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Motivation

> Need for alternatives of *He-based detectors — '°B-based

> RPCs are widely used in large area detectors, e.g., in High
Energy Physics (HEP) and Astroparticle Physics experiments

Advantages of '°B-RPC detectors:

e \ery high timing resolution (sub-ns)

e (Good spatial (down to ~100 um) resolution
e Modularity and scalability

e Large detection areas at affordable cost
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NRPC-4D: Detector concept (Simple)

Combines RPCs with '°B,C thin films to get sensitivity to thermal neutrons
Provide data on 2D position of every detected neutron
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NRPC-4D: Detector concept (Multiple Layers)

e Offers XYZt (4D) readout capability
e High neutron detection efficiency (>50%)
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Detector Readout
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Detection System
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Detection System
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@ 1GHz and LVDS

outputs)

Front End Electronics Board
(24 charge PAs with 50 mV/pC
sensitivity)

ADC addon
(48ch 40 MHz streaming ADCs)
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DAQ control and configuration

Central Trigger System

C O D localhost:1234/ct *

- Status overview

Counter

Trigger asserted
Trigger rising edges
Trigger accepted

Last Idle Time
Last Dead Time
Total Dead Time

Throttie
Full Stop

Export CTS Configuration

Trigger Channels

# Enable Trg. Cond.
R.Edge v |

R.Edge v |

REdge V|
R.Edge v |
R.Edge v |
REdge |

©®m o s wNR O
00o0o®se0O0000o

R.Edge v |

- Trigger Inputs
# Source
ol

1 [ trig_ri[4]
2 [kell0]
3 [kell1]

Central Trigger System

@ ASUS Login @ DAQ Control @ Central Trigger System @ BufferConfig- ADCA...

Counts Rate 51
177764 cks. 49.84 cnt's 50.8
177764 edges 49.84 Hz .
177739 events 49.84 Hz £
I s50.4
20012160 ns g >z
6760 ns 147.93 KHz b
336555 ns 0.0% 498
9.6
[ Limit Trigger Rate to 1| KHz
[ 1gnore all events
as TibCmd script  as shell script
Assignment TrbNet Type
Ext. Logic - CBM [ ox1_physics_trigger

Periodical Pulser 0
Periodical Pulser 1
Periodical Pulser 2
Random Pulser 0
Trigger Multiplexer 0
Trigger Multiplexer 1
Trigger Multiplexer 2
Trigger Multiplexer 3
Coincidence Module 0

Inp. Rate
49.84 Hz
0.00 Hz
0.00 Hz
49.84 Hz

- Pulsers and Coincidence Detectors

Periodical Pulsers
Low-Period

| 0x1_physics_trigger

[ 0x1_physics_
|0

Invert Delay
[m] [ ons
(=] ( o|ns
(m] [ o|ns
(m] [ o|ns

@ TDC Registers @ InputMonitorTrigger

Trb3scTrigger - Input Monitor and Trigger Preparation — Mozilla Firefox

I Trb3sc Input Mon

G C

@ ASUS Login @ DAQ Control @ Central Trigger System @ BufferConfig- ADCA...

O D localhost

Bl

Input Monitor and Trigger Preparation

Trb3scTrigger

g @ & =
@ TDCRegisters @ InputMonitorTrigger
7

V3

a2

Rates

o o]

| [ v Cothe | [ For Tobies| [ 7 Colomns | |

Refresh

4180 -160 -140 -120 -100 -80  -60

Time since last update [s]

Click on the image to switch between short and long plotting intervals

hysic

Asserted
Spike Rej. override
o|ns bypass v
o|ns bypass v
o|ns bypass v
o|ns bypass v |

Coincidence Detectors
Frequency | # Window Coin Mask (3: Inhibit Mask (3:

BufferConfig - ADC AddOn X

! TriggerEnable1 slice TriggerEnable1
<001 0  40000000000000000000000000008000
il <001 1  40000000000000000000000000000000

(¢} O D localhost:1234 i * Qi =
@ ASUS Login @ DAQ Control @ Central Trigger System @ BufferConfig-ADCA... @ TDCRegisters @ InputMonitorTrigger
ADC AddOn

Edge;

0.00 H

0.00 H [N )

T BufferConfig
0001 oot || oo | [ Fofes | [ Use Coche | [T Fooles| [ Comns | [ Refresn | Pommaik [Dump
0.00 H
49.84 H BufferDepth BufferDepth
0.00 H§ a001 e 40
0.00 H -
49801 Trg g -

o00H a001 X4 37 4
Pr Pr
a001 e 1 /
Tri 99 Triggerinvert /
2001 g 0s o /

. . /

a001 k4 0s o /
2001 4 b ’

Start up
the
system

2.

