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Purpose of this Manual

— T
9 The User Manual contains the description of the Janus readout software for
1 FERS-5200, the description of its architecture and parameters, and instructions
for its installation.

g —

Change Document Record

Revision Changes
00

Initial Release

Symbols, Abbreviated Terms and Notation

ADC Analog-to-Digital Converter
ASIC Application Specific Integrated Circuit
DAQ Data Acquisition

DCR Dark Count Rate

FERS Front-End Readout System
FERS-CB FERS Collector Board

FPGA Field Programmable Gate Array
FSR Full Scale Range

GUI Graphical User Interface

IDLE Integrated Development and Learning Environment (Python)
LSB Least Significant Bit

LVTTL Low Voltage TTL

MUX Multiplexer

0S Operating System

PC Personal Computer

PCB Printed Circuit Board

RMS Root-Mean-Square

SiPM Silicon Photo-Multiplier

ToA Time of Arrival

D Time Discriminator

ToT Time over Threshold

USB Universal Serial Bus
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The information contained herein has been carefully checked and is believed to be accurate; however,
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Made in ltaly
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1 Introduction

1.1 FERS-5200 System

Janus 5203 is an open source software for the control and readout of A5203(B)/DT5203 FERS units [RD1].

A5203/DT5203 FERS units use the picoTDC chip (produced by CERN [RD2]) for high-resolution multi-hit
time measurements on 64 channels. The A5203B version houses an additional mezzanine card with a sec-
ond picoTDC chip, thus implementing a 128 channel TDC module.

Each readout channel accepts LVDS signals! and measures the time stamp of both rising and falling edges
with an LSB of 3.125 ps. In this way, the unit is able to reconstruct the Time of Arrival (ToA) of signals as
an absolute timestamp or as a AT with respect to a common Tref pulse. The picoTDC can also acquire the
Time over Threshold (ToT) information and combine it with the edge time stamp.

A5203

TRG1
TRGO

TDlink

CLK, TRG, DATA

DATAL >
DATAQ FPGA I

bzl Ej Eth 10/100

MultiHit
TDC

Lol Buffer

Readout
Interface

Control
&
Manitor

Mem
Buffer

Trigger
Logic

CONNECTOR FOR ADDITIONAL 54 CHANNELS

TREF1
TREFO

Fig. 1.1: Simplified block diagram of the A5203/DT5203 FERS-5200 unit.

For small setups a single A5203(B)/DT5203 unit can be used stand alone, without any additional hardware,
by simply connecting the unit to a PC via USB 2.0 or Ethernet 10/100BASE-T. For large readout systems, a
flexible and scalable network of units can be created by means of the high speed optical link called TDlink?2.
The TDlink system supports up to 128 FERS units to be connected to and managed by one DT5215 FERS Data
Concentrator Module. The TDlink supports optical daisy chaining and provides slow control, high speed
data readout, synchronization of the units (clock and sync distribution), as well as command broadcasting
for time resets, run start/stop, etc.

Janus 5203 can manage up to 16 A5203(B)/DT5203 boards connected via Ethernet or USB. In case of con-
nection via the DT5215 FERS-5200 data Concentrator Board (TDlink connection), Janus 5203 can manage
up to 128 FERS-5200 units.

The software permits the configuration of the hardware parameters, reported in the Janus 5203 configu-

IMax common mode = 1.2V  Max absolute voltage = 1.45 V
2TDlink is a CAEN proprietary protocol for communication and synchronization via optical link.
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ration file, and the management of the data acquisition (runs/jobs) and readout.
The data acquisition can be performed in:

e Common Start

e Common Stop

o Trigger Matching

e Streaming
Acquisition Mode, and in:

e LEAD_ONLY
LEAD_TRAIL

LEAD_TOT8
e LEAD_TOT11

Measurement Mode. See [RD1] for more details.

During the acquisition, Janus 5203 performs the system monitoring (boards temperatures, dead time, etc.),
and can plot spectra and graphs of the acquired hits. Moreover, Janus 5203 prints on screen (via console
or GUI) some statistics of the run (counts, events lost, trigger rate, data throughput, etc.).

The readout data can be saved to disk in list files and spectra (ToA, ToT), together with a file reporting
the info of the acquired data run. A further Sync List file can be saved in case of synchronization of more
A5203(B)/DT5203 units.

