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Neutron Wall
Neutron detector array with ' 1π solid angle

Built for the EUROBALL spectrometer 1995-97
(H. Grawe and Ö. Skeppstedt)

Financed by Sweden, UK, Germany, Poland

Owned by the European Gamma-Ray Spectroscopy Pool

50 liquid scintillator detectors (BC501A, 150 litre);
distance to target: 51 cm; detector thickness: ' 15 cm

Neutron energy range: ' 0.5 MeV to ' 10 MeV
Neutron-gamma discrimination: pulse-shape analysis
based on the zero-crossover (ZCO) technique
(analogue electronics) combined with time-of-flight
(TOF ) measurement (need pulsed beam with time
resolution FWHM . 5 ns)

Neutron efficiency (symmetric fusion evaporation
reaction): ε1n = 20-25%, ε2n = 1-3%
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Neutron Wall experiments

Experiments performed with EUROBALL at LNL
and IReS, EXOGAM at GANIL

Combined with charged particle detector arrays
(EUCLIDES, DIAMANT, CUP, . . . )

GANIL home base since 2005

Four experimental campaigns
(2005-2009) at GANIL with EXOGAM +
DIAMANT and other detectors

Next “campaign” (two experiments) at
GANIL: 2012

Apply to the Gammapool for the use of
the array
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First experiments with radioactive beams

Two experiments with 6He and 8He beams at SPIRAL/GANIL
1n and 2n transfer with the Borromean
nucleus 6He near the Coulomb barrier,
A. Chatterjee, et al., Phys. Rev. Lett.
101 (2008) 032701

Neutron correlations in 6He viewed
through nuclear break-up,
M. Assie et al., Eur. Phys. J. A 42
(2009) 441

Reactions with the double-Borromean
nucleus 8He,
A. Lemasson et al., Phys. Rev. C 82
(2010) 044627

Pair and single neutron transfer with
Borromean 8He,
A. Lemasson et al., Phys. Lett. B 697

(2011) 454
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92Pd experiment at GANIL

Experiment at GANIL (2009)
EXOGAM + DIAMANT + Neutron Wall
36Ar (111 MeV) + 58Ni → 92Pd + 2 n
Cross section: σfus ' 0.2 b, σ92Pd ' 1µb

58Ni target
36Ar beam

γ

γ
p

α

n

First observation of excited states in 92Pd
Approximately equidistant energy levels

Valence neutrons and
protons couple pairwise
to S = 1, T = 0 in the
ground and first excited
states of 92Pd

B. Cederwall, F. Ghazi Moradi et al., Nature 469 (2011) 68
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Neutron-gamma discrimination
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Farnaz Ghazi Moradi (KTH,Stockholm)  
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Identification of scattered neutrons
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Beam 
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Correction of neutron multiplicity 
   For 91Ru (2pn) the scattering probability of 1n neutron in 

2n channel: 12% 

   Scattering of neutrons between adjacent detectors 

   Measuring TOF for 2n events and 1n-scattered events 

Farnaz Ghazi Moradi (KTH,Stockholm)  
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Identification of scattered neutrons
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Rejection efficiency of 1n-scattered neutrons  

for 91Ru (2pn): 87% 
for 12C(36Ar, pn)46V: 75%  
 and 73%  of true 2n events are preserved.  
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Farnaz Ghazi Moradi (KTH,Stockholm)  
Description of methods for neutron scattering rejection: J. Ljungvall et al., NIM A 528 (2004) 741
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Identification of γ rays in the 2n reaction channel
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NEDA – Neutron Detector Array

Aim
Develop and build a neutron detector array to be used with AGATA,
EXOGAM2, etc. for experiments with high-intensity stable and radioactive
ions beams at SPIRAL2, SPES, . . .
Excellent neutron-γ discrimination
Increased efficiency to detect ≥ 2 neutrons: ε2n = 5-10% (NW: 1-3%)
Capability to run at much higher count rates than with the Neutron Wall
Cope with large neutron multiplicities in reactions with neutron-rich RIBs
Improved neutron energy resolution for reaction studies

Strategy
Optimize size of detector units, distance to target, geometry of the array, . . .
Investigate other detector materials than ordinary liquid scintillator:
deuterated liquid scintillator, solid scintillators
Adopt digital electronics
Develop advanced on-line and off-line algorithms for neutron-γ
discrimination, neutron scattering rejection, pile-up rejection/recovery
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Organization