< ————=~ Adjust DAQ’s

/

,/  parameters
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In ANTS2,
modify the
Javascript
file
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e Edit View Search Te p
Product USBRelay8
Release 100
Interface: ]
Number of Relays = 8

Serial: HW554, Relay:

1 HID Serial: HW554 Serial:

5 State: ff
HW554, Rela
Serial: HW554, Relay: 5 State: ff --- Found
re _ $ usbrelay HWS554_
HW554, Serial: HW554, Relay: 5 State:
Device Found
type: 16cO 05df
path: /dev/hidrawe
serial_number:
Manufacturer:
product BRelays
Release: 100
Interface: )
Number of Relays
Serial: HW554, Relay: 5 State: fd
1 HID Serial: HW554 Serial: HW554, Relay:

fd

www.dcttech.com

HW554, Relay: 5 State: fd --- Found
odrot S

r@od

He

_verao_2023/dabc23209162920.h1ld

pkt data  MB/s err32  bufs

50.0 ev/s
0.0 ev/s
© cansend:0
3974  Cur 2.2 MB
os_verao_2023/dabc23209162920.h1ld
inp port pkt data MB/s
triggers
es4
0x0231bf
1 50086
0x0231bf
2 50087
0x0231bf
3 50088
0x0231bf
4 50089
0x0231bf
CEventBuilder

6.3 MB Ra

59

err32

s 3 I B 5 08 By B 5 ¢
81.400534 /home/exnote/dabc/source/base/
! There are still 1 threads - anyway dec

s [1

qu errbits drop

te:

0 B Rate:

0.748 MB/s
0.000 MB
ASse
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File View Script Server

TRB_Config =~ Acquire | Explore | Bulk_process DataHub

Events from: | Directly from file ~ | Events available: 635

/home/exnote/Estagios_verao_2023/dabc23208205158.hld

Read and process data Save signals
Event #: 0 *|| Goto next event
Show overlay negatives Show all negatives

Show overlay positives Show all positives

Logical channel#: |Logical channel #:  ~ [[a7 |2

Hardware channel #: 47 Logical channel #: 47

Show waveform signal: (862

Do File
Root options:

hist

Graph options:

lost V| Autoscale Y | Sort by logical ~ | VI Labels3

Negative polarity - Min:

ve Dolarltvh-lsz\dln:

Javascript

AllBooks

Book Tab Find Font View Help

Associated file: modified RIPTS/C txt
Book1 \ / Book3 \ / Gaincalibr \ / Nov2022 \ / Book2 \ / Booka \
StripMap_and_StripConfig ~CathodeSpectra | CathodeSpectra

T //Using logical channels (cathodes are'In the end!)

“»

var logicalXs
var logicalYs

[0,1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27
[91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 1

var cathodeLUT = [86, 183, 184, 185, 186, 187, 188, 189, 190, 191]

var xLU
var v

45,-44,-43,-42,-41,-40, -39, -38, -37, -36, -35, -34, -33, -32, -31, 30, -29, -28, -27, 26, -25, -2
93 Q2 91 Q9N RQ RR R7 KA RS R4 R3I K2 R1 RN 79 7R 77 76 75 74 73 72 71 70 AQ 5'

Num events: 4009
[4009,0,0,0,0,0,0,0,0,0]

Help | |Loadscript| Saveas

Run script
Config

Examples | Save

-<—

Goto next channel

1s; Chan 1->3.01529e+11ns; Chan 2 -> 3.01529e+11ns; Chan 3 -> 3.01529e+11ns; Chan 10 >
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]

I =

| NN e e |

Size Template

e

P I I N W
2 4 6 8 1

Livy
0 12

14

16 18 20

Manipulate

= I
o N 2 w
T T T T T T T

°
o

Enires
Mean

St Dev
Integral

4009
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tly drawn” and “Basket” to manipulate the objects

3 35 4
Cathode Signal

10°
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7
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Gy
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e

ta acquisition and signal processing

- 5.

Visualize the
waveforms
using
TRBreader

- 1.
Obtain the
charge
spectrum
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Calibration of the cathodes channels

Example of the charge calibration for the cathode no. 10

4 A

3
20.1V.

X

N
]

Entries
Mean
Std Dev
0.5V Integral

1.6

1.4

1.2

1

0.8
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Cathode Signal

140(;?: Calibrated i
Pulser [ capacitor i Cathode 10
1 [
Trigger DAQ FEE DC-Filter
Optimal Values:
x10°

Distribution of the cathode signal amplitudes for increasing values of the applied voltage
(V,,), showed in black for cathode no. 10. The red curve represents the signal amplitude
for cathode no. 7 and displays a similar sensitivity when applying a tension of 1.5V.