Janus 5203 manages also the A5203(B)/DT5203 FPGA Firmware upgrade.

1.2 Janus 5203 Architecture

Janus 5203 is an open-source software composed of two parts, one written in C, which is the real heart
of the application, one written in Python which manages only the user interface and communicates with
the C program via socket. The plots are executed through an external tool (gnuplot). All the configuration
parameters, both of the board and of the software, are written on a textual configuration file.

It is possible to launch and use Janus 5203 in two different modes:

e Console Mode. In this case, the Python part of the software is not used. The user can edit the
configuration file with any text editor and save the proper values for the desired parameters. Then,
the user can launch "JanusC.exe”, which starts in a purely textual console window. The application
writes a series of messages (which are also saved in a log file) and, during the run, prints statistics on
the screen. Commands are given via predefined keys (see Chap. 4). The only graphical part is the
plot, which is managed by gnuplot.

In Fig. 1.2 the software block diagram when working in Console Mode is shown.

JanusC is open-source and can be used as a platform for the development of custom DAQ, tailored to
the specific application. Indeed, the user can change the data treatment, the acquired statistics and
the output file format.

¢ GUI Mode: In this case, the user only has to run the Python program "JanusPy.pyw”, which calls the C
program “JanusC.exe” and connects to it via a socket to send commands and receive messages which
are then displayed in the Python GUI (see Fig. 1.3).

Note: When operating in GUlI Mode, the user can decide to connect or not via socket to the “JanusC.exe”
file. In case the socket connection is not established, the GUI can be used to modify the configuration file,
i.e. itis simply used as a configuration panel.
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Eth,
USB
- commands messages > -_y CONSOLE
JanusC.exe
[ (C program) g
S— ipe
p— » PP 3 gnuplot
CONFIG PR— OUTPUT FILES --------------- E
FILE : —
LOG
LIST SPECTRA

Fig. 1.2: Console Mode block diagram.

Eth,
Socket UsB
messages
4[ ges [\ Stdoat N CONSOLE
JanusPy.pyw \ commands\ } »| JanusC.exe
(Python) » — A/ (C program) :
— pipe
< > = > 3 gnuplot
CONFIG
FILE =
------------ OUTPUT FILES =
LOG

LIST SPECTRA

Fig. 1.3: GUI Mode block diagram.
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2

Installation

[ The A5203(B)/DT5203 is fully supported by the Janus 5203 software for Windows® and Linux®.

Janus 5203 runs on Windows OS, 10 or higher, and Linux OS, both 64-bit. Since the source codes are
available, it is in principle possible to compile them in a 32-bit platform, prior the installation of the correct
drivers, in case of USB connection.

Janus 5203 can run in "GUI” or “console” mode. For the GUI mode, Janus 5203 requires the third-party
software Python release 3.8.1 or later, downloadable from the python website, while for the console mode
it is sufficient to run the program “JanusC”.

Before installing the software, please make sure that:

e The A5203(B)/DT5203 hardware is properly installed (refer to the A5203(B)/DT5203 User Manual
[RD1] for hardware installation instructions).

¢ A cable connection is established between the host PC and the target board (either USB or Ethernet).

¢ The required USB driver (Windows only) is correctly installed in case of a USB connection to the board
(refer to the A5203(B)/DT5203 User Manual [RD1] for USB driver installation instructions).

As a summary, in order to use Janus 5203 the user needs:

¢ Windows 10 (or higher) / Linux OS (64-bit).
e Python interpreter, e.g. IDLE 3.8.1. (not necessary in Console Mode).

2.1 Windows Installation

12

Janus 5203 does not have an installer. It is provided by CAEN as a compressed ”.zip” file to be unpacked
in a directory on the PC that the user has write access to. The user should follow the instructions below
in order to properly run the software:

1. Download the installation package from CAEN website for Windows OS (login required).
2. Extract the files.

3. Open the "Janus_5203_x.y.z” folder (with x, y, z being the numbers indicating the software re-
lease).

The ”“Janus” folder contains the C and Python sources, the Microsoft Visual Studio project (Community
Edition 2019) in case the user may want to modify and recompile the software, gnuplot, and a folder
with the executables.

