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Parties of the collaboration

Parties

Bulgaria: Institute for Nuclear Research and Nuclear Energy (INRNE)
*France: GANIL

o[taly: Istituto Nazionale di Fisica Nucleare (INFN)

*Poland: Consortium of Polish Governmental and Public Institutions (COPIN)

*Spain: Conselleria d'Educacid, Generalitat Valenciana/Secretaria de Estado
de Investigacion, Desarrollo e Innovacion/Ministerio de Economia y
Competitividad/Centro Superior de Investigaciones Cientificas (CSIC)/
Universidad de Valencia/lstituto de Fisica Corpuscular (IFIC)

Sweden: Uppsala University

*Turkey: The Scientific and Technological Research Council of Turkey
(TUBITAK)/ Turkish Atomic Energy Authority (TAEK)

*United Kingdom: York University



NuPNET

9.1. Work Packages (WP) and contribution of the partners to the different WPs

Z

ERANET for Nuciear Fﬂ)‘!.‘cl Infrastructures

NEutron DEtector developments for
Nuclear Structure, Astrophysics and
Applications (NEDENSAA)

« Three years project

« Eight countries (Bulgaria, Finland,
France, Germany, ltaly, Spain, Sweden,
Turkey)

_— « MONSTER, NEULAND, n-detector

WP | Title Partner No. | Country
WP1 | Develop of new materials No.1 Italy A Quaranta .
Responsible: L. Stuttgeé No.2 France L. Smurtge DESIR, NEDA, Neutromanla, -
No.3 France M. Hamel
WP2 | Characterisation of scintillator | No.2 France F. Delaunay
materials for neutron detection
Responsible: H. Penttila No. 4 Finland H. Penttild
No.5 Spain D. Cano-Ont
No.6 Germany | T.E. Cowan
No. 8 Spain A Algora
WP3 | Innovative detector concepts No.5 Spain D. Cano-Ont
Responsible: D. Cano-Ott No.8 Spain A Algora . .
WP4 | Photosensors No.1 Tualy 7. Valiente-Dobon K k_ ff t 1 5-t h _ 1 7th
Responsible: TE. Cowan No. 6 Germmany | T.E. Cowan I C 0 m e e I n g
No. 10 Sweden J. Nyberg .
WPS | Processing Technologies No.1 Italy A Triossi F b — M d d
Responsible: D. Tonev No.2 France F. Delaunay e ru a ry a rl b
No.5 Spain D. Cano-Ont
No.7 Bulgaria D. Tonev
No.8 Spain A Algora
No.9 Turkey N.M Erduran
No.10 Sweden J. Nyberg
WP6 | Optimal design of neutron No.1 Italy J.J.Valiente-Dobon
detectors and gamma-ray N t t- C ‘t . F b
detectors —
Responsible: A. Algora No.5 Spain D. Cano-Ott eX m ee I n g a a n Ia e ru a ry
No.8 Spain A Algora
No.® Tukey | NM Erdwas 20th to 22nd 201 3
WP7 | Training and Networking No.1 Italy A Quaranta
Repsonsible: A. Quaranta No.2 France L. Smrtge
No.3 France M. Hamel
No. 4 Finland H. Penttila
No.5 Spain D. Cano-Ont
No. 6 Germmany | T.E. Cowan
No.7 Bulgaria D. Tonev
No. 8 Spain A Algora
No. 9 Turkey N.M. Erduran
No. 10 Sweden J. Nyberg




Working groups

*Detector characteristics (Physics interests of NEDA to define the detector
specifications).

*Responsible: B. Wadsworth
Geometry (Make a full study of geometry to determine (materials) efficiency,
reduce cross-talk, ... Comparison between different codes: Geant4, MCNP-X.
Simulate effect of other ancillaries, neutron scattering.).

*Responsible: M. Palacz
-Study New Materials (Exploring new materials, solid scintillators, deuterated
liquid scintillators).

