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Purpose of this Manual

I —h“l—
9 The Quick Start Guide contains an example of application of the CoMPASS read-
1 out software release 2.6.3, which is compliant with the following board firmware
versions:
I x
Board Family Firmware Type Firmware revision

720 DPP-PSD 4.29_131.16

DT5790 DPP-PSD 4.29_131.16
725 DPP-PSD 4.30_136.22
725S DPP-PSD 4.30_136.140
730 DPP-PSD 4.30_136.22
730S DPP-PSD 4.30_136.140
751 DPP-PSD 4.23_132.09
751 DPP-PSD 4.29_132.38
724 DPP-PHA 4.29_128.39
724 DPP-PHA 4.30_128.81
780 DPP-PHA 4.30_128.81
781 DPP-PHA 4.30_128.81

V1782 DPP-PHA 4.30_128.81
725 DPP-PHA 4.29_139.10
725S DPP-PHA 4.29 139.137
730 DPP-PHA 4.29_139.10
730S DPP-PHA 4.29_139.137
740D DPP-QDC 4.29 135.17
2740 DPP-PHA 2025102402
2745 DPP-PHA 2025102402
2730 DPP-PHA TBD
2740 DPP-PSD 2025052200
2745 DPP-PSD 2025052200
2730 DPP-PSD 2025052203
2751 DPP-PSD TBD

For future release compatibility check the release notes files.

Change Document Record

Date  Revision | Changes \
September 28", 2017 0 Initial Release
November 9t", 2017 1 Added support to COMPASS for Linux OS.
December 12t 2017 ) Modiﬁe.d Statistics tab. Added ”Real time playback” in
the Offline run.
February 61, 2018 3 Modified Unfiltered/Filtered plot graphics.
February 23", 2018 3.1 Modified Time Selection tab.
May 18™, 2018 4 Modified Sec. How to Save the Data
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September 27t", 2018

Modified Sec. Software Connection, Sec. Start/Stop
the acquisition and spectra visualization and Sec. How
to Save the Data.

October 19, 2018

Added Sec. How to create and use Virtual Channels
(Add-back)

January 141, 2019

Modified binary list file format. Updated software GUI
torev. 1.1.0.

March 13", 2019

Updated binary list file format. Added Time stamp limits
in Sec. Save the list of Trigger Time Stamp, Energy, PSD
and waveforms.

July 30th, 2019

Updated Sec. Linux Installation. Updated Sec.
Start/Stop the acquisition and spectra visualization.
Added Sec. How to select a ROl and Sec. How to
reprocess the CoMPASS data files. Added support to
V1782 Octal MCA.

December 13th, 2019

10

Added support to x725S and x730S. Added support to
DT5790. Added Sec. How to power on/off the high
voltage (x780 family and DT5790 only). Modified Sec.
How to Save the Data.

April 1%, 2020

11

Added support to DT5780 family. Added Sec. Dead time
evaluation in COMPASS. Modified Sec. Software
Connection, How to select a ROI, Sec. How to power
on/off the high voltage (x780 family and DT5790 only)
and Sec. How to Save the Data.

August 71, 2020

12

Added support to x740D family and DPP-QDC firmware.
Added Chapt. Troubleshooting. Updated Sec. Software
Connection. Updated Sec. How to use the Settings Tab

January 10%, 2021

13

Updated Sec. How to Save the Data.

February 17th, 2021

14

Added Section Digitizer Synchronization Guide.
Modified Sec. How to use the Settings Tab.

December 23, 2021

15

Added Support to 2740 family. Added Sections Create a
new CoMPASS Project, Open a COMPASS Project.
Updated Sec. Introduction, Software Connection,
Before starting the acquisition, How to configure the
channel settings, How to Save the Data, Digitizer
Synchronization Guide and Dead time evaluation in
CoMPASS. Completely revised Sec. How to reprocess
the CoMPASS data files.

January 141, 2022

16

Added Support to V4718. Updated Sec. Create a new
CoMPASS Project.

February 8th, 2022

17

Added Support to 2745 family. Updated Sec. Drivers
Installation, Create a new CoMPASS Project. Added
Sec. Save and Load configuration and How to
(remotely) control COMPASS from command line or
external script .

February 15th, 2022

18

SNAP installation package available again. Updated Sec.
How to Save the Data and How to (remotely) control
CoMPASS from command line or external script .

July 1%, 2022

19

Added support to 2740 and 2745 DPP-PSD firmware.
Updated Sec. How to configure the channel settings
and Troubleshooting

September 237, 2022

20

Updated board firmware releases compliance table.
Updated Sec. How to Save the Data
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Updated Copyright Section, Chapt. Technical Support
and End Page. Updated Chapt. Troubleshooting.
Updated Sec. Save the list of Trigger Time Stamp,
Energy, PSD and waveforms.

Added support to 2730 DPP-PSD. Added support to
A5818 PCI Express Gen 3 CONET2 Controller. Added Sec.
Integrated charge evaluation from CoMPASS saved
waveforms. Updated Sec. Drivers Installation, How to
use the Settings Tab, How to Save the Data,
Troubleshooting.

Added Sec. Integrated charge evaluation from
CoMPASS saved waveforms and Generalized Time of
Flight analysis: the Any to Any AT configuration.
Updated Sec. Hardware Installation, Windows
Installation, Linux Installation, How to Save the Data,
Digitizer Synchronization Guide, Troubleshooting.
Extended Multilanguage Support. Updated Sec. Quick
Start Guide, How to Save the Data

Added support to 2730 DPP-PHA and 2751 DPP-PSD.
Updated Sec. Save the list of Trigger Time Stamp,
Energy, PSD and waveforms, Sec. How to create and
use Virtual Channels (Add-back), Sec. How to
(remotely) control COMPASS from command line or
external script and Sec. Digitizer Synchronization
Guide and Sec. Troubleshooting. Added Sec. Batch
mode data acquisition using an external script.

September 13, 2023 21

November 30", 2023 22

April 81, 2024 23

September 25", 2024 24

March 19th, 2025 25

December 16", 2025 26

Symbols, abbreviated terms and notation

ADC Analog-to-Digital Converter
AMC ADC & Memory Controller
DAQ Data Acquisition

DAC Digital-to-Analog Converter
DC Direct Current

DPP Digital Pulse Processing

DPP-QDC DPP for Charge to Digital Converter
DPP-PHA DPP for Pulse Height Analysis

DPP-PSD DPP for Pulse Shape Discrimination
LvDS Low-Voltage Differential Signal
ROC ReadOut Controller

usB Universal Serial Bus

Reference Documents

[RD1] W.R. Leo. Techniques for Nuclear and Particle Physics Experiments. Ed. by Springer. |l ed.
[RD2] AN2506 - Digital Gamma Neutron discrimination with Liquid Scintillators.
[RD3] L.Stevanato et al. “Pulse shape discrimination with fast digitizers”. In: NIM A 748 (2014), pp. 33-38.
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[RD4]

[RD5]

[RD6]

[RD7]

[RDS]

[RD9]

[RD10]
[RD11]
[RD12]
[RD13]
[RD14]
[RD15]
[RD16]
[RD17]
[RD18]
[RD19]
[RD20]
[RD21]
[RD22]
[RD23]
[RD24]

ANG6872 - Energy and Timing characterization of two CeBr3 detectors with a DT5730 digitizer and

CoMPASS.

AN5830 - Comparison between two CAEN MCAs and two CAEN Digitizers.
UM8717- 2740/2745 Digitizers User Manual.
UM11111 - CAEN Toolbox - Software suite for CAEN Boards User Manual.
GD2783 - First Installation Guide to Desktop Digitizers & MCA.
V1718 & VX1718 User & Reference Manual.
UM7685 - V3718/VX3718 VME to USB-2.0/Optical Link Bridge.
UMB8305 - V4718/VX4718 VME to USB 3.0/Ethernet/Optical Link Bridge.
Technical Information Manual of A2818 PCI Optical Link Controller.
Technical Information Manual of A3818 PCI Express Optical Link Controller.
UM10551 A5818 PCl Express Gen 3 CONET2 Controller.
DS7799 - A4818 USB 3.0 to CONET Adapter Data Sheet.
UM1934 - CAENComm User & Reference Manual.
UM1935 - CAENDigitizer User & Reference Manual.
UM7788 - FELib PHA Parameters User Manual.
UM8762 - FELib PSD Parameters User Manual.
UM5960 - CoMPASS User Manual.
UMA4380 - 725-730 DPP-PSD Registers Description.
UMG6769 - 724-781-782 DPP-PHA Registers Description.
UMG6771 - 780 DPP-PHA Registers Description.
AN2086 - Synchronization of CAEN Digitizers in Multiple Board Acquisition Systems.

All CAEN documents can be downloaded at:
Www.caen.it/support-services/documentation-area


www.caen.it/support-services/documentation-area
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Manufacturer Contacts

CAEN S.p.A.

Via Vetraia, 11 55049 Viareggio (LU) - ITALY
Tel. +39.0584.388.398 Fax +39.0584.388.959
www.caen.it | info@caen.it

©CAEN SpA —2025

Limitation of Responsibility

If the warnings contained in this manual are not followed, CAEN will not be responsible for damage caused
by improper use of the device. The manufacturer declines all responsibility for damage resulting from
failure to comply with the instructions for use of the product. The equipment must be used as described
in the user manual, with particular regard to the intended use, using only accessories as specified by the
manufacturer. No modification or repair can be performed.

Disclaimer

No part of this manual may be reproduced in any form or by any means, electronic, mechanical, record-
ing, or otherwise, without the prior written permission of CAEN SpA.

The information contained herein has been carefully checked and is believed to be accurate; however,
no responsibility is assumed for inaccuracies. CAEN SpA reserves the right to modify its products speci-
fications without giving any notice; for up to date information please visit www.caen.it.

Made in ltaly

We remark that all our boards have been designed and assembled in Italy. In a challenging environment
where a competitive edge is often obtained at the cost of lower wages and declining working conditions,
we proudly acknowledge that all those who participated in the production and distribution process of
our devices were reasonably paid and worked in a safe environment (while this is true for the boards
marked "MADE IN ITALY”, we cannot guarantee for third-party manufactures).

C€ cr =
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1 Introduction

The function of the Front End electronics in nuclear physics applications is to acquire the electrical charge
pulses generated by a detector, to extract the quantities of interest and to convert them into a digital
format. These information are then acquired, saved and analyzed by a computer. In most applications,
relevant quantities are the particle energy (proportional to the charge released by the particle in the de-
tector) and the time of arrival; in some cases the acquisition is restricted to the pulse counting, actually a
“selective” counting, meaning that one or more energy intervals or other criteria are used to select which
particles must be counted. In some other cases, it is necessary to discriminate the type of the particle
by means of the pulse shape; for example, the y-n discrimination is based on a detector response varia-
tion when stimulated by a gamma or a neutron; this variation leads to a different rise and/or decay time
of the pulse. The acquisition system is usually completed by digital logic units whose purpose is to per-
form (anti)coincidences, generate triggers, vetoes and other signals that take into account the correlation
between different channels and may give further information such as the particle position or trajectory.

INCIDENT PARTICLE |

TIMING HARGE = ENERGY
DETECTOR c G G

POSITION or TRAJECTORY

Fig. 1.1: Electrical charge pulse generated by a particle interacting with a detector.

Nowadays, the availability of very fast and high precision flash ADCs permits to design acquisition systems
in which the Analog to Digital conversion occurs as close as possible to the detector. In principle, this
acquisition system allows to minimize the information loss. Actually, the acquisition will be affected by
uncertainties due to the quantization noise and to other sources of electronic noise. In general, the appli-
cations that require precise timing measurements are more oriented to the use of high sample frequency
digitizers (500 MS/s or more), while the 12-14 bit digitizers are well suited for acquisitions where high
energy resolution is a pre-requisite.

In recent years, the use of waveform digitizers for readout of radiation detectors has become popular in
many different physics applications: the conventional analog electronics is going to be replaced by a full dig-
ital approach, where the detector output (with or without preamplifier, depending on the detector type) is
directly connected to the digitizer input. This approach is especially beneficial in multi-parametric acquisi-
tion systems, where the analysis involves different quantities and parameters, such as energy, pulse shape
and timing. In fact, thanks to Digital Pulse Processing (DPP) it is possible to apply dedicated algorithms on-
line (typically in the FPGAs), to extract the information of interest from the raw waveform. DPP algorithms
allow the digitizer to implement in “one single box” the different functionalities of the old fashion TDC,
QDC, Peak Sensing ADC, discriminator and other analog and logic modules [RD1]. Furthermore, the DPP
allows the digital readout to be sustainable in terms of data throughput because the full waveform is not
necessarily read out but used for debugging purposes only. This results in an “all-in-one, multi-parametric
digital DAQ for physics applications”.

CAEN has developed a complete family of waveform digitizers well suited for physics, medical, homeland
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DPP Algorithms

Detector
Output

v

Energy (QDC or PHA)
Time (CFD interpol.)
Pulse Shape Discrim

Coincidences List
Mode

“one plug” acquisition

Early A/D conversion.
Preserve information!

Fig. 1.2: All-in-one Spectroscopy DAQ.

security and industrial applications. They are available in different form factors (VME, Desktop and NIM)
as showed in Tab. 1.1. In addition, CAEN developed also several digital pulse processing algorithms that
allows the user to extract a set of significant information like energy, precise timing, PSD and so on [RD1].
Tab. 1.2 shows the functionalities supported by the different models and that will be described in the
following sections.

14 GD6300 - CoOMPASS Quick Start Guide rev. 26



CAEN 0 Electronic Instrumentation

Sampling . .
MODEL'Y | Form Factor | # channels | Frequency |# Bits Input Dynamic Range | Bandwidth DPP firmware
(Vop) (MHz)
(Ms/s)
VME 8
X724 Desktop/NIM 2 100 14 05-225-10 40 PHA
VME 8
X720 Desktop/NIM 2 250 12 2 125 PSD
%730 Hale 16 500 14 0.5and 2 250 PHA, PSD
Desktop/NIM 8
VME 16
x725 Des NIM ) 250 14 0.5and 2 125 PHA, PSD
VME 8
X751 Desktop/NIM 3 1000/2000 10 1 500 PSD
X781 Desktop/NIM 4 100 14 03-1-3-10 o PHA
Gain: x1, x2, x4, x8
(Gain 1 = 1 Vpp); gain
V1782 VME 8 100 14 ) S 5 PHA
board jumper
X780 Desktop/NIM 2 100 14 Gain: x1, x3, x7, x16 40 PHA
DT5790 Desktop 2 250 12 2 alals PSD
%2740 | VME/Desktop 64 125 16 2 50 PHA, PSD
x2730 |VME/Desktop | 32 500 18 |4 VG‘::’:; fa'" up 250 PHA, PSD

Tab. 1.1: CAEN Waveform Digitizers selection table.

CoMPASS is the new software from CAEN able to implement a Multi-parametric DAQ for Physics Appli-
cations, where the detectors can be connected directly to the digitizers inputs and the software acquires
energy, timing, and PSD spectra. CoMPASS software has been designed as a user-friendly interface to
manage the acquisition with all the CAEN DPP algorithm. CoMPASS can manage multiple boards, even in
synchronized mode, and the event correlation between different channels (in hardware and/or software),
apply energy and PSD cuts, calculate and show the statistics (trigger rates, data throughput, etc...), save the
output data files (raw data, lists, waveforms, spectra) and use the saved files to run off-line with different
processing parameters.

CoMPASS Software supports CAEN first generation digitizers x720, x724, x725, x730, x740D, x751 digitizer
families running the DPP-PSD, DPP-PHA and DPP-QDC firmware, the x780, x781 and x782 MCA family, the
DT5790 Pulse Processor and the second generation digitizer x2740, x2745, x2730 and x2751 running the
DPP-PSD and DPP-PHA firmware. More details about the supported boards and firmware are given in the
following sections.
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X730 v \ v \ v
X725 ' \ v v \
X751 ' v \ '
X724 \ \
x720 \ v '
x740D v '
x781 \ \
V1782 \ \
X780 v '

DT5790 \ v v
x2740 v ' ) ' \
x2745 v v v ' \/
x2730 \ ' ) v v
x2751 ' ' v \

Tab. 1.2: Functionalities implemented in the CAEN digital algorithms and supported by the digitizers.

Note: 725, 730 and 751 series requires the calibration of the ADCs before starting the acquisition. COMPASS
performs the calibration at every start acquisition. 725S and 730S series do not require the ADC calibration.

Note: From now on 725/730 series will include 725 and 7255/730 and 730S respectively unless otherwise
specified.
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2 Quick Start Guide

2.1 Scope of the Chapter

This chapteris intended to provide the user with a quick guide of the CoMPASS Software, to deal with a DPP-
PSD and a DPP-PHA System in a practical use. For a demo purpose we used a gamma source of Cobalt-60
only. The user can refer to [RD2] and [RD3] for a real neutron —gamma discrimination application, to [RD4]
for a mixed Energy/Timing measurement application and to [5] for a real high resolution spectroscopy
application. All steps in this chapter are made with the 730 series (in the DPP-PSD case) and 725 (in the
DPP-PHA case). The same behaviour can be generalized to the 720, 725, 751, 2740, 2745, 2730 and 2751
series, as well as the DT5790 (for DPP-PSD) and to the 724, 730, 780, 781, 782, 2740, 2745 and 2730 (for
DPP-PHA). Exceptions and specific functioning will be explicitly mentioned in the text.

2.2 Hardware Installation

CAEN’s DPP-PSD System proposed in the chapter consists of the following CAEN products:

e DT5730S, 8-channel 14-bit 500 MS/s Desktop Digitizer.

e DPP-PSD firmware for 730S series (release 4.29 _136.138), running on the Digitizer.
e DT5534, 4 Channel 6 kV/1 mA (4 W) Desktop HV Power Supply Module

¢ CoMPASS Software for data acquisition, release 2.5.0, running on the host station

e GECO02020 Software for power supply management, release 1.13.1, running on the host station.

The digitizer running the DPP-PSD algorithm receives on channel 0 the signal from a Nal(Tl) coupled with
a PMT. The CAEN DT5534 (a 4-channel, HV Programmable Power Supply board) provides the supply to the
detector (Vpias = 800 V). A Cobalt-60 (°0Co) gamma ray source (counting rate ~ 1 kHz) is used. A computer
equipped with a Microsoft Windows 11 64-bit OS acts as host station in which the CoOMPASS and GEC02020
are running. The communication protocol between the computer and the Digitizer is USB (2.0 version).

Connect the SHV cable for the high voltage power supply to the HVO connector of the DT5534. Connect
the PMT output to the DT5730S CHO. Connect the digitizer and the HV power supply to the PC with the
preferred communication interface between USB and Optical link (USB and Ethernet for the power supply).

CAEN’s DPP-PHA System proposed in the chapter consists of the following CAEN products:

e DT5725S, 8-channel 14-bit 250 MS/s Desktop Digitizer.

e DPP-PHA firmware for 725S series (release 4.29_139.137), running on the Digitizer.
e DT5521HE, 4 Channel 6 kV/20 pA Desktop HV Power Supply Module

e DT5423, Desktop Linear Power Supply

e CoMPASS Software, release 2.5.0, running on the host station

e GECO2020 Software, release 1.13.1, running on the host station.

The digitizer running the DPP-PHA algorithm receives on channel 0 the signal from a HPGe. The CAEN
DT5521H (a 4-channel, HV Programmable Power Supply board) provides the supply to the detector (Vpjas
= 5500 V). The low voltage for the preamplifier is provided by the DT5423 a desktop linear power supply.
A Cobalt-60 (60Co) gamma ray source (counting rate ~ 1 kHz) is used. A computer equipped with a Mi-
crosoft Windows 10 64-bit OS acts as host station in which the CoMPASS and GEC02020 are running. The
communication protocol between the computer and the Digitizer is USB (2.0 version).
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High Voltage
Power Supply
DT5534E

GEC02020 and CoMPASS

DT5730
+
DPP-PSD Firmware

Fig. 2.1: The hardware setup including the digitizer running the DPP-PSD firmware used for the typical medium reso-
lution measurements using Nal(Tl) detectors application.

Radioactive
source

Low Voltage
Volt
DT5423

[ QD ~"

Power Inhibit — i Wi

High Voltage
Power Supply
DT5521H

Communication link
between digitizer and PC

HPGe detector

DT5725
+
DPP-PHA

signal

Fig. 2.2: The hardware setup including the digitizer running the DPP-PHA firmware used for a typical high resolution
measurements using HPGe detectors application.

Connect the SHV cable for the high voltage power supply to the HVO connector of the DT5521H. Connect
the low voltage to the DT5423 and the inhibit (if any) to the back panel connectors of the DT5521H. Connect
the preamplifier output to the DT5725S CHO. Then connect the digitizer and the HV power supply modules
to the PC with the preferred communication interface between USB and Optical link (USB and Ethernet for
the power supply).
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2.3 Firmware and Licensing

The firmware upgrade is an advanced feature that can be performed only in case the user wants to upgrade
the current firmware to a new version, or to upload a different firmware on the board. The .cfa file format
checks for the board model to ensure that firmware upgrade is made on the correct board.

2.3.1 How to install the firmware

2.3.1.1 V17xx, DT57xx and N67xx digitizers and MCAs

e Download the DPP-PSD Firmware (.cfa) for the 730 series (or for your own digitizer) on CAEN
website in the ‘Download’ area of the DPP-PSD page or from the digitizer page. Download
the correct file according to the digitizer family in use.

¢ Download the CAEN Toolbox software to upload the firmware on your board. The program

full installation package for Windows OS is available on CAEN website in the ‘Download’
area at the CAEN Toobox page.

¢ Unpack the installation package, launch the setup file and complete the Installation wizard.
¢ Run the CAEN Toolbox GUI by one of the following options:

— The desktop icon for the program

— The Quick Launch icon for the program

— The .exe file in the bin folder from the installation path on your host
Select "Digitizer 1.0”.

B2 cAEN Toolbox — m] X

Filter: | Description or code...

Digitizer 1.0, MCA and Peak Sensing (V17 DT57xx, NE700)
Digitizer 2.0 (V27xx, DT27x0x)
Bridge and PCI COMET2 Controller (Wx718, A2719, A2818)
PCle 1.1 COMETZ Controller (A3818)
USE 3.0 COMET2 Controller (445818)
PCle 3.0 COMETZ Controller (A5818)
General Purpose WME Board (V1495)
Programmable Logic Unit (W2495, DT5493)

VME HV Power Supply Module (W65xx)

Multi-Hit TDC (V1x90)

Cosmic Hunter (SPS&20CH)
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e from the top menu select Device — Connect, insert the digitizer connection parameters
and press Connect.

" [ CAEN Toolbox - Digiizer 1.0, MCA and Pea..  — o x [ CAEN Toolbox - Digitizer 1.0,MCAand Pea.. — O X
File Device Tools Options File Device Tools Options
Connect
| DOIU DOIU
Model V Model DT573058
PID PID 30928
Form factor Form factor DESKTOP
PCE revision PCB revision 4
AMC firmware version AMC firmware version  139.137 - Build 7110 (DPP-PHA)
| RoC firmware version R ROC firmware version ~ 04.29 - Build 8716
| [ [ Connect X
| Unlock code Unlock code 00043A86C8600200
‘Llcensed | Connection type Use - Licensed True
Verity firmware Link number No devices found Refresh T
Upgrade firmware VME base address  0x 00000000
Upgrade PLL oK Cancel Upgrade PLL
Check PLL - . Check PLL
Write unlock code ‘Write unlock code
Erase unlock code Erase unlock code
Manual controller Manual controller
Dump registers Dump registers
Load registers Load registers
Get information file Get information file

‘ Reboot USB device Reboot USB device

L [Cosconecte | [conecrep

e Select ‘Upgrade Firmware’.
e Select the DPP-PSD .cfa firmware file to be uploaded on the digitizer and press Open.

B2 Open X

3 > v 1 « Documenti > ATM » Firmware > DPP_PSD » x730 » ~ &) Searchin x7

Organize *  New folder

1]
4
=]
(-]

~ [ This PC Name Date modified Type Size

> [l A52 di Massim [ x730_DPP_PSD_4.25_136.21.cfa File CFA

> e 0s(C) [7] x7305_DPP_PSD_4.25_126.138.cfa 02/04/2024 0

File CFA

> == Marketing (\\/

comm (VWAD-{
> &= ArchivioSercor
> g CAENSYS (WA

¥ g ATM (\WAD-SEI

mvenaruzzo (\
¥ g mvenaruzzo (\
v 8 Network

> [ c1504

> [ c1646

> [ DESKTOP-5VG,

Fuagame:“ v‘ CAEN Firmware Archive (".cfa) ~
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¢ The digitizer firmware upload will the start automatically and CAEN Toolbox does show the
operation progress.

[ CAEN Toolbox - Digitizer 1.0, MCA and Pea..  — a X

File Device Tools Options

%

‘ Model DT5730S8
‘ PID 30557
Form factor DESKTOP
PCE revision 4

‘AMC firmware version = 136.140 - Build 9907 (DPP-PSD)
‘ ROC firmware version = 04.30 - Build 9703

Unlock code 00040CF35A6A0000

Licensed True

Verify firmware

Upgrade firmware

|
|
‘ Upgrade PLL
‘ Check PLL
| Write unlock code
|
Erase unlock code
Manual controller
Dump registers |
Load registers

Get information file

Reboot USE device |

Programming and verifying firmware... _

e Once the upload is completed, power cycle the board.

"B Info x

' Operation completed successfully.
The change will be applied after at the next reboot.

OK

e if the digitizer is a DT57xx one, CAEN Toolbox will notify the user the possibility to proceed
with an automatic reboot of the board.

Reboot X
&)

Would you like to reboot your USE device using standard image now?

oK Cancel

The procedure for installing and upgrading the DPP-PHA firmware is the same.
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'

Note: If the digitizer is connected to the DAQ pc via USB, do not upgrade the board firmware while running
CoMPASS. The concurrent access to the digitizer flash memory done by CAEN Toolbox and CoMPASS might
lead to an interruption of the CAEN Toolbox writing process with a consequent flash memory corruption.

2.3.1.2 V/VX27xx and DT27xx digitizers

This section is of course not related to the specific example described in this chapter. However
we do include it as well because the prescription and the advises included here may be easily
extended to the V/VX27xx and DT27xx digitizers as well. For this reason it’s useful to have here
a quick guide about their firmware upgrade as well.

The V/VX27xx and DT27xx digitizers firmware upgrade can be done either using CAEN Toolbox
or the embedded Web Interface[RD6]. Here the procedure using thee mbedded web interface

is shown. The Firmware section deals with firmware management.

2021011900
Scope
2021012700
Scope
2021021000
Scope

2020112601

Scope

| Current | Defauit | ﬂ
= [H
Upload new firmware

Fig. 2.3: Firmware page.

The Digitizer can store multiple firmware on-board. Such firmware can be either different up-
dates of the same firmware type, or different firmware types (Scope or DPP), indifferently. Each
stored firmware is visible on this page. The User can perform a new firmware upload, select
which firmware must be loaded on the FPGA at the reboot (Default), and which firmware must
be the current operating firmware (Current). The factory firmware (Factory) cannot in any way
be deleted and guarantees communication with the board even in case it is compromised with
any other firmware.

Firmware settings:

e Apply: Sets the firmware as the current operating firmware (green label). The selected
firmware is loaded without the need of rebooting the hardware. The current FPGA firmware
version is updated in the Board Information of the Dashboard page.

e Set as default: Makes the selected firmware the one to be loaded after the device reboot
(light blue label).

e Delete: Deletes the firmware from the Digitizer memory. Note that the factory firmware
(red label) cannot be deleted.

e See details: Shows the changelog information for the selected firmware.

The firmware file is a CUP file, which is an archive of files including the firmware for all the pro-
grammable components present on the 2740 digitizer (FPGA, CPU, etc.). By upgrading the CUP
file, all the components are upgraded at once. The standard name of the CUP file is:

<model>-<type>-<firmware-version>-1GbE.CUP

where

e <model> is the digitizer model (e.g. V2740);
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2021051304
DPP-PHA
2021051305

Sope

Releate Notes

Changelog
2021051305

Hiew featuines:
® Ligriie management
Systern changes:

* Web interface updated

Fig. 2.4: The firmware changelog.

[
mmr:z:n

Wiew details

e <type> is the firmware type identifier (e.g. scope);

e <firmware-version> is the firmware version.

Each stored firmware generates a raw in this section, reporting the firmware revision and the

firmware type (scope, DPP, etc.) just below.

The upgrade procedure is the following:

® Press the “Upload new firmware” button.

e Use the “Browse” button in the upgrade window to point to the CUP file.

* Press the “Upload” button to start the upgrade.

CUP file upload X

The new firmware loaded will become the current one.

Select file :

Browse...| V2740-scope-2021012600.cup

Fig. 2.5: Firmware upgrade window.

¢ The selected firmware will be automatically set as Current at the end of the process.

i+ Please wait while firmware upgrading...

The new firmware loaded will become the current one.

Select file :

Browse... | V2740-2020112400.cup
100%

Fig. 2.6: Firmware upgrade done.
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e Reboot by the “Reboot device” option to make the new firmware upgrade effective.

Note that when running the CoMPASS Software, the program checks for the firmware loaded in the target
Digitizer. If no license is found the software will show it in the ”"Board Properties” section, and at the start
of the acquisition, a pop-up warning message shows up and reports the time left before the acquisition is
stopped (trial version). To unlock the DPP firmware and to use it without any time limitation, you need to
purchase a license from CAEN. Refer to [7] for detailed instructions on how to use CAEN Toolbox and the
licensing procedure.