Here follows the list of folders contained in the software package:

¢ bin: folder containing executables, python scripts, configuration files, other service files needed
by Janus 5203.

¢ bin/DataFiles: default folder for saving the output files of the acquisitions.

¢ build: folder containing the Microsoft Visual Studio project.

e FERS_USB_driver: folder containing the USB driver (Windows).

¢ gnuplot: folder containing the installation of gnuplot.

¢ img: folder containing icons for the GUI.

* macros: folder containing useful macros that can be loaded into Janus 5203.
¢ src: folder containing the software C-source and header files.
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2.2 Linux Installation

Janus 5203 for Linux is provided by CAEN as a compressed ".tar.gz” file to be unpacked in a directory on
the PC that the user has write access to. The user should follow the instructions below in order to properly
run the software:

1.
2.
3.

Download the Janus 5203 software from CAEN website for Linux OS (login required).
Extract the files in a folder with read/write permissions and enter the “Janus” folder.

Run
sudo sh Janus_Install.sh

The script will search for missing packages. If any is found, please, install it and run again the Janus_lInstall.sh
file.

. Once completed, go into the folder ”"bin” and run

python3 JanusPy.pyw for GUI mode or
./ JanusC for console mode

The folder structure is the same as described in Sec. 2.1
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3 GUI Mode

14

The Janus 5203 software features a Python GUI ("JanusPy.pyw”) which is well suited to start getting familiar
with the functionalities of the software itself. As explained in Sec. 1.2, in this case the user only has to run
the GUI, which calls the “JanusC.exe” application, and connects to it via a socket. The C program, when
called by Python, no longer uses stdin and stdout for input and output, instead it uses the socket from
which it receives commands and to which it sends messages, which are then displayed in the Janus 5203
GUL.

Note: The screenshots reported in this chapter may change between different versions of the software.

| |

Wi Janus

|
| File FWupgrade GUIMeode Help

LJANUS  @CAEN
NEEEID 13

! Plot Type Statistics Type -
| Apply

'|Spect Lead V| |Matched Hit Rate V|

| Connect RunCtrl AcqMode TDC Histogram Adapters Regs Statistics Log
PATH PID Brd Model FPGA FW Rev uC FW Rev

<l

0 |eth:192,168.50.125%:tdk0:0
1

m B B RN NN R R R R R
L=

| Status o offline Run O AF_Buff o

Fig. 3.1: Starting window of the Janus 5203 software GUI.
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When the “JanusPy.pyw” application is launched, an initial screen similar to that in Fig. 3.1 is opened.
Inthe Connect Tab, the user has to define in the ”PATH” field the type of connection for the A5203(B)/DT5203
board and then press the "Apply” button in order to make the changes effective (see Sec. 3.5).

Note: In the current version of the GUI, the user can connect more than one board (up to 16) via Ethernet

/ by using, for instance, an Ethernet switch, via USB by using, for instance, an USB hub, or via the TDIlink
connection to the DT5215 Concentrator Board.

Note: Every time the value of a parameter in the Janus 5203 GUI is changed, the user has to press the
/ "Apply” button to make it effective. By pressing the "Apply” button the Janus_Config.txt configuration file
read by the “JanusC.exe” application is overwritten.

In the following sections all the parameters and commands of the Janus 5203 GUI are described in detail.

3.1 Menu Bar ltems

The Menu Bar (see Fig. 3.2) in the top left part of the Janus 5203 GUI hosts the following items: ”File”,
"FWupgrade”, "GUI Mode” and "Help”.

?fﬁJanus.
File FWupgrade GUIMode Help

Fig. 3.2: Menu bar of the Janus 5203 GUI.

File
The File pull-down menu shows the following items: “Load Config File”, ”“Save Config File”, “Save Config
File As”, "Load Macro” and "Quit”.

e Load Config File: The command allows the user to open an existing configuration file. A window will
be opened in which the user can select the file to be load.

e Save Config File As: The set of values currently used for the parameters are saved to a configuration
file whose name can be defined by the user, as well as the destination folder. The configuration file
can then be loaded via the ”"Load Config File” command.

e Load Macro: Additional settings can be loaded by means of a .txt file and appended in the configu-
ration of FERS (see Fig. 3.3). See for example, in the "macros” folder, the file ”leds_off.txt”. To select
a macro, click on "Add Macro” button and select the specific file. Once ready, press the “DONE” but-
ton to upload the macro. Finally, click on “"Remove Macro” and “Remove All Macros” to remove one
selected macro or all macros, respectively.

