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50 um Al window

front

INPUT POWER AT V MAX = -1800 V
+5V, 65 mA

POWER CONVERSION EFFICIENCY, P, /P,
40 % for +5 V

OUTPUT VOLTAGE RANGE
-100 V to -1800 V

LINE REGULATION
005 % /V

TEMPERATURE COEFFICIENT
<002 % °C”

ANODE RIPPLE WITH 100 KQ //5 PF LOAD
100 pv

PS1807 DATA SHEET

PHOTOMULTIPLIER POWER BASE (NEGATIVE)

Development started on 2022

6

SENS - TECH

PSTIL structure and specs (Stilbene-cylinder 1”"x1"’ )

8 modules available 4 INRAD + 4 PROTEUS

~ DC-DC
Converter

Stilbene
and PM

INPUT POWER AT V MAX = -1800 V
+12V, 20 mA

POWER CONVERSION EFFICIENCY, P, /P,,
50 % for +12

WARM UP TIME TO 0.3 % OF FINAL O/P
<2s

DISCHARGE TIME TO <40 V WITH NO LOAD
<2s

MAXIMUM ANODE CURRENT, CONTINUOUS
100 pA

WEIGHT
60g

Carbon Fibre housing

P
-
>
0
o

HAMAMATSL PHOTOMULTIPLIER TUBE
PHOTON IS OUR BUSINESS R7378A

Parameter Description Unit
Spectral response 160 to 650 nm
Peak wavelength 420 nm

Material Bialkali —
Photocathode Minimum effective area P22 mm
Window material Synthetic silica —
Dynode Structure Circular and linear-focused —

Number of stages 10 —
Base 14 pin glass base —

(6)






Detector Characterization

Detector Characterization
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Experimental set-up used for characterization Multi-Detector Array

pStilo (PROTEUS) **Developed at INFN-CT, Sezione di Catania**

pStil1-2-3 (INRAD)

W ¢4 source position
137Cs, ¢0Co or
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Detector Characterization: 237Cs and °Co source Rise/Fall time
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Rise Time: 4.25 ns

Voltage (mV)

|
-
w

10% - 90%

o V=fi(t)

—— Savgol filtering 0.4

¥ Interpolated Rise Start 9
-25{ X Interpolated Rise End

o 0.35 -
= = |nterpolation line - Start
= = |nterpolation line - End
0.3+
1] 50 100 150 200 250 300
Time (ns)
0.25 o
0.2
0.15 -

INRAD 3.966 £ 0.003 14.13 £ 0.06 011

PROTEUS 4.051 £ 0.002 14.43 £+ 0.05 o ‘/\\,

**Averaged for ~40000 events**

Papanikolaou Dimitrios/Pellegriti M. G.




Detector Characterization

Zero Crossing Constant Fraction Discriminator (CFD)

X Zero Crossing point
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-0.5 00
Time Differences (ns)
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Time Differences (ns)

Papanikolaou Dimitrios/Pellegriti M. G.

Detector Characterization

[

INRAD - PROTEUS

y-¥ Time Coincidence

INRAD - INRAD

Derivative 0.74 £0.03 1.08 £ 0.02
Leading Edge 0.78 £0.03 1.12 £ 0.02
CFD 0.73+0.03 1.13£0.03




Pulse Shape Discrimination (PSD)

Pulse Shape Discrimination
(PSD)
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Pulse Shape Discrimination (PSD) Methodology - Parameters
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PSD Distributions

Pulse Shape Discrimination (PSD) - AmBe source
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FOM - pStil0

Pulse Shape Discrimination (PSD)

PSD FOM

FOM: 1.22 + 0.01

60 - 360 keVee

60-360 keVee 800-1100 keVee
pStil0 - PROTEUS 1.22 +0.01 1.64 + 0.08
pStill - INRAD 1.29+0.01 1.69 +0.03
pStil2 - INRAD 1.22+£0.01 1.86 + 0.06
pStil3 - INRAD 1.22+0.01 1.60 +0.04