Board prop
Name |DT5730 #2-11-1088 ID 2-11-1088 Model |DT5730
ADC bits |14 Sampling rate (MS/s) 500.00 DPP type DPP_PHA
ROC firmware |4 11 build 0921 AMC firmware |139.6 build 1206 License |UNLICENSED
Link |USB link #£0 Status |Connected Enable

Fig. 2.7: COMPASS Board Settings section with the indication of a not licensed DPP-PHA firmware.

=) Confirm x

le} There are 1boards with DPP firmware demo license. The first one to expire (DT57305_2150) will do so in 0:29:47, do you wish to continue?

Fig. 2.8: COMPASS time bomb remaining time warning.

2.4 Software Setup

2.4.1 Drivers Installation

According to the preferred way of connection to the digitizer, users must also take care of proper installation
of USB or optical drivers. CAEN provides the drivers for all the different types of physical communication
interfaces featured by the specific digitizer and compliant with Windows OS.

e USB 2.0 Drivers for NIM/Desktop boards are downloadable on CAEN website (www.caen.it) in the
“Software/Firmware” tab of the digitizer/MCA web page (login required).

/ Note: Windows OS USB driver installation for Desktop/NIM digitizers is detailed in [8].

e USB 2.0 Drivers for V1718 and V3718 CAEN Bridge, required for the VME boards interface, are down-
loadable on CAEN website (www.caen.it) in the “Software/Firmware” tab of the V1718 and V3718
web page (login required).

/ Note: For the installation of the V1718 and V3718 USB driver, refer to the User Manual of the Bridge [9]
[10].

e USB 3.0 Drivers for V4718 CAEN Bridge, required for the VME boards interface, are downloadable on
CAEN website (www.caen.it) in the “Software/Firmware” tab of the V4718 web page (login required).

/ Note: For the installation of the V4718 USB 3 driver, refer to the User Manual of the Bridge [11].
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e Optical Link Drivers are managed by the A2818 PCl card, the A3818 PCle card or the A5818 PCle card.

The driver installation package is available on CAEN website in the “Software/Firmware” area at the
A2818, A3818 and A5818 page (login required)

/ Note: For the installation of the Optical Link driver, refer to the User Manual of the specific Controller [12]
[13] [14].

e USB 3.0 Drivers for A4818 adapter are downloadable on CAEN website (www.caen.it) in the “Soft-

N

ware/Firmware” tab of the A4818 web page (login required).

Note: For the installation of the A4818 USB 3 driver, refer to the datasheet of the [15].

/ Note: It is recommended to install the driver before to connect the hardware.

/ Note: x27xx digitizer family does not require any USB driver to be installed in Windows. They are required
in Linux only.

In our case we are going to describe the procedure for USB connection.

2.4.2 How to install the driver (Windows)

Download the latest release of the USB driver for Windows on CAEN website in the ‘Software/Firmware’
area at the digitizer page.

Unpack the driver package.
Power on the Digitizer and plug the USB cable in a USB port on your computer.

Windows will try to find drivers and, in case of failure the message “Device driver software was not
successfully installed” is displayed and the driver needs to be installed manually:

Go to the system’s ‘Device Manager’ through the Control Panel and check for the CAEN DT5xxx USB1.0
unknown device.

Right click and select Driver software update in the scrolling menu.
Select the option to ‘Browse my computer’ for driver software.

Point to the driver folder and finalize the installation.

2.4.3 How to install the driver (Linux)

In case of a DT57xx and N67xx digitizer:

Download the latest release of the USB driver for Linux on CAEN website in the ‘Software/Firmware’
area at the digitizer page.

Unpack the driver package (tar —zxf CAENUSBDrvB-xxx.tgz).
Go to the driver folder (cd CAENUSBDrvB-xxx).
Follow the instructions on the Readme.txt file.
Type:
make
sudo make install
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* Reboot your machine
In case of a 27xx digitizer:

e Download the latest release of the USB driver for Linux on CAEN website in the ‘Software/Firmware’
area at the digitizer page.

e Unpack the driver package (tar —zxf CAENDGTZ-USB-Drv-x.y.tgz).

* Go to the driver folder (cd CAENDGTZ-USB-Drv-x.y).

¢ Follow the instructions on the Readme.txt file.

e Type:
sudo ./install.sh
sudo sudo ./regPID.sh in case your Linux distribution is not able to automatically retrieve the
Digitizer USB name (CAENDGTZ-USB-{PIDNUMBERY})

¢ Reboot your machine

2.4.4 Libraries

CoMPASS software requires the following embedded CAEN libraries to manage the communication, con-
figuration and readout of the digitizers:

e CAENComm library manages the communication at low level (read and write access). The purpose
of the CAENComm is to implement a common interface to the higher software layers, masking the
details of the physical channel and its protocol, thus making the libraries and applications that rely on
the CAENComm independent from the physical layer. Moreover, the CAENComm requires the CAEN-
VMELib library (access to the VME bus) even in the cases where the VME is not used. Reference
document: [16]

o CAENDigitizer is a library of functions designed specifically for the Digitizer family, which supports the
DPP firmware. The CAENDigitizer library is based on the CAENComm library. Reference document:
[17].

e CAEN_FE_libis alibrary that can be used to control and acquire data new generation CAEN digitizers.
This library is just an interface and does not includes support to any digitizer family. In order to use a
digitizer you must install first the respective underlying library. Reference documents: [18], [RD19].

e CAEN_DIG1 _libis the high level library of functions designed specifically for CAEN V/VX17xx, DT57xx,
N67xx first generation digitizers. Reference document: N/A.

e CAEN_DIG2_lib is the high level library of functions designed specifically for CAEN 27xx second gen-
eration digitizers. Reference document: N/A.

Note: The most updated documentation about the FELib and Dig2 can be retrieved directly from the 27xx
digitizer web interface.

N

Note: The software is stand-alone and does not require the prior installation of the libraries (both for
Windows and Linux OS).

N
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2.4.5 CoMPASS Installation

In order to be able to install COMPASS, the host station needs Windows 10 build 15063 (or later) or Linux
64 bit OS.

¢ Make sure that your hardware (Digitizer and/or Bridge, or Controller) is properly installed (refer to
the related User Manual for hardware installation instructions).

¢ Make sure you have installed the driver for your OS and the physical communication layer to be used.
Driver installation packages are downloadable from CAEN website (login required) as reported in the
section Drivers Installation (refer to the related User Manual for driver installation instructions)

CAEN provides the full installation package for the COMPASS Software in a standalone version for Windows
and Linux OS. This version installs all the binary files and required libraries.

1. Download the CoMPASS Software for your OS from CAEN Website under the path: Home / Products
/ Firmware/Software / Digitizer Software / Readout Software / COMPASS
2. Extract the files

2.4.5.1 Linux Installation

In case of Linux OS there are two possible installation procedure:

1. Procedure 1:

¢ Use the software manager Snap for Linux (refer to snapcraft.io).
¢ Download the “compass_version_amd64.snap” file;

¢ Install the software by typing
sudo snap install compass_version_amd64.snap --dangerous --devmode

The --dangerous option just means that the package has not been verified by the Snap Store
team and the —--devmode option allows snap, executed in a sandbox, to access the computer
disk and peripherals.

There is no need to check for the minimal requirements as Snap will automatically install all the
additional required packages.

2. Procedure 2:

¢ Download the "CoMPASS-version.tar.gz” file and unzip it;
¢ Please check that your gcc and g++ compiler are > 11.4.0, that glibc is > 2.34 and that glibcxx is
> 3.4.30.

¢ To install the software type
sudo sh install.sh

Missing packages are detected by the setup and the user must install them to continue the CoM-
PASS installation.
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2.4.5.2 Windows Installation

28

Run the executable “CoMPASS_version.exe” and the Setup Wizard will guide you throughout the installa-

tion procedure.

The CoMPASS Setup Wizard will first look for already present COMPASS installation. If it finds it, it will ask

the user to first uninstall the previous installation automatically.

Setup

| CoMPASS is already installed. Continue to uninstall this old
version?

Fig. 2.9: CoMPASS Wizard Dialog Box - Detection of previous CoMPASS installation.

Click Yes to proceed with the old COMPASS version uninstall.

CoMPASS Uninstall

Uninstall Status
Please wait while CoMPASS is removed from your computer,

Uninstalling CoMPASS. ..

ES

Fig. 2.10: CoMPASS Wizard Dialog Box - Uninstall of previous CoMPASS installation.
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cly Setup - CoMPASS - x

Welcome to the CoMPASS Setup
Wizard

This will install CoMPASS v2,3.0-beta-118-g295%c7e6 on your
computer.

Itis recommended that you dose all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

CAEN

Toaols for Discovery

Fig. 2.11: CoMPASS Wizard Dialog Box - Start Installation.

The ComPASS installer looks for the presence on your system of possible incompatible packages; if it finds
them a pop up appears asking to remove them before completing the installation.

| Setup *

Windows115DK. 22000 component from W52022 has been
found in your system.

This component is known to generate conflicts with
CoMPASS,

Please uninstall, it befare proceeding with the CoMMPASS
installation.

Fig. 2.12: CoMPASS incompatible packages pop up.

The ComPASS installer looks for the presence on your system of the required OS packages; if it does not
find them a pop up appears asking to install them.

| Setup

CoMPASS requires Visual Studio 2019 with
Windows115DK.22000 component, not detected on your
system. Do you want to install Visual Studio Build Tools now?
The installer needs an active internet connection,

Fig. 2.13: CoMPASS Requirements pop up.

Proceed with the required package installation and then the main Installation Wizard occurs.

Please read the CoOMPASS Software License Agreement and select “I accept the agreement” to continue
the installation. Left click on “Next” (or left click on “Back” at any time during the installation process to
modify the previous settings).
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cly Setup - CoMPASS -

License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

Software License
Copyright © 1998-2024 C.A.E.N. S.p.A

Licence Agreement for "CAEN Software or Firmware” (collectively, the "CAEN
SwFw")

By using or distributing this CAEN SwFw {or any work based on the CAEN SwFw)
you shall be deemed to have accepted the terms and conditions set out below.

C.A.E.N. 5.p.A ("C.A.E.N.") is making this CAEN SwFw freely available on the

o I accept the agreement

(C)1 do not accept the agreement

Fig. 2.14: CoMPASS Wizard Dialog Box - License Agreement.

Choose the CoMPASS installation path. By default the C:\CoMPASS path is proposed.

¢y Setup - CoMPASS

Select Destination Location
Where should CoMPASS be installed?

‘ EI Setup will install CoMPASS into the following folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.

Browse...

At least 628,6 MB of free disk space is reguired.

Fig. 2.15: CoMPASS Wizard Dialog Box - Installation path selection.

Press "Browse” if you want to change it with a different path.

GD6300 - CoOMPASS Quick Start Guide rev. 26



CAEN m Electronic Instrumentation

| Browse For Folder *

Select a folder in the list below, then dick QK.

C:\CoMPASS

v | 05 (]

> w= Marketing (\AD-SERVER) (K2)
> w= comm (WAD-5ERVER] ()

> D W |
y [ w: f
> D X
> D i

Fig. 2.16: CoMPASS Wizard Dialog Box - Installation path change window.

If the selected installation folder already exist COMPASS does ask the user for the overwrite confirmation.

Folder Exists

o The folder

CACoMPASS

already exists. Would you like to install to that folder anyway?

Fig. 2.17: CoMPASS Wizard Dialog Box - Installation folder overwrite confirmation.

Optionally, mark the checkbox labelled “Create a desktop icon” to create an CoMPASS icon on your com-
puter Desktop. Left click on “Next” to continue.
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cly Setup - CoMPASS - x

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing CoMPASS,
then dlick Mext,

Additional shortcuts:
B Create a desktop shortcut

|

Fig. 2.18: CoMPASS Wizard Dialog Box - Desktop Icon Selection.

Check the installation setting summary window and press “Install” when ready to install the CAEN CoOMPASS
Software.
el Setup-éomp,:\gs S - -

Ready to Install
Setup is now ready to begin instaling CoMPASS on your computer.

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\CoMPASS

Additional tasks:
Additional shortcuts:
Create a desktop shortcut

|
Back Install Cancel

Fig. 2.19: CoMPASS Wizard Dialog Box - Installation.

The CAEN CoMPASS Setup Wizard will extract and install the relevant files.
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cly Setup - CoMPASS - x

Installing
Please wait while Setup installs CoMPASS on your computer.

Extracting files...
C:\CoMPASS \plotiwinbinibROOTErowsery 7.dll

Fig. 2.20: CoMPASS Wizard Dialog Box - Installation progress.

At the end of the installation, the following Dialog Box will appear:

£l Setup - CoMPASS -

Information
Please read the following important information before continuing.

When you are ready to continue with Setup, dick Next.

-— CAEN SpA - Computing Systems Division -—

CoMPASS Release Notes

Rel. 2.3.0 - March 2024
Rel. 2.2.1 - November 2023
Rel. 2.2.0 - September 2023
Rel. 2.1.1 - October 2022
Rel. 2.1.0 - June 2022

Rel. 2.0.1 - February 2022
Mol Am A Cle—. nnnn

Fig. 2.21: CoMPASS Wizard Dialog Box - Software Release Version Notes.

Please read the Release Notes of the COMPASS Software before continuing. This document is updated for
every official release of COMPASS and it contains various updated information specific to this software.

To complete the CoOMPASS Installation left click on “Finish”. The CoMPASS Program can be launched by
marking the check box “Launch CoMPASS” before finishing the installation, or by left clicking on the in-
stalled icons in the Start Menu Folder.

GD6300 - CoOMPASS Quick Start Guide rev. 26 33



CAEN @ Electronic Instrumentation

cly Setup - CoMPASS

Completing the CoMPASS Setup
Wizard

Setup has finished installing CoMPASS on your computer, The
application may be launched by selecting the installed
shortouts.

Click Finish to exit Setup.

B Launch CoMPasS

Toaols for Discovery

Fig. 2.22: CoMPASS Wizard Dialog Box - Finish Installation.
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2.5 Software Connection

Once you have installed the required driver for the communication interface and the CoOMPASS software
you can launch the CoMPASS software and connect it to the DT5730S and DT5725S at the same time.

At the first connection it is required to guarantee firewall access to CAENDPPServer and CoMPASSplot (first
time only)

# Windows Security Alert x

@ Windows Firewall has blocked some features of this app

‘Windows Firewall has blocked some features of CAENDPPServer Application an all public and
private networks.

@ Mame: CAEMDPPServer Application
Publisher: CAEN 5.p.A.
Path: C:\compassserver win'\x&6 \caendppserver. exe

Allow CAENDPPServer Application to communicate on these networks:
[ Private netwarks, such as my home or work network

[~]Public networks, such as those in airports and coffee shops (not recommended
because these netu\urks often have litle or no security) H

What are the risks of allowing an app through a firewall?

Gﬂlow access Cancel

Fig. 2.23: Firewall access to CAENDPPServer.

@ Windows Security Alert *

@ Windows Firewall has blocked some features of this app

Windows Firewall has blocked some features of compassplot on all public and private networks.
@ Mame: compassplot
Publisher: Unknown
Path: C:\rompass\plotywin\bin\compassplot. exe

Allow compassplot to communicate on these networks:
[ Private networks, such as my home or work network

[ Bublic networks, such as those in airports and coffee shops {not re(ummended
because these, netmorks often have little or no security)

What are the risks of allowing an app through a firewall?

Gglow access Cancel

Fig. 2.24: Firewall access to CoOMPASSplot.

At the CoMPASS startup both the software configuration GUI (Fig. 2.25) and the CoMPASS Plot (Fig. 2.26)
will be opened.
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) CoMPASS - o X%
File Tools :\ Wizards

BENESE ) enE

‘ Ready H No file has been loaded yet

Fig. 2.25: CoMPASS Start window.

1 CoMPASS Plot - o x

ol W |} ]S ] va] ]| o] =] e

Idle

Fig. 2.26: CoOMPASS Plot Start window.
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From the main panel of the CoMPASS software GUI you can change the software language by selecting
TOOLS -> Select Language. A popup appears allowing to select the desired language.

Change language e

Select a language

iEnglish e
Cance

Fig. 2.27: CoMPASS language selection window.

Currently the following languare are supported:

e English

e Chinese
e Japanese
e Korean

e [talian

¢ French

e German
* Spanish
e Portuguese
¢ Finnish
e Dutch

¢ Swedish
¢ Polish

e Russian
e Ukrainian
e Turkish

e Arabic

e Jewish

More language will come in future releases.

/ Note: The user is encouraged to contact CAEN at the official support platform to spot possible translation
mistakes or to request to extend the multi-language support to a specific language.
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2.6

38

Create a new CoMPASS Project

From the main panel of the COMPASS software GUI select

FILE -> New Project, or press the button D

A pop-up windows will appear asking the user to select the folder in which the project will be saved. Each

project will include all the details about the involved boards, firmware and settings, as well as the acquired
data.

=) Select project folder hd
Look in Test ~| ¥ E® -
. .compass
i
e DAG
Oggetti recent
Desktop
A
=&
Documenti
Questo PC

Lﬂ* (3l =i = - Y IsersYymvenaruzzo \Documents Y ATM Test CoMPASS Test] Select project folder

REE Files of type | all Files ~ Cancel

Fig. 2.28: CoMPASS New Project window.

Select an already existing folder or create a new one by pressing the button -

If the selected folder already contains a project, COMPASS will ask the user to continue, and so erase the
folder content, or not.

Confirm X

':@' Selected folder is not empty, continue anyway?

Fig. 2.29: CoMPASS not empty folder warning message.

Pressing yes, COMPASS prepares the project environment and moves to another window in which the user

can choose if add manually one by one the available boards or let COMPASS scan for all the connected
digitizer for any communication interface.
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) CoMPASS - o

File Tools _"_‘\W\zavd;
REeEE S

This project has no boards. Cick on 'add board' or 'scan’ to detect all avaiable devices

Note: "scan’ eurrently does not support neither the communication through A4818 nor the 27XX digitizer families; 'scan’ through V4718 bridge is anly supported with optical link connection. Please use the "add board’ function

Project open G:\Documents\ATM\Test CoMPASS\Test

Fig. 2.30: COMPASS Scan Tab.

Add board the user can add a single board

Pressing the button or the

manually providing the connection parameters. Press ok to do the connection to the board.

Add board X

|0. Flease insert connection parameters

Connection O use (_) OPTICAL
(C) USB A4818 (C) ETHERNET
© Link (170, 57X, 67X families) ==

(_) PID (27%X families, Y4713 bridge) 1]

10 Direct connection

() VME Bridge VME base address 0x

Cancel

Fig. 2.31: CoMPASS Add Board window.

Pressing the button E or the E Scan the user let COMPASS search for all

the active connection interfaces searching for the connected boards and automatically to the connection.
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) CoMPASS - o x
File Tools _‘.‘\W\zavd; 7
NeSEE w0

This project has no boards. Cick on 'add board' or 'scan’ to detect all avaiable devices

Note: "scan’ eurrently does not support neither the communication through A4818 nor the 27XX digitizer families; 'scan’ through V4718 bridge is anly supported with optical link connection. Please use the "add board’ function

I Scanning Cancel G:\Documents\ATM\Test CoMPASS\Test D

Fig. 2.32: CoMPASS Searching for connected boards.

If a not supported board model or firmware is detected, a popup appears showing some additional infor-
mation

=) Error x

I:e] Error adding board DT5742B_125: board model not supported. Please check software user manual for a list of accepted models

Fig. 2.33: Not supported board model popup.

Error X

"Q' Error adding board DT5730_1088: 'Waveform Recording' firmware not supported. Please check software user manual for a list of accepted firmware

Fig. 2.34: Not supported firmware popup.
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After the scan has completed CoMPASS will automatically connect to the found boards and will show the
detected boards as:

¢ list of all the available boards and their status in the COMPASS Plot Run Data Source Section (Fig. 2.35)
o different sub-tabs in the Settings tab (Fig. 2.36);
e separate entries in the COMPASSPIlot Statistics table (Fig. 2.37).

Two additional tabs are available to set time correlations between channels of the same board or different
boards (Fig. 2.38), and to create virtual channels as sum of individual channels (Fig. 2.39).

) CoMPASS Plot - O b4
* Remote | Rundata T . E @
| s [ PLHEIEIE |
Rur 8 x|
Board name Status
DTS730 585 Connected - Enabled
DT5725.912  Connected - Enabled
@ Connected enabled boards
(O offline data Sourcename  Last modified
() Board data buffers
Realtime playback
O usts
() Spectra

Onlina

Fig. 2.35: CoMPASS Plot Window - Run data source section.
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) CoMPASS - o x
-'\ Wizards ?
RS FENE

12 Acquisiion etiings [ ] Time selecton

File Tools

Virtual channels

@ ororzs s
Board propert
Name |DTs725_012 | D 214912 | Model [pT5725 |
ADC bts |14 | samping rate (MS/s) |250.00 | DPPtype |DPP_PHA |
ROC frmware (4,23 buid 4806 | AMC firmware 139.9 buid 4428 | License [icensed |
Link [USB Ink #0 | Status | Connected | Enable &1

@ tout | © Decrminator @ Trapezid @) Spectia @) Refections | @) Eneray catbration @ Syne/irg | @) Oriboad cningences | @) Miscelaneous | @) Redisters
Parameter Board CHO CH1 CH2 CH3. CHe CH5 CHE CH7

Enable

Record length 20000 ns

Pre-trigger 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns
Polarity Positive Positive Positive Positive Positive Positive Positive Positive Positive
N samples baseline 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples
DC Offset 20.0 % 20.0 % 20.0% 20.0% 20.0% 20.0 % 20.0 % 20.0 % 20.0 %
Calibrate ADC
Coarse gain 1x 1x 1x 1x 1x 1x 1x 1x 1x
Connected C:\Users\mvenaruzzo\Documents\ATM\Test CoMPASS\Test

Fig. 2.36: CoMPASS Settings Tab.

) CoMPASS Plot = a X
e P LN EEUOVIFMA B BE s C— )
1) Statistics
ot
e Oz OFE"
[ sourd Readout
[ ards 12293 08
T s Ew— S P T o T ——
=

Fig. 2.37: CoMPASSPIot Statistics Table.
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) CoMPASS

File Tools

& Wizards
sl=lEEl=h)
Acquistion [ Settings [ | Time selecton [ Vitual channels

Paired AND

Correlation
Reference channel Select a reference channel

Correlation window (ps) |1.0

Connected

C:\Users\mvenaruzzo\Documents\ATM\Test CoMPASS\Test

Reference board

Select a reference board

Fig. 2.38: CoOMPASS Time Selection Tab.

£ CoMPASS [u] X
File Tools 2
Acquistion [ Settings [EC] Time selecton 1] vitual channess
Virtual Channel name:  Clover1 .
Virtual Channel list
Clover
Board CHo CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8 CHS CH10 CH11 CH12 CH13 CH14 CH15 CH16 CH17 CH
VX2730_... m) a O O @] ] ] @] a a a [m] a O ] O ] ] [
IVX2751_... (m)] a (m)] (m)] (m] (m] (m)] -] =] (m)] (m)] a (] (m)] (m] (m] T =
Virtual channel setting Virtual channel calbration
Energy N channels 16384 | | Coarse gain 10 ©
Time nterval N channels 10000 V| |co 0.0
Time interval Tmin (ns) 0.0 @l 1.0
Time interval Tmax (ns) 10000.0 c2 0.0
Start/stop At N channels 10000 .| | Catbration units kev v
Virtual Channel buiding condition
Start/stop At Tmin (ns) -1000.0 Mulipiciy ) .
Start/stop At Tmax (ns) 1000.0 Time window (ns) 1DDD‘O|
Connected C:\Users\mcalo\Desktop\basine E

Fig. 2.39: CoMPASS Virtual Channels Tab.
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In order to connect and use only a subset of the available boards the user has to click on the Enable tick
into the Board Properties section to enable/disable the single digitizer. The corresponding modification
will be them shown into the COMPASS Plot Run Data Source section.

) CoMPASS Plot

e iy RBEDOV E 5 8

: control | saurce

Board name Status
DT5730.585  Connected - Disabled
DT5725912  Connected - Enabled

(® Connected enabled boards

Fig. 2.40: Connected and disconnected digitizer status shown in the COMPASS Plot Run Data Source section.
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2.7 Open a CoMPASS Project

In order to open a previously saved CoOMPASS project select

FILE -> Open Project, or press the button

A pop-up windows will appear asking the user to select the folder in which the project is saved.

L2} Open X
Look in Test CoMPASS o ¥ e m-
~ BaF2 Test X730 PSD
] CeBr3 Test 740D QDC
- 751 PSD
Oggett recenti DHRUVA_Test x7
DT5780 x751 PSD CFD
DT5790 x781 PHA
= LICAF_DTS730_PSD
Desktop Mixed

MultiLine-Attenuated-109
Nal_LaBr3_with_Cof0_DT5780

4
= Positron Lifetime Measurement
Documenti Prove nuovo offline

Scintillating Fiber BCF-12 Test

La Test

— Test_PileUp_Endo_7305_PHA
Questo PC Test_USA

V1782 PHA

‘ VX2T40_PHA

l*ﬁ x720 PSD

Rete *x724 PHA

%723 PHA

®725 PSD

*730 PHA

Folder name: | C:\Users\mvenaruzzo'Documents\ATM Test CoOMPASS

Filesof type | &l Files ~ Cancel

Fig. 2.41: CoMPASS Open Project selection window.

Click on the desired folder. If a project is actually saved in the folder you will see the included boards listed
on the right section of the window
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) Open

Lok in Test CoMPASS

BaF2 Test

CeBr3 Test

DHRUVA Test

DT5780

DT5790

LICAF_DT3730_PSD

Mixed
MultiLine-Attenuated-109
Mal_LaBr3_with_Co60_DT5780
Positron Lifetime Measurement

:—_J

Oggetti recenti

Desktop

4
Do:ll.l_mlnﬁ Prove nuovo offline
Scintillating Fiber BCF-12 Test
ny 3
— Test_PileUp_Endo_7305_PHA
Questo PC Test_USA
V1782 PHA
VX2T40_PHA
%720 PSD
x724 PHA
%723 PHA
®725 PSD
*730 PHA

X730 PSD
x740D QDC
X731 PSD
x731 PSD CFD
x781 PHA

Folder name:

Fiesof type | Al Files

Ci\Users\mvenaruzzo'\Documents \ATMTest CoMPASS {Test

w Cancel

Fig. 2.42: CoMPASS Open Project selection window with the project folder selected.

Click Open to open the project and have the corresponding digitizer settings loaded on the GUI.

If the boards are up and running, they will be automatically connected to the project and enabled and
correspondingly displayed in green in the Run Data Source section of the CoMPASS Plot. Otherwise they
will be displayed in red if they are disconnected or in grey if they are connected but disabled.

Run data source 8

Status
Connected - Enabled
Connected - Enabled

Board name
DTS730.585
DTS725 912

@ Connected enabled boards

O offiine data Source name Last modified

Load

Run data source

Run data source 8 x

Status
Disconnected
Disconnected

Status
Connected - Disabled
Connected - Disabled

Board name
DT5730_585
DT5725_912

(®) Connacted anabled boards

® offiine data Source name Last modified
~ oun venmag2113:20:55 2021
RAW ven mag 21 13:20:56 2021
® Lists

O offline data Source name Last modified

Load

Load

Fig. 2.43: Project board status in the Run Data Source section of the CoMPASSPlot window.

If the project folder includes also saved data, the Offline data section becomes selectable. Clicking on the
Offline data, the below sections (Boards data buffer, List, Spectra) becomes available and selecting one of
them the user can check the included data files.
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(O Connactad anabled boards

@ Offiine data

@ Board data buffers.

[ reatime playback

O Lists

Q) spectra

Status
Connected - Disabled

Board name
DT5780M,

Source name  Last modified
run_List  venapr913:57:38 2021

run_Waves ven apr 9 13:55:33 2021

Load

CAEN m Electronic Instrumentation

Run data source

O Connectad enabled boards

@ Offline data

O Board data buffers

@ Lists

O spectra

g x
Boardname  Status
DT5720M_367 Connected - Disabled
Source name Last modified @
v run_List ven apr 9 13:57:38 2021
FILTERED  ven apr 9 12:57:32 2021
RAW wen apr 9 15:01:58 2021
UNFILTERED wen apr 9 13:57:38 2021
v run_List_1 wen apr 9 17:46:30 2021
FILTERED wen apr 9 17:46:31 2021
RAW wen apr 9 17:46:31 2021
UNFILTERED gio apr 22 17:56:52 2021
v runlist2 mer apr 14 12716:04 202
FILTERED  mer apr 14 12:16:04 202
RAW mer apr 14 12:16:04 202
UNFILTERED mer apr 14 12:16:04 202
¥ run_List 3 mer apr 14 202
FILTERED  mer apr 14 9202
RAW mer apr 14 12:16:49 202
UNFILTERED
v runlist s
FILTERED
UNFILTERED mer apr 14 12:19:14 202
¥ run_Waves wen apr 9 13:55:33 2021
FILTERED wen apr 9 13:55:34 2021
wen apr 9 13:55:34 2021
UNFILTERED aio aor 22 14:24:31 2021 ¥
>

Load

Run data source

() Connectad enabled baards

(@) Offline data

() Board data buffers

QO usts

(®) Spectra

Board name Status

M, Connected - Disabled

Source name

¥ run_List

v RAW

v E
CHO@DT5780M_367_Espectru
CH1@DT5780M_367_Espectru

CHO@DT5780M_367_Tspectru
CH1@DT5780M_367_Tspectru
~ UNFILTERED
~E
CHO@DT5780M_367_Espectru
CHI@DTS780M_367_Espectru
v T
CHO@DTS780M_367_Tspectru
CHI@DTS780M_367_Tspectru
v run_List_1
~ FILTERED
v E
CHO@DTSTB0M_367_Espectru
CHI@DTS7B0M_367_Espectru
v T
CHO@DT5780M_367_Tspectru
CH1@DT5780M 367 Tsvectru ¥
>

load ||

Fig. 2.44: Saved data present in the project folder as displayed in the CoMPASSPlot Window.

