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92Pd experiment at GANIL

Experiment at GANIL (2009).

EXOGAM + DIAMANT + Neutron Wall (50 liq. scint.).
36Ar (111 MeV) � 58Ni Ñ 92Pd � 2 n.

Cross section:� fus � 0.2 b, � 92Pd � 1� b.
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First observation of excited states in92Pd.

Approximately equidistant energy levels.

Valence neutrons and
protons couple pairwise to
S � 1, T � 0 in the
ground and �rst excited
states of92Pd.

B. Cederwall, F. Ghazi Moradi et al., Nature 469 (2011) 68

Approved GANIL experiment:96Cd (Oct 2014). Spokepersons: B. Cederwall,
G. de France, R. Wadsworth.
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Neutron Scattering Problem

NWall: probability of 1 neutron giving a signal in 2 or more detectors � 10%.

Serious problem in searches for weakly populated¥ 2n reaction channels:
scattered neutrons from much stronger 1n channels are mis-identi�ed as being due
to 2n, 3n, . . . channels.
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f b ĥ b̂ ci

j
b ĥ b̂ ci

ABD E ABDF ABD G B BD G BDF BD E

H I

J
B

K

TP Q R UV WX

Y ZL L ZL

L

ZLL

kLL L

[ \ ]̂_ ` âb cde
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J. Ljungvall et al. NIM A528 (2004) 741.

Methods to detect scattered
neutrons:

Neighbor rejection.
� TOF. J.Cederkäll et al.
NIM A385(1997)166.

ñ �Clean� 2n e�ciency
reduced by factor 3 to 5
compared to� 2

1n.

Note: small amounts of
 rays mis-identi�ed as neutrons reduces dramatically the quality
of the � TOF based neutron scattering reduction.
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NEDA Physics Cases
NEDA will address the physics of neutron-rich and neutron-de�cient nuclei, mainly in
conjunction with 
 -ray detector arrays like AGATA, GALILEO, EXOGAM2 and PARIS.
Brief list of physics ideas:

Nuclear Structure:
- Probe T � 0 correlations inN � Z nuclei: the structure beyond92Pd (GANIL,

LNL, Stockholm, Uppsala, York).
- Coulomb Energy Di�erences in isobaric multiplets:T � 0 versusT � 1 states

(GANIL, LNL, Warsaw, York).
- Coulomb Energy Di�erences 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, LNS,
Soreq, Weizmann).

- Isospin e�ects on the symmetry energy and stellar collapse (Debrecen, Florence,
LNL, LNS, Naples).

Nuclear Reactions:
- Level densities of neutron-rich nuclei (Florence, LNL, LNS, Naples).
- Fission dynamics of neutron-rich intermediate �ssility systems (Debrecen,

GANIL, LNL, LNS, Naples).
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NEDA Organisation

Management Board
J.J. Valiente Dobon (project manager), N. Erduran, G. de France, A. Gadea,
M. Moszynski, J. Nyberg, M. Palacz, D. Tonev, R. Wadsworth.

Working Groups

Physics
Simulations and conceptual design
Front-end electronics and DAQ

Pulse-shape analysis
New detector materials
Synergies with other detectors

Collaborating Countries
Bulgaria, France, Italy, Poland, Spain, Sweden, Turkey, UK.

MoU for the Development Phase 2012-2015
Signed by Bulgaria, France, Italy, Poland, Sweden, Turkey, UK.
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Design and Construction of NEDA Cells

Self production. Prototype designed and built at LNL (V. Modamio et al.).
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Prototype designed to be as compact and economic as possible.

Hexagonal cell designed in Al alloy 2011. Case �ts 1 mm� -metal shield.

Dimension:V � 3`, L � 200 mm, diam. (side-to-side)do � 146 mm,di � 133 mm.

First prototype ready to be �lled with liquid and to be tested.
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NEDA Tests at LNL
Instrumentation:

Neutron source:252Cf (� 2 MBq).
Detectors:

- 2� BC501A (C8H10), cyl. 5" � 5"
- 2� BC537 (C6D6), cyl. 5" � 5"
- BaF2 for time reference, cyl. 2" � 2"

Photomultiplier tubes:
fast: XP4512, R4144, R11833-100
spectroscopy type: ET9390-kb
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Digitisers:
- SIS3302 8 ch, 100 MS/s, 16 bits
- SIS3350 4 ch, 500 MS/s, 14 bits
- Caen DT5720, 250 MS/s, 12 bits
- NEDA digitiser, 200 MS/s, 14 bits

DAQ: VME-based by J. Agramunt
(IFIC-Valencia)

Performed tests:
Neutron-gamma discrimination.
Neutron e�ciency.
Neutron scattering.
Digital pulse-timing
Tests to �nd optimal PMT for NEDA.
High count rate tests (pile-up).

Analysis in progress . . .
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Neutron-gamma Discrimination with BC501A, BC537

PSA algorithms: Charge Comparison (CC), Arti�cial Neural Network (ANN).
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Preliminary results

Conclusions:

BC501A is better than BC537.
ANN is better than CC.

P.-A. Söderström et al., LNL Ann. Rep. (2011) 66 and to be submitted to NIMA.
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Digital Pulse-Timing Techniques

Development and tests of new digital CFD algorithm, with zero crossing obtained
by cubic interpolation, continuous up to second derivative.
Tests with four di�erent 5 inch PMTs (3� fast, 1� spectroscopy) and at sampling
rates 200 MS/s and 500 MS/s.

Experimental setup
Average waveforms

V. Modamio et al., LNL Ann. Rep. (2012) 77 and to be submitted to NIMA.
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Digital Pulse-Timing Techniques

Conclusion:comparable time resolutions for all three measurements: analogue and digital
at 200 MS/s 500 MS/s. Preliminary results. V. Modamio et al., LNL Ann. Rep. (2012) 77 and to be subm. to NIMA.
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NEDA Phases and Future Campaigns

Phases
0 Upgrade of Neutron Wall to use digital electronics (NUMEXO2).
1 Construction of a 1� NEDA array, may be combined with Neutron Wall to

cover 2� .
2 Construction of the full 2� NEDA array.

Future Campaigns
Decided:

2015 Neutron WALL + GALILEO at LNL.
2016 AGATA campaign at GANIL. Neutron WALL (50 detectors) + NEDA

(up to 45 detectors) with new NEDA electronics. 18 LoIs.

Preliminary plans:

2017+ NEDA at SPIRAL2, NEDA at SPES (� -decay station),
NEDA+HISPEC at NUSTAR/FAIR, . . .
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