*Responsible: L. Stuttgé
‘Digital Electronics (Flash ADCs, GTS, NUMEXO electronics, ..)

*Responsible: A. Gadea
*PSA (Pulse shapes analysis, PSA algorithms, ...).

*Responsible: J. Nyberg
*Synergies other detectors (Detectors that can be considered in synergy
with NEDA: AGATA, EXOGAM2, GALILEO, PARIS, AGATA, FAZIA,
GASPARD, DIAMANT, DESCANT, FARCOS, RIPEN, Neutron spectroscopy
at DESIR, MONSTER, NEUTROMANIA, ...).

*Responsible: P. Bednarczyk



Neutron Wall

Experiments performed with EUROBALL at LNL
(1998) and at IReS (2001-2003), and with
EXOGAM at GANIL (2005-).

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

GANIL home base since 2005.

Four experimental campaigns at GANIL
with EXOGAM + DIAMANT and other

detectors (2005-2009).

Next campaign (two experiments):
GANIL 2012.
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J. Ljungvall et al., NIMA528 4%1 (2004)

*High cross talk between
neighboring detectors

It is not possible to
differenciate between 2n real
events or just 1n scattered.

*Therefore neighbouring
detectors are dismiss in the
analysis and the efficiency
decreases to 1-2%.

Possible to improve 2n efficiency
using TOF among detectors

One aim of NEDA is to be able to distinguish between real 2n
events and scattered neutrons — Increase of the 2n efficiency.
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Evidence for a spin-aligned neutron-proton paired
phase from the level structure of **Pd

B. Cederwall’, ‘l> Glnzlhluxil‘ T. Bick', A. Johnson', J. Blomqv\st' E. &meu G. dﬂnxxe’ R. \Abdnvonh’ KAngn.
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Calculations done in several model spaces,:i.e., 099/2, 0g9/2-1p1/2 and 099/2-1p1/2-0f5/2-1p3/2 which all
give similar results . Int. parameters determined to reproduce exp energies in 9495Pd, 9394Rh



Experimental approach

40Ca + “8Ni > 98Cd* - 9Cd + 2n




Physics with NEDA

NEDA will address the physics of neutron-rich as well as neutron-deficient nuclei,
mainly in conjunction with gamma-ray detector arrays like AGATA, GALILEO,
EXOGAM?2 and PARIS.

Nuclear Structure

— Probe of the T=0 correlations in N=Z nuclei: the structure beyond %?2Pd (Uppsala,
LNL, GANIL, Stockholm, York)

— Coulomb Energy Differences in isobaric multiplets: T=0 versus T=1 states
(Warsaw, LNL, GANIL, York)

— Coulomb Energy Differences and Nuclear Shapes (York, Padova, GANIL)

— Low-lying collective modes in proton rich nuclei (Valencia, Krakow, Istanbul,
Milano, LNL)

Nuclear Astrophysics

— (E;Iemer)lt abundances in the Inhomogeneous Big Bang Model (Weizmann, Soreq,
ANIL

— Isospin effects on the symmetry energy and stellar collapse (Naples, Debrecen,
LNL, Florence)

Nuclear Reactions
— Level densities of neutron-rich nuclei (Naples, LNL, Florence)

— Fission dynamics of neutron-rich intermediate fissility systems (Naples,
Debrecen, LNL, GANIL)



Aim and strategy of NEDA

Aim
*Develop a neutron detector array to be used with AGATA, GALILEO, EXOGAM2,

PARIS, etc., for experiments with high intensity stable and radioactive ions beams at
SPES, SPIRAL2 and at other facilities.

The array should have:

*Increased neutron detection efficiency compared to

*Neutron Wall: ¢(1n) = 40% (20-25%), €(2n) = 6% (1-3%).

*Excellent neutron-gamma discrimination.

«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

*Optimise size of detector units, distance to target, geometry of the array, . . .
Investigate other detector materials than ordinary liquid scintillator.