How to re-process the previously saved data will be shown and explain in the dedicated section How to
reprocess the CoOMPASS data files.
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2.8 Save and Load configuration
In order to save the current project settings configuration select

FILE -> Save configuration file as, or press the button

A popup will appear allowing to save the current configuration in the CoOMPASS CONFIG folder which is by
default included in the current project folder.

=) Save >

=
E
]

Save in: COMFIG e

File name: | Save

Fies of type  CoMPASS configuration files (.xml) w Cancel

Fig. 2.45: CoMPASS configuration save window.

Type the desired configuration file name and press Save.

In order to load a project settings configuration select

FILE -> Load configuration file, or press the button

A popup will appear allowing to load the desired configuration from the CoMPASS CONFIG folder.

) Open *

-
B
4

Look in CONFIG -

D Test_Configuration_1.xml
D Test_Configuration_2.xml

[

Files of type  CoMPASS configuration files {,xml) w Cancel

Fig. 2.46: CoOMPASS configuration load window.

Select the desired configuration file and press Load. The corresponding settings will then uploaded on the
digitizers.
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If more then one digitizer is part of the project such Save/Load functionality saves/loads the settings of all
the digitizers.

During the Load operation CoOMPASS checks the correspondence between the boards whose settings have
been saved and the current boards included in the project. If such correspondance is not matched, an error
message occurs and no setting is uploaded.

[ =) Error x|

[8] Cannot apply a configuration file with different boards

Fig. 2.47: CoMPASS configuration load error.
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2.9

50

How to power on/off the high voltage (x780 family and
DT5790 only)

Go into the HV subtab in the Settings tab and set the desired High Voltage value "V Set” and the maximum
current "l Set” according to your detector specifications.

Set the Maximum allowed Voltage value ”V Max”, beyond which the HV channel goes into protection.
Select the proper values for Ramp UP and “Ramp DOWN” (”V ramp up” and ”V ramp down” respectively),
corresponding to the value of V/sec of voltage ramp.

Starts the HV by setting the Power On/Off field when ready and the check the HV status from the V Mon,
I Mon and Status fields.

@ @t © dsaminator © ¢ @ specte @ Rejectons ) @ syrchvonizaton ) © viscelneous @ Regters
aaaaaaaaa coxd
Polarity Positive Negative
Power On/Off a]
V Set 0.0V
V Mon 10V 15V
Vramp up 1V/s
V ramp down 1V/s
V Max 4100V
1Max 3100.00 pA
IMon 0.00 pA 0.00 pA
Status Off off

Fig. 2.48: COMPASS HV Tab.

The channels status can be also checked into the CoMPASS bottom status bar

Connected HV status: Ok C:\Users\mvenaruzzo\Documents\ATM\Test CoMPASS\x790 PSD

Fig. 2.49: CoMPASS Status bar.

Note: If the HV is ON and the user disconnects the software from the digitizer, a pop up appears asking the

user which action has to be done. If the user decides to leave the HV on, the HV channels will remain ON
even at the next connections.

| Confirm x>

'e' Al least one HV channel is on, what would you like to do?

Turn OFF
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2.10 Before starting the acquisition

Especially in case of a DPP-PHA system, but also for a DPP-PSD system, it is very important to check the pre-
amplifier output in an oscilloscope device before feeding the pre-amplified signal into the digitizer input.
The user must check that:

¢ there are no grounding loops;
¢ the preamplifier output dynamics is not saturated.

In the unlikely event one of the above conditions is found the user must take care of the proper work
around.

2.11 How to configure the channel settings

The correct configuration of the channel settings allows the system to reach very precise resolutions in
nuclear spectroscopy measurement. For this reason, it is very important to set them properly. This section
will guide the user throughout the settings configuration.

Note: As mentioned at the beginning of 2.2 the indication and suggestion that will be provided in this

/ chapter refer to the DT5780 MCA and to the DT5730(S) digitizer with DPP_PSD firmware. When using
other board models the corresponding COMPASS settings may be slightly different. Such variation will be
mentioned when appropriate.

The first step is to start the acquisition using the the “Acquisition Mode: Waves” in the Acquisition tab in
order to check the effects of the setting modifications on the digital filters (Fig. 2.50).

Acquisition mode Waves | DlAuto trigger
[ Timed run (s) 100

Free writes file Choose file Clear

Fig. 2.50: Acquisition Settings section.

In CoMPASS Plot, open the waveform plot pressing the button D

Select into the field "Global Source” the channel to be displayed.

In order to start the acquisition press the button b

In Acquisition Mode ”Waves”, COMPASS will automatically check the value of the Event Aggregation param-
eters. This parameter will be better described later and it corresponds to the number of events that will
be collected by the board before send them to the digitizer. Depending on the width of the Record Length,
CoMPASS will then evaluate the highest possible value of this parameter and will modify it on behalf of the
user in case the current set value exceeds the maximum one (Fig. 2.51).
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[=) Warning x
Parameter ‘Rate optimization' value 511 for board DT5780M_367 is invalid, 65 will be used instead

[] Hide warning popups. This option can be restored from the menu Tools—Preferences

Fig. 2.51: CoMPASS Event Aggregation value warning.

/ Note: It is possible to hide such kind of COMPASS warning messages selecting the corresponding option
directly on the warning pop up or selecting Tools — Preferences ans selecting the corresponding options.

C] Hide warning popups
| (] Copy run report files to common folder
| [] Create run PDF report
| E] Use date/time for run report file name

Logger severity level DEBUG ~

When warning popups are hidden, the user is in any case notified of their occurrence by the CoMPASS
main GUI status bar that becomes partially yellow on the left section and that show a notification triangle
on the bottom left corner.

Data acquisiton is running HV status: Ok C:\Users\mvenaruzzo\Documents\ATM\Test CoMPASS\Test |

If the board features a not licensed firmware, at the start of the acquisition a popup appears informing the
user about how much time remains before the license expires (Fig. 2.52).

Confirm x

Ie] There are 1boards with DPP firmware demo license. The first one to expire (DT57305_2150) will do so in 0:29:47, do you wish to continue?

Fig. 2.52: CoMPASS time bomb remaining time warning.

When the license is expired, the user has to:

¢ disconnect the board by deselecting the Enable option in the Setting tab — Board Properties section
¢ power cycle the board

e connect again the board by selecting the Enable option in the Setting tab — Board Properties section

2.11.1 How to use the Settings Tab

The Settings Tab and the subtabs there included allows the user to set all the acquisition parameters at the
board, group (x740D only) and single channel level. For each parameter, acting on the the "All” column, the
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modified setting will be applied to all the channel of the board, acting on the “GRn” columns, the modified
setting will be applied to all the channel of the group n (x740D only), while acting on the “CHn” column the
modified setting will be applied only to the selected channel.

See for example Fig. 2.53 where it has been modified the polarity of channel 0. In this case all channels
will have negative polarity, while channel 0 will have positive polarity.

O put () Discriminator ) QDC Q) Spectra #0) Rejections Q) Energy calibration @ Sync/Trg @@ Onboard coincidences i Miscellaneous i Registers
Parameter All CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
Enable [ V] [} Y| [ ) V] ) |
Record length 992 ns
Pre-trigger 96 ns 96 ns 96 ns 96 ns 96 ns 96 ns 96 ns 96 ns 96 ns
Polarity  Negative Positive

N samples baseline 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples

Fixed baseline value 0 0 0 0 0 0 0 0 0
DC Offset 20.0 % 20.0 % 20.0 % 20.0 % 20.0 % 20.0 % 20.0 % 20.0 % 20.0 %
Calibrate ADC

Fig. 2.53: Example of use of COMPASS Settings Tab.

In Fig. 2.54 it is shown and example in case of the x740D board. It has been modified the threshold of
group 0 and channel 0. In this case all channels will have a threshold of 100 LSB, while group 0 will havea
threshold of 50 LSB except for channel 0 that will have a threshold of 10 LSB.

) mput ) Discriminator () QDC ) Spectra () Rejections Q) Energy calibration @ Syndvonizatin ) Miscellaneous ) Registers

Parameter Board GRO GR1 GR2 GR3 cHo L a2 a3 cHa aHs cHe a7 cHs cHo
Threshold 1001Isb 50 Isb 1001Isb  1001Isb 1001Isb  101Isb 50 Isb 50 Isb 50 Isb 50 Isb 50 Isb 50 Isb 50 Isb 100 Isb 100 Isb
Trigger holdoff 640ns 640ns 640ns  640ns 640 ns

Input smoothing Disabled

Fig. 2.54: Example of use of COMPASS Settings Tab in case of the x740D family.

Note: The group settings on "GRn” (x740D only) and the individual settings on “CHn” are not modified by
the global setting on the "All” column.

2.11.2 DPP-PSD and DPP-QDC System Parameter Optimization

It is possible to visualize a set of analog and digital traces. Start with the visualization of:

e “Input”
e “CFD”

e “Trigger”
e “Gate”

Adjust the Record Length and the Pre-Trigger for a better visualization.

Note: In case you don’t see any signal select “Auto Trigger” in the Acquisition Tab to enable the software-
trigger. The software will force the board to trigger the events. Then adjust the channel settings as de-
scribed in the following sections. Once the parameters are correctly set, deselect the “Auto Trigger” option
to disable the software-trigger.

If needed, adjust the DC Offset to avoid the saturation of the digitizer dynamic range.
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Fig. 2.55: CoMPASS Waveform Plotter window with Input, CFD, Trigger and Gate traces.

Drag and release on the X and Y axes to zoom in a region of the plot.

To zoom out press the button I:rl

In the COMPASS main GUI in the Settings Tab there are several sub-tabs in which all the relevant parameters
are grouped by functionality.

/ Note: Any time you change one setting, always press Enter on your keyboard to apply the setting.

When two analog traces are shown in the plot (like Input and CFD in Fig. 2.55), half of the digitizer samples
are used for the first trace and the other half for the second trace. In this case the input signal might appear
at half of the digitizer sampling. To visualize the trace at full frequency, disable the second trace by selecting
the option “None”.

Note: In case of 751 family select the option ”"Analog Traces Fine Resolution” in the Input sub tab.
© put

Parameter Board

Enable
Record length 996 ns
Pre-trigger 96 ns
/ Polarity Negative
N samples baseline 256 samples
Fixed baseline value 0
DC Offset 20.000 %
Calibrate ADC
Input dynamic 1.0 Vpp
Analog Traces Fine Resolution a

/ Note: To show/hide one of the traces displayed on the plot you just have to check/uncheck the tick close
to the corresponding trace.
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2.11.2.1 How to configure the Input Signal settings (DPP-PSD and DPP-QDC)

The first settings to be configured are those related to the Input Signal.

) Input ) Input
Parameter Board Parameter Board
Enable Enable
Record length 992 ns Waveform downsampling 1x
Pre-trigger 96 ns Record length 992 ns
Polarity Negative Pre-trigger 96 ns
N samples baseline 256 samples Polarity Negative
Fixed baseline value 0 N samples baseline 64 samples
DC Offset  20.0 % Fixed baseline value 0lsb

Calibrate ADC DC Offset 20.000 %

Input dynamic 2.0 Vpp

Fig. 2.56: Input subtab for a x730 and, as comparison, 274x digitizer (DPP-PSD).

[

Open the Input subtab. You can choose if setting the parameters for all the digitizer channels at the
same time or setting them differently channel by channel (see Sec. How to use the Settings Tab).

. Enable the used channels.

. Adjust the "Record Length” and "Pre-Trigger” to cover the full pulse duration in the waveform plot.

Note that the record length is not used for the charge integration (list mode).

. Select the proper “Input Range”, which corresponds to the input dynamic range of the digitizer in

order to get all the pulses, even in pile-up. Possible choices are 0.5, 2 Vpp for 725(S) and 730(S)
family, 1 Vpp and 2 Vpp are the only possibilities for the 751 and 720 (DT5790) families respectively, 2
Vpp is the only possibility for the 2740 family, while the 2730, the 2745 and the 2751 families feature
a Variable Gain Amplifier (VGA) that allows setting the analog gain in dB. The 2730 and 2745 can
achieve gains up to x20 and x100 respectively, starting from a dynamic range of 4 Vpp; the 2751 can
achieve up to x10 starting from a dynamic range of 2 Vpp.

The correct setting of the Input Range is a compromise between the digitizer dynamics saturation and
the use of too few channels of the spectrum. The input range corresponds to the Coarse Gain of the
analog chain.

In our example we choose 2.0 Vpp.

. Select the input pulse “Polarity” choosing between “Positive” and “Negative”.

Adjust the input signal baseline calculation. Both the Threshold parameter, i.e. the trigger threshold,
and the charge integration are referred to the baseline value. CoMPASS provides two options for
setting the baseline:

¢ Baseline mean calculation, where the DPP-PSD algorithm calculates online the input signal base-
line through a mean filter over a number of samples set by the “N sample Baseline” parameter;
e Absolute baseline, where a fixed baseline value is set by the "Fixed baseline value” parameter.
The user must choose either one of the two methods. The plotting of the input signal and the baseline
can help to check the effect of the setting.

The baseline remain frozen for the whole duration of the maximum value between the gate and the
trigger hold-off parameters. To freeze it for the whole signal width you must adjust the gate and
trigger hold-off parameters. When choosing the fixed value for the baseline, the baseline remains
frozen for the whole acquisition window.

We choose the first baseline calculation method, i.e. the automatic baseline calculation.
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Fig. 2.57: Waveform plot showing a not proper baseline calculation.
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Fig. 2.58: Waveform plot showing a proper baseline calculation.

/ Note: For 751 series, the baseline freeze lasts for a longer time than the greater value between Long Gate
and Trigger Hold-off.

7. Adjust the “DC Offset”, i.e. move the baseline level of the input signal upward or downward in the
dynamic scale to cover the full width of the pulse itself, thus avoiding saturation. It is usually recom-
mended to move the baseline upward for negative pulse, downward for positive signals. Mid-scale
are fine for bipolar signals, or for small pulses. In case of saturation (both in the upper or lower limit)
the algorithm stops any calculation. In our example we set DC Offset = 70%.

8. Itis also possible to calibrate the DC Offset following the Wizard steps (refer to [20]).
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?\ Wizards
(?j\ Synchrenization wizard

I;,\ DC offset calibration wizard

/ Note: Make sure that no input is connected to the channels.

/ Note: The DC Offset calibration parameters are saved into the project, so every time the project is opened
the calibration is reloaded. For a new project it is required to perform the calibration for the first time.
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58

d

9. Enable the ”Calib ADC” (x725, x730 and x751 only) to make CoMPASS calibrating the ADCs of the
digitizer. To have good performances, it is required to leave this option enabled. The ADC calibration
is made at every start run.

The result of these settings is shown in the following figure.

T —— E==(=8
Single | | Start/Stop j'- "o |
|”:3¢1WW\ [epn [eome B [omeer & [sorcae =]
T 16000
f=
o —
-5 L
o 14000
Q C
< = |
12000 —4 "
10000 =
8000 —
6000
4000
2000
0 7I 1 L 1 L 1 L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 L 1 L 1 L 1 L
ns

Fig. 2.59: Waveform plot window showing the effect of changing the Input settings.

It is now possible to set the trigger threshold, which in our case is defined as the relative absolute value of
the trigger threshold with respect to the baseline (see next Section).

Note: When adjusting the DC Offset of a digitizer the user should keep in mind that the digitized samples
are represented in a 0-(2NP™t) LSB (least significant bit) scale (when Nbit is the number of bit of the digitizer
ADC) but the digitizer input dynamic range scale is not calibrated and cannot be used as a reference for
absolute measurements like a standard oscilloscope but just for relative ones (e.g. counting, timing, energy
discrimination).

The 0-Volt level of the input signal does not correspond to the 0 in the ADC scale. The conversion from
LSB to Volt (1 LSB = (Input dynamic range in Vpp)/2"P) could be useful to check the relative difference
between consecutive samples, but there might be small discrepancies between the “real” signal amplitude
and what is observed in the waveform plot. In addition, there are also small differences in the DC offset
among each channel: in absence of input signals and for a fixed DAC value programmed, the same value on
each channel, few mV discrepancy are expected because of various effects, such as tolerances in offset and
gain of the DACs regulating the DC Offset on the input stage of the ADCs, as there’s not internal calibration
(HW calibration) for that. A compensation for such effects can be done in the software if required.

Note: (V17xx, N67xx, DT57xx only) In CoMPASS the digitizer DC Offset can be calibrated with the dedicated
Wizard. After such calibration, setting the same DC offset value in all the digitizer channel allows to have
the baseline level in all of them.

Note: V27xx digitizer input dynamic range scale is calibrated and so can be used as a reference for absolute
measurements like a standard oscilloscope.
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2.11.2.2 How to set the Trigger (DPP-PSD and DPP-QDC)

'

Since the trigger fires at the zero-crossing of the CFD signal (refer to [20] for further details) first enable the
visualization of the:

* “Input”
° IICFDII

Select the tab “Discriminator” from the “Settings” window.

() Disariminator
Parameter

Discriminator mode

Threshold

Trigger holdoff

CFD delay

CFD fraction

Input Smoothing

Board

Leading edge
100 Isb
1024 ns

6ns

75%
Disabled

() Discriminator

Parameter

Board

Discriminator modeLeading edge

Threshold

Trigger holdoff
CFD delay

CFD fraction
Smoothing factor
Charge smoothing

Time filter smoothing

Fig. 2.60: Discriminator subtab (DPP-PSD)

150 Isb
296 ns
144 ns
100%
4 samples
o
o
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12000 :_lll -
= L
10000 — T \\
8000 L J () Discriminator
= Parameter Board
= Discriminator mode CFD
6000
— Threshold 200 Isb
4000 : Trigger holdoff 1024 ns
[ CFD delay 14 ns
2000 : CFD fraction 25%
— Input Smoothing Disabled
ol o Lo L Lo Lo Lo L L 1 1
0 100 200 300 500 600 700
ns

Fig. 2.61: “Discriminator” tab settings and the visualization of the CFD settings and corresponding effect on the signal

inspector window.

Note: DPP-QDC firmware does not feature CFD discriminator but Leading Edge only.
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1. Start by setting the “Discriminator Mode” to Leading Edge or CFD (in our example it is CFD).

2. Set the CFD parameters, CFD fraction and CFD Delay value (see [20] for further details) in order to
have a steep shape in the zero crossing region. Fraction is usually set to 25% Try to avoid cases where
the “CFD Delay” is too long or too short which are represented in the following figure. On the left the
value is underestimated, on the right it is overestimated.
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Fig. 2.62: Two examples where the “CFD delay” is not correctly set. In the left the value is underestimated, on the right
it is overestimated.

The correct value for our example is 12 ns.
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Fig. 2.63: Set the CFD Delay to have the a steep shape in the zero crossing region.

3. Set the “Input Smoothing” factor to 2. When the signal presents high frequency noise or fast spikes,
it is convenient to smooth it before processing the trigger. Higher values are needed in case of signal
coming from noisy detectors.

4. The “Trigger Hold-Off” enables a time window after the trigger, where any other triggers are in-
hibited. Make sure to set the proper value of the Trigger Hold-Off according to your signal width,

60
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especially in case of high frequency signals. Check the correct value by enabling the visualization of
the “Trigger Hold-Off” trace. The Trigger Hold-Off goes in steps of 8 ns (all boards except 725 - 16 ns
-and 724/781/780/V1782 - 80 ns). We set the Trigger Hold-Off value to 512 ns.

/ Note: The "trigger hold-off” detects the self-trigger generated by the channel. It does not detect trigger
signals coming from the TRG-IN connector or from the Global Trigger configuration.

16000

14000

ADG Channel

12000 Ty

10000 | h Jrfjﬁ,—_

EWF

6000

4000

2000

Fig. 2.64: Set the value of the Trigger Hold-Off according to your signal width, especially in case of high frequency
signals

5. Set the “Threshold” value to avoid the noise level of the CFD signal.

To correctly set the Threshold value, open the “Energy Histogram” window pressing the button |:|

Zoom in in the lowest region of the spectrum and reduce the threshold level until you get a peak close
to zero. You are now triggering below the noise level. Set then a value slightly higher to trigger on
real pulses.

Note: According to the detector conditions it is possible to have particularly noisy input signals. In this case

/ the lower region of the spectrum is cut off. To overcome this issue set a greater value of CFD smoothing
to use a greater number of sample for the CFD signal. In this way high frequency noise will be significantly
reduced.
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Fig. 2.65: Low energy region of the energy spectrum. The noise peak is clearly visible on the leftmost region.

In our example, we can reach up to about 10 keV.
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Fig. 2.66: Low energy region of the energy spectrum. Increasing the threshold value the noise peak disappears.

2.11.2.3 How to set the Energy and PSD Filter (DPP-PSD and DPP-QDC)

62

The precise configuration of the Energy and PSD Filter strongly affects the final resolution and the PSD

capabilities

The user m

of the measurement; therefore it is very important to fine tuning the “QDC” sub tab settings.

ust take care of the proper size of the two integration gates, Gate and Short Gate and of the

Pre-Gate so that no portion of the input signal is lost.

Select the following traces:

° ulnputn

° uCFDu
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vvvvvv - P Paranete eoard
Energy coarse gain 160 fC/LSB Energy coarse gain  64x

Gate 300ns Gate 800 ns

Short gate 80ns Short gate 120 ns

Pre-gate 48ns Pre-gate 80 ns

Charge pedestal o Charge pedestal 0 1sb

Short charge pedestal  0sb

Fig. 2.67: QDC subtab (DPP-PSD)

° ”Gate”

e “Short Gate”

First adjust the “Pre-gate” value in the Energy Filter Tab. This value corresponds to the number of ns the
gate will start before the trigger. Indeed the input signal is delayed by the “Pre-trigger” value, so that the
gate can start before the trigger.

If too short values of the Pre Trigger are set, the firmware automatically adjusts them to the minimum
correct value.

Note: In case of 720 series:
Pre — gate < Pre —trigger — 32ns (2.1)

In case of 751 series
/ Pre — gate < Pre —trigger — 8ns (2.2)

In case of 740D series
Pre —gate < Pre —trigger—112ns (2.3)

We set the pre-gate value to 60 ns.

Setting the “Short Gate” and the “Gate” widths enables the firmware to integrate the input pulse and
calculate the charges Qshort and Quong- Set the Short Gate and Gate widths to the proper value according
to the input signal. In this example we choose 30 ns for the Short Gate and 300 ns for the Gate.

Note: In case of CFD the pre gate must be set accordingly to the input pulse to make the gate integrate
/ from the beginning of the signal. It might be possible that pre gate > short/long gate. In case of Leading
Edge Discrimination pre gate < short gate < long gate.

Once the DPP-PSD parameters have been properly set, it is possible to plot the Energy Histogram of the
gamma-ray source. For a complete Neutron-Gamma discrimination, the software allows for a 2D-plot of
Energy vs PSD. The PSD parameter is calculated as reported in [20].

Note: In the Waves acquisition mode it may happens that a lot of data are processed and transmitted, so
that the Digitizer memory can go full and some data are lost. You can check it through the red “BUSY” LED

/ on the Digitizer front panel. Usually this happens when you have high frequency input signals, and/or the
“Record Lenght” window is big. Conversely in the List acquisition mode, the overall data throughput of the
Digitizer is significantly reduced since only few data are transmitted (Trigger Time Stamp and Charge), and
the busy state can disappear.

/ Note: When acquiring in List mode it is recommended to disable the waveforms to avoid data loss. From
the Acquisition window select "Acquisition: List”.
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2.11.3 DPP-PHA System Parameter Optimization
It is possible to visualize a set of analog and digital traces. Start with the visualization of:
° llI nput”
e “Trapezoid-BL”
e “Trigger”
e “Peaking”
e E=N Bl ==
B EF
(soiasei o] [ | (i ) [rew ) [ |
@
£ 15000
= -
6 —
S FEm—
2 10000 —]
5000 —
- |
I
0 —
5000 |—
~10000 —
~15000 |
— 1 1 1 Il Il Il Il 1 1 1 Il Il Il Il Il Il Il 1 1 1 Il Il Il Il 1 Il 1 1 1 Il Il Il 1 1 1 Il 1
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 5000
ns

Fig. 2.68: CoMPASS Waveform Plotter window with Input, Trapezoid, Peaking and Trigger traces.

Adjust the record length for a better visualization.

64 GD6300 - COMPASS Quick Start Guide rev. 26



CAEN 0 Electronic Instrumentation

Note: In case you do not see any signal, select “Auto Trigger” in the Acquisition Tab to enable the software-

/ trigger. The software will force the board to trigger the events. Then adjust the channel settings as de-
scribed in the following sections. Once the parameters are correctly set, unselect the “Auto Trigger” option
to disable the software-trigger.

Drag and release on the X and Y axes to zoom in a region of the plot.

To zoom out press the button D

In the CoMPASS main GUI in the Settings Tab there are several sub-tabs where all the relevant parameters
are grouped by functionality.

/ Note: Any time you change one setting always press Enter in your keyboard to apply the setting.

/ Note: To show/hide one of the traces displayed on the plot, you just have to check/uncheck the tick close
to the corresponding trace.
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2.11.3.1 How to configure the Input Signal settings (DPP-PHA)

66

The first settings to be configured are those related to the Input Signal.

Enable ] Enable @
Record length 20000 ns Waveform downsampling ~ 1x
Pre-trigger 2000 ns Record length 32000 ns
Polarity Positive Pre-trigger 2000 ns
N samples baseline 256 samples Polarity  Positive
DC Offset 20.000 % N samples baseline 1024 samples
Coarse gain 1x DC Offset 50.001 %

Fig. 2.69: Input subtab for a x725 and, as comparison, 274x digitizer (DPP-PHA).

1. Open the “Input” Tab. You can choose if setting the parameters for all the digitizer channels at the
same time or setting them differently channel by channel (see Sec. How to use the Settings Tab).

2. Enable the used channels.

3. Using the measurement of the pre-amplified pulses from an oscilloscope device (refer to Sect. Before
starting the acquisition) it is possible to check what is the pulse height range. It is important to select
the proper “Input Range”, which corresponds to the input dynamic range of the digitizer in order to
get all the pulses, even in pile-up. Possible choices are 0.3, 1, 3, and 10 Vpp for x781; 0.5, 2 Vpp for 725
and 730 family; x1, x3, x7, x16 for the x780; x1, x2, x4, x8 for the V1782; 0-40 dB for the 2745 digitizer
family; 0-29 dB for the 2730 digitizer family; not available for 724 and the 2740 digitizer families. The
correct setting of the Input Range is a compromise between the digitizer dynamics saturation and
the use of too few channels of the spectrum. The input range corresponds to the Coarse Gain of the
analog chain.

In our example we choose the x1 option..

4. Select the input pulse “Polarity” choosing among “Positive” and “Negative”. Since the algorithm
works with positive pulses only, by setting “Negative” the algorithm will invert the digital samples
of the input. The input will always appear as positive in the waveform inspector.

5. Adjust the “DC Offset”, i.e. move the baseline level of the input signal upward or downward in the

dynamic scale to cover the full width of the pulse itself, thus avoiding saturation. Since all pulses will
appear as positive, it is recommended to move the baseline downward in the ADC scale.
We set DC Offset = 20% to have the input signal baseline around 1000 LSB counts. You can safely go
below this value, only check that the input does not saturate around 0. In that case, the algorithm
stops any calculation and increases the dead-time. It is also important to check that the signal does
not saturate in the upper limit of the dynamics (16k LSB).

The result of these settings is shown in the following figure.

Note: When adjusting the DC Offset of a digitizer the user should keep in mind that the digitized samples
are represented in a 0-(2NP1t) LSB (least significant bit) scale (when Nbit is the number of bit of the digitizer
ADC) but the digitizer input dynamic range scale is not calibrated and cannot be used as a reference for
absolute measurements like a standard oscilloscope but just for relative ones (e.g. counting, timing, energy
discrimination).

The 0-Volt level of the input signal does not correspond to the 0 in the ADC scale. The conversion from LSB
to Volt (1 LSB = (Input dynamic range in Vpp)/2NPt) could be useful to check the relative difference between
consecutive samples, but there might be small discrepancies between the “real” signal amplitude and what
is observed in the waveform plot. In addition, there are also small differences of in the DC offset among
each channel: in absence of input signals and for a fixed DAC value programmed, the same value on each
channel, few mV discrepancy are expected because of various effects, such as tolerances in offset and gain
of the DACs regulating the DC Offset on the input stage of the ADCs, as there’s not internal calibration (HW
calibration) for that. A compensation for such effects can be done in the software if required.
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Fig. 2.70: “Input Signal” settings and corresponding effect on the waveform plot window.

Note: In CoMPASS the digitizer DC Offset can be calibrated with the dedicated Wizard. After such calibra-
/ tion, setting the same DC offset value in all the digitizer channel allows to have the baseline level in all of
them.