Spokesperson
J.J. Valiente Dobon (LNL-INFN)

GANIL liaison
M. Tripon (GANIL)

FP7-Infrastructures-2007-1
SPIRAL2 Preparatory Phase

FIRB
Futuro In Ricerca (MIUR)

Steering committee
N. Erduran (Istanbul), A. Gadea (Valencia), J. Nyberg (Uppsala), M. Palacz
(Warsaw), L. Stuttgé (Strasbourg), R. Wadsworth (York)

NEDA Collaboration
Ankara University (Turkey), COPIN (Poland), CSIC-IFIC (Spain), Daresbury
Laboratory (UK), GANIL (France), Istanbul University (Turkey), INFN (Italy),
IPHC (France), Nide University (Turkey), Uppsala University (Sweden), University
of York (UK), Kolkata (India, under discussion)
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Working groups

Detector characteristics and physics
Responsible: B. Wadsworth

Simulations and conceptual design
Responsible: M. Palacz

Study of new detector materials
Responsible: L. Stuttgé

Front-end electronics and DAQ
Responsible: A. Gadea

Pulse-shape analysis
Responsible: J. Nyberg

Synergies with other detectors
Responsible: P. Bednarczyk
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Physics with NEDA

Studies of proton- and neutron-rich nuclei
Nuclear Structure

Probe T = 0 correlations in N = Z nuclei: the structure beyond 92Pd (GANIL,
LNL, Stockholm, Uppsala, York)
Coulomb Energy Differences in isobaric multiplets: T = 0 versus T = 1 states
(GANIL, LNL, Warsaw, York)
Coulomb Energy Differences and Nuclear Shapes (GANIL, Padova, York)
Low-lying collective modes in proton-rich nuclei (Istanbul, Krakow, Milano,
LNL, Valencia)

Nuclear Astrophysics
Element abundances in the in-homogeneous Big Bang Model (GANIL, Soreq,
Weizmann)
Isospin effects on the symmetry energy and stellar collapse (Debrecen,
Florence, LNL, Naples)

Nuclear Reactions
Level densities of neutron-rich nuclei (Florence, LNL, Naples)
Fission dynamics of neutron-rich intermediate fissility systems (Debrecen,
GANIL, LNL, Naples)
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Geant4 simulations, optimal size of detector units
Geant4 validated for simulations of interactions of fast neutrons with energies
up to about 10 MeV in liquid scintillators
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G. Jaworski et al., manuscript to be submitted to Nucl. Instr. Meth. A
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Conceptual design and geometries of the NEDA array
Talk by T. Hüyük yesterday

Three possible geometries: spherical, staircase, planar

Spherical: allows easy coverage of > 1π
of the solid angle

Planar, staircase: flexibility regarding
different arrangements of the detector
(zigzag) and change of detector-target
distance
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New detector materials and light readout techniques

New detector materials
Deuterated scintillator (BC537)
Solid scintillators: IPHC Strasbourg (L. Stuttgé), LLNL, Dubna

Novel light readout techniques
Main aim

Larger quantum efficiency (QE) than ordinary PMTs (' 20%)
Position sensitivity

Under evaluation
Super bi-alkali PMTs: QE up to ' 40%
Avalanche Photo Diodes: QE up to ' 80%, size few cm2

Silicon PMs, size few cm2
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Front-end electronics and DAQ

Development at GANIL and IFIC Valencia
Fully compatible with EXOGAM2 and AGATA
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NEDA Digitiser

GANIL, Valencia
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Pulse-shape analysis with digital electronics
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P.-A. Söderström et al., Nucl. Instr. Meth A 594 (2008) 79

Conclusions
Digital PSA works as good or better than analogue ZCO
Digitiser: sampling frequency ≥200 MS/s, number of bits ≥12
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Pulse-shape analysis with Artificial Neural Networks
εγ = fraction of mis-interpreted γ rays

