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The obtained result 

The limitation of the 2018 measurement:

   maximal energy: 425 MeV

  opening of the inelastic channel 
in the n-p scattering 

   above 150 MeV statistical fluctuation

  when only PPAC and RPT-INFN 
work
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The inelastic scattering 
From ~ 300 MeV:
 

opening of the inelastic channel

How we correct for it:

- calculate the angular distribution

 considering the boost effect

- simulate the proton energy distribution - 3-body 

En, MeV    corr, % - 20°    corr, % - 25°

   300     0.0   0.0
   350    0.0   0.0
   400    0.9   0.0
   425    3.1   0.8
   450    6.4   2.7
   475  11.4   5.9
   500  18.5  10.7

n + p → N + N + π
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238U(p,f) 235U(p,f)

the dynamics of the process + intrinsic and collective excitations 

 influences the fission probability and the evolution → influences the fission probability and the evolution 
 → influences the fission probability and the evolution a fission hindrance 

Why fission at high energy

transient timetransient time
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A new neutron detector
A detector able to descriminate: 

protons from: n + p → n + p

protons from: n + p → n + p + π0 m(π) = 139.6 MeV/c

n + p → p + p + π-
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The Re-TOF telescope 
neutron TOF Related to proton TOF

Least-favourable scenario:
 

1 GeV neutron
 

the nucleons take the full kinetic energy 
after creation of the pion

Δt (elastic - inelastic protons) = 440 ps 

Time resolution of 300 ps
a start detector : plastic scintillator 

a stop detector: a plastic scintillator “wall”
 

2 m far from the start- 60 x 60 cm2
 

divided in 20 bars – 3 cm each
coupled with 2 PMT – 1 PMT at each side of the bars

Collaboration with CEA
 (Julien Taieb and collaborators)
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Re-TOF detector test
7·1017 proton on target    

 

  - Response to the 𝛾-flash 

    - Time resolution in EAR-1

combining 
    neutron Time Of Flight and 

  the proton Time Of Flight information

verify:

 the elastic and inelastic proton discrimination 

   the possibility to discriminate 12C(n,lcp) products

Re-TOF telescope 

@25  wrt the neutron ◦ wrt the neutron 
beam direction, 

facing a PE sample at ~20 cm.

 + a RPT used in the 
2018 experimental campaign
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The complete setup 

Fission events

PPAC: 10 PPAC and 9 235U samples

PPFC: 8 235U samples

Neutron flux

Re-TOF: pointing PE sample – 25° wrt 
neutron beam

1 or 2 RPT used in 2018 for the lower 
energy region + benchmark



  
10

4·1018 proton on target 
for the measurement

  The limitation of the 
2018 measurement:

   Statistics above 150 MeV

up to 3.8 % statistical uncertainty

up to 5.7 % total uncertainty
from 425 MeV

 to 1 GeV

2.9% to 3.8%

  2% to 2.7%

2018 measurement2018 measurement
This addendumThis addendum

2.0% to 2.7%

1.7% to 2.2% 2.7% to ~ 5%

Statistical uncertainty
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Beam request 

7·1017 proton on target 
for the detector test

4·1018 proton on target 
for the measurement

  The limitation of the 2018 measurement:

   maximal energy: 425 MeV  → influences the fission probability and the evolution Re-TOF

   above 150 MeV statistical fluctuation

 → influences the fission probability and the evolution increase the 235U samples
 +    

 Re-TOF

EAR-1capture collimator



  

Thank you for your attention 
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