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Outline

• Scientific Motivation

• Present Status of the Data for 235U(n,f) at En > 20 MeV

• Proposed Experimental Setup

• Results from Test Runs

• Beam Time Request
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• Physics Interest:
– Coupling of INC and fission models
– Role of pre-equilibrium processes
– Isospin effects: (p,f) / (n,f) ratio
– Level densities, fission barriers
– …

• Technological Interest:
– Design of targets for spallation sources
– Accelerator Driven Systems
– Reference XS for neutron measurements

secondary neutrons in hadron therapy,
dosimetry at flight altitude and in space,
shielding of high-energy accelerators,

– 235U(n,f) used to measure n_TOF flux,
normalization rel. to 1H(n,n)p still missing

Interest in Neutron-Induced Fission at High Energies
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235U(n,f): Experimental Data for En > 20 MeV

• Only one ‚complete‘ dataset relative to 1H(n,n)p: 
Lisowski/LANL (1991)

• Some additional scattered data with larger uncertainties

• 235U(n,f): most important secondary 
standard for neutron flux measurements
up to 200 MeV
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235U(n,f): Evaluation for En > 20 MeV

• Data base of high-energy fission cross section:
– no ‘absolute’ (n,f) data above 200 MeV
– (n,f) cross section ratios: n_TOF!
– (p,f) data (Kotov 2006)

• Evaluation procedure uses
– (p,f) data, (n,f) data where available 
– nuclear event generators: σ(n,f) /σ(p,f)

– σ(n,f) /σ(p,f) ≈ 1 around 1 GeV
– adjust fission barriers and level densities

• Procedure depends on nuclear model parameters
• Predictions differ at high energies!

⇒‘Absolute’ σ(n,f) / σn-p data required for cross checks!
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The 235U(n,f) / n-p Experiment

Simultaneous detection of fission fragments and recoil protons:
• Detection efficiencies do not cancel!
• Experiment at EAR1: 

high neutron energies,
good time resolution

• Capture collimator:
small kinematical energy spread in RPTs,
less distortions from γ-flash

• Challenge: En = 1 GeV ⇒ tn – tγ = 90 ns
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Detection of Fission Fragments

• Main challenge: 
– Distortions induced by the γ flash
– Separation of fission events and background from fragments

• PPAC:
low pressure: not sensitive to γ-flash
FF detection efficiency εFF ≈ 60 %
operation up to 1 GeV demonstrated
limited number of transparent 235U samples

• PPFC:
atmospheric pressure: sensitive to γ-flash
εFF ≈ 95 %, uncertainty about 1 %
operation up to 200 MeV demonstrated (FIC, H19)

⇒ Strategy:
− use dedicated low-mass PPFC at ‘lower’ neutron energies
− calibrate PPAC for higher energies
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Detection of Recoil Protons

CH2 radiators + fast plastic scintillator telescopes
• Ep ≈ En cos2(Θp): distinct recoil peak
• 12C(n, lcp x): ∆E-E particle identification
• 12C(n, p x): graphite sample
• Energy loss limits sample thickness

⇒Several telescopes and samples
required to cover full energy range!

⇒ Particle  identification requires 
full energy deposition!
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Sample: 10 mm CH2
Protons: 4.5×1016

1st Test Run: Performance of the RPTs

Focus: Test of two slightly different RPT designs
• both RPTs work up two 600 MeV
• γ-flash is no major problem!
• foreground / background ratio ≤ 10-2
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1st Test Run: Reconstructed n_TOF Flux

NB: Alignment of RPTs to the neutron beam was not perfect
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2nd Test Run: Expected Results

Second Test in September 2017: 5×1017 p

• Test of fission test detector:
– dedicated simplified PPAC + low-mass PPFC
– existing PPAC monitor + low-mass PPFC

• Quantitative RPT test:
– Improved mechanical alignment 

and support structure!
– Verification of improved particle separation
– Full energy deposition at higher neutron 

energies:
BaF2 + optical filter as stop detector

p
d

Exp. 2017

Expected performance

improved light 
collection 
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Expected Event Rate

RPTs: Θp = 20°, Ωgeo = 18 msr (4 × 4 cm2 @ 300 mm)
30 % overhead protons for graphite radiator

PPAC: 10 235U samples, 300 µg cm-2

PPFC: 5 235U samples, 300 µg cm-2

energy res.: ∆En/En = 0.05
stat. uncertainty: ∆N /N = 2 % for FFs and protons

NB: RPTs four times more efficient than PPFC/PPAC
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Requested Number of Protons

With 4×1018 protons we should be able to make a difference!
• Benchmark high-energy fission model at 200 MeV – 600MeV 

• Improve reference data below 200 MeV



Thank you 
for your attention!
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