«Adopt digital electronics which are fully compatible with AGATA, GALILEO, EXOGAM2,
PARIS . ..

*Develop advanced on-line and off-line algorithms for neutron-gamma discrimination,
neutron scattering rejection.




Nuclear Instruments and Methods in Physics Research A 673 (2012) 64-72

Detailed study of
GEANT4 simulations

Contents lists available at SciVerse ScienceDirect

Nuclear Instruments and Methods in
Physics Research A NEDA.

ELSEVIER journal homepage: www.elsevier.com/locate/nima P —

for a single detector of

Monte Carlo simulation of a single detector unit for the neutron detector

array NEDA

G. Jaworski*®, M. Palacz®*, J. Nyberg©, G. de Angelis 9, G. de France®, A. Di Nitto, J. Egea®",
M.N. Erduran’, S. Ertiirk’, E. Farnea®, A. Gadea", V. Gonzalez#, A. Gottardo', T. Hiiyiik *, ]. Kownacki®,
A. Pipidis ¢, B. Roeder ™, P.-A. Soderstrom <, E. Sanchis &, R. Tarnowski ®, A. Triossi ¢, R. Wadsworth™,

J.J. Valiente Dobon ¢

# Faculty of Physics, Warsaw University of Technology, ul. Koszykowa 75, 00-662 Warszawa, Poland
® Heavy lon Laboratory, University of Warsaw, ul. Pasteura 5A, PL 02-093 Warszawa, Poland

€ Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden

4 INFN, Laboratori Nazionali di Legnaro, Legnaro, Italy

© GANIL, Caen, France

T INEN Sezione di Napoli, Napoli, Italy

% Department of Electronic Engineering University of Valenda, Burjassot (Valenda) Spain

P IFIC-CSIC, University of Valencia, Valencia, Spain

! Faculty of Engineering and Natural Sdences, Istanbul Sabahattin Zaim University Istanbul, Turkey
J Nigde Universitesi, Fen-Edebiyat Falkiiltesi, Fizik Boliimii, Nigde, Turkey

¥ INFN Sezione di Padova, Padua, Italy

! Padova University, Padua, Italy

™ LPC-Caen, ENSICAEN, IN2P3/CNRS et Université de Caen, Caen, France

™ Department of Physics, University of York, York, United Kingdom

Monday and Thursday talk by
G. Jaworski

G. Jaworski et al., NIM A 673 (2012) 64-72
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See poster by T. Hayuk




Statistical Model — PACE?2

T. Huyuk (IFIC-CSIC, Valencia, Spain) & M.N. Erduran (Istanbul Sabahattin Zaim U.)

Evaporation probability

PG, L, Y# T,()!

residual

MOST SIGNIFICATIVE PRESCRIPTIONS

T, Optical Model (OM) or

Fusion Systematics (FS) |,

I Fermi gas level density
with different prescriptions:

a= A/12 - Al6
Yrast line: Liquid Drop
Model (LDM) or Rigid
Sphere (RS) (r,=1.2 fm)

Fission probability

Rf(EiaJianaj)#

2Ji !(Ei Bf:j)

hoI(E,J)

EHERDY

Fission barriers

E from Finite Range
Liquid Drop Model

EOUTLIER LA

See poster by T. Huyuk

BEFIREATIEN

58Nj+56F ¢




NEDA coupled to AGATA/GALILEO/EXOGAM2/PARIS

________________________________________________________________________________________________________
""""
.

GAMMA-ARRAY

= prompt trigger :
Digiizer | -—-=-—- M A AR AR 4 Digitizer
Y v <
. ers [REC REQ 1 aTs | i
Pre-processing local : 1 local Pre-processing : W
VAL | '°oca : Z
PSA
Event Builder |€——=—=-—= GTS. Event Builder
supervisor
Global Merger |<4—
v
Tracking
Online analysis




= MGT NUMEXQO?2 digitizer

—> Clocks

== Fastseriallinks

mmm Parallel links RS232 PCle Ethemet

= S|ow control link (4 lanes) Gigabit
Seriallink '

Flash (Linux

PROM

DDR2 GANIL
Opj[ical H EXO GAMZ
Link Technical
specifications

CLK )
Clocks
- (Local &
y Recovered)

Michel TRIPON
11/05/2012




FADC Mezzanine
X. Egea and A. Gadea (IFIC,CSIC, Valencia)

PLL DACs and drivers Power stages

Analog stages 10 layers have been used in order to make
HoMmI possible this design by using high-speed layout
techniques.