2.11.3.2 How to set the RC-CR2 Trigger (DPP-PHA)
Since the trigger fires at the zero-crossing of the RC-CR? signal (refer to [20] for further details) first enable
the visualization of the:

° lll nput"
+ “RC-CR%”

Select the tab “Discriminator” from the “Settings” window.

() Discriminator {) Disaiminator

Parameter Board Parameter Board
Threshold 100 Isb Threshold 50 Isb
Trigger holdoff 480 ns Trigger holdoff 1000 ns

Fast Discriminator smoothing 4 samples Timing filter rise time 296 ns

Input rise time 96 ns

Fig. 2.71: Discriminator subtab (DPP-PHA)

/ Note: In the V1782 and in the 27xx family the RC-CR2 has been replaced by the Triangular filter. Corre-
spondigly the “Input Rise Time” parameters has been replaced by the “Fast discriminator Rise Time”.

1. Start by setting the “Fast Discriminator Smoothing” factor to 16. All the other settings have to be
tuned according to the smoothing factor (i.e. once you change this value you have to repeat the
whole procedure described in this section).
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Fig. 2.72: “Discriminator” tab settings and the visualization of the RC-CR? settings and corresponding effect on the
signal inspector window.

2. Set the “Input Rise Time” value (see [20]. Set the Input Rise time at the same value of the input signal
rise time. Try to avoid cases where the “Input Rise Time” is too short and where the “Input Rise Time”
is too long, which are represented in the following figure. On the left the value is underestimated, on
the right it is overestimated.

The correct value for our example is 0.1 pus.
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Fig. 2.73: Two examples where the “Input Rise Time” is not correctly set. In the left the value is underestimated, on
the right it is overestimated.
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Fig. 2.74: Set the Input Rise time at the same vale on the input signal rise time.

3. Incase the RC-CR? shows an overshoot (see Fig. 2.75), set the “Trigger Hold-Off” value as long enough
to eventually include the overshot inside it. The algorithm then inhibits any trigger occurring during
the whole “Trigger Hold-Off” duration. Check the correct value by enabling the visualization of the
“Trigger Hold-Off”.

In case there is no overshoot set the minimum value of Trigger Hold-Off to cover the RC-CR? signal.
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4

70

Note: The "trigger hold-off” detects the self-trigger generated by the channel. It does not detect trigger
signals coming from the TRG-IN connector or from the Global Trigger configuration.
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Fig. 2.75: RC-CR? signal with an overshoot. Set the Trigger Hold-Off to cover the overshoot and avoid re-triggering.

In our example, we set 1.8 ps.
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Fig. 2.76: RC-CR? signal with no overshoot. Set the Trigger Hold-Off to cover the RC-CR? signal width.

4. Set the “Threshold” value to avoid the noise level of the RC-CR? signal. You can visualize the “Thresh-
old” Analog trace on the Signal Inspector Window.

To correctly set the Threshold value, open the “Energy Histogram” window pressing the button |:|
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Fig. 2.77: RC-CR? signal and its threshold. Set the threshold value to avoid the noise level of the RC-CR2 signal.

Zoom in in the lowest region of the spectrum and reduce the threshold level until you get a peak close
to zero. You are now triggering below the noise level. Set then a value slightly higher to trigger on

real pulses.
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Note: According to the detector / pre-amplifier conditions it is possible to have particu-

larly noisy input signals.

In this case the lower region of the spectrum is cut off.

To over-

come this issue set a greater value of RC-CR? smoothing to use a greater number of sam-
ple for the RC-CR? signal.
Remember to adjust again the Input Rise Time and Trigger Hold-off in case you change the smoothing factor.

In this way high frequency noise will be significantly reduced.

In our example, we can reach up to about 10 keV.
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2.11.3.3 How to set the Triangular Filter (DPP-PHA, 2740 and 2745 families only)

72

Since the trigger fires at the zero-crossing of the RC-CR? signal (refer to [20] for further details) first enable
the visualization of the:

° lllnputll

e “Fast Triangle”
Select the tab “Discriminator” from the “Settings” window.

i) Discriminator

Parameter Board

Threshold 50 Isb
Trigger holdoff 1000 ns

Timing filter rise time 296 ns

Fig. 2.78: Discriminator subtab for the 2740 and 2745 families (DPP-PHA)

Choose the desired value of “Timing filter rise time” from a range of 0.08 to 2.0 ys. Set the Threshold
value to avoid the noise level of the fast trigger itself and arm the trigger filter. The trigger will fire on the
derivative signal of the fast trapezoid.
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Fig. 2.79: Signal inspector window for the 2740 and 2745 families with Input signal and Triangular filter .

2.11.3.4 How to set the Trapezoid (DPP-PHA)

The precise configuration of the Trapezoid strongly affects the final resolution measurement; therefore it
is very important to fine tuning the Trapezoid settings.

) Trapezoid

Parameter Board

Trap. rise time 5.000 ps

Trap. flat top 1.000 ps
Trap. pole zero 50.000 ps

Peaking time 80.0 %
N samples peak 1 sample

Peak holdoff 0.960 ps

Energy fine gain 1.000

Fig. 2.80: Trapezoid subtab (DPP-PHA)

The user must take care of:

e Checking that the trapezoid is correctly shaped;

e Evaluating the energy value (see the Peaking trace) in the flat top region of the trapezoid.
The two typical measurement setups that we are going to discuss are:

1. Low rate (up to few hundreds of Hz) and very high precision measurement;
2. High rate (up to tens of kHz), where the result is a compromise between high resolution and dead-
time.

Before starting, set the value of “Trap. pole zero”, which corresponds to the input decay time. If the exact
value is unknown set an approximate value. The fine tuning of this parameter is described in Sec. Pole-Zero
Adjustment.

Select now the following traces:

° ulnputn
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“Trapezoid-BL”
“Peaking”
“Trigger”

/ Note: The baseline of “Trapezoid - BL” trace should be at 0.

1.

© ot

In the low rate case it is recommended to set a high value of “Trap. rise time” (Trapezoid rise time),
as for example 6 ps. Considering it in the analogy of the analog chain (refer to [20]) it corresponds to
about 2-3 ps of shaping time.

Then set a value of “Trap. flat top” (Trapezoid flat top), as for example 1 us. Check that the flat top
region is really flat. Adjust — if necessary — the Peaking position (“Peaking time”) and the number of
samples (“N sample peak”) for the energy mean calculation. Finally for very low rate set the maximum
value of number of samples for the baseline calculation (“N sample baseline”), i.e. 16K (see the Input
tab).

=8 E=E

Parameter Board

Enable
Record length 100000 ns

Pre-trigger 4000 ns

15000

Polarity Positive
N samples baseline 1024 samples

DC Offset 20.000 %

ADC Channel 3

_HLHH TTTTTT

10000

Coarse gain 1x

© Trepezoid 5000 —

Parameter Board /_\
Trap. rise time 8.000 ps
Trap. flat top 2.000 ps

N\

o

Trap. pole zero 50.000 ps
Peaking time 80.6 % -5000

N samples peak 4 samples
Peak holdoff 0.992 ps

-10000
Energy fine gain 1.000

-15000
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Note: In case of x730 the sum of Trapezoid Rise Time and Flat Top Time should not exceed 8 pus. Suggested
/ settings for x730 are 6-7 us of Rise Time and 1 ps of Flat Top.
In case of x725 the sum should not exceed 16 ps.

AN

Note: In case of x724 and x781 with PHA legacy firmware the Trapezoid Rise Time and Flat Top Time have
a maximum value of about 10 ps. Their sum should not exceed 15 ps.

Note: In case of x724 and x781 and V1782 the Trapezoid Rise Time and Flat Top Time have a maximum
value of about 40 ps. Their sum should not exceed 40 ps.

2. In the high rate case (tens of kHz) it is recommended to set a lower value of “Trap. rise time”, as

for example 3-4 pus. For a rate greater than 20 kHz it might be convenient to set “Trap. rise time”
=1 ps. Set also “Trap. flat top” = 1 ps, only check that the flat top region is really flat. Adjust — if
necessary — the Peaking position (“Peaking time”) and the number of samples (“Ns peak”) for the
energy mean calculation in the flat region. Finally decrease the value of number of samples for the
baseline calculation (“Ns baseline”). A dedicated study of the impact of the Ns baseline in the final
resolution can be made.

Both in case of low rate and high rate it is very important to have a flat “Flat Top” region. The “Peaking”,
which corresponds to the samples where the pulse energy is evaluated, should be taken in the flat region.
Adjust the “Peaking time” and the “N sample peak” values accordingly.
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Parameter Board
Enable
100000 ns

4000 ns

Record length
Pre-trigger
Polarity Positive

N samples baseline

DC Offset

1024 samples
20.000 %
Coarse gain 1x

© Trapezid

Parameter Board

Trap. rise time 4.000 ps

Trap. flat top 0.992 ps
Trap. pole zero 50.000 ps

Peaking time 80.6 %
N samples peak 1 sample

Peak holdoff 0.992 s

Energy fine gain 1.000
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2.11.3.5 Pole-Zero Adjustment

The pole-zero adjustment is very important for a correct evaluation of the trapezoid baseline and conse-
quently for a correct evaluation of the energy value. The user must adjust the “Trap. Pole Zero” according
to the Pre-Amplifier decay time. Fine adjustments can be done looking at the zoom of the Trapezoid trace
(or Trapezoid-Baseline) in order to have no undershoot nor overshoot. The two cases are shown in the
following figure, where on the left the Trapezoidal Pole Zero has been set too high giving an undershoot,
and on the right the Trapezoidal Pole Zero has been set too low thus giving an overshoot.
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When the Pole-Zero is correctly compensated, the Trapezoid will not make any overshoot nor undershoot.
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76

) Waveforms inspector

|- P @

Source
D75725(956] -CHO |

[T.avezm-sﬂ ‘ [T—:zs | [ Peaking ‘

{ Input

10000

ADC Channel
I

5000

-5000

—-10000

2000

4000

6000

8000

10000

12000 14000 16000 18000 2000
ns

GD6300 - CoOMPASS Quick Start Guide rev. 26



CAEN m Electronic Instrumentation

2.12 Start/Stop the acquisition and spectra visualization

Once you have configured the acquisition, stop the current run and select the “List Only” acquisition mode
in the Acquisition Tab.

Then press PLAY F to start the acquisition, STOP . to stop it.

The acquisition will be started or stopped for all the channels.
Check the readout rate in the ”Statistics” section in the dedicated table in COMPASSPIot.

SO
=
o= oBE

‘ Board Readout

p— SR
Channel IR Throughput Pileup Saturation ECUTRE) PSDCUTRES TCUTRE Time selection ocR Particle (below thr) Particle (sbove thr)

JRHS— fr— a0 - - - - - o - - isnoitien
o 20 o [ . o o o o o v o o
cvasorss a0 o o . o o o o s s s o
P o o o o o o o v v v
chsaoraos 20 o o o o o o v o o
cresorss a0 o o o o o o o s s v o

Fig. 2.81: Digitizer readout rate.
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To see the energy spectrum, open the “Energy Histogram” window pressing the button E‘

) Energy Histogram [=]l@]=]
Al SN S AN o )
e W T ar o
Real Tme o703 @ = Energy CHO@DT5725_967
c — Entries 4.051E5
LueTine ti08159.420 3 2000 Underflow 0
o : Overflow o
o 1800 |—
:::;-ﬂ 1600}~
e 1400 |—
1200
‘Saturation counts. 64 1 000
800
600 |—
400
- 200
Singles. 0 O [ A & L " . L - L 1 1 Il L Il
0 2000 4000 6000 8000 10000 12000 14000 16000
N s ADC channel

Fig. 2.82: Energy Plot of the 80co gamma source detected by an HPGe detector and digitized with a DT5725 + DPP-PHA.
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Fig. 2.83: Energy Plot of the 80co gamma source detected by an Nal detector and digitized with a DT5730 + DPP-PSD.

A box on the left side of the energy histogram summarize the current acquisition statistics: Real, Live and
Dead Time, the total number of Input Counts, the number of counts rejected by the applied selections (if
any) and the total number of Output Counts ie those that passed all the applied selections.

If needed, enable the logarithmic scale by pressing the button D
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Fig. 2.84: Energy Plot of the 0co gamma source detected by a HPGe detector and digitized with a DT5725 + DPP-PHA.

Log Scale.
. Energy Hstogram =]
®E P A all ALl o |
(cogorros e ) (wwe -
RealTme 008:41.14 @ 103 Energy CHO@DT5730S_2150
c Entries 5.137E5
e Time 0:08:40.315 g Underflow o
o — Overflow [
10?
|
. , 10 i
o ° 1 Fpey i
I - 1
| | I
outp s136%9 I TR
o 0 500 1000 1500 2000 2500 3000 3500 4000
sise09 ADC channel

Fig. 2.85: Energy Plot of the 80¢co gamma source detected by a Nal detector and digitized with a DT5730 + DPP-PSD.
Log Scale.

To zoom in a specific area press the mouse left button on the histogram axis and drag the mouse cursor.

To unzoom press the button I_;_-)—I

To freeze the spectrum update press the button &y
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[
To reset the spectrum press the button

To see the PSD spectrum (DPP-PSD only), open the “PSD Histogram” window pressing the button III

Select the channel to be displayed into the Source combo box.

o]
g
£

5P g
EEPE NS aR

— PSD CHO@DT5730S_2150

— Entries 6.636E5
Underflow 7040

Overflow [

Counts

1400 —

IR TR L L
0.7 0.8 0.9 1
PSD

Fig. 2.86: PSD spectrum.
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To see the 2-D scatterplot spectrum (DPP-PSD only), open the “Scatterplot” window pressing the button IZ'

Select the channel to be displayed into the Source combo box.
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Fig. 2.87: Two dimensional PSD vs Energy scatterplot.

To see the single channel interval distribution spectrum, open the “Time Histrogram” window pressing the

4]

button
1) Time Histogram o |@]|[=
BEPEAD- AL ag
2 — Time CHO@DT5730S_2150
g 7 Entries 6.636E5
Underflow o
8 1600 Overflow 0
1400
1200
. l . . x10°
400 600 800 1000
Time (ns)

Fig. 2.88: Single channel interval distribution.

Select the channel to be displayed into the Source combo box.

Time correlation between channels can be enabled in the "Time Selection” tab (for more information see
[20]). On-board coincidences can be enabled through the "Onboard coincidences” tab (refer to [20] for

more details):
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82

. Paired AND: the software correlates the digitizer channels n and n+1, i.e. Ch0 with Ch1, Ch2 with Ch3

and so on by evaluating the time difference Tchn+1 - Tchn;

. Ch_ref AND any: it corresponds to the option Common Start in the traditional analog electronics

with TDCs. One channels is meant to provide the reference time (Tstart) While all the others will be
the evaluated with respect to it (Tstop). The user must specify the reference channel in the Starting
channel field. The width of the correlation window (in us) has to be specified in the Correlation
window field.

. Ch_ref veto: the reference channel acts as a veto for the other channels. Filtered events have a time

difference with respect to the reference channel greater than the correlation window. The user must
specify the reference channel in the Starting channel field. The width of the correlation window (in
us) has to be specified in the Correlation window field.

. Bd_ref veto: the reference board acts as a veto for the other boards. The veto signal is the logical OR

of the reference board channels signal. The veto width (in ps) has to be specified in the Correlation
window field.

The At, Evs E, At vs E plots become available only when the time correlation between channels are enabled.
Depending on which kind of time correlation the user has selected, the same will be applied to these plot
and will affect which channels will be displayed: channel nand n+1 in case of “Paired AND”, refence channel
and one of the others (according to the user choice) in case of “CH_ref AND any”.

To see the At between two channels distribution spectrum, open the “Tof Histogram” window by pressing

the button =
i) 3T CHI@DTS730_1065 - CH2@DTS730_1088 Fillered
c Entries 53798
g — Underflow 6137
© 600 Lowtow s |
500 [
400|—
300 —
200 -
100 —
o v v vy Ca ‘ ‘
210 8 6 2 ) 0 2 4 6 8 10
AT (ns)

Fig. 2.89: Time difference between channel n and n+1.
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To see the 2D Energy vs Energy between two channels distribution spectrum, open the “E vs E Histogram”

window by pressing the button
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Fig. 2.90: E vs E distribution between channel n and n+1.
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To see the 2D At vs Energy between two channels distribution spectrum, open the “E vs E Histogram”

window by pressing the button
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Fig. 2.91: E vs E distribution between channel n and n+1.
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Note: To change the spectra limits and number of channels select the ”Spectra” tab.
) spectra
Parameter All
Energy N channels 4096
PSD N channels 4096
Time intervals N channels 8192
Time intervals Tmin 0.000 ps
/ Time intervals Tmax 1000.000 ps
Start/stop At N channels 8192
Start/stop At Tmin -10ns
Start/stop At Tmax 20 ns
2D Energy N channels 512
2D PSD N channels 512
2D At N channels 512
To see the Multi Channel Scaler (MCS) graph pressing the button
" EimesGaph =@
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: e @) (res o 8| @) (0w o o | 0] (oo o | g g
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Fig. 2.92: Multi Channel Scaler graph.

The Graph shows the cps vs time for the raw, unfiltered and filtered data (see Sec. How to set Energy, PSD
and Time selections for more details). In order to set the MCS graph properties the user have to open the

”Settings” sub-window by pressing the
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MCS x axis mode
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Fig. 2.93: Multi Channel Scaler graph settings.

The user can set the MCS graph Dwell time (in seconds), MCS X Axis mode ("Time interval (s) or “Most
recent (s)”) and MCS view mode (“cps vs time” or “cps histogram”).
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Fig. 2.94: Multi Channel Scaler histogram.
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2.13

How to Calibrate the Spectrum

The software allows the user to calibrate a spectrum from counts to keV/MeV using two interpolating
functions: Linear and Quadratic. For the first function, the user must define at least a couple of values,
while for the second the user must define at least three values. It is also possible to define more points;
the algorithm will then compute the best fit of the defined points.

The user can select a Region of Interest (ROI) of the spectrum and take the mean value of the distribution
for the energy calibration.

2.13.1 How to select a ROI

86

LM

e L Statistics |

Open the ROI management window by pressingthe and selecting ”ROI” (" e
The following tab will appear on the bottom side of the spectrum window.

Add [[Begn [ End | BegintkeV) [ Endikev) | Energylket) | Controid [ Sgma [ chizn | Awhm | FwTM [ Resclution [ Gross it [ WetCot [ BkgCot | | @) Lineartig
Delete () Step + quadmaticbkg
Deleteall O Nafit

Fig. 2.95: ROIs management tab.

Zoom in (drag and release the mouse to zoom in) in the spectrum region of the relevant peaks to select
the ROL.

Click on the "Add” button or right click on the plot to add a new ROI, then left click on the histogram to
select the left limit of the ROl then drag and right click to define the ROI right limit.
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Fig. 2.96: ROI limits setting for the first peak.
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The ROI limits will be automatically written in the ROI tab.

Repeat the same procedure for the second peak:

x10°
@ - Energy CHI@DT5730_1088
5 Entries 27HEE
a Underfiow 0
O Ovarflow 0
200 400 1000 1200
ADC channel

Fig. 2.97: ROI limits setting for the second peak.

Select the background type you want to be used for the peak fit (Linear or Quadratic + Step Function).
CoMPASS will then automatically fit the peak and evaluate the peak centroid, sigma, FWHM, FWTM, fit XZ,
resolution percentage, gross counts, net counts and background counts. All the analysis results are then
reported in the ROl management tab.

T [ Besn | Eng | eemnihevi [Endike) | Enerpvike) | Comtmd | Seme | chan | AwHM | AWM | Resolbon | Gussimt | NetCe | erefot | | @) Lincarsks
ROI1 196774 | 2224.87 1967.74 222487 0 2107.26£0.19 52.32£0.27 1.82546 123.21:0.63 224.6+1.1 5.847=0.03 % 358540:600 285430£530 73100£270

T A () Step+ qusdraticbig
22582 |2529.61 2258.2 252961 0 2390.91+0.21 57.05£0.29 1.86931 134.35:0.69 244.9+1.3 5.619:0.029 % 292540+540 257440+510 35100+190

O o

Fig. 2.98: ROIs analysis results.

If the option "No Fit” is chosen, COMPASS will evaluate the histogram centroid, sigma, FWHM, FWTM,
percentage resolution and gross counts only.

Press on the Save button to Save the single plot ROIs (”Save”) or the whole project ROls, i.e. the ROIs of all
the spectra of all the channels ("Save project ROIs”).

Press on the Load button to Load from an external file the single plot ROls (”Load”) or the whole project
ROIs ie the ROIs of all the spectra of all the channels (”Load project ROIs”).

Press on the "Export to channels” to export the current plot ROIs to the corresponding plots of the other
channels.

The results of the ROIs definition and analysis are saved into the run folder at the end of the acquisition in
a text file.
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[=) Export ROls to channels x

(CHO@DTS730 1088
CH2@DT5730_1082
CH3@OT5730_1038
CH4@OTS730_1038
CH3@OT5730_1038
CHe@OT5730_1033
CHY@DT5730_1033

Export Cancel

Fig. 2.99: ROIs export panel.

2.13.2 Calibration Procedure

Open “Calibration Setup” window by pressing the button EI

{7 Calibrate: CHO@DTS725_912 X
Type |Linear * | Energy Units kev =
Add Calibration Points
Remave ADC channel Energy Use
Remove A
From ROls
Import
Export
c2 1 co
0.0000E+00 1.0000E+00 0.0000E+00
[ wiew fit
Cancel

Fig. 2.100: CoMPASS Spectrum Energy Calibration Window.

1. Select the calibration Type (Linear or Quadratic) and the Energy Units in which the energy spectrum
will be calibrated (keV or MeV)

¢ Linear calibration is according to the formula

Energy = CO + C1 x Channel (2.4)

e Quadratic calibration is according to the formula

Energy = CO + C1 x Channel + C2 x Channel? (2.5)
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2. Zoom on the histogram area in which the peak you want to use as a calibration point is present. Left
click on the peak centroid to enter its value into the "ADC Channel” field or write it explicitly

3. Click on the Add button

4. Repeat the points 2 and 3 including at least 2 calibration points in case of the Linear calibration or at
least 3 points in case of Quadratic calibration

2 Energy Histogram
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Fig. 2.101: CoMPASS Spectrum Energy Calibration Procedure.
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or alternatively press the button "From ROIs” to automatically import the ROIs centroid and then
writing the corresponding energy value.

|,-. | Calibrate: CHO@DT5725_912 *
Type |Linear * | Energy Units key
Add Calibraticn Points
Remove ADC channel Energy Use
2107.31 1
From ROls
Import
Export
c2 c1 co
0.0000E+00 5.6118E-01 -8.5867E+00
[ wiew fit
Concel

Fig. 2.102: CoMPASS Spectrum Energy Calibration Window (Calibration points imported from ROls).

5. Click on the checkbox ”Use” if you want to select/remove one or more calibration point
6. Press “Export” to export on an external file the calibration points and coefficient

7. Press ”Import” to import from an external file the calibration points and coefficient

Click on the "View fit” tick in order to open the spectrum fit plot.
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Fig. 2.103: Calibration Fit.
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To apply the calibration press the ”“Calibrate” button H

/ Note: Once the calibration is applied, the calibration parameters C0, C1, C2 are saved into the run.info file
contained in the project folder under the path "DAQ\run”.
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Fig. 2.104: CoMPASS calibrated Energy Spectrum.
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2.14 How to Fit the Spectrum

92

The software allows the user to fit the spectrum peaks with the desired fitting function.

In order to fit a peak freeze the spectrum update pressing the button :Zl

Zoom into the desired area by pressing the mouse left button and the histogram axis and dragging the

mouse cursor.

Open the fit panel pressing the button [’;

P Fit Panel - O x

DataSet  [TH1D:Energy Bd0- Ch0 [+]

— Fit Function
Type: preder10 v [gaus B3|

" Operation ‘

= MNop  Add & Conv

|gaus
Selected:
pol1{0)+gaus(2)

Set Parameters

General | M|n|m\zat|0n|

—Fit Settings
Method

Chi-square : User-Defined...
[T Linearfit I§ Robust: 0.95:|

Fit Options
™ Integral [T Userange
" Besterrors ™ Improve fit results
[T Allweights =1 ™ Addto list

[ Empty bins, weights=1 " Use Gradient
Draw Options

" SAME

™ No drawing

[T Do not storefdraw

Advanced...

X[7a00 Sl Bo100 2]
Update | Bt | Reset |  close |
TH1D:Energy [ LIB Minuit | MIGRAD [0 [ Pm: DEF A

Fig. 2.105: CoMPASS Fit Panel.

Set the fit function, the fit limits, the desired option to enable and press "Fit”.
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Fig. 2.106: Energy Peak Fit.

Once finished, close the Fit panel and press the Fit button
becomes available; click it to let the plot run again.
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2.15 How to set Energy, PSD and Time selections

94

The CoMPASS Software allows the user to set data selections on the Energy, PSD, Scatterplot and Time
histogram. The data selection can involve one or more quantities at the same time. There are two ways of
setting and applying the data selection:

Directly on the plot by pressing the button E'

[ESR(E=R =

Energy CHO@DT5730S_2150
ries

Eni 4.853E5
Underflow 0
Overflow 0

Counts

xxxxxxxxxx

1500 2000 2500 3000 3500 4000
o= ADC channel

Fig. 2.107: Energy cut definition procedure using the plotter.

A cursor will then become available and the user have to click on the histogram points that will be
the “Low Cut” and “High Cut”.

Note: In the case of a Time Histogram, only a “Low Cut” can be applied.

To apply the cut the user have to press the button E'

2. Through the main GUI select in the “Rejections” tab the cut to be applied in each spectrum.

When the cut on a quantity has been applied, in the corresponding histogram an additional combo box
("Dataset”) will appear allowing the user to select the data to display:

e "Unfiltered” data, before the cut

e "Filtered” data, after the cut
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Fig. 2.108: Unfiltered (top) and filtered (bottom) data in the energy histogram.

The user can also apply a two dimensional cut on the Energy-PSD, Energy vs Energy and AT vs Energy
scatterplot.

The user has first to define the PSD cut and then the Energy one clicking inside the scatterplot.
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Fig. 2.109: Two dimensional cut selection.
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Fig. 2.110: PSD cut definition of the Energy-PSD scatterplot.
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Fig. 2.111: Energy cut definition of the Energy-PSD scatterplot.
The results of the selection is shown in the following picture.
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2.16 How to create and use Virtual Channels (Add-back)

98

Users that operate with segmented detector (like Clover detectors) or need to do an Event Building oper-
ation can do the job using the Virtual Channel Tab.

) CoMPASS - o x
File Tools '\ Wizards
= == =
Msl=] =[5 ljwi
|2 Acquiston |57 settings | Time selection [ vitual channes
Virtual Channel name:  Clovert N
Virtual Channel lst-
Cloveri
Board CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CHO CH10 CH11 CH12 CH13 CH14 CH15 CH16 CH17 CH
VX2730_... [m] [m] [m] [m] [m] [m] a [m] [m] [m] [m] [m] [m] [m] [m] [m] Ol
vx2751_... O a 0 [m] [m] [m] [m] [u} [m] [m] o [m} [m} [m} 0 == =T
Virtual channel setting: Virtual channel calbration
Energy N channels 16384 | | Coarse gain 1.0 ©
Time interval N channels 10000 v c 0.0
Time interval Tmin (ns) 0.0 o 10
Time interval Tmax (ns) 10000.0 @ 0.0
Start/stop At N channels 10000 o | |Catbration urits kev -
Virtual Channel buiding condition
Start/stop At Tmin (ns) -1000.0 Muttiplicty 2 -
Start/stop At Tmax (ns) 1000.0 TGS 1000.0]
Connected Ci\Users\mealo\Desktop\basine £

Fig. 2.112: CoMPASS Virtual Channels Tab.

Note: Before proceeding with the event building make the energy calibration of the individual channels to
perform the correct energy summing.

The ”Virtual Channel list” section allows the user the possibility to create multiple virtual channels by click-
ing on the "+” symbol. They are displayed as tabs. Each of these tabs displays all the available dpp chan-
nels of the connected boards. The user may combine the desired channels by selecting the corresponding
boxes. The multiplicity of the participating channels and the width of the event building time window (in
ns) can be declared at the “Event building condition” section. For a selection of n number of dpp channels
and m (m < n) multiplicity, an add-back event will be built if there are hits from minimum m channels.

Virtual Channel buiding condition
Multiplictty 2 v

Time window (ns) 1000‘0(

Fig. 2.113: Virtual Channels Tab - Event building condition section.

The created virtual channel will contain the summed energy of the selected dpp channels. The time-stamp
of the built events is the average of the single events time-stamps. No filters can be applied on the virtual
channel events because they are already filtered according to the same selection set for the events coming
from the single channels, i.e. an event discarded by the energy/PSD/time/correlation filter applied in the
single channels is not used in the event building procedure.

In the "Virtual channel settings” section select the number of channels and the limits of all the spectra that

you are interested to display.

The Add back energy spectrum shows a number of bins equal to the sum of the single spectra bins.
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Vitual channel setting
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Fig. 2.114: Virtual Channels Tab - Virtual channel settings section

The Virtual channels calibration is a two-step procedure:

¢ first you have to perform the energy calibration of all the channels involved in the Add back building
according to the procedure explained in Sec. Calibration Procedure.
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Fig. 2.115: Virtual channels calibration - first step.

¢ finally perform the Add back energy spectrum calibration as per the procedure explained in Sec. Cal-

ibration Procedure
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Fig. 2.116: Virtual channels calibration - second step.

