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Abstract. A series of measurements of 237Np fission cross section have been performed at the CERN spallation neutron 
facility n_TOF which covers a wide energy range from 1 eV up to 250 MeV. A fast ionization chamber (FIC) was used as a 
fission fragment detector with registration efficiency of not less than 97 %. Particular attention was paid to correct the fission 
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cross section with use of 235U standard. Total experimental uncertainties are determined to be at the level of 3%. Analysis of 
the experimental data in the restricted neutron energy from 5 eV up to 1 MeV showed a systematic deviation from evaluated 
data (ENDF/B-VI). This discrepancy amounts to up to a factor 3 for resolved resonances in the neutron energy range of  
5 eV - 2 KeV, and is in good agreement with some previous experiments. A similar disagreement at the level of 6-7% was 
found for higher energies around the threshold (En = 300 keV-1 MeV). This energy range is essential for the transmutation of 
neptunium in ADS or fast reactors. It is concluded that an updated evaluation of nuclear data for 237Np is required. 

 

INTRODUCTION 

Neptunium-237 is the most important actinide in 
the problem of spent fuel transmutation. While the 
development of power facilities of a new generation 
like fast reactors or accelerator driven systems (ADS) 
need accurate nuclear data, large discrepancies in the 
fission cross section data available up to now in the 
resolved resonances region have been detected. This 
situation motivated experimental activities devoted to 
repeat fission cross section measurements in a wide 
neutron energy range, aiming at obtaining high 
accuracy cross section data. This experimental 
programme has been setup at the CERN neutron time-
of-flight facility n_TOF[1]. This is a spallation neutron 
source where neutrons are generated by the interaction 
of the 20 GeV proton beam from the CERN PS 
accelerator with a massive water-cooled lead target. 
The spallation neutrons have an energy spectrum that 
covers the range 1 eV to at least 250 MeV with 
intensity sufficient for the irradiation of thin 
neptunium samples installed in an ionization chamber. 
The time of flight (TOF) technique gives high-energy 
resolution (up to 10-4) with a width of the proton bunch 
of less than 7 ns and a flight path of 186m. These 
experimental conditions allowed us to perform detailed 
studies in the resolved resonance region and 
simultaneously in the fast region. The results of the 
analysis reported here cover the neutron energy range 
from 20 eV to approximately 700 KeV, chosen to 
point out the most important discrepancies between 
experimental and evaluated nuclear data for this 
isotope.  

EXPERIMENTAL DETAILS 

The 237Np and 235U targets were installed back-to-
back in a multiple ionization chamber. All targets were 
fabricated from high purity material using the painting 
technique and analyzed with alpha-counting with 
semiconductor detector in good geometry. The total 
masses were 12.82±0.08 mg for neptunium and 
31.8±0.2 mg for uranium.  

A fast parallel plate ionization chamber (FIC0) was 
used as a fragment detector. The detector chamber is a 
cylindrical stainless steel assembly 30 cm long and 
40 cm in diameter with 2 mm Al windows. The 
operating gas was a mixture 90%Ar + 10% CF4 at a 

pressure of 600 mbar. The distance between electrodes 
was chosen to be 5 mm to get fast signals with 300 V 
high voltage supply. Our past experience in the use of 
analogous chambers showed a time resolution of 2-3 
ns with minimal overlapping of fission fragments and 
α-particles well suited for the n_TOF facility. This is 
sufficient for n_TOF timing and neutron flux. The 
registration efficiency of the detector was near 98%.  

The ionization detector was equipped with fast 
electronics including time-digital converters (TDC) 
and wave-form digitizers (WFD, or FADC). TDC are 
used for long times covering the neutron energy range 
from 0.1 eV to 1 MeV. FADC have been used for 
measurements above 20 KeV.  

The energy calibration was performed using the 
resolved resonances of 235U(n,f) and an example for a 
limited energy range is presented in Fig. 1. The results 
show very good agreement with known experimental 
data. This allowed us to normalize the experimental 
fission yield for 237Np(n,f) reaction into absolute 
fission cross section as a function of neutron energy. 

8 10 12 14 16 18 20 22 24

1

10

100

U235(n,f)

 Moore78
 Deruytter90
 Wagemans78

cr
os

s-
se

ct
io

n,
 b

ar
n

En, eV

100

1000

10000

 present

 
FIGURE 1. Comparison of 235U fission cross section with 
the existing experimental data (from EXFOR). 