The FADC follows an easy and straigthforward
placement and routing. Besides, symmetry has
been provided in order to make an easier design.
The board dimensions fit on the NIM standard,
where 4 of these will be inserted into the crate.
(42mm wide + 98.5 mm long)

Most of the QFS lines are linked to the Virtex 6.
It has been used a SPI control for all the devices.

QFs
QFs FADC  connector DACs and drivers
connector

* 4-channel acquisition with a sampling rate
of 250 Msps and 14-bit resoltion.

* Use of a PLL for jitter cleaning and clock
synchronization

* 6 W power consumption at 250 MHz.

+ Possibility to use a variable offset by using a
16-bit digital-to-analog converter.

* Includes 2 QFS-026-04,75-LD-PC4
connectors, and thorugh them, differential
signals, control lines and power lines are
transmitted by using the same connector.

* Includes an HDMI PCB receptacle, which will
link the front-end electronics with the FADC
mezzanine.




HDMI NEDA Cable results

X. Egea (IFIC,CSIC, Valencia) & M. Tripon (GANIL)

« Several tests have been applied to different cables in order to test their
performance.

*  Among them we may mention the bandwidth, crosstalk, impednace and
reflections, and EMC (electromagnetic compatibility).

*  On the picture on the left it is shown the HDMI cable.

* The HDMI 1.4 version, including a double shield, makes an important

improvement against high-voltage peaks.

9 Jul 2011 1:44 AM

File  Co n easure  Analyze _Utilities Help

0.6 %
induced

 Top - (From left to right):
oo I Crosstalk, reflections and
EMC measurements. Bottom
o et () 1O 14 - Bandwidth

-8,00000
== Att (dB) HDMI

-mewsw | ¢ The HDMI 1.4 has a big
stiffness and it might be a little
bit problematic mechanically.
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Starting point, unitary detector:

* One unit cell > Staircase-21m geometries.

* Relative efficiency BC501A/BC537
*Timing
PSA BC501A/BC537: traditional and NN

N

--------
-------
......

o



The tests are being performed at LNL with the following
instrumentation:

2 x BC501A (5" x 5” cylindrical prototype detector)

2 x BC537 (5” x 5” cylindrical prototype detector)
SIS3302 100 MS/s, 16 bits 8 ch. digitizer (analog setup)
SIS3350 500 MS/s, 14 bits 4 ch. digitizer

DAQ by IFIC, J. Agramunt

Digital PSA
Relative efficiency performance
Cross-talk between the detectors
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Full advantage of digital electronics can be obtained using artificial neural
networks to perform pulse-shape discrimination. This method is currently

being investigated both for BC537 and BC501A.

+ Optimal discrimination over a large energy range

- Slower implementation limits counting rate

Monday and Thursday talk by
G. Jaworski




Figure of merit: e, = fraction of v rays mis-identified as neutrons.

e Shown in plots:

3
J
288830, @ y-axis: e, = fraction of ~ rays identified as
1 Aaa a0 y Y ’Y y
05. ‘2 TaAD
%% . %2, neutrons.
1% °s° ‘2 @ x-axis: energy deposited in the detector in
= e, s units of keVee (keV electron-equivalent).
§ 10° RN o Top (bottom) figure: 75% (95%) of the
7% newsson oficl o . neutrons remain after neutron-gamma
g’ R I = T discrimination.
= o Filled (open) symbols: BC501A (BC537)
g Ro T e Digital neutron-~ discrimination methods:
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w2 Conclusions:
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o5 neutron cffcioncy * | o" & @ ANN is best in particular at small energies.
T T o BC501A is better than BC537.



