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S C I E N C E  I M P A C T

Perhaps the most potent symbol of Brazil’s 
commitment to its science base is the government’s 
decision to invest in two major national facilities with a 
combined price tag of more than $800 m. First to come 
on stream will be the Sirius synchrotron light source, 
a third-generation machine that will be commissioned 
in 2016 and open to users a year later. Then, in 2018, 
the Brazilian Multipurpose Reactor (RMB) will allow 
scientists to access the first neutron beamlines to be 
operated in Latin America.

Sirius will be built alongside the existing second-
generation source at the National Center for Research 
in Energy and Materials (CNPEM) in Campinas. The 
new machine will operate at 3.0 GeV with a brilliance 
that has been designed to be 10 times greater than 
today’s leading synchrotrons, and particular focus has 
been placed on producing an extremely narrow beam 
to enable scientists to probe fine structural detail.

“For structural biology the aim is to analyse protein 
crystals at the nanoscale,” says Mário Murakami, a 
senior researcher at the Brazilian Biosciences National 
Laboratory (LNBio), one of four national facilities 
on the CNPEM site. “We need a beam with a small 
focal point, but it must also offer high brilliance and 
excellent stability.” 

Accelerator scientists at the National Synchrotron 
Light Source (LNLS) – who are reponsible for 
designing and building the new machine – are 
currently working with their counterparts at other 
light sources, including Diamond in the UK, to design 
the beam delivery system. The aim is to produce a 
beam with an emittance of 0.28 nm rad, compared 
with 2.7 nm rad for Diamond and 100 nm rad for the 
current Brazilian machine. “We hope that Sirius will 
be competitive with XFEL [the European X-ray Free 
Electron Laser, currently being built at the DESY site 
in Hamburg, Germany] for producing high-quality 
science, although the information that it provides 
on material structure will be complementary,” says 
Murakami.

According to Antonio José Roque da Silva, director 
of the LNLS, one key design innovation will be the 
use of permanent magnets with a high magnetic field 
as “slice superbends”. These slices will be combined 
with low-magnetic-field dipoles for the main beam 
deflection, which will enable the machine to offer 
hard X-ray beamlines while keeping the overall dipole 
radiation at low levels. 

Sirius will have 13 beamlines when it opens to users 

in 2017, with capacity to add 27 more in the future.  
“The beamlines will use scattering, diffraction, 
spectroscopy, imaging and other techniques to resolve 
the structures and properties of both inorganic and 
organic materials,” says Carlos Alberto Aragão de 
Carvalho Filho, CNPEM’s director general. “Sirius will 
also be important for the oil and gas industry to find 
materials that can operate under extreme conditions.” 
As a result, a partnership with the national oil company 
Petrobras is under discussion to provide some of the 
$325 m needed to construct the light source, with the 
rest of the funding coming from the government, the 
state research foundation FAPESP, and the National 
Development Bank.

Open facilities widen access
Even before Sirius is open to users, the four national 
laboratories that make up the CNPEM campus 
constitute the most important central resource for the 
Brazilian science community. Crucial to its success 
is the free-to-use operating model: researchers must 
apply to access the facilties, but all experimental and 
operational costs are met by the government.

The oldest and largest facility is the existing 
synchrotron source, a second-generation machine 
built and operated by LNLS since 1997. It provides 
16 beamlines offering standard techniques for 
condensed-matter research such as X-ray diffraction 
and spectroscopy, small-angle scattering, and infrared 
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microscopy and spectroscopy, while two of the 
beamlines are dedicated to studying the structure of 
biological macromolecules. Around 1400 scientists use 
the facility every year, with almost 20% of users visiting 
the facility from other countries in Latin America.

Research groups stationed at the LNLS are 
responsible for maintaining and developing the 
storage ring and the beamlines. The accelerator 
division designed and built most of the systems in the 
existing synchrotron, and over the last decade have 
worked on several upgrades to improve the quality, 
stability and energy of the beam. Now, the technical 
teams are developing prototype magnets and other 
devices for the Sirius light source, and constructuction 
is due to start in earnest in April 2013.

Also on the CNPEM site is the Brazilian 
Nanotechnology National Laboratory (LNNano), 
which offers access to a number of powerful electron 
and scanning probe microscopes. “Most research 
groups don’t own their own microscope, but we can 
provide the equipment and the training,” says Rodrigo 
Portugal, who has recently been recruited to develop 
a capability in cryo-electron microscopy. Portugal says 
that visiting researchers are encouraged to use the 
equipment themselves, but expert LNNano staff are 
on hand to offer advice and training. 

In contrast, LNBio allows researchers in structural 
biology to send in their samples for analysis and 
access their results online. “Researchers don’t 
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need to be experts in X-ray crystallography,” says 
Murakami. “They just need to send us a pure, stable 
and monodisperse sample that we screen and then 
prepare for analysis in the synchrotron.” One of the 
beamlines for protein crystallography has recently 
been fully automated to allow thousands of samples 
to be analysed at the same time, which Murakami 
says has “really opened up structural biology research 
in Brazil”.

Finally, the National Center for Bioethanol Science 
and Technology (CTBE) offers research facilities to 
help establish Brazil as a leader in the production of 
bioethanol from sugar cane. CTBE houses a pilot 
production facility with six multipurpose units to 
enable researchers to investigate different stages of the 
production process. 

As well as offering experimental facilities to external 
users, each of the national laboratories have their 
own scientific staff and research programmes. New 
capabilities, such as the cryo-electron microscopy being 
developed by Portugal, are typically made available to 
internal users first, while nano- and bio-scientists relish 
the opportunity to analyse their samples using a variety 
of techniques. “This is the best facility for research in 
Latin America,” says Andre Ambrosio, a researcher at 
LNBio who regularly exploits both the synchrotron 
light source and the electron microscopes. “We have 
good funding for equipment, and we can attract good 
students from Brazil and overseas.”
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