* Quit: The command allows the user to quit the Janus 5203 software.

Firmware Upgrade

The FWupgrade pull-down menu shows the following items:

e Upgrade FPGA: The command opens a window (see Fig. 3.4) that allows the user to browse the
firmware file to upgrade the FPGA and to visualize the progress of the upgrade. Compliant firmware
has .ffu extension.

e Restore IP 192.168.50.3: The command restores the default IP address in case the user has modified
it previously through the web interface.
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Fig. 3.3: "Load Macro” window.

% FPGA Firmware Upgrade - O X

Browse

Upgrade File

| Current Version: 1.0 (Build = 7310)
Bd 0 =l Board Model: A5203

Upgrade

Messages

Fig. 3.4: FPGA firmware upgrade window.

/ Note: Connect via USB to the board to restore the Ethernet IP address.

GUI Mode Command
The GUI Mode pull-down menu allows the user to define which parameters are visualized in the Janus 5203
GUI:

e Basic: This option allows the user to remove from the GUI the list of parameters more suitable for
an advanced use of the software. When working in Basic mode, the parameters which are removed
from the GUI window are set to the values defined before switching to this operative mode.

¢ Advanced: This option allows the user to visualize all Janus 5203 parameters in the GUI.
e Show warning pop-up: This option enables/disables warning pop-up.

e Verbose socket messages: The selection of this option activates report messages received by the
socket to be printed in the Log Tab, and enables a deeper level of C log file. Mostly used for debug
purposes.

Help

The Help pull-down menu shows the following item:

e About: The command allows the user to access the software release number and the date of the
release.
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3.2 lIcon Bar

An Icon Bar is present under the Menu Bar, where the different buttons are enabled/disabled depending
on the process in progress (see Fig. 3.5).
SEIE
24 | |o)

e

Fig. 3.5: Janus 5203 Icon Bar.

From the top to the bottom, the configurations presented in Fig. 3.5 are:

¢ The Janus 5203 GUI is connected to the JanusC.exe application and the boards are connected.
e An acquisition is ongoing.
¢ The histograms update is paused.

¢ The jobs (multiple runs) are enabled.

The above icons correspond to the functions described below.

Connect Button

The Connect command '.: allows the user to enable/disable the socket connection of the Janus 5203 GUI
with the “JanusC.exe” application.

Start Button
The Start command @ allows the user to start an acquisition.

Start Job Button

The Start Job command @ is only available when the Enable Jobs parameter is enabled. The command
allows the user to start a job, i.e. several consecutive runs (see Sec. 3.15).

Stop Button

The Stop command @ allows the user to stop the acquisition.

Pause Button

The Pause command @ allows the user to freeze the histograms update while the data acquisition con-
tinues.
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18

Reset Button

The Reset command ’ allows the user to restart an acquisition run and to reset the histograms.

Plot Traces Button

The Plot Traces command i allows the user to access the Plot Traces window (see Fig. 3.6) to manage
the traces to be visualized in the gnuplot window. A maximum of 8 traces from different channels can be
visualized at the same time.

Bt

et gt

Tt — O | | T — O | | T — O |
Plot Traces | Plot Traces | Plot Traces
[T0 T 72| 13| 74| 75 T8 | T7| | [0l 1| 12| 73] 4 75| T8 | 77| | [0 T 2| 73| T4 75| T8 77|

| |
Brd |0 i‘ Trace-OFF| AIOFF | | | Brd |0 i‘ Trace-OFF| AIOFE | | | Brd [ il Trace-OFF | Al-OFF | |
Online  Offline | Browse | Online | Offline Br0w5e| Runi# 1 i‘ | Online | Offline | Browse -