The Add back calibration parameters are shown in the ”Virtual channel calibration” section.

co 1.25
¢ 0.25
c2 00

Calibration units ~ ke\/

Fig. 2.117: Virtual channel calibration section.

When the data acquisition is running one can check the Virtual Channel ICR and OCR in the statistics window
of CoOMPASSPIot.

Fig. 2.118: Virtual channel statistics.

2.17 How to Save the Data

100

It is possible to save data in different ways:

1. Save the board data buffers data

2. Save the Energy, Time, PSD, AT and MCS spectra
3. Save the 2D PSD vs E, E vs E and AT vs E spectra
4

. Save the list of Trigger Time Stamp, Energy, PSD and possibly waveform for each event
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5. Save a picture of the Energy, PSD, Time, AT, Waveforms and 2D spectrum

Select the run name and tick the “Auto increment” box to increase the run index at every start acquisition.

Run D

run Auto increment

All saved files are available in the project folder, under the "DAQ\run” sub-folder. For each run, run.info
and settings.xml files are saved, reporting general run information and the board settings respectively.

2.17.1 Save the board data buffer file

In order to save the board data buffer file the user must select the ”Save boards data duffer” option tick
into the Board buffers saving section of the Acquisition Tab.

The board data buffer file is saved into a proprietary file format and can be processed again performing an
offline run where the user can run again the full acquisition possibly setting different data selection.

2.17.2 Save the list of Trigger Time Stamp, Energy, PSD and wave-
forms

In order to save a list file in which the Trigger Time Stamp, Energy, PSD and possibly waveform samples
information are included, the user must select the ”Save raw data” and/or ”Save unfiltered data” and/or
the ”Save filtered data” tick into the List Saving section of the Acquisition Tab:

1. Raw data correspond to all the events acquired by the digitizer including pile-up and saturation
events. Raw data are useful if the user would like to evaluate the acquistion dead time by his/her
own (see Sec. Dead time evaluation in COMPASS).

2. Unfiltered data correspond to the events acquired by the digitizer excluding pile-up and saturation
events

3. Filtered data correspond to the events that passed the filters in the "Rejection” tab of the Settings
window and in the Time Selection tab (if any).

4. Save event building data (this option is currently unavailable).

5. Save master trigger data (this option is currently unavailable).
Per each of the above kind of data, the user has two possible choices:

1. save one file per each enabled channel: the file is generated for filtered and/or unfiltered data under
the path “DAQ\run\RAW/FILTERED/UNFILTERED".

2. save one single file in which the data from all the enabled channels are included: the file is generated
for filtered and/or unfiltered data under the path ”"DAQ\run\RAW/FILTERED/UNFILTERED”. This single
file can be time ordered if the option “Time sorting” is selected.

The energy information can be saved in ADC channel, keV/MeV (in case of energy calibration), or both.

The user can also customize the maximum size of the list chunk file. As soon as the set size is reached,
CoMPASS will automatically close the chunked file and open a new one.

The available file formats are root (.root), Comma Separated Values (.csv) and Binary (.bin).
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Save raw data 8 Save unfitered data 8 Save fitered data
Save event buiding data Save master trigger data
Fie format: ROOT v O Limted fie size (MB) 10

Singi fle
Fie saving option One fie per chanr
8 Time sorting

O Fitered time-sorted binary data through socket

Energy format © ADC channel O Calbrated O Both

1. In case of .root format, a TTree is generated with all the information. The TTree name is "Data” and
it contains the following TBranches:
¢ Channel (Short)
e Timestamp (Long Long Int)
e Board (Short)
e Energy (Short)
¢ EnergyShort (DPP-PSD case only) (Short)
¢ Flags (Integer)
¢ Probe (Integer)
e Samples (if enabled) (TArrayS)

2. In case of .csv format, the first row indicates the meaning of the subsequent values, which are:

e PSD (+ waveform) = Time stamp, Energy, Energy short, Flags, (samples);
e PHA (+ waveform) = Time stamp, Energy, Flags, (samples).

/ Note: The time stamp is expressed in ps and it has the following limits for all the supported digitizer families:
[0,254] ps.

3. In case of .bin format, the output file is represented as follows:

\ Header | (16 bit, OXCAEX)
| Board | (int, 16 bit)
Channel (int, 16 bit)
‘ Time Stamp (ps) ‘ (int, 64 bit)
if bit 0 of the Header is 1:
’ Energy (ch) ‘ (int, 16 bit)
if bit 1 of the Header is 1:
‘ Energy (keV/MeV) ‘ (double, 64 bit)
if both bit 0 and of the Header are 1:
’ Energy (ch) ‘(int, 16 bit) +‘ Energy (keV/MeV) ‘(double, 64 bit)
if bit 2 of the Header is 1, the following field is present:
‘ Energy Short (ch) ‘ (int, 16 bit)
\ Flags \ (bit-by-bit, 32 bit)
if bit 3 of the Header is 1, the following fields are present:
’ Waveform code ‘ (int, 8 bit)
Number of Wave samples to be read (int, 32 bit)
Samplel SampleN (int, 16 bit each)

/ Note: In the .bin format, the Header is present just once at the beginning of the file and not in each event.

The x in the Header is:
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® bit 0: if 1, Energy in Channels is present

e bit 1: if 1 ,Energy in KeV/MeV (according to the calibration) is present
e bit 2: if 1, Energy short is present

e bit 3: if 1, Waveform samples are present

Waveform codes are listed below:

Input

RC-CR (DPP-PHA firmware only)

RC-CR2 (DPP-PHA firmware only)

Trapezoid (DPP-PHA firmware only)

Baseline

Threshold

CFD (DPP-PSD firmware only)
Trapezoid-Baseline (DPP-PHA firmware only)
Fast Triangle (x27xx DPP-PHA firmware only)
41  Smoothed Input (DPP-PSD firmware only)

00 ~NO O WN -

w
w

Flags are listed below:
0x1 A dead-time is occurred before this event (includes input stage saturation and board
memory full conditions. x724 family DPP-PHA firmware release < 128.64 only.)
0x2 Time stamp roll-over

0x4 Time stamp reset from external

0x8 Fake event

0x10 A memory full is occurred before this event

0x20 A trigger lost is occurred before this event

0x40 N triggers have been lost (N can be set through bits[17:16] of register 0x1n84 in case of

x725 and x730 family [RD21] or through bits[17:16] of register 0x1nAO in case of x724, x780,
x781 and V1782 family [RD22][RD23])

0x80 The event is saturating inside the gate (DPP-PSD) - The trapezoid is saturating (DPP-PHA)

0x100 1024 triggers have been counted

0x200 First event after a board busy condition

0x400 The input is saturating

0x800 N triggers have been counted (N can be set through bits[17:16] of register 0x1n84 in case of x725

and x730 family [RD21] or through bits[17:16] of register 0Ox1nAOQ in case of x724, x780, x781 and

V1782 family [RD22][RD23])
0x1000 Event not matched in the time correlation filter
0x4000 Event with fine time stamp
0x8000 Piled-up event
0x80000 Identifies a fake event reporting a PLL lock loss
0x100000 Identifies a fake event reporting an over-temperature condition
0x200000 Identifies a fake event reporting an ADC shutdown

Note: When more than one of the listed condition applies to the same event, flags do sum up. For example
a pile-up event in which input has saturated will be flagged as 0x8000 (pile-up event) + 0x400 (input is
saturating), so flag will be 0x8400.

Note: In digitizers of generation 1.0, the Fine TimeStamp calculation is not always performed; it depends
on the board model and the firmware type. Therefore, the flag is raised only when the calculation occurs.
In digitizers of generation 2.0, instead, the Fine TimeStamp calculation is always performed; consequently,
the flag is raised only when it is considered reliable.

Here an example of how to read a binary list file in case of DPP-PSD (enabled options: ADC Channel and
waveform with 56 samples):

where the colors correspond to:

¢ black = header = 0xCAED — Energy is in channels, Energy short and samples are present
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DataR_CHO@DT5725_912_run.BIN |
Offset 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B IC 1D 1E 1F 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31
[oooooo X cafoo_odf[oo odffos 12 0B aa 00 0o oo ooffEF coffsz ooffoo 40 00 oofpa]ss oo oo oo 1F 33[1p 33[1F 33 23 33 1D 33 1E 33 21 33 20 33 21 33 1E 33 1D 33 20
00005033 21 353 1E 33 1E 33 1D 33 1E 33 1D 33 1D 35 1D 33 1D 33 1E 33 20 33 1E 33 16 33 1F 33 1E 33 1E 33 1B 33 1E 33 1D 33 20 33 1C 33 1E 33 IF 33 1D 33 20
00010033 1D 33 1F 33 1F 33 1E 33 20 33 1D 33 1E 33 20 33 1F 33 20 33 1C 33 1E 33 21 33 1F 33 IC 33 1E 33 1C 33 1D 33 1F 33[00_00J[00 ooz 98 42 62 00 00 00f
000150 |00] FF OF 00 00 S0 40 00 00 01 3% 00 00 00 20 33 1F 33 1E 33 1F 33 20 33 1E 33 1B 33 21 33 1C 33 1C 33 1E 33 1F 33 1F 33 1E 33 1F 33 1E 33 20 33 1C 33
000200 1E 33 1C 33 1F 33 1B 33 20 33 1E 33 16 33 1E 33 1C 33 20 33 20 33 1C 33 1F 33 1C 33 21 33 1E 33 1E 33 22 33 1D 33 1E 33 1E 33 20 33 1F 33 1D 33 1B 33
000250 (1E 33 1B 33 20 33 1E 33 1F 33 1E 33 1C 33 1E 33 1C 33 23 33 1E 33 22 33 1E 33 00 00 00 00 5 8A 6F BD 00 00 00 00 FF OF 00 00 80 40 00 00 01 38 00 00
00030000 1E 33 1D 33 21 33 1C 33 1D 33 20 33 1F 33 1E 33 1E 33 1C 33 1D 33 1C 33 1F 33 20 33 1D 33 1B 33 1D 33 20 33 1C 33 1F 33 1C 33 20 33 1E 33 20 33 16
00035033 1E 33 1F 33 22 33 1E 33 1C 33 20 33 1D 33 22 33 20 33 20 33 1D 33 1E 33 22 33 1E 33 1E 33 1E 33 1D 33 20 33 1E 33 22 33 1C 33 1F 33 20 33 1D 33 1D
00040033 1D 33 1F 33 1D 33 20 33 1F 33 21 33 00 00 00 00 2A C2 EE D6 00 00 00 00 00 00 00 00 0C 40 00 00 01 38 00 00 00 20 33 20 33 1F 33 21 33 20 33 IF 33
000450(20 33 20 33 1C 33 21 33 1C 33 1D 33 1D 33 1E 33 22 33 1E 33 1C 33 22 33 1F 33 1B 33 1C 33 1C 33 1D 33 1E 33 16 33 1E 33 1B 33 1E 33 20 33 1D 33 21 33
00050018 33 1F 33 1D 33 1B 33 20 33 1C 33 1F 33 1F 33 1D 33 1D 33 1E 33 1E 33 1F 33 20 33 22 33 1B 33 1E 33 1E 33 1D 33 20 33 1E 33 1E 33 1C 33 20 33 1D 33
00055000 @0 00 00 43 F7 7C 44 01 00 00 00 00 00 00 00 OO0 40 00 00 Ol 38 00 00 00 1E 33 1F 33 20 33 1F 33 22 33 1F 33 21 33 1E 33 21 33 21 33 21 35 1D 33 20

e green =board=0
. =channel =0
light blue= time stamp = 0x4A0B1209 = 1242239497 (dec) ps

e purple = ELong = OXEF = 239 ch

e brown = Eshort =0x32 =50 ch

o red =flags

. = number of samples = 0x38 = 56 (dec)

o = wave samples

After 56 samples data start again from board, channel, etc...

The user has also the possibility to access the filtered list files generated by CoMPASS through a socket
and redirect them directly to his/her own post-processing code. The user just need to select the ”Filtered
time-sorted binary data through socket” to access this functionality. In the CoMPASS installation folder
under the path

”C:\CoMPASS\demo” in Windows

and
” /CoMPASS-vX.Y.Z/demo in Linux”

a C++ demo code allowing the user to access the data through the socket is provided. The user can write
his/her own code starting from this demo code.
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The TCP/IP port used by CoMPASS can be set by the user. In case this port is already used by any other
process, COMPASS will display a warning message. If the port 0 is selected, once the socket is started, the
Port Selection panel will be updated with the choosen port. The user can compile and execute the demo
code using CMake and the CMakelLists.txt file in the demo folder. Following the structure of the packet
sent through data socket:

‘ Header ‘ (64 bit)
Event O:
‘ Board ‘ (int, 16 bit)

Channel (int, 16 bit)
‘ Time Stamp (ps) ‘ (int, 64 bit)
if bit 0 of the Header is 1:
’ Energy (ch) ‘ (int, 16 bit)
if bit 1 of the Header is 1:
‘ Energy (keV/MeV) ‘ (double, 64 bit)
if both bit 0 and of the Header are 1:
’ Energy (ch) ‘ (int, 16 bit) +‘ Energy (keV/MeV) ‘ (double, 64 bit)
if bit 2 of the Header is 1, the following field is present:
‘ Energy Short (ch) ‘ (int, 16 bit)
\ Flags \ (bit-by-bit, 32 bit)
if bit 3 of the Header is 1, the following fields are present:
’ Waveform code ‘ (int, 8 bit)

Number of Wave samples to be read (int, 32 bit)

Samplel SampleN (int, 16 bit each)
Event 1:
‘ Board ‘ (int, 16 bit)

The header is structured as follow:

\ Fixed word | (16 bit, OXCAEX)
‘ Payload Type ‘ (uint, 16 bit)
Packet Size (uint, 32 bit)

The x in the Header is:

e bit 0: if 1, Energy in Channels is present

e bit 1: if 1 ,Energy in KeV/MeV (according to the calibration) is present
e Dbit 2: if 1, Energy short is present

¢ bit 3: if 1, Waveform samples are present

The payload type is fixed to be 0x0. The packet size is referred to the size of the event section only, ignoring
the header size.

GD6300 - CoOMPASS Quick Start Guide rev. 26 105



CAEN m Electronic Instrumentation

2.17.3 Save the spectra

All the spectra can be saved choosing between two options:

¢ save selected spectra at the end of the run;

* save selected spectra periodically, with a programmable period (minimum is 0.1 s).
Both options can be checked together.
The available file formats are:

1. Energy spectrum

¢ Single column spectrum (.txt)

¢ 3 column spectrum (.txt3)

e ANSI/IEEE N42.42 spectrum (.n42)
e PC-Toolkit spectrum (.tka)

e |EC 1455 spectrum (.iec)

¢ |AEA spectrum data file (.spe)

e JSON

2. PSD spectrum

¢ Single column spectrum (.txt)
e JSON

3. Time distribution spectrum

¢ Single column spectrum (.txt)
¢ 3 column spectrum (.txt3)
e JSON

4. AT spectrum

¢ Single column spectrum (.txt)
¢ 3 column spectrum (.txt3)
e JSON

5. 2D PSD vs E spectrum

e Comma Separated Values (.csv)
e JSON

6. 2D E vs E spectrum

e Comma Separated Values (.csv)
e JSON

7. 2D ToF vs E spectrum

e Comma Separated Values (.csv)
e JSON

8. MCS spectrum
e Comma Separated Values (.csv)
In the Energy three columns text file the order of the columns is: channel number, counts, energy (given

as low edge of the calibrated histogram bin) and it includes the calibration parameters and the Real/Live
time information.

In the Time distribution three columns text file the order of the columns is: channel number, counts, time
value (given as low edge of the histogram bin) and it includes Real/Live time information.

In the AT three columns text file the order of the columns is: channel number, counts, AT (given as low
edge of the histogram bin) and it includes the Real/Live time information.
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8 Save spectra on stop acquisiion O Periodic spectra saving every (s): 1032

O Single ROOT fie with al plots

@Energy Fie format: ANSI/IEEE N42.42 spectrum

OPsD Fie format: Sngee colimn spectrum

O Time dstrbution Fie format: Singie column spectrum
oat Fie format: Sngle column spectrum
0 PSD/Energy Fie format: ISON
O Energy/Energy Fie format: JSON

C) TOF/Energy Fie format: JSON

Mcs Fie format: csv

It is also possible, selecting the related option, to save all the spectrum in a single ROOT file.

Onefile for each enabled channel is generated for filtered and/or unfiltered spectra under the path ”"DAQ\run
\FILTERED/UNFILTERED”. If no cuts are applied to the spectrum, only the unfiltered one is saved.

"‘_._

\
The user can also save a spectrum “on the fly” by pressing the “* in the plot window. The spectrum is
saved under the path "DAQ\run\UNFILTERED"” or "DAQ\run\FILTERED” according to the format specified

in the Acquisition Tab - Spectra Saving section.
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2.17.4 Save an image of the energy, PSD, time, AT 2D spectrum and
MCS graph

In order to save a picture of the energy, PSD, time and 2D spectrum, the user must press the button
[

in the plot window. The picture is saved in the .png format under the path "DAQ\run\SCREENSHOTS”".

2.17.5 The run_name_.info.txt file

At the end of each run, COMPASS automatically saves a text file in which several useful information about
the just completed run are included. The name of this file is the same as the run name (so it can be
customized changing the run name in the Acquisition tab) to which a ”_info” suffix is added.

Such file includes the following infomation:

e therunID

¢ the run start date and time
¢ the run stop date and time
¢ channel by channel:

— Energy calibration coefficients and units;

— Real time as hh:mm:ss.000;

— Live time as hh:mm:ss.000;

— Dead time as percentage;

— Input counts and average rate (cps);

— Pile up counts and average rate (cps);

— Saturation counts and average rate (cps);

— E cut (events rejected because of energy selection) counts and average rate (cps);

— PSD cut (events rejected because of PSD selection) count sand average rate (cps);

— T cut (events rejected because of time selection) counts and average rate (cps);

— Singles (events rejected because not matching the time correlation selection) counts and average
rate (cps);

— Output counts and average rate (cps);

— (DPP-PSD only) ”Particle 1 name” (events tagged as ”Particle 1 name”) counts and average rate
(cps). "Particle 1 name” can be specified by the user in the Particle ID tab;

— (DPP-PSD only) ”Particle 2 name” (events tagged as ”Particle 2 name”) counts and average rate
(cps). "Particle 2 name” can be specified by the user in the Particle ID tab;

2.17.6 Report generation

CoMPASS allows the user to automatically generate a report of the current run at the end of the acquisi-
tion. In order to enable this funcionality, before staring the data acquisition run, select from the CoMPASS
main menu Tool — Preferences. The Preferences popup will appear allowing the user to select the report
generation option.

Report will be generated in PDF format and, for each of the enabled boards and channels will include:

e Board Information

* Run Start/Stop date and time
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i Preferences o

| [] Hide warning popups
[] Copy run report files to common folder
C

[ Use dateftime for run report file name

Logger severity level DEBUG e

¢ Run statistics information

¢ Pictures of the spectra

The run report is saved within the specific run folder.

Selecting the option "Copy run report file to a single folder”, COMPASS will save all the PDF report files as
well as the TXT run info files within the same folder that currently is

”C:\Users\<USER_NAME>\AppData\Local\Compass\data.

CoMPASS report generation functionality is still preliminary. Report format and content will be improved
in the following releases.
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2.18 How to reprocess the CoMPASS data files

110

CoMPASS allows the user to reprocess all the files saved during a data taking run, be they a board buffer, a
list file or a spectrum.

As explained in the section Open a CoOMPASS Project, when opening a project including data saved in one
or more previous acquisition, in the COMPASSPIlot the Offline data section becomes available. Clicking on
the Offline data, the below sections (Boards data buffer, List, Spectra) becomes available and selecting one
of them the user can check the included data files.

Run data source & X || Run data source B % | Run data source 8 x
Board name Status Board name Status Board name Status
DT5720M 367 Connected - Disabled DT5720M 367 Connected - Disabled DT5780M 367 Connected - Disabled
() Connactad anabled boards () Connectad enabled boards () Connected enabled boards
@ offline data Source name  Last modified @® offline data Source name Last modified = ® Offline data Source name ~
run_List  ven apr 9 13:57:33 2021 ¥ run_List wen apr 9 13:57:38 2021 ¥ run_List
run_Waves ven apr 9 13:55:33 2021 FILTERED  ven apr 9 13:57:38 2021 v RAW
RAW wen apr 9 15:01:58 2021 v E
UNFILTERED ven apr 9 13:57:38 2021 CHO@DTS780M 367 Espectry
v run_List_1 wen apr § 17:46:30 2021 CHI@DTS780M 367 Espectru
@) Board data buffers O Board data buffers FILTERED  ven apr 8 17:46:31 2021 © Board data buffers v T
[ Realtime playback RAW wen apr 8 17:46:31 2021 R CHO@DTS780M 367 Tepectru
UNFILTERED gio apr 22 17:56:52 2021 CHI@DT5780M_367_Tspectru
v run_List 2 mer apr 14 12:16:04 202 ~ UNFILTERED
FILTERED  mer apr 14 12:16:04 202 v E
RAW mer apr 14 12:16:04 202 CHO@DT5780M_367_Espectru
UNFILTERED mer apr 14 12:16:04 202 CHI@DT5780M_367_Espectru
O lists ® Lists ~ run_List 3 mer apr 14 12:16:48 202 O st v T
FILTERED  mer apr 14 12:16:49 202 CHO@DTS780M_367_Tspectru
RAW mer apr 14 12:16:49 202 CHI@DTS780M_367_Tspectru
UNFILTERED mer apr 14 12:16:49 202 v run_List 1
v run_List 5 mer apr 1412:19:13 202 v FILTERED
FILTERED  mer apr 14 12:19:14 202 vE
@ Sz O spactra UNFILTERED mer apr 14 12:19:14 202 @® Spectra CHO@DTS780M 367 Espectru
¥ runWaves  wenaprd 13:55:33 2021 CHI@DT5780M 367 Espectru
FILTERED  ven apr 9 13:55:34 2021 v T
RAW wen apr § 13:55:34 2021 CHO@DTS780M 367_Tspectru
UNFILTERED aio apr 22 14:24:31 2021 ¥ CHI@DTS780M 367 Tspectru ¥
< > < >
load || | load || | load ||

Fig. 2.119: Saved data present in the project folder as displayed in the CoOMPASSPlot Window.

2.18.1 How to reprocess the Board data buffer data files

CoMPASS allows the user to re-run previous acquisitions starting from the most preliminary data
files coming from the digitizer and not even decoded by the software, the so called Board data
buffers. Such data allows to rerun a previously exactly an a normal run except for what concern
the board(s) parameters settings that cannot be modified anymore. The rest of the software
capabilities remains unchanged: the user can display the spectra, apply data selection (see Sec.
How to set Energy, PSD and Time selections) and save new list and spectra files.

The CoMPASS main GUI will reflect the above by disabling all the parameters and setting that
cannot be changed in the current offline condition.

In order to perform a such kind of offline run, you have to select the Board data buffer option,
select the run in the displayed list of runs and then press the Load button or double click on
the run to load it. You can also select the speed of the run reproduction. Default is high speed,
otherwise select Real time playback for reproducing the run at the real speed.
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® Offline data Source name  Last modified

run_List  wvenapr913:57:38 2021
run_Waves ven apr 9 13:55:33 2021

@ Board data buffers

Realtime playback

O Lists

O Spectra

Load |run_List

Fig. 2.120: Offline run - Board data buffer option.

The offline run kind is also reflected in the main GUI status bar
OFFLINE_BUFFERS

Fig. 2.121: Offline run - Board data buffer option - GUI status bar.

and in the COMPASSPIot Status bar.

Offline - board buffers:idle % Loading offline run configuration % |Drr|ine board buffars: run loaded

Fig. 2.122: Offline run - Board data buffer option - GUI status bar.

Press Play to start the run. All the functionalities of the CoMPASSPIot (available plots, ROl man-
agement, calibration, event selection) are available as well as the data saving functionalites.

/ Note: It is not possible to save an offline data file while performing an Offline run on Board data buffer
files.

While the run is being processed the information about the original run duration and the current
processing time are displayed in the Statistics tab top bar.

Processing time (hh:mm:ss) 00:00:00 Run time (hh:mm:ss) 00:01:40

Fig. 2.123: Processing time and original online run duration.
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2.18.2 How to reprocess the List data files

CoMPASS allows the user to re-run previous acquisitions starting from list data files that are the
data coming from the digitizer but already decoded by the software and, depending on which
kind of list file is used (Raw, Unfiltered and Filtered), possibly passed through some kind of se-
lection.

Besides of being not possible anymore to change the board parameters, depending on what kind
of List file is used for the offline processing, some functionalities are not available anymore. For
example:

e Add-Back and Time correlation are possible only if a single time ordered list file has been
saved

¢ Raw and Unfiltered list file cannot be saved anymore if the offline processing is done with
an Unfiltered or Filtered list file respectively, i.e. it’s not possible to “go back” in data saving
as the events that would have been included in the Raw or Unfiltered list file have been
already removed

¢ It’s not possible to save a single time ordered list file if in the online acquisition the option
"one file per channel” was selected.

The rest of the software capabilities remains unchanged: the user can display the spectra, apply
further data selection (see Sec. How to set Energy, PSD and Time selections) and save new list
and spectra files.

The CoMPASS main GUI will reflect the above by disabling all the parameters and setting that
cannot be changed in the current offline condition.

@ offline data Source name Last modified -~
¥ run_List ven apr 9 13:57:38 2021
FILTERED ven apr 9 13:57:38 2021
RAW wven apr 9 15:01:38 2021
UNFILTERED wven apr 9 13:57:38 2021
~ run_List_1 ven apr 9 17:46:30 2021
O Board databuffers FILTERED  ven apr @ 17:46:21 2021
RAW ven apr 9 17:46:31 2021
UNFILTERED gio apr 22 17:36:52 2021
~ run_List_2 mer apr 14 12:16:04 2027
FILTERED mer apr 14 12:16:04 202
RAW mer apr 14 12:76:04 2027
UMNFILTERED mer apr 14 12:716:04 202
@) Lists ¥ run_List_3 mer apr 14 12:16:48 202"
FILTERED mer apr 14 12:76:49 2027
RAW mer apr 14 12:16:49 202
UMNFILTERED mer apr 14 12:16:49 202
~ run_List_3 mer apr 14 127913 2027
FILTERED mer apr 14 12:19:14 202
O Spectra UMNFILTERED mer apr 14 12:1%:14 202
v run_Waves wen apr 9 13:55:33 2021
FILTERED  wen apr 9 13:35:34 2021
RAW ven apr 9 13:35:34 2021
UNFILTERED aio aor 22 14:24:31 2021 ¥
£ >

load | [run_ListRAw

Fig. 2.124: Offline run - Board data buffer option.

In order to perform a such kind of offline run, you have to select the List option, select the run
in the displayed list of runs and then press the Load button or double click on the run to load it.

Also in this case, the offline run kind is also reflected in the main GUI status bar and and in the
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CoMPASSPIot Status bar.

Press Play to start the run. All the functionalities of the CoMPASSPIot (available plots, ROl man-
agement, calibration, event selection) are available as well as the data saving functionalities with
the limitation above described.

Also in this case, while the run is being processed the information about the original run duration
and the current processing time are displayed in the Statistics tab top bar.

Processing time (hh:mm:ss) 00:00:00 Run time (hh:mm:ss) 00:01:40

Fig. 2.125: Processing time and original online run duration.

2.18.3 How to reprocess the Spectra files

CoMPASS allows the user to re-process any kind of spectra (Energy, PSD, Time and AT) takenin a
previous acquisition. When processing a spectrum the spectrum rebin and manually set of the
calibration coefficient are the only settings that will remain settable in the CoMPASS main GUI.
All the others will be disabled.

(® Offline data Source name -

~ run_List
v RAW
v E
CHO@DT5780M_367_Espectru
CH1@DT5780M_367_Espectru
(O Board data buffers v T
CHO@DT5780M_367_Tspectru
CH1@DT5780M_367_Tspectru
~ UMFILTERED
v E
CHO@DT5780M_367_Espectru
CH1@DT5780M_367_Espectru
O Lists ¥ T
CHO@DT5780M_367_Tspectru
CH1@DT5780M_367_Tspectru
~ run_List_1
~ FILTERED
v E
(@) Spectra CHO@DT3780M_367_Espectru
CH1@DT5780M_367_Espectru

CHO@DTS780M_367_Tspectru

CH1@DT5780M 267 Tepectru
£ >

Load |

Fig. 2.126: Offline run - Spectra option.

The procedure to be followed to load a spectrum is similar to the one described here above so
you have to select the Spectra option, select the spectrum in the displayed list and then press
the Load button or double click on the spectrum to load it.

Also in this case, the offline processing kind is also reflected in the main GUI status bar and and
in the CoMPASSPIot Status bar.

The CoMPASSPIot available functionalities are ROl management, calibration and spectrum sub-
traction.
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2.18.4 How to sum the energy spectra

In order to sum more energy spectra created by CoMPASS you have to select File — Sum energy
spectra.

=1 CoMPASS

File Tools _r‘.'\leards
Mew project
Open project

L1

[-J__— Import Import list

Import spectrum
¢ Exit

Sum energy spectra

The Add spectrum selection windows will then appear and you can then select the spectrum to
be added.

|I£) Select spectra files to import and sum

K
Look in UNFILTERED v 'Ir ] m,
\ d CHO@DT5780M_367_Espectrum_run_List_1_20210409_174630.n42
:—_j | | CH1@DT5780M_367_Espectrum_run_List_1_20210409_174630.n42
Oggetti recenti
Desktop
Documenti
Questo PC
@ ceone
RELE Files of t
type | ANSI/IEEE N42.42 spectrum (.n42) v Cancel
Fig. 2.127: Sum spectrum selection window.

