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Why neutron 
interactions matter

Neutron-induced reactions govern the production, 
transformation and destruction of nuclei across multiple 
scientific and technological fields.

Nuclear Astrophysics
Nucleosynthesis and stellar 

reaction rates

Nuclear Technology
Reactor calculations, fuel cycles, 

transmutation.

Nuclear Medicine & Industry
Isotope production, dosimetry and 

BNCT

Fundamental Nuclear Physics
Nuclear structure, resonance 

properties and reaction mechanisms
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Features ● No Coulomb barrier.
● Reaction probabilities strongly 

depend on neutron energy and 
nuclear structure.

Challenges ● Neutrons must be produced 
indirectly and cannot be 
accelerated or focused 
electromagnetically.

● Scattered neutrons and beam-
related radiation generate 
background.

Requirements ● Intense, well-characterised 
neutron field.

● Appropriate energy spectrum 
and time structure.

● Detection system selective to 
the reaction products.

Neutron-induced reactions
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20 GeV/c proton 
beam from the PS

n_TOF Facility
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Target and 
moderator

neutrons

t
0 t

t

The moderation time, t
t
, is the time 

that neutrons spend travelling through 
the target and moderator.

Spallation products
● Neutrons
● Gammas
● Charged particles

Flight Path
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The arrival time, t
a
, is the time 

when neutrons are captured in 
the sample.

γ

γ
γ

γ

Detector
Proton beam from 
PS. accelerated up 
to 20 GeV/c.

The proton pulse defines the 
reference time, t

0
, for neutron 

production.

TOF – Time of Flight

20 GeV/c proton 
beam from the PS
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EAR1
EAR2

● High neutron flux.
● 185 m flight path.
● Low background.
● Very high resolution.

neutron Time Of Flight

EAR2 (2014)
● Very high flux.
● 20 m flight path.
● Higher background.
● Lower neutron energy resolution.

EAR1

EAR2

300 neutrons per 
incident proton

n_TOF Facility
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Setups for (n, )γ  reactions

TAC detector
BaF2 array

C
6
D

6
 detector

x4 array

STED detector
x9 array

Astrophysics, Energy, Medicine
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Setups for (n,cp) reactions
Energy, Medicine, Astrophysics

20 µm SSD
150 µm DSSSD

Silicon detector setups for 
charged-particle discrimanation µMGAS

Detector
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Conclusions

However, several experimental limitations must still be considered, experimental background, 
samples quality, detector performance...

There is no universal measurement technique: the optimum 
approach is isotope-, reaction- and energy-dependent.
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Neutron-induced reactions are important in a wide range of fields.

But … Neutrons alone are not enough. 

Therefore, they need to be measured over a broad energy range.

At n_TOF, neutron flux from thermal energies up to GeV, three experimental areas, and new 
detector developments enable a wide range of neutron-induced reaction measurements.
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Neutron-induced reactions are important in a wide range of fields.

But … Neutrons alone are not enough. 

Therefore, they need to be measured over a broad energy range.

At n_TOF, neutron flux from thermal energies up to GeV, three experimental areas, and new 
detector developments enable a wide range of neutron-induced reaction measurements.

Thank you for your attention!!!
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