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Future colliders

It is almost six years since the CMS and ATLAS collaborations jointly 
announced the discovery of the Higgs boson, the last of the Standard 
Model particles predicted to exist. Yet deep questions in particle phys-
ics remain unsolved and precise measurements of the Higgs boson 
are one of many ways to search for answers that could point to new 
physics beyond the Standard Model. Experiments at higher energies 
than those available at the LHC could conclusively determine which, 
if any, of the many theories describing this new physics is realised and 
reveal the nature of the dark sector of the universe.

The Future Circular Collider (FCC) study, which was formally 
launched in 2014, would see a 100 km-circumference tunnel built 
at CERN to host post-LHC colliders. The goals of this international 
project include precision measurements of the Higgs self-interac-
tion, whose structure is deeply related to the origin of mass and 
to the breaking of the electroweak symmetry. More generally, the  
FCC offers a leap into completely uncharted territory, from deliver-
ing mind-boggling statistics of 5 × 1012 Z decays all the way up to 

proton–proton collisions at an energy of 100 TeV (CERN Courier 
May 2017 p34).

Deriving from proposals formulated as early as 2010, the FCC 
study has made rapid progress in R&D across the many domains of 
this mammoth technological effort, and attracted a growing interna-
tional community. Scientists and engineers from around the world 
gathered in Amsterdam from 9–13 April for the 2018 FCC collab-
oration week to identify key objectives for the FCC’s Conceptual 
Design Report (CDR), which is due by the end of this year. Advances 
in theoretical studies and detector techniques presented during the 
conference demonstrated that the machines envisaged by the FCC 
study could investigate some of the most compelling issues of parti-
cle physics in the decades following the LHC, while at the same time 
driving a major training, technological and industrial programme. 

CERN thinks bigger 
“What is the origin of the universe? This very simple question lies at the heart of all your work 
and forms the basis of the ambitions for the Future Circular Collider study.” – José van Dijck, 
president of the Royal Netherlands Academy of Arts and Sciences. 

Image above: the FCC would build on CERN’s existing accelerator 
network and be fed particles by the LHC. (Image credit: CERN.)
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For hundreds of years, discoveries in 
astronomy were all made in the visible part of 
the electromagnetic spectrum. This changed 
in the past century when new objects started 
being discovered at both longer wavelengths, 
such as radio, and shorter wavelengths, up 
to gamma-ray wavelengths corresponding 
to GeV energies. The 21st century then saw 
another extension of the range of astronomical 
observations with the birth of TeV astronomy. 

The High Energy Stereoscopic System 
(HESS) – an array of five telescopes located 
in Namibia in operation since 2002 – was the 
first large ground-based telescope capable 
of measuring TeV photons (followed shortly 
afterwards by the MAGIC observatory in 
the Canary Islands and, later, VERITAS in 
Arizona). To celebrate its 15th anniversary, the 
HESS collaboration has published its largest 
set of scientific results to date in a special 
edition of Astronomy and Astrophysics. 
Among them is the detection of three new 
candidates for supernova remnants that, 
despite being almost the size of the full Moon 
on the sky, had thus far escaped detection.

Supernova remnants are what’s left after 
massive stars die. They are the prime suspect 
for producing the bulk of cosmic rays in 
the Milky Way and are the means by which 
chemical elements produced by supernovae 
are spread in the interstellar medium. They 
are therefore of great interest for different 
fields in astrophysics.

HESS observes the Milky Way in the energy 
range 0.03–100 TeV, but its telescopes do 
not directly detect TeV photons. Rather, they 
measure the Cherenkov radiation produced 
by showers of particles generated when these 
photons enter Earth’s atmosphere. The energy 
and direction of the primary TeV photons 

can then be determined from the shape and 
direction of the Cherenkov radiation.

Using the characteristics of known 
TeV-emitting supernova remnants, such 
as their shell-like shape, the HESS search 
revealed three new objects at gamma-ray 
wavelengths, prompting the team to search 
for counterparts of these objects in other 
wavelengths. Only one, called HESS 
J1534-571 (figure, left), could be connected 
to a radio source and thus be classified as 
a supernova remnant. For the two other 
sources, HESS J1614-518 and HESS 
J1912+101, no clear counterparts were found. 
These objects thus remain candidates for 
supernova remnants.

The lack of an X-ray counterpart to 
these sources could have implications for 
cosmic-ray acceleration mechanisms. 
The cosmic rays thought to originate from 
supernova remnants should be directly 
connected to the production of high-energy 
photons. If the emission of TeV photons is a 
result of low-energy photons being scattered 
by high-energy cosmic-ray electrons 
originating from a supernova remnant (as 
described by leptonic emission models), soft 

X-rays would also be produced while such 
electrons travelled through magnetic fields 
around the remnant. The lack of detection of 
such X-rays could therefore indicate that the 
TeV photons are not linked to such scattering 
but are instead associated with the decay 
of high-energy cosmic-ray pions produced 
around the remnant, as described by 
hadronic emission models. Searches in the 
X-ray band with more sensitive instruments 
than those available today are required to 
confirm this possibility and bring deeper 
insight into the link between supernova 
remnants and cosmic rays.

The new supernova-remnant detections 
by HESS demonstrate the power of TeV 
astronomy to identify new objects. The latest 
findings increase the anticipation for a range 
of discoveries from the future Cherenkov 
Telescope Array (CTA). With more than 
100 telescopes, CTA will be more sensitive to 
TeV photons than HESS, and it is expected to 
substantially increase the number of detected 
supernova remnants in the Milky Way.

 ● Further reading
HESS Collaboration 2018 Astron. Astrophys. 612 A8.

Picture of the month
Although barely noticeable in this image of a massive galaxy 
cluster (left), which was taken with the Hubble Space Telescope, 
the small blue dot in the centre of the inset could be the farthest 
star ever observed. The source appeared to come out of nowhere: 
it was visible in 2016 (bottom right) but not in 2011 (top right). 
Such transients are typically associated with supernovae, but the 
spectrum and variability of the source seem to agree much more 
with those of a distant blue supergiant star magnified 2000 times 
by the gravitational lensing of the foreground galaxy cluster. If 
this interpretation is correct, the star, now called Icarus, would be 
the farthest star ever seen, with a light-travel distance of about 
nine billion light years.

HESS proves the power of TeV astronomy

Surface-brightness maps of the three supernova-remnant candidates detected by HESS in 
our galactic plane. The green ellipse denotes the radio counterpart of HESS J1534-571.
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