CoMPASS will the make a copy of the original spectra and include them in the project-like folder
structure.

CoMPASS will notify the user in case of possible issues with the spectrum format.
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=) Error

*

[0] Cannot open and sum spectra. Incompatible binning and/or calibration coefficient

Fig. 2.128: Example of error in the spectrum import and sum.

In case of no issues, COMPASS import and sum the spectra in the CoOMPASSPlot window and then
you can apply all the CoOMPASSPIot tools (ROl management, calibration, spectra subtraction).

=) CoMPASS Plot

] | Glabal
source

1) Energy Histogram

BEIPEAS-C e agl
saure Dataset x 3012
(Spectrsom@irpet ][R w7795
£ 1400 R ey
2 — Undarfion 0
o 7‘ Overlioy 0
1200
1000
800
600
400
200
o ~ . bl " 1 PR - . L
0 500 1000 1500 2000 2500 3000 3500 4000
ADC channel

Importand sum spectra

Fig. 2.129: Imported and summed spectra.

2.18.5 How to subtract two energy spectra

In order to subtract two energy spectra (eg the background from a main spectrum), you have to

press on the button

A dedicated pop up to select the spectrum to subtract will appear.
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.. Spectra subtraction *

Base spectrum

Subtrahend spectrum

Discard Apply

Fig. 2.130: Spectra subtraction popup.

Press the load button to open the spectrum selection window.

. Open spectrum to subtract x
« v A ||« ATM > Test CoMPASS » VX2740PHA » DAQ > run > UNFILTERED v O O Cercain UNFILTERED
Organizza » Nuova cartella 2+ [H 9
[0 Questo PC Nome Ultima modifica Tipe Dimensione (o)
. comm (AD-SER\ |:| CHO@VX2740B_15238_Espectrum_run_20... 23 File N42 12 KB
I Desitop u CH1@VX2740B_15238 Espectrum _run_20... 23/ File N42 11KB
= 23 42 2K
& Documenti [] cHa@vxa7ane_15238 Espectrum_run 20... 23 File N42 12KB
& Downiood [7] CH3@Vx2740B_15238 Espectrum_run_20... 23 File N42 11KB
owmoa [] CHA@VX2740B_15238 Espectrum_run_20...  23/1 File N42 11KB
=] Immagini [ CH3@VX2740B_15238_Espectrum_run_20... 23/ File N42 11KE
J Musica [ cH6@V¥X2740B_15238_Espectrum_run_20..  23/1 File N42 11KB
B Oggetti 3D [] cH7@VX2740B_15238_Espectrum_run_20...  23/1 File N42 11KB
B Video [] cHe@VX2740B_15238_Espectrum_run_20...  23/1 File N42 11KB
i, TIHO2136004 (C: u CHO@VX2740B_15238 Espectrum run_20.. 23 File N42 11KB
2 e N2 :
= Marketing (\WAD |4 CH10@VX27408_15238 Espectrum_run_2.. 23 File M42 11 KB
[7] cH11@Vx27408 15238 Espectrum_run 2. 23/! File N42 11KB
== comm (\\AD-5E - B
[7] cH12@Vx27408 15238 Espectrum_run 2. 23 File N42 11KB
= Atm (WAD-SERV [7] cH13@Vx27408_15238_Espectrum_run 2. 23 File N42 11KB
= mvenaruzzo (\\/ . [7] CH14@Vx27408_15238_Espectrum_run_2... 23/ File N42 11KB .
Nomaﬁ\a:‘ v‘ CoMPASS spectra files ("3 ™. v

Fig. 2.131: Spectrum to be subtracted selection window.

Select the spectrum to subtract and press Open. The selected spectrum path will be then dis-
played in the dedicated popup.
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Spectra subtraction

C:fUsers/mvenaruzzo/Documents (ATM, Test CoMPASSf
YX2740_PHA/DAR frun/UNFILTERED,

CH2@WX2740B_15238_FEspectrum_run_20210423 171321,
n42

Base spectrum

Subtrahend spectrum

Discard Apply

Fig. 2.132: Spectra subtraction popup with spectrum to be subtracted path.

If the two spectrum are not compatible in terms of number of channels or calibration coef-
ficients, CoMPASS will notify the user with a popup and the subtraction operation cannot be
performed.

Otherwise, if not such issue occur COMPASS will shown in the same plot both the spectrum
normalized one to each other by means the total number of events.

) Energy Histogram [E=S (e ==
PEIAS®- S
,,,,,, et 387
ur
( | [ 115
- [R]Energy _15238
= Entries 5.554E5
o Underflow 0
w | Overflow 0
o 1]
° |
[
10 l
I
|

A

| I I | | I —
0 500 1000 1500 2000 2500 3000 3500 4000

ADC channel

Fig. 2.133: Main and subtrahend spectrum.

You can see separately the original spectrum and the subtrahend one selecting Base Spectrum
or Subtrahend spectrum respectively. Press the button Apply to proceed with the spectrum
subtraction. The resulting spectrum will be then shown in the same window.
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1) Energy Histogram [E=RECR =5
2= [ 5 =
BEPEAS- I a
,,,,,, et s
ars
( ) | v116115
-'Q [R]Energy CHO@VX27408_15238
5 Entries 72182
o 10* Underflow 0
o Overflow 0

|- I | | I L1 11 I | -
500 1000 1500 2000 2500 3000 3500 4000
ADC channel

Fig. 2.134: Subtracted spectrum.

On the resulting spectrum you can still apply the COMPASS ROl management tools for your pre-
liminary basic analysis.
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2.18.6 How to import a spectrum

In order to import in CoOMPASS a spectrum in one of the supported formats, you have to select

File — Import spectrum.

=1 CoMPASS

File Tools 't\ Wizards

New project ‘ -, ‘S\ ‘
Open project

B
|
|
[-J__- Import Impert list
I Impert spectrum
o Eiih Sum energy spectra

The Import spectrum selection windows will then appear and you can then select the spectrum

to be imported.

=) Select spectrum file to impoert

Look in Example Spectra

.| B @

ORTEC HPGe Electrical Cooling

% ORTEC HPGe Test Results
Recent Items PALS Analysis
RadHand
‘ WMG_QUANTUS Workshop
Desktop D 60Co_137Cs_for_calib_HPGE_BSl.n42

f’ 60Co_137Cs_for_calib_HPGE_BSl.spe
D Am-Co_door close.nd2

:_.ﬁ B{’Am-Co_donr closetxt
Documents D Am-Co_door open.nd2
B{Am-(ﬁo_donropen.txt

RockyRad Characterization ORTEC HPGe Lead Shield EDDSI:[' Matural_Bg_Mall_Part_2.txct

D LaBr_1.5x1.5_K-40_In_Lead.nd2
f’ Matural_Bg_MalL.spe

lé{’ Matural_Bg_MalL.txt

[2f Matural Bg_Mall_Part_1.txt

@) Natural Bg_U238_Nall.cpe
[& MNatural_Bg_U238_NalL.txt
[&f Matural_Bg_U238_Mall_2.txt

D CeBr_1.3x1.5_Background_In_Lead_LONG.nd2
g D CeBr_1.3x1.5_K-40_In_Lead.nd2
This PC D LaBr_1.53x1.5_Background_In_Lead_LOMNG.n42
b Filesof type  CoMPASS spectrum file types (=.txt; = txt3; =.nd2; = tka; =iec; *.5pe) Cancel

Fig. 2.135: Import spectrum selection window.

If the imported spectrum is a .txt, a .txt3, a .CSV or a JSON file, the ambiguity about its content
has to be removed before importing it; for this reason CoOMPASS shows a pop-up asking the user

which kind of spectrum is going to be imported.

CoMPASS will the make a copy of the original spectrum and include in a project-like folder struc-

ture.
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=) Confirm ot

Selected spectrum has an ambiguous file extension. Please specify the spectrum type
(") Energy

()PsD

() Time distribution

() aT

Cancel

Fig. 2.136: Import spectrum type selection window example.

=) Confirm *

Selected spectrum has an ambiguous file extension. Please specify the spectrum type

(_) EMERGY_ENERGY

(_) TOF_ENERGY

Cancel

Fig. 2.137: Another import spectrum type selection window example.

CoMPASS will notify the user in case of possible issues with the spectrum format.

=) Error X

"@l Cannot open spectrum. Incompatible calibration coefficient

Fig. 2.138: Example of error in the spectrum import. Incompatible calibration coefficient.

*

Cannot open spectrum, Invalid or missing StartDateTime field

Fig. 2.139: Example of error in the spectrum import. Invalid or missing mandatory information.

In case of no issues, COMPASS import the spectrum in the CoOMPASSPlot window and then you
can apply all the COMPASSPIot tools (ROl management, calibration, spectra subtraction).

/ Note: Spectrum files not generated by CoMPASS may be imported provided that they are in one for the
format supported by CoMPASS.
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Fig. 2.140: Imported spectrum.

2.18.7 How to import a list

In order to import in CoMPASS a list file in one of the supported formats, you have to select File
— Import list.

=3 CoMPASS
File Tools _-‘.'\Wizards
A

Mew project ‘ Hj
Open project

3
EL—- Import Impert list

I Impert spectrum
o Ecik Sum energy spectra

CoMPASS will the make a copy of the original list file and include in a project-like folder structure.

CoMPASS will notify the user in case of possible issues with the spectrum format.

In case of no issues, COMPASS import the list file and allows to run process the list file and to
apply the events rejection criteria (saturations, pile-up, energy, psd and time selection). If the
imported list file is a single time sorted file, the channel correlation selection and the AddBack
functionality are also available. If the list files includes the waveform sample, the waveform dis-
play (if running in Waves mode) is available as well. In addition, as in the Import spectrum case,
you can apply all the CoMPASSPIot tools (ROl management, calibration, spectra subtraction).

New list and spectrum files can be saved with some limitation:
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1 Select list file to import

Look in

ok

Recent Items

Network

Test List v

| | Data_CHO@DT5780M_367_run_List.root

| | DataF_CHO@DT3780M_367_run_List.root

| | DataR_CHO@DT3780M_367_run_List.root

| | DataR_CHO@ODTSTE0M_367_run_List_1.BIM
E@ DataR_CHO@DT3780M_367_run_List_2.C5V

| | DataR_CHO@DT37R0M_367_run_Waves.root
| | DataR_CHO@DTS7E0M_367_run_Waves_1.BIM
E@ DataR_CHO@DT3780M_367_run_Waves 2.C5Y
E37 DataR_run_List_3.CSV

E37| SDataR_run_List_4.CSV

File name:

Files of type  ComPASS list file types (*.root; = .csv; =bin)

Fig. 2.141: Import list selection window.

) Error

Error opening list file

Fig. 2.142: Example of error in the list import.

o Cancel

e when processing a Raw List, it’s possible save again a Raw list in a different format, Unfiltered
list and Filtered List;
e when processing an Unfiltered List, it’s possible save again an Unfiltered list in a different
format and Filtered List only;
e when processing a Filtered List, it’s possible save again an the same Filtered list in a different

format and Filtered List with more restrictive selection criteria only.
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2.19 How to (remotely) control CoOMPASS from com-
mand line or external script

For those users who have the requirement to (remotely) control COMPASS from an external

script or software, COMPASS now allows such possibility.

The mandatory requirement is that COMPASS has to be up and running in the pc connected to the
Remota

digitizer(s). Then the user can enable the COMPASS remote control pressing the button ™'

in the COMPASSPlot window top ribbon. When such remote control is selected, COMPASS starts
an internal HTTP server that stays listening for HTTP request coming from the client whatever is
its implementation (C, C++, Java, Python, MATLAB, LabVIEW, ecc).

CoMPASS uses only the HTTP 'GET’ request method among the available ones, and can be con-
trolled by properly setting the URL path and optionally a query string.

Once the remote control is enabled the user can easily test it with a web browser by typing the
URL with the base path:

http://IP_ADDRESS:8080/compass/

where IP_ADDRESS is the IP Address of the computer in which COMPASS is running, e.g. lo-
calhost, 192.168.0.1, etc... The IP_ADDRESS is followed by :8080, which is an example of the
Remote Control port. This port can be configured from the "Tools” pull-down menu in the CoM-
PASS window by selecting ”Port Selection”:

Port Selection %
{  Remote Control Port: 8080 Set

Data Socket Port: 5040 Set

Ok

/ Note: To make the changes effective, please press “Set” each time a port is modified.

If the selected port is not available, the software will automatically assign another port to ensure
proper functionality of the features. If the same port is chosen for both Remote Control and
Data Socket, COMPASS will display an error message to warn the user that this configuration is
not allowed.

T
| L

':8:' Data socket failed to listen on port 8030

Commands can be sent by appending a’/’ and the command name to the base path of the URL
http://IP_ADDRESS:8080/compass/COMMAND

The list of available commands is:

e START to start the acquisition;
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@ localhost/compass/ X -+
&« C Y @ localhost/compass/

‘Welcome to CoMPASS data acquisition remote control
Fig. 2.143: CoMPASS browser remote control window example.

e STOP to stop the acquisition.

A specific configuration file can be uploaded by appending a query string (beginning with the ’?’
character) to the base path in the URL:

http://IP_ADDRESS:8080/compass?loadConfigFile=file.xml
The same rule applies if the user wants to set acquisition parameters:
http://IP_ADDRESS:8080/compass?PARAMETER_NAME=value

where

e PARAMETER_NAME is the parameter name;
¢ value is one of the allowed value for that parameter.

The parameters and the corresponding allowed values are:

e runId which is the name of the run;
e timedRunEnabled. Allowed values: TRUE, FALSE;
e autoIncrementRunId. Allowed values: TRUE, FALSE.

e timedRunDuration. Allowed values: integer value corresponding the run duration in sec-
onds.

It is also possible to set more than one parameter at a time in the query string, with parame-
ter=value pairs separated by the & character:

http://IP_ADDRESS:8080/compass?PARAMETER_NAME_1=value&PARAMETER_NAME_2=value

The user should avoid to load the configuration file and modify one of the above listed param-
eters in the same HTTP request because it is not guaranteed the order to the requested imple-
mentation. It is on the contrary recommended to first load the configuration file in a specific
HTTP request and then, in required, modify the needed parameters in an second HTTP request.

The CoMPASS remote control infrastructure uses some of the standard HTTP response code and
one custom. They are:

e 0K_200 = 200;

e FORBIDDEN 403 = 403;

e NOTFOUND_404 = 404;

e INTERNALSERVERERROR_500 = 500;
e NOTIMPLEMENTED 501 = 501;

¢ CANNOTOVERWRITE_599 = 599.

In order to provide to the users and example of the implementation of an HTTP client, CAEN
provide a C++ based demo code included in the CoMPASS installation folder at the path
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”C:\CoMPASS\demo” in Windows
and
” /CoOMPASS-vX.Y.Z/demo” in Linux.

Such demo uses the 1ibcurl library and shows all the remote control functionalities with some
acquisition examples including recursive acquisitions with the same or different configuration
files and with some pause time between consecutive runs.

| 19 c p g ontrol.exe - o X

timedRunEnabled’ set to value 'FALSE’; Parameter 'autoIncrementRunId’ set to value 'TRUE

“timedRunEnabled’ s "TRUE"; Parameter 'autoIncrementRunId’ set

Fig. 2.144: CoMPASS remote control demo code output.

Such demo can be the starting point for people willing to develope their external (remote) CoM-
PASS control in C++ or can be inspiration for those user willing to develop it in other programming
environment.

/ Note: The user can download the 1ibcurl library at the link https://curl.se/libcurl/.

/ Note: After saving the COMPASS project, if Remote Control is selected, the selection will persist even after
the project is closed and reopened.
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3 Digitizer Synchronization Guide

This chapter will guide the user to synchronize two or more CA

EN digitizers running a DPP firmware. The

first section is focused on the VME boards, the second section on the Desktop and NIM boards, the third

section on the new VME27XX and Destop DT57XX boards while
posed by V17XX and V27XX boards. This document is based on

the forth section on a mixed system com-
[RD24].

3.1 Synchronization of the VME V17XX digitizers

In the following, one V17XX digitizer acts as the master board while the others act as slaves. The idea is to

lock the clocks of all the digitizers and to propagate the start of

Required software:

e CAEN Toolbox;
e CoMPASS

Phase 1: the clock synchronization:

run in a daisy chain configuration.

1. The PLL of master must be reprogrammed to provide in the CLOCK OUT the 50 or 62.5 MHz frequency

depending on the slave board.
¢ Open CAEN Toolbox, select “Digitizer 1.0”.

B3 CAEN Toolbox - m] X

Filter: | Description or code...

Digitizer 1.0, MCA and Peak Sensing (V17xx, DT57xx, NE7xx)
Digitizer 2.0 (V27xx, DT27xx)
Bridge and PClI COMETZ Controller (Wx718, A2719, A2818)
PCle 1.1 COMET2 Controller (A3818)
USB 3.0 CONET2 Controller (44818)
PCle 3.0 CONETZ2 Controller (A5818)
General Purpose WVME Board (V1485)
Programmable Logic Unit (V2495, DT5495)

VME HV Power Supply Module (W&5xx)

Multi-Hit TDC (W 1x90)

Cosmic Hunter (SP5620CH)
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e from the top menu select Device — Connect, insert the digitizer connection parameters and
press Connect.

[ E:] CAEN Toolbox - Digitizer 1.0M_CA and Pea..,_— o X [ E:] CAEN Toolbox - Digitizer 1.0, MCA and Pea... — - o X
File Device Tools Options File Device Tools Options
Connect
‘ DOID ‘ DOID
Model Model vi724
PID PID 597
Form factor Form factor VME64
PCB revision PCB revision 1
AMC firmware version AMC firmware version 128.39 - Build 5707 (DPP-PHA)
ROC firmware version [ @ Connect X ROC firmware version = 04.29 - Build 8716
Unlock code | Connection type USB_A4818 < Unlock code Unlock code not found.
‘ Licensed PID 18868 . Refresh ‘ Licensed False
Verify firmware CONET node 0 Verify firmware
Upgrade firmware VME base address 0x 00000000 Upgrade firmware
Upgrade PLL Upgrade PLL
OK Cancel
Check PLL - Check PLL
Write unlock code | Write unlock code
Erase unlock code Erase unlock code
Manual controller Manual controller
Dump registers Dump registers
Load registers Load registers
Get information file Get information file
Reboot USB device Reboot USB device

\ [Coisconnecren ] ( [ conecren |

o if the master digitizerisa V1720, V1724,V1740D, V1751 or V1782, select Tools — PLL Editor from
the top menu. The PLL Editor will open. Press “Detect” button to detect the currently connected

digitizer.

[ PLL editor for V/VX X

| Board type X724 _X781_X782_X784 ~
Detect

VCXO frequency (MHZ) 1000.0 ~
| Input clock frequency (MHz) 50.0 Change
| ADC frequency (MHz) 100.0 Change
i Enable output clock Enable
i Output clock frequency (MHz) = 62.5 v
| Output clock delay (ps) 0.0 v

Cutput clock fine delay (ps) 0.0 ~

Cutput clock total delay (ps) 0.0
Open file

Save file

Close
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— Tick "Enable clock output” and select the clock output frequency depending on the slave
digitizer model. Set the Clock output delay if required.

[ PLL editor for V/VX X

! Board type X724 X781 X782 X784 ~

Detect

VCXO frequency (MHZ) 1000.0 ~

| Input clock frequency (MHz) 50.0 Change

! ADC frequency (MHz) 100.0 Change

i Enable output clock Enable

i Cutput clock frequency (MHz) = 82.5 v

| Output clock delay (ps) 0.0 v
Cutput clock fine delay (ps) 0.0 B |

Cutput clock total delay (ps) 0.0
Open file

Save file

Close

— Press “Save” button to save the PLL .rbf file to the desired location on the pc and close the
PLL editor.

— Press the "Upgrade PLL” button and select the PLL .rbf file previously generated. CAEN Tool-
box will automatically start the file upload and the PLL programming. Once the file upload
is completed the following message appears.

: & Info *

© Operation completed successfully.
The change will be applied after at the next reboot.

0K

— Power off and on the crate to apply the new PLL configuration.

¢ if the master digitizer is a V1725(S) or a V1730(S) user can follow the same procedure described
here above or press directly the “Upgrade PLL” button.

— In the browser folder, select the file corresponding to the board model like
"v1725_vcxo500_ref50_pll_out62_5.rbf” and press open.
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2 Open X
B <« CAEN > CAEN Upgrader » bin » x86.64 > _internal > _common > pll v Search pll P
Organize = MNew folder =~ 1O @
|~ W ThiseC Name Date modified Tipe Size
> [l AS2 di Massim [ w1725 vexo500_ref50_pll_outl.rbf 5/13/2024 5:38 AM RBF File 1KB
> i 05(C) [T w1725 vexo300_ref30_pll_out62_5.rbf 5/13/2024 5:38 AM REF File 1Ke
> gm Marketing (\£ [ w1725 vexo500_ref62_5_pll_out62_5.rbf 5/13/2 3 AM RBF File 1KB
> s comm (WAD-¢ [ w17255_voxo500_ref50_pll_outd.rbf RBF File 1KB
s = ArchivioSercor [T v17255 vexo300_ref30_pll_out62_5.rbf RBF File KB
5 e CAENSYS (WA [ w17255 vexoS00_ref62_5_pll_out62_S.rbf RBF File 1KB
3 e ATM (WAD-SEI [ 1730_in30_out62.5_delay_2.5ns.rbf 5/13/2024 5:38 AM RBF File KB
s o mvenaruzzo 4 [ v1730_in62,5_out62.5_delay_2.5ns.rbf RBF File 1KB
[T v1730_vexe500_ref50_pll_owt0.rbt RBF File KB
> gm mvenaruzzo (\
v Netwerk [ w1730_vexo500_ref50_pll_out62_5.rbf RBF File 1KB
[T v1730_vexo500_ref62.5_pll_out62.5.bf RBF File KB
> Il C15%4
17305 vex0500_ref50_pll_out0.rbf 5/13/2024 5:38 AM RBF File 1KB
> Q1646 D - e
[ w17305 vexoS00_ref50_pll_out62_5.rbf RBF File 1KB
» [l DESKTOP-5VG,
[T v17305 _vexoS00_ref62_5_pll_out62_5.rbt RBF File KB
File name: || v‘ Raw Binary File (*.rbf) -

— CAEN Toolbox will automatically start the file upload and the PLL programming. Once the
file upload is completed the same previous message appears.

e The PLL of the slave must be reprogrammed to accept in input the 62.5 MHz frequency only
if it is a V1725(S) a V1730(S) or a V1740D. All the other digitizer families are indeed already
programmed to accept in input the 50 MHz frequency. Other digitizer families have to be pro-
grammed to provide in output the 50 MHz only if they are not the last board of the chain.

— From CAEN Toolbox follow the same procedure above described to connect to the slave
board

— Depending on the digitizer model, proceed with the PLL file generation or selection from the
available list files as described in the above paragraphs.

— Upgrade the PLL firmware into the V17XX.
e Power off the crate.
¢ Move the DIP switch of the V17XX (slave) from internal to external

Internal

I clock
External L]

clock
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130

¢ Connectthe A317 cable from the CLOCK OUT connector of master to CLOCK IN connector of slave

Master clock board Slave board
Clk source: Internal Clk source: External

CLKIN
==

CLK OuT

A317 Clock
distribution
cable

¢ Switch on the crate. The CLOCK IN led of the slave board must be ON; The PLL LOCK led of both
boards must be ON.

¢ To verify that the two clocks are latched and to measure the delay between them, it is possible
to provide to the TRG OUT connector the clock and check it from an oscilloscope. In CoMPASS,
go into the Sync/Trg tab within each single board Settings Tab and select TRG OUT mode —
Sampling clock

e Connect the TRG OUT connector output of each board to an oscilloscope and the check:
— There is no reciprocal jitter between each other.
— Measure the delay according to the following scheme

Tek Fun

Trig'd

(5] L]
0 0.28ms SE0mV
2.54m E40mY
D arnum A 260mV
Cursors Linked
Delay
Master
i
“
Slave
- oomy 2 2.00m 5.00G5/s @ 7 4d0my
Value Mean Win Wax Sid Dev 1904 potts
@D Frequency 124.6MHz 124.9M  121.5M  183.2M  423.2k

210ct 2012
17:58:48

e Reprogram the master board with a PLL file with a delay value as closest as possible to the mea-
sured one.
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9 Pl cditor o X
Board type V1724 V1781 V1782 ~ |
Detect |
VCXO frequency (MHz) 1000.0 A
Input clock frequency (MHz) 50.0 Change
ADC frequency (MHz) 100.0 Change
i Enable output clock Enable
| Output clock frequency (MHz) =~ 62.5 v |
Output clock delay (ps) 1000.0 ~
Output clock fine delay (ps) 570.0 ~

Output clock total delay (ps)  1570.0
Open file

Save file

Close

Note: In case of a system composed by digitizer of different families and including V1725(S) and V1730(S)
/ digitizers, it is recommended to put such modules at the end of the chain. They will then receive the 50
MHz reference clock and propagate the 62.5 MHz reference clock to the other V1725(S) and V1730(S).

In case the clock of a slave board has been modified to accept an external clock frequency
different from 50 MHz, when the clock source it set back to the internal one, before using
again the digitizer, the user must remember to program the board PLL again with the default
50 MHz PLL file. Missing such digitizer reprogramming might lead either to the impossibility
for the digitizer to lock the PLL or to a digitizer wrong events timestamp information provision.

Phase 2: the start_acquisition propagation.

1. Connect the TRG OUT connector of master V17XX with TRGIN connector of the first slave V17XX
through a LEMO-LEMO cable and proceed this way building a daisy chain with all the digitizer belong-
ing to the system.

2. Open the CoMPASS software and select “Menu — Synchronization wizard”. In the second tab, set the
board order
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‘: Please select board order

V17255 585 V1725154

1 2

Board with order 1 will be the master of the trigger chain

Master board Slave board Slave board
N1 N°2 N°n

Master board
N°1

Slave board
N°2

Slave board
N°n

3. In the third tab, choose one of the available start_acquisition propagation option, for example the
TRGOUT_TRGIN_OUT option:

. Synchronization wizard %

\
‘t Please select start propagation mode
** *

"TRG OUT — TRG IN - Start/stop from software ~

Acquisition run will be started and stopped by the software.
Start signal will be synchronously propagated from TRG OUT to TRG IN of the following board

4. You can adjust the run delay from master to slave by providing a single pulse into the two boards
and check the reported time stamp. This step is not fundamental, the relative delay can be adjusted
offline by software.

The two boards are now synchronized and the customer can start the acquisition by pressing the START
button in CoMPASS.
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3.2 Synchronization of the Desktop DT57XX and NIM
N67XX digitizers

In the following, one DT57XX/N67XX digitizers acts as the master board while the others act as slaves for
what concern the start_acquistion signal propagation only. The clock signal are, on the contrary distributed
in FAN OUT mode because the DT57XX/N67XX digitizers do not feature the CLK OUT connector. A clock
generator like the DT4700 model is then required in such a configuration.

Required software: CoMPASS only.
Phase 1: the clock synchronization:
1. There is no need to reprogram the digitizer PLL in this case because the DT57XX/N67XX boards are
already configured to work with the 50 MHz input clock. It is just required to configure the digitizer

so that the reference clock is the external one instead on the internal one. This is done automatically
by CoMPASS during the synchronization wizard.

2. There is no need to check the reference clock delay among the boards because the clock is provided
to all the digitizers in FAN OUT mode.

3. Connect the A317 cable from the DT4700 CLOCK OUT connector to the DT57XX/N67XX CLOCK IN
connector.

A317 Clock
Distribution Cable

A317 Clock _ _
Distribution Cable == I "

DT4700
Clock Generator and Fan Out

DT57XX N67XX
Digitizers Digitzers

Phase 2: the start_acquisition propagation.

1. Connect the GPO OUT connector of master DT57XX/N67XX with TRG IN connector of the first slave
DT57XX/N67XX through a LEMO-LEMO cable and proceed this way building a daisy chain with all the
digitizer belonging to the system.

2. Open the CoMPASS software and select “Menu — Synchronization wizard”. In the second tab, set the
board order
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& Synchronization wizard x

\
| ‘&Please select board order
X

S

V17255 585 V1725154

1 2

Board with order 1 will be the master of the trigger chain

Master board Slave board Slave board
N1 N°2 N°n

Master board
N°1

Slave board
N°2

Slave board
N°n

3. In the third tab, choose one of the available start_acquisition propagation option, for example the
GPO_TRGIN_AUTO option:

£ Synchronization wizerd x

™ Please select start mode
*
'k* %

GPO_TRGIN_AUTO Y

Acquisition will be started automatically by the system

Cancel Previous Next

4. You can adjust the run delay from master to slave by providing a single pulse into the two boards
and check the reported time stamp. This step is not fundamental, the relative delay can be adjusted
offline by software.

The two boards are now synchronized and the customer can start the acquisition by pressing the START
button in CoMPASS.
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3.3 Synchronization of the VME V27XX and desktop
DT27XX digitizers

In the following, one V27XX/DT57XX digitizer acts as the master board while the others act as slaves. The
idea is to lock the clocks of all the digitizers and to propagate the start of run in a daisy chain configuration.