In beam test with the NW

First in-beam waveform taking (two weeks ago
@GANIL)

124 MeV 4°Ca onto °8Ni 6 mg/cm2 and '°C 0.5
mg/cm2

PSA algorithms

MATACAQ digitizer, 1GS/s, 14 bit




NEDA will be built in four different phases:

MoU (4 years)
signed in
march 2012

 Phase 2: Final construction of NEDA 211 — 355 detectors

« Phase 3: R&D on new maférial and light readout systems for a
highly segmented neutron detector array.



Closing flange

Liquid expansion toroidal chamber
(see -Detail C-)
Tube for liquid expansion tor. chamber
(see -Detail B-) Hamamatsu R4144
Upper aluminum body, hexagonal s
shape 138mm size, 240mm height.
Inner diameter 135.5mm

Window glass diam. 135mm, thickness
4mm (bonding proposal see -Detail A-)

Main aluminum body, hexagonal
shape 138mm size, 205mm height.
Minimum thickness 2.5mm

Inner volume 2990cm3




In the 1890s, Nataila Zattseva deveioped & rapid-growth tachnique for producing very lange crystals In
record-shatiering time. She now leacs & team that grows organic crystals for usa In fast-neutron oatactors.

9,10-Diphenylanthracene

EJ-299-33 PSD PLASTIC SCINTILLATOR
PROVISIONAL DATA SHEET

This revolutionary plastic scintillator possesses pulse shape discimination properties enabling
mwdmwmmwmmmdmmm

using conventional PSD electronics systems. It is, at this time, still under development in
m@dbmmwmm Cyfinders up 51mm diameter
x 76mm long have been manufactured.

The following physical properties are representative of the more successful formulas.

Light Output, % Anthracene 58
Scintilation Efficiency, photons/1 MeV e ... 8,600
Wi of Max. Emission, nm ... ... 420

No. of H Atoms per cm®, x 107 _._
No. of C Atoms per cm®, x 107 . ... 486
No. of Electrons per cm’, x 107 . .. 355

Densty, glcc: 1.08

Chemical Compatibility: Is attacked by aromatic solvents, chiorinated solvents, ketones,
solvent bonding cements, etc. It is stable in water, dilute acids and alkalis, lower alcohols and
silicone greases. It is safe to use most epoxies and “super glues™ with EJ-200-23.

... 513

EJ-299-33 EMISSION SPECTRUM




Summary

NEDA will be a neutron detector to address the physics of neutron-rich as
well as neutron-deficient nuclei, mainly in conjunction with gamma-ray
detector arrays like AGATA, GALILEO, EXOGAM?Z2 and PARIS.

GEANT4 simulations

— Code validated for simulations of interactions of fast neutrons with
energies up to about 10 MeV in liquid scintillators.

— Optimal size of detector units: 20 cm length, 5" diameter.
— BC501A better than BC537 for our needs.

— Conceptual design: staircase geometry, 2, r = 1.0 m, 355 units.
Tests BC537 and BC501A
Development of electronics in synergy with EXOGAM2 and PARIS

Strong synergies with other neutron communities: MONSTER, DESIR,
NEULAND
NEDA will be built in phases: MoU signed March 2012.

Future R&D of new materials and light readout detectors.

Creating a community of young gamma spectroscopists with experience on
neutron detection.
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J. Agramunt Ros, G. de Angelis, E. Clement, G. de France,
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BCS501

BCS537

1000 2000 3000 500 1500 2500 3500
normal scin. deuterated scin.
E=2.5MeV E=2.5MeV
o
_ Wi W\
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Depth 2.5cm

3500

3000 -

Experimental Data
288.65 EN1-6273

E, (MeV)

Courtesy of P. Garrett, University of Guelph.



