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EFNUDAT-Fast Neutrons, Geel,Belgium 28-30/04/09
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Nuclear data for transmutation of radioactive waste  (MA and LLFP)
Design, safety assessment and operation of fast reactors and ADS
Improve accuracy of nuclear data libraries.
- Neutron cross-section data (capture, fission, inelastic)
- Decay heat data, Delayed neutron data (neutron emission probabilities)

Uncertainty reduction involve development and impro vement of facilities 
and detection techniques.

Facilities:
n_TOF@CERN (n cross-section data on Np, Pu, Bi, Pb … )
FAIR @ GSI radioactive beams available to study neutron rich nuclei

Detection and techniques:
n_TOF spectrometer
Total Absorption Gamma-ray Spectroscopy (TAGS) 
New scintillation materials (LaCl3, LaBr3)
DAQ systems (flash ADC)



DESPECDESPEC experiment  (Nustar experiment  (Nustar collaborationcollaboration) @ FAIR) @ FAIR

High Intensity secondary radioactive beams will allow to populate exotic nuclei
Nuclei produced in the fission reaction process in reactors. 
Neutron rich nuclei are obtained after separation and implantation. Beta decay 
properties and neutron emission probability should be studied with high accuracy. 

-Delayed neutron data: absolute neutron yield, neutron energy spectra, time 
dependence with activity.
• High efficiency 4p moderated-based detector
• n_ToF spectrometer

-Decay heat data: distribution of beta, gamma and neutrino energies. 
• TAGS spectrometer based on inorganic scintillators



NeutronNeutron TOF TOF spectrometerspectrometer

Requirements: 
N-g discrimination, (reduced background) 
Improved DE/E, (thin detectors)
Lowest threshold, (down to 30 keVee?)
high en (large solid angle)
cross-talk rejection  (high granularity)

Liquid organic scintillator cells
Develop MonteCarlo simulations of prototype

Measurements of characterization:
Light output calibration function for electrons and 
protons, L=f(E)
Energy resolution DL/L(%) as a function of energy 
deposited 
Absolute neutron sensitivity and detection efficiency
Comparison with MonteCarlo simulation

Performance of DAQ systems (flash ADC) 

Ø=20cm
L=5cm



TAS Spectrometer for betaTAS Spectrometer for beta--decaydecay
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• Accurate measurements of beta-decay 
intensity distributions are important in 
nuclear structure studies, astrophysical 
applications ( r-process ) and nuclear 
technology ( reactor decay heat 
calculations )

• Total Absorption Spectroscopy is the 
best method to measure beta strengths
in bbbb-decay for complex decay schemes 

• The main source of systematic error is 
contamination/background signals

bbbb-decay
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Neutron rich:
bbbb-delayed neutron 
emission: scintillator 
neutron sensitivity

DELAYED 
NEUTRONS
Fission U235

• Neutron sensitivity: 
• NaI, BaF2, CsI, LaCl 3, LaBr 3

Experimental tests:
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main contribution: 
capture and inelastic 
channels interaction time 

distribution
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OrganicOrganic LiquidLiquid ScintillatorScintillator
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Cyclotron:
•D(d,n) reaction, En= 8, 10, 12, 14 MeV
•Pulsed beam mode (0.8-0.9 MHz) for background reduction
•TOF measurement at L=10.5 m (flight path)
•Energy calibration with sources (Cs-137, Na-22, Bi-207)



Van de Graaff: 
• Li(p,n) reaction, En= 0.144, 0.250, 0.565, 1.2, 2.5 MeV
• Pulsed beam (1.25MHz) for ToF background discrimination
• TOF measurement at L=1 - 2 m
• Energy calibration with sources (Cs-137, Na-22, Bi-207)

���
��
��
������

N beam



Evaluate the performance of DAQ system

Digital System:
•Flash-ADC
•DC271 8bits 1GS/s 

Analogue System: 
•VME based
•ADC, QDC, TDC modules

Trigger:
Detector (digital)
Detector+pulser (analogue)

Dead Time correction:
Digital scaler board NI (read / write mode)
Precision pulser 100Hz

Total of 2TB of data ready for analysis

VME

TheThe data data acquisitionacquisition systemsystem
������������ �!"������ #$%�



Preliminar data Preliminar data analysisanalysis

Event Selection: 
TOF spectrum
n/g discrimination

gggg
n

n break-up

n

gggg

Analog

Digital



Light output funtion
• Energy calibration
• Dead-time corrections, background contribution, …
• MC simulation comparison
Resolution function
Eficiency by comparison with absolute calibrated detector (PTB)

8 10 12 14  MeV

N response spectrum



BaF2 LaCl 3

LaBr 3

CsI(Tl)

shadow 
cone

target      
(n source)

InorganicInorganic ScintillatorsScintillators



üüüüüüüüüüüüüüüüLaBr 3:Ce
ÆÆÆÆ38mm´́́́ 38mm

üüüüüüüüLaCl 3:Ce
ÆÆÆÆ76mm´́́́ 76mm

üüüü

2250

üüüüüüüüBaF2
ÆÆÆÆ50mm´́́́ 50mm

üüüüüüüüüüüüCsI(Tl)
ÆÆÆÆ75mm´́́́ 35mm

üüüüNaI(Tl)
ÆÆÆÆ76mm´́́́ 76mm

105051522545En (keV):

• Van de Graaff beam pulsed (1.25 MHz) for ToF
background discrimination
• Measurements below and above the inelastic threshold
• Measurement with a “shadow cone” to isolate the effect 
of surrounding materials



En = 2.25 MeV

Ungated
spectrum

ToF
spectrum

gggg-flash
neutrons

Inelastic 
g-rays

En = 45 keV

neutrons g-flashcapture 
g-rays ?

LaBr 3
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L.M. Fraile Univ. Univ. ComplutenseComplutense (Madrid)(Madrid)

A. Gottardo and J.J. Valiente LNLLNL--INFN (INFN (LegnaroLegnaro))
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Thanks for your attention!



Flight path: ~75cm distance from the 
implantation position
�� /� ~13%

The calibration of the complete 
spectrometer will be made in-place 
with on-line and off-line neutron 
sources.

Coincident � -n and � -� -n events (for 
the most intense transitions).

Start signal: plastic � -detector in 
close geometry.
Stop signal: liquid scintillator.

The � -ray background in the neutron 
detectors will be rejected by time of 
flight (for prompt coincident gammas) 
and by pulse shape discrimination.
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True pulse shape from averaged signals (neutron and gamma)
Fitting 1param (amplitude) to both signals, calculating the c2 
Guerrero et al. NIMA 597(2008)212
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� Integrate the signal in two ranges, total area and delayed area
Plot Atot vs Adel or Atot vs Afast


