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MEASUREMENT STATIONS

ELECTRON

ACCELERATOR

NEUTRON TARGET

GELINA - Geel Electron LINear Accelerator

              - EC-JRC Geel, Belgium

▪ Ee ≈ 70 - 140 MeV

▪ Δt < 1 ns

▪ Max Frequency: 800 Hz

▪ Max Neutron Flux: 2  x 1013 n cm-2*s-1

▪ Multiuser facility

▪ FP length: 8 ÷ 400 m

MEASUREMENT STATIONS
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GAINS Spectrometer

Gamma Array for Inelastic Neutron Scattering 

• 12 large-volume HPGe detectors: 

– 4 @ 110

– 4 @ 150

– 4 @ 125

100% relative efficiency 

2.3 keV energy resolution for 1332 keV of 60Co

235U Fission chamber for beam monitoring

• En range: Eth – 20 MeV

• Neutron flux ~1000 n/cm2s

• Neutron energy resolution: 

 3 keV @ 1MeV

 80 keV @ 10 MeV
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Data analysis procedure
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➢  spectroscopy measurements

➢ Differential −production cross sections @ 110o & 150o: primary results
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Data analysis procedure

HPGE detectors’s data reduction
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➢ Differential −production cross sections
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➢ Time-amplitude listfiles recorded for 2h
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The time-amplitude matrix of one HPGe detector
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The time-amplitude matrix of one HPGe detectorThe amplitude spectrum
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The time-amplitude matrix of one HPGe detector
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171

The tof spectrum of one HPGe detector

𝑡𝛾−𝑓𝑙𝑎𝑠ℎ =
𝑑𝑓𝑙𝑖𝑔ℎ𝑡 𝑝𝑎𝑡ℎ

𝑐
=

9967.55 𝑐𝑚

29.979 𝑐𝑚/𝑛𝑠
 = 332.484 ns

The time-amplitude matrix of one HPGe detector

𝑡𝑜𝑓 𝑛𝑠 = 𝑡𝑜𝑓 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠 − −𝑓𝑙𝑎𝑠ℎ 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠 ∗ 9.5238 𝑛𝑠 −  𝑡𝛾−𝑓𝑙𝑎𝑠ℎ

➢ calibration in time of flight
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𝐸𝑛 = 𝑚0𝑐2
1

1 −
𝑣2

𝑐2

− 1 &          ToF-tehnique
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➢ Differential −production cross sections
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➢ The efficiency of the HPGe detectors

Two important steps:

1. Experimental efficiencies using a 152Eu point-like source.

2. Real efficiencies which take into account our extended sample (using MCNP6).
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➢ The efficiency of the HPGe detectors
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1. Experimental efficiencies using a 152Eu point-like source.
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Data analysis procedure

Fission chamber data reduction
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➢ Differential −production cross sections
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➢ Time-amplitude listfiles recorded for 2h
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The time-amplitude matrix of the FC
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The tof spectrum of the FC

The time-amplitude matrix of the FC
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The tof spectrum of the FC

The time-amplitude matrix of the FC
The amplitude spectrum
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The tof spectrum of the FC

The time-amplitude matrix of the FC
The amplitude spectrum
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➢ Differential −production cross sections
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➢ The efficiency of the fission chamber
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➢ The efficiency of the fission chamber

𝜀1 =
𝐼1

𝐼1+𝐼2
= 0.920*

* experimental value

I1

I2
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➢ The efficiency of the fission chamber

𝜀1 =
𝐼1

𝐼1+𝐼2
= 0.920*

𝜀2 = 0.982
∗∗

* experimental value

** accounts for the number of the fission fragments that stop in the deposits

I1

I2
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➢ The efficiency of the fission chamber

𝜀1 =
𝐼1

𝐼1+𝐼2
= 0.920*

𝜺𝑭𝑪 = 𝜀1 ∙ 𝜀2 ∙ 𝜀3 = 0.855

𝜀2 = 0.982
∗∗

* experimental value

𝜀3 = 0.947
∗∗∗

** accounts for the number of the fission fragments that stop in the deposits

*** accounts for the inhomogeneity of the UF4 deposits

I1

I2
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➢ Differential −production cross sections
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➢ The standard 235U(n,f) cross section used as a reference
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➢ Differential −production cross sections
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➢ Constants:

• Areal density of the 235U deposit (tU=3.089 x10-3 g/cm2)

• Areal density of the sample (tS= 0.933 g/cm2)

• Atomic mass of 235U (AU=235.043 a.m.u)

• Atomic mass of sample (AS=53.939 a.m.u)
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➢ Differential −production cross sections
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➢ Neutron multiple scattering and attenuation corrections (using MCNP6)

- take into account the effects in the sample and in the surrounding materials.