|T 1 21314567 | |T 1 2013|4567 | F 1 21 3|41 5]6]|7 |
819|101 )12]13]|14] 15 T gl9|10|11[12]13]14]15 T g1 9|01 |12]13]14] 15 Il
16| 17|18 19|20 21| 22| 23 T . 16|17 18|19 20| 21| 22| 23 1 . 16|17 18] 19| 20] 21| 22] 23 m
2425|2627 28|29 30| N T | 241 25|26 27| 28|29 30| 31 1 | 241 25]/26 27| 28] 29| 30] 31 m
32|33|34|35|36|37|38]39 T | 32|33|34|35|36|37|38] 39 1 | 32|33 34| 35]36[ 37| 38] 39 m
40 | 41| 42 43| 44 45| 46| 47 T | a0 41| 42| 43|44 45| 46| a7 1 | ap| 414242 a4] 45| 46| a7 m
43 1 49| 50 51| 52 53| 34| 35 | 48| 49|50]|51|5253|54]55 | 48|49 s0]s1|52|53]354]5s
56|57|58)|59|60| 616263 T | 56| 57|58|59]|60|61|62|63 1 | 56| 57|58]|59]|60[61|62]63 m

[ Calib X-axis | T Calib X-axis | T Calib X-axis

Fig. 3.6: Plot Traces window in default mode (on the left), with the Offline button enabled (in the middle) and with the
Browse button enabled (on the right).

The commands present in the window are:

TN: With N being a number between 0 and 7. By pressing the button, one of the available 8 traces is
selected.

Brd: The arrows next to the box allow the user to choose a trace from one of the connected boards.
The trace number can also be written directly into the box.

Trace-OFF: The command disables the visualization in the gnuplot window of the selected trace.
All-OFF: The command allows the user to disable the visualization of all traces.

Online: The command has to be enabled when the user is performing an acquisition and wants to
visualize in the gnuplot window data from the ongoing acquisition for the selected trace.

Offline: The command has to be enabled when the user wants to visualize in the gnuplot window a
spectrum previously saved in the folder indicated via the Data File Path parameter. Only the selected
trace is set as an Offline trace. This option allows the user to visualize at the same time in the gnuplot
window some traces associated to an ongoing acquisition and some traces from a previously saved
run or to visualize only offline spectra.

Run#: The command is active only when the Offline option is enabled in the Plot Traces window (see
Fig. 3.6) and allows the user to select the ID of a previously saved run whose spectrum need to be
visualized.

Browse: The command allows the user to visualize in the gnuplot window a previously saved spectrum
with any name and any path.
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/ Note: The Offline option allows the user to visualize only the previously saved histograms, not the data
from the Binary or ASClII list files (see Sec. 3.6).

In Fig. 3.7 an example of gnuplot window with a couple of 22Na ToT spectra visualized is presented. As it
is shown, the 15t trace (T0) is associated to the ongoing acquisition on Channel 2 of Board 0, the 29 (T2)
is the result of a previous acquisition of the spectrum of the same source in channel 4. The second trace
has been uploaded using offline data, whose file name and path are visible in the gnuplot legend in the top
right corner of the window.

ToT (BinSize = 0.200ns)

160

T
Msan  Rms
Ch[2]: 4554.663 2232.050 - TO Rung
T2 File:DataFiles\Run8_ToTHisto_0_4.txT: 4015.639 2479.350

Counts

aumy &
10000 12000 14000 16000

Channels

Fig. 3.7: Gnuplot window with online and offline traces visualized.

A matrix is available in the Plot Traces window, where the user can choose the channel/channels to be
plotted by selecting one of the following buttons:

e N: With N being a number between 0 and 63. The command allows the user to plot the output from
channel N for the selected trace.

e Empty Button: The button (at the end of each row of channels) allows the user to visualize the 8
traces from the 8 channels in the corresponding row. For instance, if the first Empty Button from the
top is pushed, trace TO will be associated to channel 0, T1 to channel 1, etc.

Note: If the user has selected the trace TO and suddenly click on the Empty Button, then the 8 visualized

/ traces will be online or offline depending on what option was selected for the trace TO. For instance, if
trace TO is an Offline trace and the user click on the Empty Button then all the 8 traces will be Offline and
associated to the same run as that of TO (e.g. Run1).
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e Calib X-axis: The command allows the user to enable/disable the calibration of the x-axis (from chan-
nels to ns in case of a ToT or ToA histogram). The spectra plots also display the mean and RMS values,
expressed in channels or in the calibrated quantity depending on the option chosen.

Save Configuration Button

The Save Configuration command @ has the same functionality of the Save Config File As command of
the File menu bar item.