RESULTS AND DISCUSSION 

The results of the fission cross-section 
measurements around well-known resonance cluster at 
the neutron energy En = 39.9 eV are presented in Fig. 2 
together with other available data [2,3,4]. 
Disagreement between different data sets looks too 
large to satisfy practical needs. The list of calculated 
fission cross section integrals Aλ = ∫ σf dEn for neutron 
energies between 38 and 42 eV is presented in Table 1. 
A factor of 3 higher value is found in a comparison of 
the present data and the data of Plattard et al. [3].  
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FIGURE 2. 237Np(n,f) cross-section between 38 and 42 eV. 

 
 

TABLE 1. A comparison of fission cross-section integrals 
from different experiments. The ENDF/B-VI value is lower 
than the value of Plattard et al. (see Fig. 2).  

Author Aλ, b*eV Comment 
n_TOF 2003 8.34 ± 0.10 Spallation source 
Brown et al. [2] 10.2 ± 2.5 POMMARD 
Plattard et al. [3] 2.88 ± 0.03 Linac, Saclay 
Dermenjiev et al. [4] 9.14 ± 1.37 IBR-30, Dubna 

The extremely good n_TOF energy resolution 
allowed us to get more accurate and detailed data 
above 600 eV. This is shown in Fig. 3 where the 
present data are compared with the data of Plattard 
et al. [3]. Resonance doublets around En = 1150, 1270, 
1320 eV are clearly resolved. The determination of 
more accurate resonance parameters is possible. This 
work is in progress with SAMMY code. 

The experimental data for fast neutrons are shown 
in Fig. 4. The ratio of the fission cross sections of  
 

237Np to that of 235U is used as experimental 
observable. Agreement between the different data sets 
is good excluding the region above 450 KeV. To 
clarify the situation fission cross-sections measured 
with only TOF technique are presented in Fig. 5. 
Obviously, all TOF experiments show higher fission 
cross sections than contained in present in evaluated 
data libraries. The discrepancy is of the order of 6-7%. 

REFERENCES 

1. CERN n_TOF Facility: Performance Report- CERN-SL-
2002-053 ECT. 

2. W.K. Brown et al. – Nucl. Phys. A156, 609 (1970). 
3. S. Plattard – Ph.D. thesis, Saclay, 1973. 
4. E. Dermenjiev et al. – Phys. At. Nucl. 57, 1362 (1994). 

 

1041



1 1 2 0 1 1 6 0 1 2 0 0 1 2 4 0 1 2 8 0 1 3 2 0

0 . 2

0 . 4

C E R N

P l a t t a r d  e . a .

 

Fi
ss

io
n 

C
ro

ss
-S

ec
tio

n,
 a

.u

E n ,  e V  

8 0 0 1 0 0 0 1 2 0 0 1 4 0 0 1 6 0 0 1 8 0 0 2 0 0 0

0 .2

0 .4

0 .6

C E R N

P la t ta r d  e .a .

 

Fi
ss

io
n 

C
ro

ss
-S

ec
tio

n,
 a

.u

E n ,  e V
 

FIGURE 3. Resolution effects in 237Np fission cross section (upper part) and general view between 700 and 2000 eV. 

2 5 0 0 0 0 3 0 0 0 0 0 3 5 0 0 0 0 4 0 0 0 0 0 4 5 0 0 0 0 5 0 0 0 0 0 5 5 0 0 0 0
0 .0

0 .2

0 .4

0 .6

237N p (n ,f)

 

 C E R N '2 0 0 3
 B e h re n s '1 9 8 0
 M e a d o w s '1 9 8 3
 E N D F
 H e n k e l'1 9 5 7
 K le m a '1 9 7 2
 K a n d a '1 9 8 5
 F u rs o v '1 9 7 8

Fi
ss

io
n 

X-
se

ct
io

n 
R

at
io

E n,  e V  
FIGURE 4. Fission cross-section of 237Np(n,f) relative Uranium-235. 
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FIGURE 5. Fission cross-section of 237Np(n,f) relative 235U in the energy range up to 660 KeV. Only experimental data from 
TOF measurements are shown for comparison. 

1042


