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Introduction

INFN-E Genova 2015

Project Start/End Person FTE
INFN-E M.Osipenko 0.2
M.Ripani 0.1

G.Ricco?
B.Caiffi® 1.0
F.Panza 1.0
E.Fanchini 1.0
G.Lomonaco” | 0.1
D.Chersolo”® | 0.1
Total 3.6
UE-FREYA 16/03/11 M.Osipenko 0.1
29/02/16 M.Ripani 0.1
Total 0.2
UE-CHANDA | 1/12/13 M.Ripani 0.2
30/11/17 M.Osipenko 0.1
RPSaracco 0.1

G.Ricco”
G.Lomonaco” | 0.1
D.Chersola® | 0.1
Total 0.6
1/12/13 M.Ripani 0.1
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National Coordinator: R. De Vita

SCINTILLA ° . Financial Officer: M. Pavan
L c I ntl a EU personnel: E. Fanchini, V. Vigo

Project scope: Development of systems for the detection of Development of a
3 Vi meni m r n " ‘ o
radioactive sources and nuclear material Radiation Portal Monitor
Type: Collaborative project (FP7-SEC-2011-1.5-1) based on Gd-lined plastic
Duration: 36 months (1/1/12012 - 31/12/2014) scintillator for gamma and
Funding: 3MEuro (total) / 300KEuro (INFN) neutron detection

2014 Activity: S.M. Carturan et al., EPJ Plus, Vol.129, n.10, (2014)
. - A.Alemberti et al., ICATPP proceeding Vol.8, Chapt. 105, pp.659-663
0 Second detector pillar constructed, assembled (2014)

and commissioned in Genova in 2014 E. Fanchini, Proceeding submitted for the 3He alternatives for
o - international safeguards workshop (2014)
Q Full RPM system (2 pillars) successfully tested in  _ ¢ . i proceeding submitted to IEE TNS for the ANIMMA 2015
the Benchmark campaign at JRC-Ispra in conference (2015)
November 2014:
- Detector performances comply or exceed the RPM
international standards for gamma and neutron detection
- Performances comparable or better than commercial
systems tested in the same benchmark campaign
QO Project completion 31/12/2014

Perspective and Exploitation Plan
0 Gamma source identification algorithm
developed and under test

i K s

0 International patent application submitted Detector development in collaboration with
O Contacts with private companies for possible Ansaldo Nucleare
exploitation established in coordination with GRAZIE a tutti i Servizi per il supporto

Ansaldo Nucleare and INFN-CNTT durante tutte le fasi del progetto



UE-CHANDA and INFN-E-ADS

@ WP12 Task 12.4: "New infrastructure for
studies of transmutation and fast
system concepts”, (INFN, Ansaldo
Nucleare).

@ Scope: optimization of a subcritical
system to perform integrall
measurements on transmutation
processes.

@ Methodology: burn-up simulations
based on Monte Carlo codes / o Target
(MCNP/MCB) applied to different fuels
and test rods (FPanza).

@ The low power ADS, proposed for LNL,
represents an aftractive intermediate
step to fill the gap between existing lerombaﬂH
and future facilities (Myrrha EFIT).

G.Ricco et al..EPJ Plus 129: 64 (2014)

| | He inlet
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UE-FREYA (INFN,ENEA,Ansaldo)

Fast reactor neutron spectrum produces less wastes. In
development phase spectrum has to be measured. ADS,
like UE-FREYA FP7 Project (SCK-CEN, Mol, Belgium),
requires measurements of transients (us scale).

@ WP1: ADS on-line reactivity ’
monitoring methodologies,
@ in PNS, Source Jerk, Beam
Trip methods a fast neutron
spectrometer allows to sort
neutron transients in groups. = ‘
@ WP2: Subcritical —= !
configurations for design and IE
licensing of MYRRHA/FASTEF.
@ direct measurement of
neutron spectrum improves
knowledge of burn-out.

NN



* Introduction *
Diamond Detectors

Comparison with Fission Chamber:

Fission Diamond
Chamber Detector
Charge Mobility 0.3-0.4cm?/V/s | 2000 cm?/V/s
Charge Collection time 5-7 us 2-10ns
Counting Rate 20 kHz 10 MHz
Size 4% 10 mm? 2x2 mm?
Converter U.Np.Pu.Th H,Li,B
Efficiency at 0.5 MeV 1.1 barn (V) 0.4 barn (°Li)
Amount 2x108-10°Ta | 5x 10°-10"% a
Signal Size 200 fC 60 fC (°Li)
Spectroscopy unfolding direct (°Li)
Energy Range entire <7 MeV (Li)

Comparison with Silicon detector:
@ factor x4-10 lower radiation damage (o¢(n,my x Z(%pc),
@ no intrinsic noise at high temperature (Eg = 5.5 eV).

M. Osipenko NFN

N[l 0]

NFN-Energia



Calibration of Prototype

@ Experiment at TRIGA of LENA (Pavia) to determine
response to thermal (graphite column) neutrons:
@ near fission chamber normalization,
o absolute amount of °Li (40 nm thick x2.2 mmx3 mm).
@ Experiment at FNG of ENEA (Frascati) fo determine
response to fast (DD-fusion, 90°) neutrons:
o 90 activation foil normalization,
@ agreement with Geant4 extrapolation for 2.5 MeV
neutrons within 11% (stat.) and 20% (sys.).

