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What is n_TOF

n_TOF Youtube
150 researchers

      40 research institutions/teams

      20 PhD students/year

https://www.youtube.com/embed/atJNBaDUmIU


proton beam

N2 gas cooling to avoid Pb corrosion and 
contamination of the cooling circuit

R Esposito et al. Phys. Rev. Accel. Beams 24, 093001 (2021)

The n_TOF facility – 3rd generation target

• 20 GeV/c protons
• 8.5 x 1012 protons/pulse
• Max repetition rate ~ 0.8 Hz

• 7 ns rms pulse width
• 2 cm FWHM
• ~ 2 cm FWHM (capture mode)

https://doi.org/10.1103/PhysRevAccelBeams.24.093001


The n_TOF facility: EAR1 + EAR2 + NEAR

NEAR

Proton
beam

EAR1

EAR2

Three experimental areas (EAR)
• Horizontal flight path: EAR1 at 200 m
• Vertical flight-path: EAR2 at 20 m
• NEAR at 3m distance: activation

measurements



Fission at n_TOF

PPAC MicroMegas

N. Colonna et al., “The fission experimental programme at the CERN n 

TOF facility: status and perspectives”, Eur. Phys. J. A (2020) 56: 48 



STEFF



Experimental Campaign and motivation

• 2E2v measurement for fission yields
• Accurate measurement of the average energies 

and multiplicities of prompt fission γ-rays

100 μg/cm2 235U target, 
81 mm diameter disc,  
0.7 μm Al backing (CEA 
ORSAY))



Analysis – signal processing

n_TOF Pulse Shape 
Analysis routine -> 
Fission Event Builder -> 
Waveform analysis -> 
MariaDB Database

High count rate in scintillators 
except at very large time of 
flight (low neutron energy)

Accept events with En < 8 meV



Analysis – Fission Fragment Time-of-Flight and γ-Ray Energy

The Fission Fragment TOF 
spectrum. The dashed lines 
indicate the gate applied to 
identify a fission event.

2D Histogram of γ-ray 
energy versus time 
detected with reference to 
the time of fission. The 
peak corresponding to 
prompt fission γ-rays is 
clearly visible, along with 
other sources of counts. 



Theoretical Watt distribution for prompt 
fission neutron’s energy distribution 
(boosted Maxwellian)

Understanding detected γ-ray energy: 
Prompt Fission Neutron Contribution

Complex situation with multiple γ-rays 
and neutrons emitted per fission



P(E) P(t)

Understanding detected γ-ray energy: 
Prompt Fission Neutron Contribution



Our timing spectra contains counts 
around a centroid from fission γ-
rays following a gaussian 
distribution and neutrons following 
a Watt distribution and a constant 
background. 
- How do the various contributions 
change with γ-ray energy?

Understanding detected γ-ray energy: 
Prompt Fission Neutron Contribution

Perform fit for different γ-ray 
energy regions. 
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time projection 8

Need to average detectors to 
achieve statistics



Can estimate contribution in timing 
spectrum from neutrons.
• Use narrow (2 sigma) cut in time to 

reduce background to negligible levels
• Use wide cut in time to include all counts

Understanding detected γ-ray energy: 
Prompt Fission Neutron Contribution

On axis

Off axis

Two methods agree within 1/2% for the 
mean energy and multiplicity respectively



Understanding detected γ-ray energy: 
Anisotropy correction

On axis

Off axis

On axis measure 
~1.5% higher than 
the mean, off axis 
measure ~4.5% 
lower

Final correction 
before averaging 
all detectors



Measured -> Emitted γ-ray energy: 
Deconvolution

Geant4 
simulation of 
the STEFF 
array

Simulated 
response to 2 
MeV γ-ray

Response matrix



Measured -> Emitted γ-ray energy: 
Deconvolution

100 keV coarse 
response matrix

1 keV smooth 
response matrix



Measured -> Emitted γ-ray energy: 
Deconvolution - Gold method

Validate the 
response 
matrix

‘Gold’ 
deconvolution 
algorithm



Results
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Makii 2019
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n_TOF

Recent measurements in agreement 
within uncertainties (up to 7%) 
therefore HPRL entry satisfied
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The n_TOF history in a nutshell



The n_TOF facility



Complex situation with multiple γ-rays 
and neutrons emitted per fission

Detected γ-rays – understanding their origin



Energy

E1

E2

E1+E2

Understanding detected γ-ray energy: 
Multiple hits correction



Energy

E1 E2

E1+E2E1 E2

Understanding detected γ-ray energy: 
Multiple hits correction



Understanding detected γ-ray energy: 
Multiple hits correction



Understanding detected γ-ray energy: 
Doppler correction

Average
heavy 
fragment

Average
Light
fragment



Analysis – NaI Calibration

The time Δt between signals in different 
detectors corresponding to detected 
photo-peak γ-rays from a 60Co source for 
a single NaI detector within the array. 
These γ-rays are emitted simultaneously, 
thus the measured distribution in time 
shows our intrinsic timing resolution. 

Energy calibration for the same NaI 
detector. The quadratic fit is shown with 
a dashed line. The error bars on the data 
points represent full-width half-maxima 
of the γ- ray peaks.



Start only (LaBr3)
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