FOM: 1.64 + 0.08

800 - 1100 keVee

22
PSD
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Pulse Shape Discrimination (PSD)

$ pStilo
¥ pstill
L pstil2
181 3 pStil3
| i |
1.6 E + % { ¥
=
o i {
[m)]
£
1.2 4 * * %
[ .
5 Just accounting for the QE
of a PMT, differences in
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Electron-equivalent energy (MeVee) FOM up to 30% can be
introduced
Xk k
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Principal Component Analysis (PCA)

Principal Component
Analysis (PCA)
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Principal Component Analysis (PCA)

Pulse Height Qiong— Qshort
g Qshﬂﬂthﬂl‘ﬂ! ] 2 .

total Q long

PSD= ..etc

90%
, 50%
sk k Pulse width
A lot of missed opportunity
5k 10%
Trailing
edge time
Period
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Principal Component Analysis (PCA)

-----
’—1

Papanikolaou Dimitrios/Pellegriti M. G.



Principal Component Analysis (PCA)

- Biplot of PCA - pStil0 Charge (tail)
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Principal Component Analysis (PCA) PCA - Physical Interpretation
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Biplot of PCA - pStilO Charge (tail)
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Principal Component Analysis (PCA) PCA - Physical Interpretation

oo Biplot of PCA - pStil0 Charge (tail)
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Principal Component Analysis (PCA)

oo Biplot of PCA - pStil0 Charge (tail)
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EAR1 - 12C Measurements

Preliminary results on 12C(n,n)%C
measurement at EAR1
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[ Experimental Set-Up

PSTIL set-up in EAR1 - October 2024

_ 100°+6°
- 2and 120°t6°
3 and 140°+6°
4 and 160°+6°

New equalization/distribution box

(26)
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EAR1 - 12C Measurements /AmBe source Filtering
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EAR1 — 12C Measurements /AmBe source Filtering

Detector 1
hist_det1
g i Entves 51w
% 3 Mean & 149
£ oy s PSD - pStil0
Subers 1463 6 500
Swlery 00124
54
400
w®
8 4
Q
Iy 300
400 600 800 1000 1200 1400 'g,
Amp o
(]
T
Detector 5 g
@ O. hist_det5 3
s [ 14890 o 200
a' Moan « 1694 ..
s Moany 00%3 D
waden = fy N 21
Sxlevy OONOY Q
100
1.
1
0 T T T T 0
10 0.5 0.0 05 10 15 2.0

Electron-equivalent energy (MeVee)

200 400 600 800 1000 1200 1400

; i
Papanikolaou Dimitrios/Pellegriti M. G.



EAR1 - 12C Measurements

Spectra
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Counts x 7x10'%/SumPulselntensity
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EAR1 - 12C Measurements
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EAR1 - 12C Measurements

Spectra
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EAR1 - 12C Measurements Spectra

Cross Section (bharns)
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EAR1 - 12C Measurements Spectra
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Future Analysis

Future Analysis

Papanikolaou Dimitrios/Pellegriti M. G.



Future Analysis
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Summary of the activities in 2024

Lol for 12C(n,n) and '2C(n,n’) - April 2024

g

Preliminary Test in EAR1 with RAMEN set-up - August 2024

n. 1 detector at 10 cm
- Test with and without Energy power station
- Test with long cabling bypassing the patch panel

** No ringing
s Comparison with C6D6 available: reduced pile-up, baseline recovering and no
saturated gamma-flash

N g

Final Test in EAR1 ('2C and "'B samples) — October 2024
n. 8 detectors at 12 cm distance from target
-Angular distribution available (n.4 angles)
New target development at

-on-going analysi
on-going analysis CERN and LNS lab target
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Status of the PSTIL set-up and future developments

8 Modules ready and tested

ITEM _ PROVIDER STATUS

1”x1"” crystal PROTEUS Expected to arrive
at INFN-CT
this week
PMT 10 Hamamatsu Sub judice 2025
Power base 10 Sens-Tech Sub judice 2025

—>Mechanical arrangement for 18 modules and new target holder in carbon fiber (coll. Trieste)