Low-lying collective modes in proton rich nuclei

Evolution of low-lying E1 strength in proton-rich nuclei
Paar, Vretenar, Ring, Phys. Rev. Lett. 94, 182501 (2005)

RHB+RQRPA isovector dipole strength distribution in the N=20 isotones.
DD-ME1 effective interaction + Gogny pairing.
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Proton pygmy dipole states develop in light and medium
mass proton-rich: 4*Cr

3Ar + 10 — #Cr + a2n Y 2n

(3¢Ar 108 pps) \|' /
34Ar ".s

PARIS NEDA

The p and n transition densities show that the PDR states
correspond to the oscillation of the proton excess against and
approximately isospin saturated core.
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NEDA + NW + AGATA

First phases — NW
+NEDA coupled to a
gamma ray array.




In the 1890s, Nataila Zattseva deveioped & rapid-growth tachnique for producing very lange crystals In
record-shatiering time. She now leacs & team that grows organic crystals for usa In fast-neutron oatactors.

9,10-Diphenylanthracene

Neutron detection with single crystal organic scintillators

Natalia P. Zaitseva*, Jason Newby. Sebastien Hamel, Leslie Carman, Michelle Faust. Vincenzo
Lordi. Nerine J. Cherepy. Wolfgang Stoeffl. and Stephen A. Payne

Lawrence Livermore National Laboratory. Livermore. CA

ABSRACT

Detection of high-energy neutrons in the presence of gamma radiation background utilizes pulse-shape
discrimination (PSD) phenomena in organics studied previously only with limited number of materials. mostly
liquid scintillators and single crystal stilbene. The current paper presents the results obtamed with broader varieties
of luminescent organic single crystals. The studies mvolve expenmaml tools of crystal growth and material
characterization in combtz on with the advanced cc ling. with the final goal of better understanding
the relevance between the nature of the organic materials and their PSD properties. Special consideration is given to
the factors that may diminish or even completely obscure the PSD properties in scintillating crystals. Among such
factors are molecular and crystallographic structures that determine exchange coupling and exciton mobility in
organic materials and the impurity effect discussed on the examples of trans-stilbene. bibenzyl. 9.10-
diphenylanthracene and diphenylacetylene.
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Collaboration meetings

« Three collaboration meetings + two technical meetings, where the
physics, simulations and electronics have been discussed as well as
the synergies with other detectors/projects such us: AGATA,
GALILEO, EXOGAM2, PARIS, FARCOS, DESCANT, MONSTER,
neutrons DESIR, NEUTROMANIA, etc

— Kick off meeting - Warsaw 5/10/2007

— Collaboration meeting - Istanbul 18/6/2009
— Collaboration meeting - Valencia 3/10/2010
— Technical meeting — Valencia 30/05/2011

— Technical meeting — LNL 10/06/2011

— Collaboration meeting — Nigde xx/xx/2012



 Three main options:
— 200 detectors BC501A — PM readout —Digital electronics
» Total cost: 600KE (BC501A) + 200KE€(Elec.) + 40KE€ (mechanics) = 840 K€

— 200 detectors BC537 — PM readout — Digital electronics
- Total cost: 2000K€ (BC537) + 200K€(Elec.) + 40K€ (mechanics) = 2240 K€

— Upgrade Neutron Wall - Phase 0 (Digital electronics)
» Total cost (50 channels) = 40K€



Geometries

There are two possible main geometries, either spherical or planar.

*The spherical geometry presents the full symmetry.

*The planar has some advantages, than the spherical does not present.
-Flexibility — different arrangements of the detectors, e.g. zig-zag
-Different focal posistions (500cm, 1000cm, 2000cm)

-Budget issues
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Full advantage of digital electronics can be obtained using artificial
neural networks to perform pulse-shape discrimination. This method
is currently being investigated both for BC537 and BC501A.

+ Optimal discrimination over a large energy range
- Slower implementation limits counting rate