with equal number of valid and pile-up events (≈ 6, 000 events182

each). The training can be updated at any time by randomly183

selecting different entries for the training set. The application184

time for this network under the conditions presented in Section185

3.3 was ≈ 7.6 µs/event on a single core. The increase of appli-186

cation time is a consequence of the larger number of neurons in187

the NN. In case of implementation into ADC cards this could188

be reduced by fine-tuning the network architecture for the ap-189

plication.190

4. Results191

The methods described in Section 3 were applied 20 times to192

the same experimental data set with a random selection of the193

training/validation/test entries. Table 1 reports on the perfor-194

mance of each method both in terms of εn, εγ and P. The mean195

value between εn and εγ is also indicated as εm. Each method196

shows the average value and the standard deviation of εn, εγ, εm197

and P achieved in the 20 applications. The best result is also198

reported in each case. It can be seen that Q1-Q2 with a linear199

boundary (Q1-Q2lin) has the worst average performance with200

P = 6.62% (best P = 6.45%). The adoption of a quadratic bor-201

der (Q1-Q2quad) yields an improvement of P by 0.54 − 0.57%.202

The Q-IRT methods produced better results with an average P203

around 5.3 − 5.4% and best P around 5.1 − 5.2% in both the204

linear (Q-IRTlin) and quadratic (Q-IRTquad) case. The adoption205

of NN was found to produce the most significant performance206

increase, with the average P dropping to 1.86% and the best207

P to 1.71%. The improvement from the use of NN is thus ap-208

proximately a factor 3 compared to Q-IRT methods and a factor209

3.3-3.8 compared to Q1-Q2. The relatively low standard devi-210

ations found for the results are an indication that the results in211

Table 1 are reliable and numerically stable.212

Fig. 5 illustrates the results of all methods applied to the en-213

tire data set as a function of electron-equivalent (ee) deposited214

energy. The energy calibration used in this work was provided215

by [3]. It should be mentioned that this calibration is rather216

coarse, particularly below 100 keV ee. The top and middle pan-217

els show εγ and εn respectively while the bottom one reports on218

P. While all methods appear to be rather close to each other at219

mid-high energy, the differences at low energy are significant,220

with NN leading by a relatively large margin. The error increase221

of some methods (e.g. Q1-Q2lin) at high energy is mainly due to222

the statistical distribution of the events which are mostly present223

at low energy. This is likely to have biased the optimization of224

P for better results in this region. Also the NN curve seems to225

have a slight upwards slope at the maximum amplitude, which226

can be explained with similar considerations.227

The pile-up rejection NN was trained and applied to the data228

20 times. For a specific event i the pile-up tag is indicated as229

T i
pile−up and the NN output as yi

NN. A false positive is an event230

considered valid by the tag (i.e. T i
pile−up = +1) and identified by231

NN as pile-up (i.e. yi
NN < 0.5) while a false negative describes232

the opposite case, i.e. T i
pile−up = 0 (pile-up) and yi

NN > 0.5233

(valid). Table 2 summarizes the NN results showing the frac-234

tion of false positives fFP and false negatives fFN in the first two235
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Conclusions
Better neutron-γ separation than with
“standard” digital PSA methods in
particular for small signals

E. Ronchi et al., Nucl. Instr. Meth A 610 (2009) 534
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NEDA prototypes and tests
See talk by A. Pipidis yesterday

Detector prototypes
Two BC501A cylindrical 5"× 5" (delivered)
Two BC537 (deuterated) cylindrical 5"× 5" (delivered)

Light readout
PMT: Hamamatsu R877-MOD (QE= 32%) (to be ordered)
PMT: Hamamatsu R4144 (QE< 22%) (to be ordered)
APD: Hamamatsu 1× 2 cm2 (delivered)
SiPM: (York)

Digitiser for detector tests
Caen DT5720 (4 chs, 250 MS/s, 12 bit) (delivered)
Struck SIS3320-250 (8 chs, 250 MS/s, 12bit) (delivered)
Struck (4 ch, 500 MS/s, 12 bit) (loan from IFIC)
Struck (8 ch, 100 MS/s, 14 bit) (loan from IFIC)
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Phases of NEDA

Phase 0
Upgrade of the Neutron Wall to use digital electronics

Phase 1
R&D on new detector materials and light readout systems for a highly segmented
neutron detector array

Phase 2
Construction of the NEDA Demonstrator with a limited size

Phase 3
Construction of the full NEDA array
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Summary and outlook

Neutron Wall
Neutron Wall is alive and well
Next “campaign” at GANIL 2012
Apply for use of the array from the Gammapool

NEDA
Next generation neutron detector array
R&D phase in full progress
Steering Committee decision on geometry, type of detector material, phases
of NEDA in 2012

Thank you
Acknowledgments to all members of the Neutron Wall and NEDA collaborations
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