- Ancillary detectors for (n,cp): small-volume, low-power.
One PSTIL module power: 5Vx50mA suitable for in-vacuum applications

- Ancillary detectors for (n,n’) measurements: coupling with LaBr3
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THANKS!
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Experimental set-up pStil Modules

Stilbene **Developed at INFN-CT, Sezione di Catania**
Crystal PMT **Currently used & tested at nTOF/CERN** (C\E{Wj\
Al window (C.H1) >

High counting rate
with no HV needed

DC-DC
Converter

Stilbene
and PM

front

p-Stil module

(x3) 1”x 1” cylindrical INRAD trans-stilbene detector
(x1) 1”x 1” cylindrical PROTEUS trans-stilbene detector
Carbon fiber housing
Aluminium cover in the front window
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New targets: 13C and '2C target

12C for target preparation test @ CERN 4!/!!’ [AO\| INOIO] XA

gOOdeHOW . 99.?% enrichment

W

1000036935 Carbon Powder C 99.996% Mean Particle Size: 7.73 micron 1.00

1000001902 Carbon Powder Graphite C 99.997% 75 micron

1.00
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Laboratori Nazionali del Sud
LS/ Istituto Nazionale di Fisica Nucleare

Target Laboratory

Antonio Massara and Martina Ursino
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Flux Distributions (in eV)
hEval Abs
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Beam interception function Beam size vs neutron energy
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etector

EAR1 - 12C Measurements

Detector 2
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Filtering

Detector 4
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EAR1 - 2C Measurements Filtering

tflash: + FWHM x-values range for each detector

FWHM (ns) o (ns)
pStill - INRAD 26.57 * 0.02 11.28 + 0.01
pStil2 - INRAD 25.42 + 0.02 10.79 % 0.01
pStil3 - INRAD 25.32 + 0.02 10.75 % 0.01
pStil4 - INRAD 19.16 + 0.02 8.14 + 0.01
pStil5 - PROTEUS 16.22 * 0.02 6.89 + 0.01
pStilé - PROTEUS 19.97 * 0.02 8.48 + 0.01
pStil7 - PROTEUS 23.00 + 0.02 9.77 +0.01
pStil8 - PROTEUS 24.45 + 0.02 10.38 + 0.01
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V() -

*G. F. Knoll, Radiation Detection And Measurement, John Wiley and Sons, 2000

Pulse Shape Discrimination (PSD)

124

Amplitude (mV)

-

0.2 4

0.0 4
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P(>1)=e ""

Superimposed Pile-Up pulses - Threshold: -300 pC

100 150 200 250 300
Time (ns)

Methodology — Pile-Up Regection




Principal Component Analysis (PCA)

- Pulse Heiaht Qiﬂﬂg_Qshﬂn
PSD= T Quore! Quoar ...efc
Qmml Qi‘ﬂng
o
90%
50%
5k Pulse width
A lot of missed opportunity
- 10%
Trailing
edge time
Period
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Principal Component Analysis (PCA)

PCA Concept

s | =) _

X cov(x
PCA is affected by the scales of the variables. S(x,y)=cov(x,y)= n—1 =1

Normalizing the data to have a mean of 0
and a variance of 1

** Captures the correlations between pairs of variables **

%k k

V,=A v,

" Sorted in descendmg order.

The top k-eigenvalues and their ok
The original data is projected eigenvectors are selected to form the The eigenvectors (PCs) determine the directions of the new
onto the new PC axes PCs feature space, and the eigenvalues determine their

** ok magnitude (variance) along these new axes

%k 3k
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Principal Component Analysis (PCA)

Scree Plot (Elbow method) - pStilo Scree Plot (Kaiser Rule) - pStilo
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Principal Component Analysis (PCA)

-----
’—1
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PC2 (10.0%)
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Principal Component Analysis (PCA)
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Principal Component Analysis (PCA) PCA - Biplots — Target Groups
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Principal Component Analysis (PCA)
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Principal Component Analysis (PCA)
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PC2 (10.0%)

PC2 (11.5%)

Principal Component Analysis (PCA)
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