Buffer Depth = 40

Samples After Trigger = 37

Down Sampling = 4

-
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XY Position Reconstruction
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EI‘I“ L ABORATORIO DE INSTRUMENTACAO Detector
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Neutron _j[ ______ _—

XY Position reconstruction beam L%

e Objective: to evaluate the performance of the detector in terms
of spatial resolution and degree of distortion.

e Three methods to perform the reconstruction were studied,
tested and then compared to each other.

e Used experimental data recorded at the V17 neutron beam line

at Helmholtz-Zentrum Berlin (HZB).

The “HZB” mask was irradiated with a neutron beam with very

|
0e-

oL 0 O low divergence.

0.25 mm thick gadolinium mask forming the letters “HZB” and a
pictogram of a tree

13
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X [mm]
Reconstruction image obtained using the strongest strip approach
(40 x 40 bins)
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Every reconstruction method operates independently for X
and Y directions for each event.

The event position is set on the centre coordinate of the
strip in which the strongest signal is detected.

Due to the spatial resolution and step between the strips of
the detector, this method is not the best approach.
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Y [mm]

-20, 0

—20

10 15 20

X [mm]
Reconstruction image obtained using a simplistic Centroid
approach (200 x 200 bins)

-15 -10 -5 0 5

Similar to the calculation of the centre of mass of an object.
The position X (same for Y) is given by the sum of the strip
positions X weighted by the strip signals S. over the sum of
the strip signals:

Z- X;S;
X — 1
Zi Si

The sums are performed over every strip of the set,
resulting in many “ghost” events (the event is pushed to a
wrong position by the weight of other signals).
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-20, 0

—20

5 10 15 20
X [mm]

Reconstruction image obtained using an optimized Centroid
approach (N = 4; 200 x 200 bins)

-15 -10 -5 0

Find the strip with the maximum signal.
Consider N strips left and right the one with the maximum
signal:

o  2N+1 signals (or less) are taken into account.
Perform the centroid calculation from the previous slide.
Filtering based on discarding events in which:

o  The number of selected strips is less than 2.

o  The cathode signal is below or above certain thresholds.

. Sy Sxi+ Y. Sy .
o  The ratios —’éhz S d 2 9%, %?eyt’felow or above certain
> Sy, Cathode Signal

values.
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Position reconstruction: Statistical method

-20, 0

-20 -15 -10

0 5 10 15 20
X [mm]

Reconstruction image obtained using the Statistical approach
(200 x 200 bins)

-5

Strip Response Function (SRF): describes the dependence
of the strip signal on the lateral distance:

A
cosh(W (z — z;))

7 signals (or less) are taken into account (maximum + 6).
Fitting according to the SRF above.

The obtained x value gives the event position.

Find the best possible match between observed strip
signals and the corresponding signals predicted using

SRF’s. Achieved by evaluating:
o  Chi-square of the fit and value of W.

SRF(x) =
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Simulations



E FISICA EXPERIMENTAL DE PARTICULAS

particulas e tecnologia

i?Iil LABORATORIO DE INSTRUMENTACAO

Simulation: Motivation

Simulations are needed to build a detector
optimized in terms of detection efficiency and
counting rate.

We performed simulations considering the effect
of the converter thickness and neutron angle of
incidence on the detection efficiency.

To perform the simulations we used the software
package ANTS3.

ANTS3 makes use of GEANT4 which is a toolkit
for Monte-Carlo simulation of passage of particles
through matter.

Throughout simulations we have chosen neutron
energy to be 25 meV.

Simulation of 50 neutrons passing through the 10
Double-Gap RPC detector. Neutron tracks in green.
Gamma-ray tracks in black.

Chosen a@\ I I

Converter thickness

Schematic image on orientation of the neutron beam
and converter thickness.
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thickness was maintained at 1.15 pym.
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Detection efficiency as a function of the angle of incidence of neutrons and the converter thickness.
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Detection efficiency: total and only for non-scattered neutrons

o =
S 45[
g C % —e— Calorimeter
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25—
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Angle, °

Detection efficiency as a function of neutron angle of incidence. On the left: Variation across all studied angles. On the right: Zoom in

for angles between 0° and 20°.
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e The expected contribution from elastically scattered neutrons to the background is weak.
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Conclusions

e Learnt how the 10 Double-Gap RPC neutron detector at LIP was built.
e Helped installing the Front-End Electronics in the detector.

e Learnt how the DAQ System was used to retrieve the signal data arising from the detection of
neutrons.

e Learnt how to perform a X and Y position reconstruction of the neutrons.

e Performed simulations in order to determine the optimal thickness of the neutron converter and the
optimal neutron angle of incidence.

e |earnt that when building a prototype detector it is important to have done simulations before in order
to be able to use optimal materials/sizes in it.