BT = e B E S S S B S ] L B B B
Data s0E Data E

Geant4 3 E Geant4 DD E

’ 3sE Geant4 E<0.4 MeV 3

30; é

3 FNG2014

Counts
Counts

o]
T

1
‘ e e T ¥
3500 4000 4500 5000 5500 (2‘1000 5000 6000 7000 8000 9000 10000
Edep keV Edep keV

M. Osipenko NN 6 July 20 NFN-Energia




* Old Prototype *
Neutron Flux in Fast Reactor

@ 6m runtime at 5 W reactor power, frigger rate 44 Hz.

@ Total measured flux ~ 90% of expected from MCNP
simulations, normalized (in different point) to
activation foil measurement at 3.5 kW reactor power,

@ neutron flux at E, > 0.5 MeV 5-10 times lower,

@ extrapolation factor due to position difference x0.82,

@ extrapolation factor due to power difference x0.0014.

ey 104 3
B - 1 2 This Exp. E|
600 e MCNP ]
[10°E = E 10° 3
S00p E E 4 E7F Angelone 3
10 ! S F -LL‘-\_\_ new SAND I b
400F E el
2 L10° -
¢ FEoooo L s E 3
D 300f 28 3 32 34 36 s F E
E Data z . B 7
200~ Geant4 f 2T E
F . s
100 ‘ 5 | —
g Nr-—'“"""'L"'Ddﬂ"?/ 0 3
L e I = I I BN | L 1 | .
05 . 4

1 15 2 2.5
Energy deposited in SCD282 [MeV]

8 M. Osipenko NN 6 July 20 NFN-Energia



New Sandwich Assembly

@ E6 300 um electronic grade single crystal diamonds.

@ Contacts by Daniele Trucchi (100 nm Au) - needs
reduction of material budget to improve resolution.

@ New PCB, shield and housing design - D ~ 3 cm
(limited by components) needs reduction to < 1 cm,

@ 10 mlong RG174 cables (60 Ohm), separate HV
cables (G.Ottonello).

PCB design by S. Cerchi

housing design by V. Vigo

@ -

aaa - :
=
<
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* Upgrade *
New Contacts

@ first 2x2 mm? 500 pm diamond with contacts by
D. Trucchi glued to PCB,

o test with 241 Am a-source showed that detector is
working, but has large dead areaq,

@ resolution of 50-60 keV was observed, while resolution
due to electronics noise using 3 m cable was 23 keV.

[
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LiF deposition

@ 200 nm of LiF were deposited by D. Corsini,

@ test was made on gold plated Si wafer to calibrate
deposited LiF thickness, measured by Prof. M. Canepa
on helixometer,

@ Al mask was used to protect 0.2 mm wide frame for
contact wirebonding,

@ LiF thickness was measured by profilometer.




Detector Bonding

@ bonding was performed by G. Gariano,

@ diamond detector was glued with its bottom contact
to PCB pad by e-Solder 3025 conductive glue,

@ 50 ym W gold plated wire was soldered to PCB and
glued to the top contact,

@ | vs. V characteristic was measured to check resistivity
with Keithly 2410.

I-V Measure

Eovdevn b bon b b Lo Luns
0 20 40 60 80 100 120 140 160

M. Osipenko NEN 6 July 20 NFN-Energia



) Upgrade *
New Readout

@ signals from both sides of each diamond are
collected, and preamplified x4,

@ overall signal strength improvement x8,

@ old detectors with fast electronics (R.Cardarelli
amplifier) had resolution of 100 keV,

@ expected resolution of new detector 30 keV.

&
scheme by S. Minutoli §:—1‘
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PCB by S. Cerchi

M. Osipenko NEN 6 July 20 NFN-Energia



Conclusion

Results MAFI/MAFLUNE
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Conclusion

Results ADS/FREYA/CHANDA
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Conclusion

INFN-E Genova 2016

Project Start/End Person FTE
INFN-E M.Osipenko 0.2
M.Ripani 0.2

G.Ricco”
FPanza 1.0

G.Lomonaco” | 0.2
D.Chersola” 0.2
Total 1.8
UE-FREYA 16/03/11 M.Osipenko 0.05
29/02/16 M.Ripani 0.05

Total 0.1
UE-CHANDA 1/12/13 M.Ripani 0.2
30/11/17 M.Osipenko 0.1
RPSaracco 0.1
G.Ricco?
Total 0.4
6 M. Osipenko NFN
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* Conclusion *
Richieste Servizi

Servizio Richieste Obiettivi
(m.u.)
Elettronica 2+2(S.Minutoli) | sviluppo PCB det., amp. readout
+2(G.Ottonello) montaggio, cavi
Progettazione 2 maschere evap., involucro det.
Officina 2 maschere evap., involucro det.
Calcolo 2 calc. parallelo (Intel PHI)
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