Save Run Configuration Button

R
The Save Run Configuration command {@? allows the user to save the current configuration of parameters
in a configuration file named ”“Janus_config_RunX.txt”. In this case, X indicates the run number, selected via
the Run# command. The ”Save Run Configuration” command can be used when the user wants to perform
a job composed of several runs (i.e. several consequential acquisitions) with each run corresponding to a
different configuration of parameters. In this case, the user has to save for each run of the job a different
configuration file. Every time a new run is started during a job, the correspondent configuration file is
loaded together with the values of all the parameters. More information on how to perform a job and thus
on how to properly use this command are reported in Sec. 3.15.

/ Note: Before pressing the Save Run Configuration Button, the user should pay attention that the Enable
Jobs switch is enabled.

Load Configuration Button

The Load Configuration command @ has the same functionality of the Read Config File command of the
File menu bar item.

Bin to CSV Button

The Bin to CSV command @} allows the user to convert binary files into CSV files. The user can load a file

1
by clicking on the numbered button J and browse to select a file to be converted. One single file has to
be added for each row.

In case of multiple files to be converted, the user can write a generic file .txt with the list of names of all
the files to be converted, then select the option “List of binary files names”, and load the list into the row
”1”. As an example, a file called "File_To_be_converted.txt”, which contains the following rows:

Runl_Spect_Lead.bin
Run2_Spect_ToT.bin
Run3_Time.bin

can be loaded into the first row and all the .bin files named in that file will be converted.
The option "Force ToA/ToT to ns” is also available.
Once ready, press the “Convert” button to convert the selected files.

The source code of the bin to .csv conversion is available in the “macros” folder.
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2% Convert binary files into CSV format ~ — O X

Insert/Browse the binary files to be converted

=

" Force ToAlToT to ns

Convert
™ List of binary files names e

Fig. 3.8: Binary to CSV converter window.

.3

3.3 Command Bar

A Command Bar is present below the Icon Bar of the Janus 5203 GUI (see Fig. 3.9).
Run# 1 3
Plot Type Statistics Type P
Spect Lead ~ | |Matched Hit Rate AP
Fig. 3.9: Janus 5203 Command Bar.

Each command corresponds to the following functions.

Plot Type

The Plot Type combo-box allows the user to choose which plot has to be visualized in the gnuplot window.
The available options are:

e Spect Lead: Leading edge Time of Arrival (ToA) spectrum (X-axis = ToA, Y-axis = Counts).

In case of Common Start/Stop Acquisition Modes, the ToA is the time elapsed between the leading
edge of a T, signal (defined by the Tref Source parameter) and the leading edge of the channels
individual hits (see Fig. 3.10). In the case of Common Start Mode, the T,ef signal arrives before
the individual stop hit, so the ToA (which is then a AT) is positive. In Common Stop Mode, the Tyt
signal arrives later and AT would be negative, but it is changed sign before being represented in the
spectrum.
In Trigger Matching Mode, the Spect Lead ToA entries are the time difference between the first hit
on the channel and following hits received on the same channel, inside the same trigger acquisition
window (see left part of Fig. 3.11).

In Streaming Acquisition Mode, the ToA is calculated as the difference between the timestamps of
the leading edges of subsequent couples of hits on the same channel (see right part of Fig. 3.11).
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Note: The ToA data used for the Spect Lead plot in case of Trigger Matching Acquisition Mode are not saved
in the list file. The list file contains the ToA given by the time elapsed between the leading edge of the first
hit of a channel (matching the trigger window) and the start ot the trigger window.

CH-0= T,ef

Lo
toa
ATy CH-X

A 4

A 4

CH-0 = Tref

\ 4

CH-X

\4

L
I X1

Fig. 3.10: Common Start (left) and Common Stop (right) Acquisition Mode schemes.
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Fig. 3.11: Trigger Matching (/eft) and Streaming (right) Acquisition Mode schemes.

The ToA has a dynamic range of up to 24 bits! in case of LEAD_ONLY and LEAD_TRAIL Measurement
Modes, or 19/16 bits when the ToT8/ToT11 Measurement Modes are enabled. The default LSB is
3.125 ps, the default conversion factor is 1 LSB = 1 bin, and the maximum plot range is truncated to
the maximum number of bins which can be selected via the Lead N Channels parameter. The LSB and
the conversion factor can be modified via the Lead/Trail LSB and Lead Rebin parameters, respectively.
The minimum range of the histogram can be changed via the Lead Histo Min parameter.