Required software:
e CoMPASS only

The clock synchronization and the start_acquisition propagation are done together through the CoMPASS
Synchronization Wizard

1. Connect the A319 cable from the CLOCK OUT connector of the master to CLOCK IN connector of slave

Master clock board Slave board
Clk source: Internal Clk source: External

CLKOUT

A319 Clock
distribution
cable

Eq E3'
Fig. 3.1: V/VX27xx case.

2. There is no need of additional cable connection because the start_acquisition signal is propagated
from the master to the slave(s) by the A319 cable
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Master clock board
Clk source: Internal

CLK OUT

Fig. 3.2: DT27xx case.

Slave board
Clk source: External

A319 Clock
distribution
cable

CLKIN

3. Open the CoMPASS software and select "Menu — Synchronization wizard”. In the second tab, set the

board order

& Synchronization wizard

>
i**

Please select board order

Master board
N°1

UX2740_12741

Board with order 1 will be the master of the trigger chain

Slave board
N°2

Slave board
N°n

Master board
N°1

Slave board
N2

Slave board
N°n

Cancel Previous Next
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4. In the third tab, choose one of the available start_acquisition propagation option, for example “CLK
OUT — CLK IN - Start/stop from software” option:

,‘K Please select start propagation mode
** *

CLK OUT — CLK IN - Start/stop from software. ~

Acquisition run will be started and stopped by the software.
Start and stop signals will be synchronously propagated from CLK OUT to CLK IN of the following board

5. Press Apply to have CoMPASS applying the synchronization settings
6. The CLOCK IN led of the slave board must be ON; the PLL LOCK led of both boards must be ON.

7. You can adjust the run delay from master to slave by providing a single pulse into the two boards
and check the reported time stamp. This step is not fundamental, the relative delay can be adjusted
offline by software.

The two boards are now synchronized and the customer can start the acquisition by pressing the START
button in COMPASS.
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3.4 Synchronization of the VME V17XX and V/VX/

DT27XX digitizers

When it is required to synchronize a systerm composed by a mixed 17XX and 27XX, the advice is to group
the 17XX and the 27XX digitizer together and to setup the system in order to get the 17XX digitizer as the
firsts in the chain. In this way there will bi a single discontinuity point between the last 17xx and the first

27xX.

In the following, a V17XX digitizer acts as the master board while a V27XX act as slaves. The idea is to lock
the clocks of all the digitizers and to propagate the start of run in a daisy chain configuration.

Required software:

e CAEN Toolbox
e CoMPASS

Phase 1: the clock synchronization:

1. The PLL of the V17xx must be reprogrammed to provide on the CLOCK OUT connector the 62.5 MHz

frequency.

¢ Open CAEN Toolbox, select ”Digitizer 1.0”".

B CAEN Toolbox - m] x

Filter: | Description or code...

Digitizer 1.0, MCA and Peak Sensing (WV17xx, DT57xx, NBT00)
Digitizer 2.0 (V27xx, DT27xx)
Bridge and PCI COMET2 Controller (vx718, A2719, A2818)
PCle 1.1 CONET2 Controller (A3818)
USE 3.0 COMET2 Controller (A4818)
PCle 3.0 COMET2 Controller (A5818)
General Purpose WME Board (V1493)
Programmable Logic Unit (W2495, DT5485)

VIME HV Power Supply Module (W85xx)

Multi-Hit TDC (v1x20)

Cosmic Hunter (SP5620CH)

138

GD6300 - CoOMPASS Quick Start Guide rev. 26



CAEN 0 Electronic Instrumentation

e from the top menu select Device — Connect, insert the digitizer connection parameters and
press Connect.

[ CAEN Toolbox - Digitizer 1.0 - o X [ CAEN Toolbox - Digitizer 1.0 - o X

File Device Tools Options

File Device Tools Options
Connect

Model Maodel viT24
Serial Number | Serial Number 73
Family Family X724
Form factor ‘ Form factor VMEG4
PCE revision [ [ Connect b4 PCE revision 1
AMC firmware version Connection type USB o AMC firmware version | 128.39 - Build 5707
ROC firmware version Link number 0 ROC firmware version = 04.25 - Build 5510
Unlock code VME base address Qx Unlock codle 0004743302801000
[ Licensed Licensed True

0K Cancel

Verify firmware Verify firmware

Upgrade firmware Upgrade firmware
Upgrade PLL Upgrade PLL
Write unlock code Write unlock code
Erase unlock code Erase unlock code
Manual controller Manual controller
Dump registers Dump registers
Load registers Load registers
Get information file Get information file

Reboot USB device Reboot USB device

¢ if the master digitizer is a V1720, V1724, V1740D, V1751 or V1782, select Tools — PLL Editorfor
V/VX from the top menu. The PLL Editor will open. Press "Detect” button to detect the currently
connected digitizer.

(3 PLL editor for V/VX x
! Board type X724_X781_X782_X784 ~
Detect
WVCXO frequency (MHZ) 1000.0 ~
| Input clock frequency (MHz) 50.0 Change
| ADC frequency (MHz) 100.0 Change
i Enable output clock Enable
i Output clock frequency (MHz) = 62.5 ™
| Output clock delay (ps) 0.0 ~
Output clock fine delay (ps) 0.0 v
Output clock total delay (ps) 0.0
COpen file
Save file
Close
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— Tick "Enable clock output” and select the clock output frequency depending on the slave
digitizer model. Set the Clock output delay if required.

[ PLL editor for V/VX X

! Board type X724 X781 X782 X784 ~

Detect

VCXO frequency (MHZ) 1000.0 ~

| Input clock frequency (MHz) 50.0 Change

! ADC frequency (MHz) 100.0 Change

i Enable output clock Enable

i Cutput clock frequency (MHz) = 82.5 v

| Output clock delay (ps) 0.0 v
Cutput clock fine delay (ps) 0.0 B |

Cutput clock total delay (ps) 0.0
Open file

Save file

Close

— Press “Save” button to save the PLL .rbf file to the desired location on the pc and close the
PLL editor.

— Press the "Upgrade PLL” button and select the PLL .rbf file previously generated. CAEN Tool-
box will automatically start the file upload and the PLL programming. Once the file upload
is completed the following message appears.

: & Info *

© Operation completed successfully.
The change will be applied after at the next reboot.

0K

— Power off and on the crate to apply the new PLL configuration.

¢ if the master digitizer is a V1725(S) or a V1730(S) user can follow the same procedure described
here above or press directly the “Upgrade PLL” button.

— In the browser folder, select the file corresponding to the board model like
"v1725_vcxo500_ref50_pll_out62_5.rbf” and press open.
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2 Open
T <« CAEN > CAENUpgrader > bin > x35.64 > _intemal > _commen > pll

Organize +  New folder

~ Il This PC Name . Date modified Type
> [l As2 di Massim [ w1725 vexo500_ref50_pll_outl.rbf REBF File
> e 0S(C) [7] 1725 vexo500_ref30_pll_out62_5.rbf REF File
> == Marketing (W4 D v1725_vexo500_ref62_5_pll_outb2_5.rbf RBF File
> g= comm (WAD-¢ [ 17255 vexo500_ref50_pll_outO.rbf ABF File
s = ArchivieSercar [7] 17255 vexo500_ref50_pll_out62_5.rbf REF File
> um CAENSYS (0A [ 17255 vex0500_ref62_5_pll_out62_5.rbf RBF File
S ATM (AAD-SE] [7] v1730_in50_out62.5_delay_2.5ns.rbf REF File
> = mvenaruzzo (\ D v1730_in62.5_out62.5_delay_2.5ns.rbf RBF File
» o rovenanzo (0 [7] v1730_vex0500_ref50_pll_outl.rbf REF File

+ @ Network D v1730_vcxo500_ref50_pll_outt2_5.rbf RBF File
Ry [7] v1730_vex0500_ref62.5_pll_out62.5.1bf REF File
. W cisls D v17305_vexo500_ref50_pll_outQ.rbf RBF File
» B DESKIOP-5YG, D v17305_voxo500_ref30_pll_out62_5.rbf RBF File

[7] V17305 vexo500_ref62_5_pll_out62_Sabf  5/13/2024 5:38 AM REF File

File name: ||

Search pll

Size

1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB
1KB

1KB

v‘ Raw Binary File (*.rbf)

Cancel

— CAEN Toolbox will automatically start the file upload and the PLL programming. Once the
file upload is completed the same previous message appears.

¢ The PLL of the slave already accept in input the 62.5 MHz clock and it must be programmed to
accept the external clock signal.

— Open the VX27XX/DT27XX Web Interface, select “Clock Settings”.

— Select Reference clock ”External”, Output clock “Enable” and press Apply for the slave board

Clock settings

Reference clock

Internal  ©

External

Output clock
© Enable

Disable

Clock out delay
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— Connect the A319B cable from the CLOCK OUT connector of the master to CLOCK IN connec-

tor of slave
Master clock board Slave board
Clk source: Internal Clk source: External

CLK OUT CLKIN

A319B Clock
distribution
cable

— Switch on the crate. The CLOCK IN led of the slave board must be ON; the PLL LOCK led of
both boards must be ON.

— To verify that the two clocks are latched and to measure the delay between them, it is pos-
sible to provide to the TRG OUT connector the clock and check it from an oscilloscope. In
CoMPASS, go into the Sync/Trg tab within each single board Settings Tab and select TRG OUT
mode — PLL clock

— Connect the TRG OUT connector output of each board to an oscilloscope and the check:
* There is no reciprocal jitter between each other.
* Measure the delay according to the following scheme

Tek Run i Trig'd
(b 0
0 0.28m S80mY
2.54m E40my
® azmm AZ60mV
Cursors Linked
Delay
Master
»
“
Slave
@ soomvio @ 2.00m $.00CS/% [ WL
Value Mean Min Max Std Dev 1000 points
@D Frequency 124.6MHZ 124.9M  121.5M  183.2M  425.7k
et 2002

3C
7:55:49
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In case the clock of a V17XX slave board has been modified to accept an external clock fre-
quency different from 50 MHz, when the clock source it set back to the internal one, before
using again the digitizer, the user must remember to program the board PLL again with the
default 50 MHz PLL file. Missing such digitizer reprogramming might lead either to the impos-
sibility for the digitizer to lock the PLL or to a digitizer wrong events timestamp information
provision.

Phase 2: the start_acquisition propagation.

(a) All the V17XX possibly present in the chain must be daisy chained with the TRG OUT - S IN con-
nection. Connect the TRG OUT connector of master V17XX (or the last V17xx slave) with S-IN
connector of the first slave V27XX through a LEMO-LEMO cable. The rest of the slaves 27xx (if
any) can be daisy chained simply connectin the CLK-OUT and CLK-IN 4 pin connector as explained
in the previous section.

(b) Open the CoMPASS software and select “Menu — Synchronization wizard”. In the second tab,
select the board order

[ & Synchronization wizard X

,’K Please select board order
*
i* *

Vi7255_585 Vi725_154 VX27408_16003

Board with order 1 will be the master of the trigger chain

V(X)17xx First V(X)17xx Last V(X)17xx First V(XJ27xx Last V[X)27xx
Master slave Slave Slave
N1 N2 NN NenHL N nem

Fitst D127
slave board
w2

(c) In the third tab, choose one of the available start_acquisition propagation option, for example
the TRG OUT — S IN and GPO — GPI option:
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,‘: Please select start propagation mode

***

TRG OUT — S IN and CLK QUT — CLK IN - Start/stop from software v

Acquisition run will be started and stopped by the software.
Start and stop signal will be synchronously propagated from TRG OUT to S IN of the following Digl board,
from TRG OUT to S IN between Digl and Dig2, and from CLK OUT to CLK IN of the following Dig2 board

(d) You can adjust the run delay from master to slave by providing a single pulse into the two boards
and check the reported time stamp. This step is not fundamental, the relative delay can be
adjusted offline by software.

The two boards are now synchronized and the customer can start the acquisition by pressing the
START button in CoMPASS.
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3.5 Synchronization of the Desktop DT57XX/NIM
N67XX and DT27XX digitizers

This section may include two kind of operative scenarios:

1. one or more DT27XX and one DT57XX (Case A)

2. one or more DT27XX and more DT57XX (Case B)
In the first case, no additional hardware is required, and the (last) DT27XX acts as the master board while
the DT57XX and the slave one. In the second case a DT4700 Clock Generator is required in order to provide

the 62.5 MHz reference clock to all the digitizers; the (last) DT27XX acts as the master board while the
DT57XX and the slave one for what concern the propagation of the start_acquisition signal only.

Required software:

e VX27XX/DT27XX Web Interface;
e CAEN Toolbox
e CoMPASS

Phase 1: the clock synchronization:

1. In Case A, the PLL of the master must be reprogrammed to provide the CLOCK OUT (62.5 MHz).

e Open the DT27XX Web Interface, select "Clock Settings”.
o Select Reference clock “Internal”, Output clock "Enable” and press Apply for the master board

Clock settings

Reference clock

© Internal External

Output clock

O Enable Disable

Clock out delay

Delay (ps)
| - -2.502 + |

Apply

2. The PLL of the slave must to be reprogrammed to accepts the 62.5 MHz clock. This can be done using
CAEN Toolbox (TO BE IMPLEMENTED)

¢ Open CAEN Toolbox, select ”Digitizer 1.0”".
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B3 CAEN Toolbox — ] >
File

il

Filter: | Description or code...
Digitizer 1.0, MCA and Peak Sensing (W17xx, DT57xx, N67xx)
Digitizer 2.0 (V2701 DT27xx)
Bridge and PCI CONET2 Controller (Vx718, A2718, A2818)
PCle 1.1 COMNET2 Controller (43818)
USE 3.0 COMET2 Controller (A4818)
PCle 3.0 COMNETZ2 Controller (45818)
General Purpose VME Board (V1495)
Programmable Logic Unit (V2495 DT5495)

VME HY Power Supply Module (V&5xx)

Multi-Hit TDC (V1x20)

Cosmic Hunter (SP3620CH)

e from the top menu select Device — Connect, insert the digitizer connection parameters and
press Connect.

e . .
[ CAEN Toolbox - Digitizer 1.0, MCAand Pea.. — O X

[ CAEN Toolbox - Digitizer 1.0, MCAand Pea.. — O X

File Device Tools Options File Device Tools Options

| Connect

Model Model DT5730S8
PID PID 30928
Form factor Form factor DESKTOP
PCB revision PCB revision 4
AMC firmware version AMC firmware version = 139.137 - Build 7110 (DPP-PHA)
ROC firmware version I ROC firmware version = 04.29 - Build 8716
[ B3 Connect X
Unlock code | Unlock code 00043A86C8600200
‘ Licensed Connection type =D - Licensed True

Venty famware Link number No devices found v Refresh Verify firmware

Upgrade firmware VME base address  0x 00000000 Upgrade firmware

Upgrade PLL oK Cancel Upgrade PLL
Check PLL : CheckPLL
Write unlock code Write unlock code
Erase unlock code Erase unlock code
Manual controller Manual controller
Dump registers Dump registers
Load registers. Load registers.
Get information file Get information file
Reboot USB device Reboot USB device

( IEoSToRmECTED T (o]
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¢ Select Tools — PLL Editor for DT/NIM from the top menu. The PLL Editor will open. Press ”"Detect”
button to detect the currently connected digitizer.

. = PLL editar for DT/NIM ®
: Board type H7308 ~ Detect
| Input clock frequency (MHz) = 50.0 Change
| ADC frequency (MHz) 500.0 Change
| Open file
; Save file
Close

— Press "Change” button to modify the accepted Input clock frequency. Then press "Ok” to

confirm
| B2 PLL editor for DT/NIM X
+ | Board type X730S v Detect
@ Input clock frequency X | P
Will be approximated if necessary. Input clock frequency (MHz) 62.5 Change
62.5 | aDC frequency (MHz) 500.0 Change
|
‘ oK Cancel | SEEIIS
B ‘ Save file
| Close

— Press “Save” button to save the PLL .rbf file to the desired location on the pc and close the
PLL editor.

— Press the "Upgrade PLL” button and select the PLL .rbf file previously generated. CAEN Tool-
box will automatically start the file upload and the PLL programming. Once the file upload
is completed the following message appears.

[ & Info X

© Operation completed successfully.
The change will be applied after at the next reboot.

0K

— Power off and on the crate to apply the new PLL configuration.

3. Connect the A319B cable from the CLOCK OUT connector of the master to CLOCK IN connector of
slave
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Master clock board
Clk source: Internal

CLK OUT
Slave board
Clk source: External
A319B
Clock
distribution
CLK IN
Fig. 3.3: Case A.

4. In Case B, it is required to program the PLL of the DT57XX because by default it accept the 50 MHz
clock only. To perform this operation, follow the instruction detailed for Case A.

5. Connect the A317 cable from the DT4700 CLOCK OUT connector to the DT57XX CLOCK IN connector
and the A319B cable from the DT4700 CLOCK OUT connector to the DT27XX CLOCK IN connector.

A317 Clock
Distribution Cable A319B Clock
Distribution Cable

DT57XX DT4700 DT27XX
Digitizers Clock Generator and Fan Out Digitizers
Fig. 3.4: Case B.

6. The CLOCK IN led of the all the board must be ON; the PLL LOCK led of all the boards must be ON.

7. There is no need to check the reference clock delay among the boards because the clock is provided
to all the digitizers in FAN OUT mode.
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In case the clock of a DT57XX/N67XX slave board has been modified to accept an external clock
frequency different from 50 MHz, when the clock source it set back to the internal one, before
using again the digitizer, the user must remember to program the board PLL again with the
default 50 MHz PLL file. Missing such digitizer reprogramming might lead either to the impos-
sibility for the digitizer to lock the PLL or to a digitizer wrong events timestamp information
provision.

Phase 2: the start_acquisition propagation.

1. In both Cases A and B Connect the GPIO connector of master (or the last) DT27XX either with the GPI
of the first slave DT57XX through a LEMO-LEMO cable. The rest of the DT57xx slaves (if any) have to be
daisy chained through the GPO-GPI connectors. If more DT27xx are included in the system they can
be daisy chained using the CLK OUT - CLK IN connector chain as explained in the dedicated section.

2. Open the CoMPASS software and select ”“Menu — Synchronization wizard”. In the second tab, select
the board order

[/ Synchmonization wizra

‘K Please select board order
*
i* *

Vi7255_585 Vi725_154 VX27408_16003

Board with order 1 will be the master of the trigger chain

V(X)17xx First V(X)17xx Last V(X)17xx First V(XJ27xx Last V{X)27xx
Master slave Slave Slave Slave

N1 N2 N°n NN N nem

3. In the third tab, choose one of the available start_acquisition propagation option, for example the
CLK OUT — CLK IN and GPO — GPI option.
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,‘: Please select start propagation mode

***

CLK OUT — CLK IN and GPO — GPI - Start/stop from software v

Acquisition run will be started and stopped by the software.
Start and stop signals will be synchronously propagated from CLK OUT to CLK IN of the following Dig2 board,
from GPIO to S IN between Dig2 and Dig1, and from GPO to GPI of the following Digl board

GPO 1 GIN ORI

©O'®

4. You can adjust the run delay from master to slave by providing a single pulse into the two boards
and check the reported time stamp. This step is not fundamental, the relative delay can be adjusted
offline by software.

The two boards are now synchronized and the customer can start the acquisition by pressing the START
button in COMPASS.
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4 Dead time evaluation in COMPASS

CoMPASS provides a dead time estimation based on the data coming from the board and allows the user
to have access to the same data to evaluate the deadtime by his/her own. CoMPASS indeed allows the
user to save the Raw acquisition data, i.e. including the saturations and pileup events usually not included
in the spectra but required to provide the dead time estimation. The list file includes a column in which
additional information about each event is included and coded in a flag (see Sec. Save the list of Trigger
Time Stamp, Energy, PSD and waveforms).

/ Note: In case of onboard coincidence, COMPASS is not able to evaluate the correct dead time, since it
cannot calculate statistics from events that are processed in coincidence directly by the firmware.

4.1 Dead time estimation with the DPP-PSD firmware

The deadtime percentage is estimated by COMPASS as:

1 (output_events + events_discarded_by_user_selection + saturation_events) (4.1)
input_events '

The critical point is how to properly estimate the number of input events. In order to do it, COMPASS sums
up the following events:

¢ output events going into the energy spectrum;

e events rejected by user selection, if any;

¢ events rejected by the software time sorting algorithm;

¢ events rejected because of the saturation of the digitizer input stage;

¢ pile up events counted twice because, in case of two overlapping events within the integration gate,
the second one will not have its own trigger and the pile up rejector algorithm will tag only the first
one;

¢ the so called "poissonian events”.
The last point goes as follows and it is the sum of two kind of events:

¢ estimated lost events during the Trigger Hold-Off time: using a recursive procedure, a Poisson distri-
bution is generated whose average value A is the ICR x Trigger Hold-Off time.

}\n
P(n_events_lost_during_THO) = me_k (4.2)

where A = ICR x Trigger Hold-Off.

The starting point is the first ICR and then with a recursive procedure improves the estimation at each
iteration;

¢ estimated lost events during a memory full condition: when an event is tagged with the memory full
flag (0x10) the software does a small Montecarlo simulation in which it emulates a Poisson distribution
whose average value is the ICR x Memory Full time. The time interval used for this simulation is the
difference between the timestamp of the events tagged with the memory full flag and the last event
without this flag.
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4

152

Note: in the DPP-PSD firmware case, no estimation of lost events during the saturation of the input stage
is performed. This is due to the fact that in the DPP-PSD firmware there is no parameter that allows the
software to know the decay time of the input signal and because the typical signals used in the DPP-PSD
case are fast and so the probability of a signal overlap during an input stage saturation is low unless the
input rate is very high. This means that a correction taking into account this effect will be a higher order
correction.

4.2 Dead time estimation with the DPP-PHA firmware

The deadtime percentage is estimated by CoMPASS as:

L (output_events + events_discarded_by_user_selection + saturation_events) (4.3)
input_events '

As in the previous case, the critical point is how to properly estimate the number of input events. In order
to do it, COMPASS sums up the following events:

e output events going into the energy spectrum

* events rejected by user selection, if any

¢ events rejected by the software time sorting algorithm

* events rejected because the saturation of the digitizer input stage
e pile up events

¢ the so called "poissonian events”
The last point goes as follows and it is the sum of two kind of events:

¢ estimated lost events during the Trigger Hold-Off time: using a recursive procedure, a Poisson distri-
bution is generated whose average value A is the ICR x Trigger Hold-Off time.

)\n
P(n_events_lost_during_THO) = —Ie_}‘ (4.4)
n!

where A = ICR x Trigger Hold-Off.

The starting point is the first ICR and then with a recursive procedure improves the estimation at each
iteration;

e estimated lost events during a saturation of the input range: if an events is flagged as saturated,
the software does a small Montecarlo simulation in which it emulates a Poisson distribution whose
average value is the ICR x Saturation time. The time interval used for this simulation is the signal
Trapezoid Decay Time taken as the best estimation of the time required for the digitizer/MCA input
stage to come out of the saturation condition.

n

P(n_events_lost_during_input_saturation) = me_}‘ (4.5)

where A = ICR x Trapezoid Decay Time.

If the first emulated events falls in the time interval that is the minimum value between the trapezoid
decay time and the distance between the saturated event and the first following good event then
this emulated event is included in the ICR and the emulation proceed. If this events falls outside that
time interval or also after a time corresponding to the trapezoid decay time, it is assumed that event
would have been detected and so not added to the ICR. When the latter case occurs, the Montecarlo
emulation is stopped.
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5 Integrated charge evaluation from CoMPASS
saved waveforms

In Waves acquisition mode, CoMPASS allows to save on the list files one of the analog traces produced
by the digitizer in addition to the onboard processed information (timestamp, integrated charge or pulse
height, PSD). In order to specifically save the input signal waveform samples, the user has to select “Input”
as first trace in the CoMPASSPlot Waveform Inspector plot. The number of saved samples depend on the
Record lenght parameter set into the COMPASS Settings — Input tab.

The user can take benefit of this information for further offine processing and analysis such as evalating the
input signal rise time or recalculate the input signal integrated charge to reproduce the spectrum provided
by CoMPASS.

5.1 Integrated charge evaluation from waveforms

In order to try to reproduce the integrated charge information provided by the digitizer equipped with the
DPP-PSD firmware and CoMPASS, the user should keep in mind the following:

¢ in the Waveform Inspector, the LSB unit of the Y scale refers to the digitizer ADC number of bit (Nbit).
For example, a 14 bit ADC, allows a sample evaluation scale between 0 and 16348 LSB. In general:

digitizer_input_dynamic_range_in_V
1Lsp = SEm e P (5.1)

¢ in the Energy spectrum, the units of the X scale (tagged as ADC channels) are not related to the
digitizer ADC number of bit but refers to the arbitrarily units with which the digitizer provides the
information of the integrated charge. Tipically, the digitizer inner integrator is a 16bit integrator that
so provides the integrated charge over a 64K bin range.

Let’s now describe and example of charge integration supposing the following condition:

¢ the use of a x730 14 bit 500 MS/s digitizer with a 2 Vpp dynamic range
¢ to feed the digitizer with a 750 mV high and 100 ns wide square pulse

In case of a x730 digitizer configured to use the 2 Vpp dynamic range:

2Vpp
214

11SB = ~0.12 mV (5.2)

/ Note: The digitizer belonging to the first generation do not feature a calibrated input range. For this reason
the above formula shows a ”a" and not an ”=".

When digitized, the above mentioned 750 mV pulse results in a pulse amplitude of 6250 LSB.

The charge content of such pulse is:

Q[pC] = (V x At)/Z;, = (750 mV x 100 ns)/50 Q = 1500 pC (5.3)

where 50 () is the x730 digitizer input impedance.
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Note: This is the calculation in the simplified case of a square pulse. In case of a real detector pulse, the
charge has to be calculated as a sum of the single sample contribution.

Note: in x725 and x730 digitizers, charge sensitivity values are different for the 0.5 Vpp and 2 Vpp dynamic
ranges. COMPASS shows a single value for both that already takes into account the different dynamic range
value.

At this stage, the charge sensitivity parameter comes in play. The charge sensitivity weights the charge
contect of each bin of the energy spectrum and it is provided in fC/LSB units. This parameter is accessible
by the user in the COMPASS Settings — QDC tab.

In our example, supposing to consider a charge sensitivity of 80 fC/LSB, to convert that charge value into
channels unit that then will be used to fill the spectrum, we have:

Q[ch] = Q[pC]/Charge_sensitivity = 1500 pC/80 fC/LSB = 18750 LSB (or ADC ch) (5.4)

over a range 64K (65535) ADC ch.

Such charge value is given on 14 bit range (16K ADC ch) by CoMPASS that removes the last 2 less significant
bit. So that value of 18750 ADC ch in COMPASS becomes 18750/4 = 4688 ch.

In addition, COMPASS allows to do an additional spectrum rebin so, for example in a case of a rebinning on
4K (4096 ADC ch), the final value in the spectrum of the original charge content will be 4688 / 4 = 1172 ch.

CAEN provides a ROOT based demo code included in the CoMPASS installation folder at the path
”C:\CoMPASS\demo” in Windows

and

” /|CoMPASS-vX.Y.Z/demo” in Linux

that performs the integrated charge evaluation starting from the saved input signal waveform samples
saved into the list files.

Use of this script requires ROOT to be installed into the local computer.

In order to perform this analysis the user is required to provide in input to the script a list file in one of
the CoMPASS available format (ROOT, BIN, CSV) taking care of performing the data acquisition producing
this file in Waves mode. In fact, only when running in Waves mode and selecting in the CoMPASS Signal
Inspector the trace “Input” as first analog trace CoMPASS will save the input signal samples in the list file.
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5.2 Windows operation

In the following, the instruction about how to operate the code in Windows with Visual Studio 2019 are
provided.

5.2.1 Create a Visual Studio project

1. Open Visual Studio;

2. Click on ”Create a New Project”. Or click on “Continue without code”. Then, from main menu, click
on File — New — Project;

3. Choose Console App;

Create a new project

Recent project templates All languages ~ All platforms ~ All project types

BEx Console App

Windows Console

E Console App

Run code in a2 Windows terminal. Prints “Hello World” by default.

C++ Windows Console

Console  Library

graphical user interface that runs

Windows  Deskiop

Choose a name for the project, e.g. myapp1;
Under Location, choose a directory where you want to store the project files and the codes;
Click Create;

N o v s

This will create a new directory myapp1 inside the chosen location. This will also create a project file,
solution file and a C++ file of same name inside this new directory;

8. Replace the content of the new C++ file with the content of the C++ code you want to run. For the
present example, replace the content of myappl.cpp by waveformAnalysis.cpp.;

9. Now link the ROOT libraries with the project as instructed below.
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5.2.2 Link ROOT libraries with a project in Visual Studio

1. The path to the installed ROOT directory should be saved as an environment variable ROOTSYS in
Windows (accessible from Windows settings application);

System Properties
Computer Name Hardware Advanced System Protection Remote

YYou mustbe logged on as an Administrator to make most of these changes
Performance

Visual effects, processor scheduling, memory usage, and virual memory User variables for sales

Variable
Setlings

Edit System Variable
User Profiles
Desktop setings related to your sign-in
Variable name ROQTSYS

Setiings
Variable value: C‘\mot_vs—ZA—DD—patches@cB:Saa%D_SZbid

Startup and Recovery
System startup, system failure, and debugging information Browse Directory... Browse File.. Cancel

Seftings N

System variables
Environment Variables

Variable Value

PROCESSOR_REVISION 8c01

Cancel PSModulePath %ProgramFiles%\WindowsPowerShell\Modules,CAWINDOWS...
ornie CAUTS. 15.2\MSVEZU 1905

‘ ROQTSYS Ci\root_v6-24-00-patches@c9c9aa30_32bit

TEMP

T™P

USERNAME SYSTEM

Delete

2. The code should run with any of the recent ROOT versions. Take note of the platform (32-bit, 64-bit)
and the C++ standard (C++ 14, C++ 17 etc.) for the installed ROOT version. This example uses 32-bit
Root v6.24.00 with ISO C++ 14 Standard. The platforms in Visual Studio should be chosen accordingly
from the Properties page of Solution Explorer.

