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Are there new types of neutrinos? And can 

they explain the existence of dark matter 

in our universe? The SoLid experiment in 

the BR2 reactor seeks to provide irrefutable 

evidence of their existence or non-existence 

by 2018.

In search of new neutrinos  
and … dark matter
The return of fundamental research to BR2

A consortium of three French, two British, and four Flemish 

universities and research institutions, including SCK•CEN, 

started in 2014 on the construction of a neutrino experiment in 

the BR2 reactor. A reactor such as this is an extremely intense 

source of neutrinos: elementary particles that are generated as 

a by-product of nuclear beta decay. BR2 is particularly suitable 

with regard to carrying out this measurement because of the 

compact core, the high operating capacity, sufficient space for 

placing a fairly large detector, and the extremely low background 

radiation.

Three flavours or more?
For decades, neutrino experiments have been carried out 

everywhere around the world in both commercial and research 

reactors to precisely determine the characteristics of neutrinos. 

Researchers have been confronted with unusual phenomena 

during this process that cannot be explained by the current 

formal theory of elementary particles, the so-called standard 

model. 
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Edgard Koonen, head of the Reactor Control and Experiments 

unit, cannot hide his enthusiasm: “The standard model in 

particle physics posits that neutrinos exist in three generations 

or ‘flavours’: neutrinos (electron-neutrinos or e-neutrinos), 

muon-neutrinos and tau-neutrinos. Each type of neutrino has 

its own anti-particle: an anti-neutrino. But maybe the research 

will show that there is a fourth type of neutrino.”

12,000 sensor cells
With SoLid, the neutrino experiment in the BR2 reactor, the 

initiators want to come to a definitive conclusion about a 

number of anomalies. Steven Van Dyck, manager of BR2, 

explains: “SoLid stands for ‘Search for Oscillations with a 

Lithium-6 Detector’ and is based on an innovative concept 

that is applied to an old method to detect neutrinos. Once 

every 1020 times, a neutrino deriving from our BR2 reactor 

will interact with the SoLid detector and thereby produce 

a neutron and a positron, the anti-particle for the electron. 

The instrument will absorb both particles and convert them 
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into flashes of light whose intensity 

and elapsed time are characteristic for 

neutrino interactions.”

The SoLid detector is made up of 

roughly 12,000 sensor cells that are 

capable of recording the precise location 

and energy of the neutrinos detected. 

As a result, the detector is able to 

measure the number of neutrinos the 

reactor produces, with a high degree 

of accuracy. Researchers can use this 

measurement to monitor the capacity 

and fission products from any reactor 

whatsoever in a non-invasive manner. 

This creates interesting possibilities for 

non-proliferation applications. 

SoLid has a clear objective for the next 

three years, according to Koonen and 

Van Dyck: “It will mainly collect data at 

the BR2 reactor to demonstrate whether 

part of the neutrinos produced in the 

reactor core are transformed into new 

exotic types of particles.”

From prototype to large detector
Since 2013, there has been a prototype of SoLid, made 

up of 64 sensor cells, at BR2. This prototype with the name 

NEMENIX records data in order to demonstrate the usability 

of the technology. A first module of the detector was installed 

in November 2014 with dimensions of roughly 0.5 m3 and a 

weight of 1 ton. Steven Van Dyck: “The module collected data 

up to and including January 2015. A first observation of the 

total neutrino flux in BR2 was compared with the most modern 

reactor models. The first module will collect dozens of terabytes 

of data per month which will be analysed in the laboratories of 

participating institutions using the the computing grid concept of 

CERN (the European Organisation for Nuclear Research).”

Reactor BR2 proves to be 

exceptionally suitable for 

detecting neutrinos.
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12,000
miniature flash cameras to 
ensnare the sterile neutrino

12,000 special miniature cubes  

– with a total weight of 5 tons –  

are needed to cause the interaction 

of some 1,000 neutrinos among the 

1024 neutrinos (1 million × 1 billion ×  

1 billion) that are produced by 

the BR2 reactor every day. Every 

interaction creates a miniscule, but 
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how we hope to demonstrate the 

existence of the fourth neutrino 

variant. This variant is needed in 

order to fully prove the physical 

elementary particle model of the 

atom – the overall structure of the 

primary building blocks from which 

every atom is made.

Leo Sannen
Nuclear Materials Science Institute Manager

The installation of the first SoLid 

sub-module is only the start. When 

reactor BR2 is shut down in 2015 for 

complete refurbishment, the instrument 

will be scaled up by a factor of five to 

create a detector that is capable of 

completing the fundamental research 

programme around exotic neutrinos. 

Thanks to the Flemish Hercules 

Foundation and the Fund for Scientific 

Research (FWO), the financing of the 

project is largely complete, but to ensure 

that it can be paid for it is still necessary 

to overcome various logistical and 

technological hindrances to the scale-up.

Edgar Koonen looks at the future with 

confidence: “SoLid is an exceptional 

instrument. Technicians from Flemish 

institutions built it up, making use of 

unique materials. For the planned 

expansion in 2015, the production of tens 

of thousands of detection components 

will be entrusted to the industry, together 

with the know-how to process these 

materials in a safe and reliable way.”