Refer to Sec. 3.10 for more details.

e Spect ToT. Time over Threshold spectrum (X-axis = ToT, Y-axis = Counts).
The ToT measurement is saved on 8/11 bits (for the ToT8 and ToT11 Measurement Modes respec-
tively), so the spectrum is composed of 256/2048 channels, given the default conversion factor 1 LSB
=1 bin. The maximum ToT dynamic is therefore 0.8/6.4 ns (1 LSB = 3.125 ps) in case of no histogram
rebinning. As for the case of the Spect Lead, the Spect ToT histogram parameters can be modified.
Refer to Sec. 3.10 for more details.
This Plot Type is not used in case of LEAD_ONLY Measurement Mode.

o Total Cps: Histogram of the total number of counts per second per channel (X-axis = Channel number
from 0 to 63, Y-axis = Counts per Second). The entries of the plot are the hit counts read by the
picoTDC chip, not the counts of all the hits arriving at the picoTDC input channels.

Note: The entries of the plots reflects the data saved in the list data files (except for the Trigger Matching
Acquisition Mode).

N

Note: As to reduce the readout bandwith occupancy, the user can disable the Spect Lead, Spect Trail and
Spect ToT plots via the Lead N Channels and ToT N Channels parameters.

N

164 bits in case of Streaming Acquisition Mode
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Statistics Type
The Statistics Type command allows the user to choose between the different values to be displayed in the
Stats Tab (Sec. 3.13) for each channel. Available options are:
e Matched Hit Rate: Channels hits rate matching the reference trigger and the acquisition criteria.
* Matched Hit Cnt: Channels hits count matching the reference trigger and the acquisition criteria.
* Read Hit Rate: Channels read hits rate.
® Read Hit Cnt: Channels read hits count.
¢ Lead Mean: Mean value of the Lead ToA.
e Lead RMS: RMS value of the Lead ToA.
e ToT Mean: Mean value of the ToT (not working for LEAD_ONLY Measurement Modes)
e ToT RMS: RMS value of the ToT (not working for LEAD_ONLY Measurement Modes)

For a better understanding of the “Matched” and "Read” hits refer to Fig. 3.12.

HARDWARE };{AE;{EDCV';/I’S)ILL SOFTWARE
SELECTION SELECTION
(Buffer Overflow,

ToT Filter, ...)

(Trigger Matched) (Filtering)

Janus 5203

Input Hits Acquired Hits
————————J  picoTDC » FPGA

T

TRIGGER

Fig. 3.12: Schematic representation of the hits data flow in the A5203(B)/DT5203 unit. The Read and Matched Hits
(used for statistics) are circled in green.

Run#

The Run# command defines the ID number of the current run.

Apply Button

The button allows the user to save the current settings for all parameters. Every time the value of a pa-
rameter is changed, the button becomes red. The user has to press the button in order to let the changes
become effective, i.e. to overwrite the "Janus_Config.txt” file parsed by the “JanusC.exe” application.
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3.4 Status Bar

3.5

24

The Status Bar in the bottom part of the Janus 5203 GUI displays basic information regarding the connec-
tion, the Run status and the board buffer Almost Full (AF) condition. In Fig. 3.13 different configurations
of the Status Bar are visible. From the top to the bottom the presented configurations are:

e The Janus 5203 GUI is connected to the JanusC.exe application and the boards are connected.
¢ The acquisition is ongoing.
¢ The acquisition is ongoing and the board buffer is in an Almost Full condition.

¢ The Janus 5203 GUI is connected, but there is some WARNING (visible in the Log). However, the Run
is ready to start.

Status @  |Ready to start Run #1 Run ) AFBuf ()
Status @ |Run #1: Elapsed Time=4.30s Run @ AFBuff )
Status (@ é_un #1: Elz;ps-ed Time=510s Run @ AFBuff O
Status () Ready to start Run #5 (Preset = 6.00 s) Run () AF Buff ()

Fig. 3.13: Janus 5203 Status Bar.