3. Choose the configurations for code compilation from the given options. In the present case, it will be
compiled in Release mode for 32-bit version. They should be selected as shown below.

I)a File Edit Git  Project s s Window Help Ctrl+Q) myapp1
(< B-aowd 2 - a ows Debugger ~ [ Qs e S
myappl.cpp # X

*/ myapp1 - (Global Scope)
=]

4. From main menu, click on View — Solution Explorer to open the Solution Explorer tab, if it is not
already open.
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5. In the Solution Explorer tab, click on the project name (myappl, in the present case), click on the
Properties icon to open the Properties window. This can also be accessed by right clicking on the
project name and clicking on Properties;

6. In the properties page, be careful to make all the modifications for the intended configuration and
platform i.e. Release mode, 32-bit. Under Configuration Properties, click General. Select the pre-
ferred C++ standard from the field C++ Language Standard;
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(Global Scope)

myapp1 Property Pages

Configuration: Release

4 Configuration Properties
General
Advanced
Debugging
VC++ Directories
B C/C++
I> Linker
I> Manifest Tool
> XML Document Generator
> Browse Information

~ | Platform:

General Properties
Output Directory
Intermediate Directory
Target Name
Configuration Type
Windows SDK Version
Platform Togisct

C++ Language Standard
C Languayge Swainduwia

Active(Win32)

$(SolutionDir)$(Configuration)\,
$(Configuration)y,
$(ProjectName)

Application (.exe)

10.0 (latest installed version)
VISUal Swidiv 2o o (142)
Default (ISO C++14 Standard)

(Loguvy viavL)

I> Build Events
[ Custom Build Step
P Code Analysis

C++ Language Standard

Determines the C++ language standard the compiler will enforce. It is recommended to use the latest
version when possible. (/std:c++14, fstd:c++17, /std:c++latest)

Cancel

7. Under C/C++-> general: Expand and Edit the Additional Include Directories field. Click on New line
icon. Add $(ROOTSYS)\include and press Ok.

Configuration:  Release Platform:  Active(Win32) Configuration Manager..

Platforms

ActivelVring2) Corfiguration Manager..
4 Configuration Properties = = tories)
G Aditional Include Directoriss 7 X%

-]
i
| AL
= S(ROOTSVShinciude]
Dependencies
fule Dependentic No
ons Ne —
Program Database 1Z) Fualuatea valle:
e AUGINOnAlINCUGED e lories)
Language
Precompiled Headers
ralone) e values
Level3 W3} Inherited values:
N (W)
Colurmn Info Ydiaguosticseetum) alurn)
Yes (/s 188 it from parent or project defauts e
No

[
T
‘Specifies one or more directories to add to the include path. Separate with ;' if
o

|| e

i te with  if more than cre.
(Apatl)
o Carcal Apply ok Cancel Apsly

8. Following the same method, go to Linker->General, expand and Edit Additional Library Directories.
Add $(ROOTSYS)\lib and press Ok.
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myapp1 Property Pages

Configuration: Release ~ | Platform: Active(Win32) Configuration Manager...

4 Configuration Properties Output File $(0utDir)$(TargetName)$(TargetExt)
General Show Progress Not Set
Advanced Version
Debugging Enable Incremental Linking No (/INCREMENTAL:NO)
VC++ Directories Incremental Link Database File $(IntDir)§(TargetName).ilk

P C/Ces Suppress Startup Banner Yes (/NOLOGO)
4 Linker

= Ignore Import Library Mo
Register Qutput Mo
Input
Manifest File
Debugging
System
Optimization
Embedded IDL

Windows Metadata Prevent DIl Binding
Advanced Treat Linker Warning As Errors

All Options Force File Output

Par timne Dn - Ain

Additional Library Directories $(ROOTSYS)\lib; % (AdditionalLibraryDirectories)

= VY g < e

Use Library Dependency Inputs Mo
Link Status

Command Line Create Hot Patchable Image
> Manifest Tool Specify Section Attributes
> XML Document Generatc

I> Browse Information
B Bl Brents Additional Library Directories

b Custom Ruild Sten Allows the user to override the environmental library path. (/LIBPATH:folder)

1

9. Under Linker — Input, expand and edit Additional Dependencies

myapp1 Property Pages ? X

Configuration: Release ~ | Platform: | Active(Win32) Configuration Manager...

4 Configuration Properties Additional Dependencies libCore.lib;libMathCore.lib;libCling.lib;libRIO.lib;libNet.lib;lib)
General Tgnure Al Delaull Libiaries
Advanced Ignore Specific Default Libraries

Debugging Module Definition File

VC++ Directories Add Module to Assembly
I CfC++

4 Linker
General
Input
Manifest File
Debugging
System
Optimization
Embedded IDL
Windows Metadata
Advanced
All Options
Command Line

I Manifest Tool

I XML Document Generatc

I» Browse Information

I> Build Events

Embed Managed Resource File
Force Symbol References
Delay Loaded Dlls

Assembly Link Resource

Additional Dependencies
b Custom Ruild Sten Specifies additional items to add to the link command line. [i.e. kernel32.lib]

Add ROOT libraries required to build the project (one library name per line), e.g.:

1ibCore.lib, 1ibRIO.1lib, 1libHist.lib, libGraf.lib, libGpad.lib, 1libTree.lib.
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5.2.3 Build, run and terminate a project

. Always open the .vcxproj file to edit, compile, debug and run the code;
. To build the project, from the main menu click on Build — Build Solution;

. If it succeeds, run it by clicking Debug — Start Without Debugging;

A W N R

. To terminate a project that is running on ROOT: from the ROOT plot canvas, click File — Quit ROOT to
end the ROOT session. Then press any key to close the console window.
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5.3 Linux operation

To run the code in Linux, the user should compile and execute it outside ROOT with the following com-
mands:

g++ WaveformAnalysisQDC.cpp $(root-config --glibs --cflags)

./a.out

The script does then ask the user to enter few additional information, the digitizer model, the used Input
Dynamic Range and the used charge sensitivity (see the following section).

mvenaruzzo@mvenaruzzo-virtual-machine: ~/Waveform Analysis Q =

S g++ WaveformAnalysisQDC.cpp S$(root-config --glibs --cflags)
S .fa.out

Input digitizer model: V1725

Input dynamic value (Vpp): 0.5

Input energy coarse gain (fC/(LSB x Vpp)): 40

Processing 90000 events from the input root file ...

Event 500/90000

Event 1000/90000
Event 1560/90000
Event 2000/96000
Event 2500/96000
Event 3000/96000
Event 3500/96000
Event 4000/90000
Event 4500/90000
Event 5000/90000
Event 5500/90000
Event 6000/90000
Event 6500/90000
Event 7000/90000
Event 7500/90000
Event 8000/950000
Event 8500/950000
Event 9000/950000
Event 9500/90000
Event 10000/90000
Event 10500/90000
Event 11000/90000
Event 11500/90000
Event 12000/908600
Event 125600/90800

5.4 Analysis example

In the following an example of such waveform analysis is provided. The original data acquisition has been
taken with a V1725 digitizer equipped with the DPP-PSD firmware and running in Waves mode to get the
waveform samples within the saved list file. List data file have been saved in ROOT format.

Before proceeding with the code compilation, in the source code the user is asked to provide, besides the
list data file path, some information about the acquisition settings as shown in the following picture.

Fig. 5.1: Charge integration script source code excerpt showing the user defined block.

They are required to reproduce as much as possible the same results displayed by CoMPASS in its energy
spectrum.
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After the code compilation and before starting the processing, the script does ask the user to enter few
additional information, the digitizer model, the used Input Dynamic Range and the used charge sensitivity.

ROOT session

Input
Input
Input

digitizer model: V1725
dynamic value (Vpp): 8.5
energy coarse gain (fC/(LSB x Vpp)): 4@

WARNING!! Input file has less events than requested by the user.
Processing 98389 events from the input root file ...

Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event
Event

500/98389
1000/98389
1500/98389
2000/98389
2500/98389
3000/98389
3500/98389
4pen/98389
4500/98389
5800/98389
5500/98389
6000/98389
6500/98389
7000/98389
7500/98389
8000/98389
8500/98389
9000/98389
9500/98389
10000/98389
18500/98389
110008/98389
115008/98389

Fig. 5.2: View of the charge integration script I/O console.

Depending on the option selected in the source code, the script may display one by one the event raw
waveform, the calculated baseline and the charge integration gate limits.
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Fig. 5.3: Example of a raw waveform displayed by the charge integration processing code. Blue dashed line is the
calculated signal baseline, red dashed lies are the charge integration gate limits.
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At the end of the data processing, the script does show 3 plots:

¢ the charge integration histogram in ADC channels units as displayed by CoMPASS for comparison

¢ the charge integration histogram in ADC channels units as calculated by the script from the raw wave-
form

¢ the charge integration histogram in charge units (fC, pC or nC)

B bistograms - o0 x
e £t view Options Toots sep
CoMPASS charge histogram Integrated charge histogram (ADC channels) Integrated charge (pC) spectrum - full range
220 CoMPASS charge Integrated charge
E 2207 1200
s staea H [ sacen [, sacen
2007 r— o 200) Underton o —& Undorto 0
180ﬂ 180 1000+
160 160
140 140 800f-
£120 £ 120[ 2
5 5 5
38 8 8 600
100f~ 100 M
o4 sor-| L
400~
ol Myl sor Wil L
401~ I
0| 40| 200l
20| t 20 |
okl b Lo Lol HHIIH\HMHIJHHHHHHHH NN RN . il
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000 0 100 200 300 400 500
ADC channel ADC channel Charge [pC]

Fig. 5.4: Charge integrated histogram result in charge (left plot) and ADC channel (right plot) units.

GD6300 - CoOMPASS Quick Start Guide rev. 26 163



CAEN 0 Electronic Instrumentation

6 Generalized Time of Flight analysis: the Any

to Any AT configuration

In many experimental scenarios it is required be able to perform a timing analysis (AT) in which the ref-
erence Tg is provided not by a single fixed detector but, alternatively, by all the detectors used in the
experimental setup. Such kind of analisys is sometimes called Any to Any AT analysis.

Such kind of analysis requires a flexibility in the choice of the reference detector that currently is not avail-
able within the COMPASS infrastracture. For this reason, CAEN provides a ROOT based demo code included
in the CoMPASS installation folder at the path

”C:\CoMPASS\demo” in Windows
and
” /CoMPASS-vX.Y.Z/demo” in Linux

that performs such analysis with the required flexibility. Single board and multiboard scenarios are man-
aged by such script that allows to define energy selection criteria too.
Use of this script requires ROOT to be installed into the local computer.

In order to perform this analysis, the user is required to provide to the script a single time sorted list file in
whatever format generated by CoMPASS (ROQT, BIN or CSV). The code does not work with multiple input
files and with a non time sorted files.

6.1 Windows operation

6.2

6.3

164

Follow the same general instruction provided in the corresponding section of the Chapter Integrated charge
evaluation from CoMPASS saved waveforms.

Linux operation

Follow the same general instruction provided in the corresponding section of the Chapter Integrated charge
evaluation from CoMPASS saved waveforms.

Any to any analysis without energy selection example

In the following an example of such analysis is provided. The original data acquisition have been performed
with a DT5730 digitizer equipped with the DPP-PSD firmware. 4 out of 8 channels have been used (0, 2, 4,
6). Single time sorted list data file have been saved in CSV format.

Before proceeding with the code compilation, in the source code the user is asked to provide, besides the
list data file path, some information about the acquisition settings as shown in the following picture.
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ng dirName = "C:\\Users\\mve wnloads\\CoMPASS\\Test Any to Any Single Board x738 Energ io r _Energy_Both\\RAW\\"

ng fileName = "SDataR_run

t eCutStartChRange = 158;
t eCutStopCh = i
t eCutStopChRange

f nuidth = @.5;
L f_fitHist = 1;

Fig. 6.1: Any to Any AT analysis script source code extract showing the user defined block. Energy selection range
reference values are set at negative values to have the script ignoring them.

They are required to be modified according to the user’s specific analysis requirements.

/ Note: The energy selection range reference values have to be set at a negative value to have the script
ignoring them.

After the code compilation, the script immediately starts the event processing, the AT histogram building
and, if the corresponding option has been selected, the histogram fit.

ROOT session x  +

Reading the input CSV file ...
Entry 2008/58000
Entry 4006/50000
Entry 6006/50000
Entry 8006/50000
Entry 10000/50000
Entry 12000/58000
Entry 14000/50000
Entry 16060/50000
Entry 18000/50000
Entry 20000/50000
Entry 22000/50000
Entry 2400/50000
Entry 26000/50000
Entry 28000/50000
Entry 30000/50000
Entry 32000/50000
Entry 34000/50000
Entry 36000/50000
Entry 38000/50000
Entry 40000/50000
Entry 42000/50000
Entry 4400/50000
Entry 46000/50000
Entry 48060/50000
Entry 50000/58000

Board and channel IDs present in the first 1008 entries are:
Bd id : Ch id, Ch id, ...;
0:0,4, 2 6

Delta T_{x:i, y:j} = T_{Board x, channel i} - T_{Board y, channel j}

Fig. 6.2: View of the Any to Any AT analysis script I/O console.

At the end of the data processing, the script does show the histograms with the corresponding fit results.

GD6300 - CoOMPASS Quick Start Guide rev. 26 165



CAEN m Electronic Instrumentation

B 0 Time iference

Eile Et View Options Tools

AT, =Taun i Toayon
bl ATo004 asof AToo02 ool
E Enties 183 E Enies 11230 E
00— Mean <091 | g Mean st E
E Std Dev. F 250(—
250 250 £
E E 200
g 20 200 P = 504200618 £ Pk 1047 007 ns
s F X*nd = 25329786 E Xiindt - 2545288 150 Xeindt = 25160172
150~ = £
£ = 100~
100/~ 100~ =
s~ sof- s
i L L L L L L 1 L Il Il 1 L |ws L L L L L L L L L L Il Il s L L L L L L L L L 1 1 1 1
300 800 700 600 500 400 300 200 100 0 100 200 300 300 800 700 -600 —500 400 —300 -200 100 0 100 200 300 500 ~800 700 ~500 500 ~400 300 —200 100 0 100 200 300
Ins] insl Time
000 E
r ATD"LO'E 450 — ATU:Z 0:4 N ATD'Z 0:6
r Enties 11802 E Enies Tess | 500~ Entries 11888
L 400 — |-
Mean -228.1 E Mean 1.081 . Mean -226
4000 — E L
F StdDev 164 | asof StaDev 2571 L
[ Fitpa E 400~
F Wean 300 =
3000 — o= * ns E o= |
g r FWHM- 8536 £ 1063ns | 250/ FwH 0sns | 300—
S Nt « 16252414 E Xindt = 342.75165 L Xt 3883343
r 200— F
2000 — E L
C E 200(—
F 150~ F
[ 100~ F
1000~ E ool
[ S0~ r
[ E il Lo L
o -800 -800 -700 -600 -500 -400 -300 -200 -100 O 100 200 300 0 ~900 -800 -700 -600 -500 -400 -300 -200 -100 100 200 300 o -900 -800 ~700 -600 -500 -400 300 -200 -100 0 100 200 300
Time difference [ns] Time difference [ns] Time difference [ns]

6.4 Any to any analysis with energy selection example
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In the following an example of such analysis is provided. The original data acquisition have been performed
with a DT5730B digitizer equipped with the DPP-PSD firmware. 4 out of 8 channels have been used (0, 2,
4, 6). Single time sorted list data file have been saved in CSV format.

Before proceeding with the code compilation, in the source code the user is asked to provide, besides the
list data file path, some information about the acquisition settings as shown in the following picture.

string dirName = "C:

string fileName = "s

utStartch = f
eCutStartChRange =
eCutStopCh =
eCutStopChRange

f_fitHist

Fig. 6.4: Any to Any AT analysis script source code exctract showing the user defined block.

They are required to be modified according to the user’s specific analysis requirements. In this case the
user has to specify the energy selection range for the channel that will act as start and the channels that
will act as stop. All the stop channels will share the same energy range selection settings.

Note: The energy selection range reference values have to be set at a positive value to have the script using
them.

After the code compilation, the script immediately starts the event processing. It builds the energy spec-
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trum showing the areas corresponding to the users defined energy selection ranges and builds the AT
histogram in which the evens are those passing the user’s energy selection. If the corresponding option
has been selected, the histogram is fitted.
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Fig. 6.6: Any to Any AT analysis results - AT spectra.
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7 Batch mode data acquisition using an ex-
ternal script

One may need to run repetitive acquisitions over time to look for possible changes in the experimental
results over a long duration. It may be required to do a parameter scanning by acquiring data several times
with a different parameter value for each run. In these types of situations it could be convenient to let the
data acquisitions run repetitively without any human interaction. In addition, experimental condition may
restrict the user to access the data acquiring PC locally. For this purpose an example code written in C++
is provided with CoMPASS inside the demo folder which allows to access COMPASS from a remote PC and
control running it with different settings.

7.1 How to use the code?

¢ After adding the boards in CoOMPASS, click on “"Remote Control” in CoOMPASS Plot window to enable
remote access of COMPASS from another PC.

¢ Check connectivity by typing http://<ipAddress>:8080/compass/ in a browser where ipAddress is the
IP address of the PC where CoMPASS is running. This should display a message “Welcome to CoOMPASS
data acquisition remote control”, if the connection is successful. If one is accessing from the same
computer where CoMPASS is running, they should use http://127.0.0.1:8080/compass/.

* One can run the code in two modes:

1. Batch mode with different settings: in this case different CoMPASS configuration files can be used
for the runs and the acquisitions can be for different duration. One must create the config files
(inside CONFIG folder of the COMPASS project) in advance. The config file names, acquisition
duration and run IDs should be specified in the userParametersFile.txt file.

2. Batch mode with identical settings: this mode runs with the same config file and for same dura-
tion with auto-incremented runlD. Data will be saved periodically after completion of each run.
A single config file should be created in advance and kept inside the CONFIG folder of the CoM-
PASS project. In case of manual configuration, the configurations should be set on the CoMPASS
gui before starting the acquisition. In this mode, the auto-incrementation of runID is enabled by
default.

¢ To compile and run:

— Linux: In a terminal, type the following lines to compile and run the code.

gt++ batchAcquisition.cpp -o batchAcquisition
./batchAcquisition

— Windows (Visual Studio):
Create a new project and add the batchAcquisition.cpp file to the project. Set the project to
use C++17 standard. Include the library ws2_32.lib as an additional dependency in the project
properties (under Linker — Input). Build and run the project.

The user needs to make sure that no folder is already present inside the COMAPSS project directory having
the same name as the runlD specified in the userParametersFile.txt file. Otherwise, the run will not start.
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7.2 Input parameters file

The input parameters for the code are read from a text file specified by the user. By default the code
looks for a file named userParametersFile.txt in the same folder where the executable is located. To use a
different file name or path, the user needs to provide its name (with correct path) as an argument while
running the code.

e Linux:

./batchAcquisition newParametersFileName.txt

¢ Windows (Visual Studio):
Specify the new parameters file name in the “"Command Arguments” field of the Debugging section
of project properties.

In the userParametersFile.txt file, order of the inputs needs to be preserved. No field should be left blank.
Multiple values for a parameter can be specified in a single line separated by commas. Lines starting with #
are treated as comments and ignored. The input parameters are described below according to their order
of appearance in the file.

1. Server IP address (string): IP address of the computer where CoMPASS is running. For local connec-
tion, use 127.0.0.1.

2. Server port number (integer): Port number for remote connection to CoMPASS. Default is 8080.

3. Server wait time (integer): Time in seconds to wait after sending a command to the server before
sending the next command. A high event rate acquisition may need a longer wait time.

4. Acquisition duration (list of integers): Duration(s) of data acquisition in seconds. If there is a single
value, it will be used for all the acquisitions. The actual run time will be slightly shorter than the
specified duration due to the time taken by the server to process the commands.

5. Config file names (list of strings): Name(s) of the COMPASS configuration file(s) to be used for the
acquisitions. The config files should be present inside the CONFIG folder of the CoMPASS project. If
there is a single value, it will be used for all the acquisitions. If the value is ”0”, manual configuration
mode will be enabled. In that case, the user should set the configuration on the COMPASS GUI before
starting the acquisition. The runiD, its auto-incrementation and duration for each run must be set in
the userParametersFile.txt file.

6. Run IDs (list of strings): Run ID(s) to be used for the acquisitions. If there is a single value, it will be
used as the base run ID and automatic incrementation of Run ID will be enabled. New folders with
the auto-incremented runiDs will be created if data saving is enabled. If multiple values are specified,
they will be used for the corresponding acquisitions.

7. Number of acquisitions (integer): value of this parameter is used only in the identical settings mode.
It specifies the number of times the acquisition should run. If set to 0, the acquisition will run indefi-
nitely until stopped manually from the CoOMPASS GUI.

Example of a typical userParametersFile.txt file is given below:

# Server ip address

127.0.0.1

# Server port number

8080

# Time (in s) to wait for server to process requests
8

#

# Acquisition durations in seconds

120, 180, 240, 60, 1800

# CoMPASS config files
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configl.xml, config2.xml, config3.xml, config4.xml, configh.xml
# Run IDs
runl, run2, run3, run4, rund
# Number of acquisitiomns
15
# End of file
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8 Troubleshooting

CoMPASS helps the user in identifying a the origin of a possible error condition by means of popup that
appear and inform the user about the occurred error condition and provides additional information. In the
following some examples and in Tab. 8.1 a summary of the most common troubleshooting is provided.

Microsoft Visual C++ Runtime Library

e Assertion failed!

Program: Ch\CoMPASS\plothwinibinlibCling.dll
File: CAROOTvroot_srclinterpreterilvms..\ModuleB...der.cpp
Line: 147

Expression: OldBuilder-> DeferredDeclsToEmit.empty(] &b
“Should have emitted all decls deferred to emit.”

Far infarmation on how your program can cause an assertion
failure, see the Visual C++ documentation on asserts

[Press Retry to debug the application - JIT must be enabled)

Riprova lgnora

Fig. 8.1: First example of Assertion Failed Error at the CoMPASS Startup.

Microsoft Visual C++ Runtime Library

e Assertion failed!

Pragram: Ch\CoMPASS\plotwin\binuibCling. dll
File: CANROOTvroot_srolinterpreterdivmisreito., /MaduleFile.h
Line: 75

Expression: lisOverridden && isOutOfDate) && "an
overridden cannot be out-of-date”

For information on how your program can cause an assertion
failure, see the Visual C++ documentation on asserts

[Press Retry to debug the application - JIT must be enabled)

Riprova lgnora

Fig. 8.2: Second example of Assertion Failed Error at the COMPASS Startup.

Error X

‘.8/' Error adding board DT5730_1088: 'Waveform Recording' firmware not supported. Please check software user manual for a list of accepted firmware

Fig. 8.3: Not supported firmware error popup.
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Error adding board V1740D_77: board medel not supported. Please check software user manual for a list of accepted models

Fig. 8.4: Not supported board model error popup.

Error X

@ The board DT5730_1088 is in over temperature condition. Check the board ventilation, power it off and on and restart COMPASS. Please check the Troubleshooting section of the COMPASS Quick Start Guide for more details

Fig. 8.5: Overtemperature error popup.

Error X

'8) The board DT5780M_367 has lost the PLL lock condition. Please check the Troubleshooting section of the CoMPASS Quick Start Guide for more details

Fig. 8.6: PLL Lock loss error popup.

'@ Error polling board DT5780M_367

Fig. 8.7: Polling (communication interrupt) error popup.

Error X

@ An error in the data readout from the board DT5740D_783 occured. Please contact the CAEN Support service and send the CoMPASS log files that you can find in the folder C:\Us ppData\Local\Comp:

Fig. 8.8: Data readout error popup.

Error X

@ Process CoMPASSPIot.exe tried to allocate more memory than the maximum available. Please close other running applications or reduce the number of digitizers in the current project. Contact the CAEN Support Service for more information

Fig. 8.9: Memory allocation error popup.
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0

(Linux Only) CoMPASSPlot does not
start and shows exit value -139

Your Linux distribution is missing some CoMPASSPIlot re-
quired dependecies. Remove CoMPASS and install it
again using the SNAP package instead of the .tz.gz one.

(Almalinux Only) CoMPASSPIlot re-
quires GLIBC 2.35 or higher and
GLIBCXX 3.4.30 or higher which are
not available for Almalinux 9.4 or
lower

Change yiu Linux OS distribution to one supporting these
libraries versions or install COMPASS using the SNAP
package.

(Linux on Virtual Machine Only)
CoMPASS shows some graphical is-
sues like icons or buttons or menus
not well displayed

Change the graphical enviroment used by your Linux dis-
tribution running on the Virtual Machine (eg to Gnome,
KDE or Xorg)

(Windows only) CoOMPASS does not
start the installation wizard auto-
matically

Try launching the installer ”.exe” file from PowerShell us-
ing the following command:
.\CoMPASS_v2.6.0-Setup.exe /LOG="test.log”»

CoMPASS GUI or CoMPASSPIot do
not start or an Assertion fails oc-
curs as per the first example above
shown (*.cpp file mentioned) (Win-
dows only)

Check the CoMPASS dependencies installation in your pc.
The following software has to be present:

1. CoMPASS
2. Windows SDK AddOn

3. Windows Software Development Kit - Windows
10.0.19041.685

4. Visual Studio Build Tools 2019
5. Microsoft Visual Studio Installer
6. Microsoft Visual C++ 2015-2019

If one of them is not present, contact the CAEN Support
service.

Assertion failed as per the first
or second example above shown
(*.cpp or *h file mentioned)

This error occurs at the COMPASS startup and is related to
some incompatibilities between the SDK required by the
CoMPASS embedded ROOT and another possible ROOT
version or the Visual Studio 2022 SDK 10.0.22000 already
installed on the pc.

Try to remove any ROOT and the mentioned Visual Stu-
dio 2022 SDK 10.0.22000 already installed on the pc and
install COMPASS again. After that you may try to rein-
stall your own ROOT distribution. Visual Studio 2022 SDK
10.0.22000 in, on the contrary not compatible with CoM-
PASS.

Board not supported

Check the Quick Start Guide for a list of supported
boards.

Firmware not supported

Check the Quick Start Guide for a list of supported
firmware.
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Check that the digitizer is properly ventilated:
¢ |fyouare using a desktop digitizer, please verify that
the fans are not blocked and that there is enough
Over temperature error: COMPASS space on both lateral sides for a proper air flow;
8 | has detected that the digitizer is e Ifyouare using a VME or NIM digitizer, please check
overheated. that the crate is a ventilated model, that the fans
are not blocked and that there is enough space
on both lateral sides (in case of a minicrate) or on
the top and bottom side (in case of a vertical crate
model) for a proper air flow.
Check the digitizer front panel LED status. If the PLL Lock
LED is off or blinking proceed with the following steps:
¢ If you are using an external clock signal, please
check that the external clock is active and
that the cable connection into the digitizer
CLK_OUT/CLK_IN connectors is properly done.
PLL lock loss: CoMPASS has de- e If you are not using an external clock signal first
tected a digitizer PLL lock loss con- power cycle the board. If the PLL Lock LED remains
9 dition. This condition is due to a off, the digitizer PLL needs to be reprogrammed.
loss of the reference clock. Use CAEN Upgrader software to do the PLL repro-
gramming.
¢ In case of VME digitizers, please check that the
CLOCK EXT/INT switch is in the right position. Re-
member to properly reprogram the PLL using the
CAEN Upgrader software every time you switch
from EXT to INT and viceversa even if the PLL Lock
led is on.
ADC Shutdown: CoMPASS has de- | Typically this condition is due to board overheating. Fol-
10 tected a shutdown of the digitizer | low the instructions reported for the board Overtemper-
ADC. ature condition.
Error polling: CoMPASS has lost the | Check that the digitizer is ON and that the USB or the
11 | communication with the board. Optical link cable is properly connected.
Readout error: an error occurred
during the data readout from the | Contact the CAEN Support Service .
12 . .
board or from the offline run file.
Memory aIIocapon: Process CoM- Close other running applications or reduce the number of
PASSPlot.exe tried to allocate more o . .
. . digitizers in the current project. Contact the CAEN Sup-
13 | memory than the maximum avail- . . .
able. port Service for more information

Tab. 8.1: CoMPASS Troubleshooting cases.
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9 Technical Support

To contact CAEN specialists for requests on the software, hardware, and board return and repair, it is nec-
essary a MyCAEN+ account on www.caen.it:

https://www.caen.it/support-services/getting-started-with-mycaen-portal/

All the instructions for use the Support platform are in the document:

® CAEN

Tools for Discovery

SAFETY, STORAGE AND SETUP INFORMATION
PRODUCT SUPPORT AND SETUP INFORMATION

INFORMAZIONI SU SICUREZZA STOCCAGGIO E INSTALLAZIONE
ASSISTENZA E RIPARAZIONE DEL PRODOTTO

A paper copy of the document is delivered with CAEN boards.
The document is downloadable for free in PDF digital format at:

https://www.caen.it/safety-information-product-support
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