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Study of neutron induced 
fission of 235U and 237Np with 
FALSTAFF spectrometer at NFS

Overview :

➔FALSTAFF: Detection principles, and experimental setup
➔Experiments and analysis 
➔Falstaff@NFS : Results
➔Future plans: Running the first two-arm experiment

mailto:Falstaff@NFS
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FALSTAFF
● Designed to study neutron induced fission of actinide targets in direct kinematics.
● Coincident fission fragment detection as a function of neutron excitation energy.
● For each fission fragment :   

 Velocity determination through time-of-flight and position reconstruction. 

  ⇒ 2V method to access velocity vectors of both FF.          
 Kinetic energy measurement calorimetry in an axial IC.

 ⇒ EV method to determine the mass of the FF.                 
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FALSTAFF
● Designed to study neutron induced fission of actinide targets in direct kinematics.
● Coincident fission fragment detection as a function of neutron excitation energy.
● For each fission fragment :   

 Velocity determination through time-of-flight and position reconstruction. 

  ⇒ 2V method to access velocity vectors of both FF.          Mpre

 Kinetic energy measurement calorimetry in an axial IC.

 ⇒ EV method to determine the mass of the FF.                  Mpost

 Possible to identify fragment nuclear charge. 

 ⇒ Using the energy loss profile and neural network.

Challenges :
 Direct Kinematics ==> Low energy fragments (energy loss corrections) 
 Experimental mass resolutions                  

Naqvi et.al, Phys Rev C, 34, 218 (1986) 
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Velocity and energy measurement
1. Secondary-electron-emission detector (Se-D)
● X,Y position detection of secondary electrons emitted when 

fission fragments pass through emissive foil.
● Optimised for high time resolution.
● Resolution   ⇒ Position : σ(X,Y) = 1.2 mm

                     Time of flight : σ(t) = 120 ps
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Velocity and energy measurement
1. Secondary-electron-emission detector (Se-D)
● X,Y position detection of secondary electrons emitted when 

fission fragments pass through emissive foil.
● Optimised for high time resolution.
● Resolution   ⇒ Position : σ(X,Y) = 1.2 mm

                     Time of flight : σ(t) = 120 ps

2. Axial ionisation-chamber (IC)
● FF stopped inside the gas of the IC.
● Calibration performed through GEANT4 simulation on 252Cf 

with different material layer on the FF paths.
● Resolution   ⇒ Energy : σ(E)/E ~ 1%
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Measurement of 252Cf(sf)

D. Doré et al., to be published
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FALSTAFF @ NFS
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FALSTAFF @ NFS
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Incident neutron energy spectra
● Time reference : Low energy gamma flash from beam on 

converter.
●  2 LaBr3 detectors…
● Neutron time of flight spectra (in coincidence with FALSTAFF)

  ➔ Different TOF diff. combinations between HF, FALSTAFF 
and LaBr3

+2 LaBr3 detectors

Neutron 
beam
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One-arm measurements with FALSTAFF

Two experiments performed so far with FALSTAFF one arm at the NFS facility in 
GANIL-SPIRAL2
➢ 235U(n,f), Oct.-Nov. 2023
➢ 237Np(n,f), Oct. 2024
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Results : Energy and mass yields, 235U(n,f)

D. Doré et al., to be published

FALSTAFF data
GEANT4 simulation

GEF  
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Results : Time of flight and velocity, 237Np(n,f)
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Conclusions and Perspectives

➔ Data analysis of 237Np (n,f) experiment to identify the mass, energy and 
charge of fission fragments and comparison with simulation as well as 
compare the results with E814 measurement of 235U are under progress.

➔ Commissioning on the second arm of FALSTAFF ongoing.
➔ Preparing for the first experiment with both the arms of FALSTAFF for 

coincidenct fission fragment detection.
➔ Nuclear charge determination through neural-network learning under 

progress.

D. Doré et al., to be published
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FALSTAFF collaboration
K. M. Deby Treasa1 , D. Doré2 , J. E. Ducret1 , A. Bahini1 , M. Ballu2 , J. Bequet2 , E. Berthoumieux2 , E. Bonnet3 , A. 
Chebboubi4 , L. De Arruda Serra Filho1 , M. Estienne3 , M. Fallot3 , A.-M. Frelin1 , P. Herran2 , I. Jangid1 , X. 
Ledoux1 , A. Letourneau2 , O. Litaize4 , P. Marini1 , T. Materna1 , L. Matthieu6 , P. Miriot-Jaubert6 , G. Kaur2 , T. 
Kurtukian-Nieto6,7 , B. Mom2 , S. Nandi3 , S. Oberstedt5 , J. Pancin1 , J. Pépin3 , A. Porta3 , D. Ramos1 , E. Rey-
Herme2 , O. Serot4 ,P. Sharma1 , D. Thisse2 , L. Thulliez2 , G. Tocabens2 , M. Vandebrouck2

1 GANIL, boulevard Henri Becquerel, F-14076 Caen, France
2 IRFU/DPhN, CEA Paris-Saclay, F-91191 Gif sur Yvette, France
3 Subatech, UMR6457, 4, rue A. Kesler, F-44307 Nantes, France
4 CEA/DES, CEA-Cadarache, F-13108, Saint-Paul-lez-Durance, France
5 European Commission, Joint Research Center, Retiesweg 111, 2440 Geel, Belgium
6 LP2I-Bordeaux, Site du Haut Vigneau, 19, Chemin du Solarium, F-33170 Gradignan, France
7 CIEMAT, CSIC, 40, Avenida Complutense, E-28040 Madrid, Spain

D. Doré et al., to be published
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Supplementary Slides
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