- important because if a neutron undergoes multiple scattering or is attenuated the flux is altered and also the time of the 

(n, n') event will not correspond to the energy of the incident neutron.

- simultaneously taken into account via MCNP 6 simulations

Steps:

1. Geometry description

2. Measured -production cross section used as a dose card

3. Reaction rates calculated both for full geometry and for 

void after fission chamber

4. Correction factor determined by the ratio of the two 

reaction rates for each -production cross section
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➢ Differential −production cross sections
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𝜎 𝐸𝑘 = 2𝜋[𝑤110o
𝑑𝜎

𝑑Ω
(110o, 𝐸𝑘) + [𝑤150o

𝑑𝜎

𝑑Ω
(150o, 𝐸𝑘)]

➢ Angle-integrated −production cross sections

 - Calculated using the gaussian quadrature method

 - Writing the differential cross sections in terms of Legendre polynomials

 - cos(110o) and cos(150o) are notes of the 4th order Legendre polynomial

𝑤110o= 1.30429 𝑤150o= 0.69571
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➢ Level cross sections
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➢ Level cross sections

Eth

- Limited by our detection possibility.
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➢ Level cross sections

- Limited by our detection possibility.
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➢ Total inelastic cross sections
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➢ Total inelastic cross sections

Eth

- Limited by our detection possibility.
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➢ Total inelastic cross sections
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Data analysis procedure

Uncertainty calculation
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➢ Differential −production cross sections: primary results

𝜎 𝐸𝑘 = 2𝜋[𝑤110o
𝑑𝜎

𝑑Ω
(110o, 𝐸𝑘) + [𝑤150o

𝑑𝜎

𝑑Ω
(150o, 𝐸𝑘)]

➢ Angle-integrated −production cross sections: main reported results

Parameter Value (%)

𝑌𝑗(𝐸𝑘) 1% (En<10 MeV) 5% (En=10÷20 MeV)

𝑌𝐹𝐶(𝐸𝑘) 3%

𝜀𝐹𝐶 2%

𝜀𝑗 2%

𝜎𝑈(𝐸𝑘) <1%

𝑐𝑚𝑠(𝐸𝑘) <1%

𝑡𝑈 <1%

𝑡𝑆 2%
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𝑑𝜎

𝑑Ω
(𝜃𝑖 , 𝐸𝑘) =

1

4𝜋

𝑌𝑗(𝐸𝑘)

𝑌𝐹𝐶(𝐸𝑘)

 𝜀𝐹𝐶 𝜎𝑈(𝐸𝑘)

𝜀𝑗

 𝑡𝑈

𝑡𝑠

𝐴𝑆

𝐴𝑈

1

 𝑐𝑚𝑠(𝐸𝑘)

➢ Differential −production cross sections: primary results

𝜎 𝐸𝑘 = 2𝜋[𝑤110o
𝑑𝜎

𝑑Ω
(110o, 𝐸𝑘) + [𝑤150o

𝑑𝜎

𝑑Ω
(150o, 𝐸𝑘)]

➢ Angle-integrated −production cross sections: main reported results

Parameter Value (%)

𝑌𝑗(𝐸𝑘) 1% (En<10 MeV) 5% (En=10÷20 MeV)

𝑌𝐹𝐶(𝐸𝑘) 3%

𝜀𝐹𝐶 2%

𝜀𝑗 2%

𝜎𝑈(𝐸𝑘) <1%

𝑐𝑚𝑠(𝐸𝑘) <1%

𝑡𝑈 <1%

𝑡𝑆 2%
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Thank you! 

Get in touch for more information:

Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European union or the European 

Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for 

them.

https://aprende-project.eu/

contact@aprende-project.eu

adina.olacel@nipne.ro

This project has received funding from the HORIZON-EURATOM-2023-NRT-01-06 call under grant agreement No 101164596. 
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