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The fission cross‐section of 236UThe fission cross‐section of 236U

2

n_TOF data confirm results from
GELINA (C. Wagemans et al.).

Below a few keV, ENDF and JEFF
overestimate cross section (x100).

Resonances in ENDF and JEFF are from 235U !!

JENDL‐4 is (mostly) correct

JEFF‐3.2 and ENDF/B‐VII.1 Half‐life: 2.34x107 y
Sample: 21.4 mg (/4)
Activity: 13 kBq (each sample)
Contamination of 235U 0.05%

JENDL‐4
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The 238/235U(n,f) cross section ratioThe 238/235U(n,f) cross section ratio

The 238U/235U fission cross section ratio is
important for various applications (new energy
systems, neutron flux measurement at high
energy, etc…). 238U(n,f) standard in 2‐200 MeV.

However, few discrepant data above 20 MeV.

Ratio measured at n_TOF up at n_TOF up to 1 GeV
(first time ever).

Combination of 4 different measurements (2
setups).
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JEFF 3.2 needs a revision on this important ratio



Don’t miss the next talk by Andrea Tsinganis
(I’ve seen things you people wouldn’t believe…)

240Pu(n,f) in EAR2@n_TOF240Pu(n,f) in EAR2@n_TOF

To appear in Nuclear Physics News (June issue)
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Task 8.1:  Development of innovative techniques and instrumentation for fission cross section 
measurements



The 241Am(n,f) at n_TOFThe 241Am(n,f) at n_TOF

Half‐life: 432 y
Sample: 2.26 mg (/8)
Activity: 35 MBq (each sample)
Contamination (undeclared): 239Pu and 232mAm

Efficiency corrections inaccurate due to high
threshold (n_TOF normalized to Dabbs data).

Large effect of undeclared contamination of
239Pu and 242mAm at thermal energy.
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JEFF 3.2 is now similar to other libraries



The 241Am(n,f) at n_TOFThe 241Am(n,f) at n_TOF

M. Mastromarco et al., in preparation
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A major revision from JEFF‐3.1 to JEFF‐3.2

Now JEFF is much closer to n_TOF results



The 243Am(n,f) at low energyThe 243Am(n,f) at low energy

Half‐life: 7370 y
Sample: 4.8 mg (/8)
Activity: 4.4 MBq (each sample)
Contamination (declared): 241Am 2.5%
Contamination (undeclared): 239Pu , 242mAm

M. Mastromarco et al., in preparation
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JEFF 3.2 same cross section as JENDL‐4

ENDF/B‐VII.1 differs in the first small
resonance



The 245Cm(n,f) reactionThe 245Cm(n,f) reaction

For absolute cross section, need to normalize
to “recommended value” at thermal energy.

However, large uncertainty (30%) on thermal
data.

Used two recent measurements of the thermal
cross section (ILL and SCK‐Mol) that agree
within 5%.

Very large  background (0.1 GBq)

High thresholds necessary (large uncertainty in
efficiency corrections). Only cross section shape
with good accuracy (3%).

New data

Half‐life: 8500 y (18.1 y)
Sample: 1.71 mg (/4)
Activity: 87 MBq (each sample)
Contamination (declared): 244Cm 6.6%
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Below 30 eV, two (very old) measurements
exist, showing large discrepancies.

Above 30 MeV, only one measurement
with neutrons from a nuclear test.

Half‐life: 8500 y 
Sample: 1.71 mg
Activity: 87 MBq (each sample)
Contamination (declared): 244Cm 6.6% (18.1 y)

Nuclear explosion 
neutron source
Nuclear explosion 
neutron source
Nuclear explosion 
neutron source From thermal energy to 30 eV a revision of

the evaluations is needed.

Above 30 eV, n_TOF confirm previous data
and evaluations.

n_TOF can provide similar results as a nuclear explosion (but with fewer side effects …)
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JEFF 3.2 = JENDL‐4 = ENDF/B‐VII.1 

The 245Cm(n,f) reactionThe 245Cm(n,f) reaction



235U(n,f) between 10 and 30 keV235U(n,f) between 10 and 30 keV

The flux calculated on the basis of the 235U(n,f)
cross section found systematically lower than
“expected” in the 10‐30 keV range (M. Barbagallo et
al., Eur. Phys. J A 49 (2013) 156).
The (n,f) cross section in this range potentially
overstimated by 6‐8%.

Several evidences of a problem in the 235U(n,f) cross section between 10 and 30 keV
Need to investigate it further (a new measurement is planned at n_TOF)
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Filling operation simplified: 
avoid air bubbles inside

Mass largely reduced, compared with commercial B6D6
detectors
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The new carbon‐fiber C6D6 detectors for n_TOFThe new carbon‐fiber C6D6 detectors for n_TOF

Task 7.2: Total energy detectors

A new type of low‐sensitivity C6D6 detector has been built for measurements of neutron
capture cross sections at n_TOF. The detector is entirely made of carbon fiber.



