 180602.

Randomness from starlight 
John von Neumann once said “Anyone who 
attempts to generate random numbers by 
deterministic means is, of course, living in a 
state of sin.” Enter Calvin Leung from Harvey 
Mudd College in California and colleagues. 
In earlier work, Leung and co-workers used 
light coming from stars in the Milky Way 
to develop a random-number generator to 
assign detector settings for a so-called Bell 
experiment, which tests the quantum nature 
of a system. This allowed them to rule out any 
local correlations between the particles and 
detectors used in the experiment going back 
600 years into the past. The team has now used 
(distant) quasars to push this time frame back 
to near the beginning of the universe.

 ● Further reading 
C Leung et al. 2018 Phys. Rev. A 97 042120.

New Bose–Einstein condensate
Tommi Hakala and colleagues of the Aalto 
University School of Science have made a new 
type of Bose–Einstein condensate, in which 
the condensate particles are surface plasmon 
polaritons – a mixture of light and electrons. 
The researchers produced the condensate 
using a periodic array of gold nanoparticles 
overlaid with dye molecules and optically 
pumped from one edge. The condensate 
emerges in less than a picosecond, which is 
far shorter than typical condensation times, 
and unlike most other condensates it forms at 
room temperature. These features might make 
this new form of condensate a promising 
system for future light-based technologies.

 ● Further reading 
T K Hakala et al. 2018 Nat. Phys. doi:10.1038/
s41567-018-0109-9.

Endless recycling possibilities
The easily recyclable polymer system 
developed by Zhu and colleagues could help 
to fix the global plastic-waste problem.

From amino acids to gold
Chiral nanoparticles have several potential 
applications, such as in optical devices and 
sensors. But it can be tricky to prepare them, 
particularly from crystalline metals. A novel 
idea uses the chirality of amino acids to make 
chiral plasmonic gold nanoparticles. Hye-Eun 
Lee of Seoul National University and colleagues 
used chiral (L or D) amino acids on “seed” 
nanoparticles to favour one chirality over 
the other as the seeds grew. The resulting 
nanoparticles have a twisted morphology that 
gives them a strong chiral plasmonic optical 
activity with a so-called dissymmetry factor 
of 0.2, even when the particles are dispersed 
randomly in solution.

 ● Further reading 
H-E Lee et al. 2018 Nature 556 360.
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Scanning electron microscope images of 
chiral gold nanoparticles grown in the 
presence of L (left) or D (right) amino acids.
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The LHC is not only 
the highest-energy 
collider ever built, 
it also delivers 

proton–proton collisions at a much higher 
rate than any machine before. The LHC 
detectors measure each of these events in 
unprecedented detail, generating enormous 
volumes of data. To cope, the experiments 
apply tight online filters (triggers) that 
identify events of interest for subsequent 
analysis. Despite careful trigger design, 
however, it is inevitable that some potentially 
interesting events are discarded. 

The LHC-experiment collaborations 
have devised strategies to get around this, 
allowing them to record much larger event 
samples for certain physics channels. One 
such strategy is the ATLAS trigger-object 
level analysis (TLA), which consists of a 
search for new particles with masses below 
the TeV scale decaying to a pair of quarks or 
gluons. The analysis uses selective readout 
to reduce the event size and therefore allow 
more events to be recorded, increasing the 
sensitivity to new physics in domains where 
rates of Standard Model (SM) background 
processes are very large.

Dijet searches look for a resonance in 
the two-jet invariant mass spectrum. The 
strong-interaction multi-jet background 
is expected to be smoothly falling, thus a 
bump-like structure would be a clear sign 
of a deviation from the SM prediction. 
As the invariant mass decreases, the rate 
of multi-jet events increases steeply – to 
the point where, in the sub-TeV mass 
range, the data-taking system of ATLAS 
cannot handle the full rate due to limited 
data-storage resources. Instead, the ATLAS 
trigger system discards most of the events in 
this mass range, reducing the sensitivity to 
low-mass dijet resonances. 

By recording only the final-state objects 

used to make the trigger decision, however, 
this limitation can be bypassed. For a 
dijet-resonance search, the only necessary 
ATLAS detector signals are the calorimeter 
information used to reconstruct the jets. 
This compact data format records far less 
information for each event, about 1% of the 
usual amount, allowing ATLAS to record 
dijet events at a rate 20 times larger than 
what is possible with standard data-taking 
(figure, left).

While the TLA technique gives access 
to physics at lower thresholds, the ATLAS 
detector information for these events is 
incomplete. Dedicated reconstruction and 
calibration techniques had to be developed 
to deal with the partial event information 
and, as a result, the invariant mass 
computed from TLA jets is comparable to 
that using jets reconstructed from the full 
detector readout within 0.05%. 

The data recorded by ATLAS in 2015 
and 2016 at a centre-of-mass energy of 
13 TeV did not reveal any bump-like 
structure in the TLA dijet spectrum. The 
unprecedented statistical precision allowed 

ATLAS to set its strongest limits on 
resonances decaying to quarks in the mass 
range between 450 GeV and 1 TeV (figure, 
right). The analysis is sensitive to new 
particles that could mediate interactions 
between the SM particles and a dark 
sector, and to other new resonances at the 
electroweak scale. This analysis probes 
an important mass region that could not 
otherwise be explored in this final state 
with comparable sensitivity.

ATLAS joins CMS and LHCb with an 
analysis technique that requires fewer 
storage resources to collect more LHC 
data. The technique will be extended in the 
future, with upgraded trigger farms and 
detectors making tracking information 
available at early trigger levels. It will thus 
play an important role at LHC Run 3 and at 
the high-luminosity LHC upgrade. 

 ● Further reading
ATLAS Collaboration 2018 arXiv:1804.03496.
ATLAS Collaboration 2017 ATL-DAQ-PUB-2017-003.
CMS Collaboration 2016 arXiv:1611.03568. 
LHCb Collaboration 2016 arXiv:1604.05596.

Trigger-level searches for low-mass dijet resonances 

The compact TLA data format records approximately 1% of the nominal event size at a much 
higher rate than standard data-taking. As a result, more data are recorded at lower dijet 
invariant mass (left). The large TLA dataset allows ATLAS to set its strongest limits on 
resonances decaying to quarks in the mass range between 450 GeV and 1 TeV (right).
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