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Overview

• Introduction
• nELBE – neutron facility at ELBE
• Simulations and experiment

– Beam profile
– Neutron spectrum 

– Simulations with mono energetic neutrons to investigate neutron scattering

• Neutron flux determination
• Conclusions
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nELBE – neutron facility at ELBE
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Liquid lead loop

Collimator

Ø = 2 cm Ø = 3 cm

• The neutrons are isotropically
emitted through (g, n) 
reactions in lead by the 
bremsstrahlung from the 
electrons.

• It is a white neutrons source. 
• It is not a point source. In the 

simulations it is a cylinder with 
diameter 0.8 mm and length 
12.2 mm

electrons
Lead flow
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nELBE detector setup
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Simulated spectra at entrance of collimator

• 1300 more gammas than neutrons enter the collimator
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Simulation of the lead absorber effect
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By using a 10 cm 
lead absorber the 
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intensity changes 
from 1300 to 20 
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MCNP simulations

Simulations – Experiment
• Neutron spectrum
• Beam profile
• Scattered neutrons

Fission chamber 
position Fe target 

position

Beam scan position

MCNP variance reduction
techniques
• Emission angle biasing
• Weight window in collimator
• Point detectors

Scattering shield wall
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PTB ionization chamber

• Parallel plate ionisation chamber
• well-characterized U layers
• 201.6 mg 235U
• 10 layers 
• Diameter 7.2 cm
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Neutron energy spectra
• The ToF spectrum in the Fission chamber is converted to energy and by 

using the 235U fission cross section and target material the flux is 
determined

• A factor of two neutron yield is still missing 
– was 60 in August 2008
– Was 6 in December 2008

• Improved beam tuning
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Beam profile scan
Vertical scan

Main neutron and gamma beam 
well described

Experiment show more neutrons 
and gammas in the halo

Scans can be performed vertically and 
horizontally with a movable plastic scintillator
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Additional neutrons by (g,n) reactions

• Neutrons can be created by (g,n) reaction
• Contribution low compared to scattered and direct neutrons
• At the position where the inelastic scattered neutrons are 

detected the contribution from (g,n) neutrons is 100 times 
less
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Possible explanation for the beam halo

electrons

electrons

What is the shape of the neutron 
source ?

Does an additional source exists?

Diameter 0.8 cm

Diameter 1.2 cm
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Simulations with monoenergetic neutrons

• Using 2 Mev mono 
energetic neutron in 
the MCNP 
– Effect of the neutron 

beamdump

– Elastic and inelastic 
scattering on Fe

• Background

– The s-wall 

• Point detector
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Effect of the neutron beamdump

• The neutron beam dump 
consist of 

– Pb, Borated PE, Cd

• 2 MeV neutron simulated in 
MCNP

• Flux determined with a 
point detector 100 cm on 
the side of the beam 
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Simulation in an empty room 

• MCNP simulation with the collimator but no other materials
• Large contribution from scattering inside the collimator
• With Fe, only additional contributions at the correct times

Elastic 
scattering in 
the collimator

Elastic 
scattering 
on Fe Inelastic 

scattering on Fe
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With and Without Fe target with room and materials

• With BaF2 gamma detector array and other items in the 
room an additional background is seen only present when 
the Fe is in the main beam

Inelastic scattering 

Scattering after Inelastic 
scattering 

Elastic 
scattering in 
the collimator
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Tof and energy from 2 MeV neutrons

• 2 MeV mono energetic neutrons were simulated
• The effect of elastic and inelastic scattering on Fe is clearly 

seen
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Inelastic scattering

out

in
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The S-wall

• An additional wall as shield for the neutrons and gammas 
that hit the n-detector after scattering in the collimator was 
recently introduced. 

• Not high enough for the 1m long detectors

2 MeV neutron startedgspectrum started, yield scaled 
by 1300 
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Gammas through the door

g1
g2 n

g1
g2
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Measured ToF spectra neutrons

Difference with and without Fe is 
larger with the wall
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Measured ToF spectra gammas

17 % g from Fe 
With the wall

7 % g from Fe without the wall
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Neutron flux determination 1
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Neutron flux determination 2
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• The decrease of beam intensity inside the uranium disc makes it difficult 
to estimate the number of uranium atoms. 

• Neutron flux at the fission chamber is determined using the total number 
of uranium atoms

• MCNP estimates average neutron flux at the target and fission chamber 
position based on the disc size at each position. 

• Neutron flux at target position is given by

)()( nUMCNPnT ERE F=F
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Conclusions

• Simulations have been compared to experimental neutorn
and gamma fluxes at different positions at the nELBE ToF
facility

• Simulation and experiments on  the beam profile compare 
well however experiment show more background

• Experiment suffers from gammas through the door
• Still missing n-flux compared to what is expected  based on 

the electron current
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Vertical Beam Scan

total

g1 g2
n

random background

763 cm from Pb loop

204 (4000)

125 (should be 1000)



Institute of Radiation Physics � Dr Evert Birgersson � www.fzd.de � EFNUDAT scientific workshop, Geel, 28-30 April 2009

Energy resolution

Lead 
target

Measuring 
position

a 1.5 MeV neutron with a flight path of 
400 cm has a tof 236 ns

a 1.505 MeV neutron with a flight path of 
400.7 cm has a tof 236 ns

The energy resolution in an experiment depends on the time  
resolution and the uncertainty in flight path