The construction of the detectorsThe construction of the detectors

http://ilpiccolo.gelocal.it/trieste/cronaca/2014/12/05/news/un‐sottomarino‐per‐la‐marina‐usa‐
costruito‐a‐trieste‐1.10434542?ref=search
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Four detectors completely assembled and
characterizes (used in 2014 during the
commissioning of EAR2@n_TOF).

Material available for six more detectors (4
for EAR1 and 2 spares).

A few months delay due to US Navy
All detectors should be ready by now.



Characterization and test of the new C6D6Characterization and test of the new C6D6

Simulations with Geant 4 (J. Larendegui, USC), and calibration and tests (F. Mingrone, 
INFN, Bologna) indicate better performances relative to commercial Bicron detectors. 

Faster signal than Bicron
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The new C6D6 have been complemented with a
carbon‐fiber sample exchanger, and mounted
in EAR2.

A temporary alluminum structure is used for
holding the detectors (it was made in a hurry
and will be replaced in the near future).

Mounting the detectors in EAR2@n_TOF Mounting the detectors in EAR2@n_TOF 
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The use of the new C6D6 is foreseen for the
next capture cross section measurements both
in EAR1 and EAR2.



Task 2.1: Identifications of possible synergies with fundamental physics and other applications

We have investigated innovative techinques at n_TOF for
measuring reactions of interest for a variety of
applications (fusion, radioprotection, hadrotherapy, etc…)

• Very difficult to measure the energy
dependence by detecting the proton.

• Three measurement very discrepant !

The 12C(n,p)12B reaction of interest for a
wide range of applications:

• Hadrotherapy (natC abundant in tissues)

• Radiation protection (shielding)

• Space applications

• Fusion research

The challenging measurement of the 12C(n,p)12B reactionThe challenging measurement of the 12C(n,p)12B reaction
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Half life of 12B is 20 ms !!!• Energy‐integrated cross section by
activation technique (decay of the
product of neutron irradiation).

• Cannot be used for radionuclides with
short half‐life.

12C(n,p)12B

A real mess in the libraries/models



An innovative technique for challenging measurementsAn innovative technique for challenging measurements
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In‐beam activation analysis
• We have developed at n_TOF the “in‐beam”

activation” technique, that allows to study
radionuclides of millisecond half‐life

• Technique applied to the 12C(n,p)12B reaction
whose cross section is highly uncertain.

“Activation” time Decay time

The capture setup (carbon fiber C6D6) used
to detect the electrons from the 12B decay
(6.5 MeV average energy).

Background contributions small.

Measure the decay over several half‐lives
thanks to the very low repetition rate of
n_TOF (20 ms vs 1.2 s).



Results on the 12C(n,p)12B reactionResults on the 12C(n,p)12B reaction
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• The count rate as a function of time shows
the expected exponential decay (20 ms)

• Background pratically absent.

• From the count‐rate of 12B, we get the
energy‐integrated 12C(n,p)12B cross section.

• Most libraries and models do not reproduce
the measured 12B production.

• Good agreement with TALYS (optimized
parameters), and “Binary Cascade” (in
Geant4).



CHANDA Publications (so far)CHANDA Publications (so far)

P. Zugec, N. Colonna, et al., (The n_TOF Collaboration)
Measurement of the 12C(n, p)12B cross section at n_TOF at CERN by in‐beam activation analysis
Physical Review C 90, 021601(R) (2014)

P. Zugec et al., (The n_TOF Collaboration)
GEANT4 simulation of the neutron background of the C6D6 set‐up for capture studies at n_TOF
Nuclear Instruments and Methods A 760, 57 (2014)

C. Paradela et al.,  (The n_TOF Collaboration)
High‐accuracy determination of the 238U/ 235U fission cross section ratio up to ≈ 1 GeV
at n_TOF at CERN
Physical Review C 00, 004600 (2015)

A few more papers ready to be submitted or in preparation
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Work In Progress

Thank you



The fission measurements at n_TOFThe fission measurements at n_TOF

20

Neutron 
beam 

M. Calviani et al., Nucl. Instr. Meth. A 594, 220 (2008)

The fission cross‐section of 241,243Am and 245Cm was measured at n_TOF in the first
experimental campaign with a fast ionization chamber (FIC).

Due to the several problems, the data analysis was quite complicated. In the first data analysis,
only the energy dependence of the cross‐section had been determined, but no absolute value.

Aim of the ANDES Subtask 1.3.e was to determine the fission cross sections with high accuracy,
by combining the n_TOF data with other measurements for absolute normalization.

ANDES final meeting – Brussels, Oct. 21‐23, 2013 N. Colonna – INFN Bari