Connect Tab

The Connect tab allows the user to set the connection properties of the FERS-5200 boards. Once one or
more boards are connected, also information regarding the board identification number (PID) and firmware
releases are displayed (see Fig. 3.14). The number on the left of the PATH field defines the board ID number
assigned by the software (between 0 and 15) once the board is connected.

PATH

This field allows the user to define the type of connection for the board.
If using a USB connection there are two ways to connect the board:

1. By writing down the "usb:PID” string, being PID the board identification number that is located either
on the top of the A5203(B) PCB or on the bottom panel of the DT5203.

2. By writing down the “usb:N” string, with N being an incremental number from 0 to 15.
Note: In case of a multi-board USB connection (see Sec. 3.5.1), the option 1 is suggested to the user.

If using an Ethernet connection the user should write down “eth:IP_ADDR”, being IP_ADDR the IP address
of the board. By default, the IP address is 192.168.50.3, so that the user should write down ”eth:192.168.50.3”
for the PATH fied.

Note: The user can change the Ethernet IP address by accessing the FERS-5200 Web Interface (see
Sec. 3.5.1). Note that the web interface is not accessible with USB connection.

In case of TDlink connection via the DT5215 Concentrator Board (single or multi board), the available op-
tions are:
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Connect  RunCtrl AcgMode TDC Histogram Adapters Regs  Statistics Log
PATH PID Brd Model  FPGA FW Rev uC FW Rev
0 [eth:192.168.50.3 261628 | [As203 |10 (Build=73100 | [22051701

<

[ I o o o A o o o [ A I o B
[==]

Fig. 3.14: Connect Tab.

e "usb:IP_ADDR:tdl:x:y”, where IP_ADDR is the IP address for the USB connection to the DT5215, tdI=TDlink
is the type of FERS-5200 board connection to the DT5215, and x and y the link number and board
number, respectively. The default IP address of the DT5215 USB connection is: 172.16.0.11.

o “eth:IP_ADDR:tdl:x:y”, where IP_ADDR is the IP address for the ethernet connection to the DT5215,
tdI=TDlink is the type of FERS-5200 board connection to the DT5215, and x and y the link num-
ber and board number, respectively. The default IP address of the DT5215 Ethernet connection is
192.168.50.125.

For a single board connection to the TDlink, x=0 and y=0. For a multi board connection, refer to Sec. 3.5.1.

In order to establish a connection with the "JanusC.exe” application, the user has then to click on the

Connect button on the top left part of the Janus 5203 GUI window t
Once the connection with the board is established (see Fig. 3.15), the following board parameters are
visualized in the Tab:

¢ PID: The exclusive identification number associated to the specific board connected.

¢ Brd Model: The board model, between A5203 and DT5203.

e FPGA FW Rev: The FPGA firmware revision.

e uC FW Rev: The micro controller firmware revision.

UM9636 - Janus 5203 User Manual rev. 0 25



CAEN m Electronic Instrumentation

3.5.1

rd

26

:'_f Janus — a

File FWupgrade GUIMeode Help
@ FERS-5200 JANDS QCAEN

Wer. 5203 - Rel 2.2.0 - 18/04/2023
: R..| {u} -
=® NEEEE e 13
Plot Type Statistics Type o
Apply

|Spect Lead V| |Matched Hit Rate V| P

Connect RunCtrl AcgMode TDC Histogram Adapters Regs Statistics Log

PATH PID Brd Model FPGA FW Rev uC FW Rev
F 0 [eth:192.168.50.3 26168 | [A5203 |11 (Build=7418) | [22051701

m B B NN RN R R R R R
[==]

| Status @ |Ready to start Run #1

Fig. 3.15: Janus 5203 interface when the connection in established.

Multi-Board Connection

Run £ AF Buff ) |

The aim of this section is to describe how to perform a multi-board connection to the same PC in Janus
5203. Indeed, the software allows the user to connect up to 16 boards via Ethernet or via USB in order to

control them and acquire data from all of them at the same time.

The connection PATHs should be written one after the other, starting from the first line (board number 0).
As to enable the connection to the boards 1-15, the user should write the corresponding PATH and tick the

box on the left side of the PATH.

Note: The PATH fields must be filled progressively.
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Ethernet Connection

To control more than one board with the Janus 5203 software via an Ethernet connection the user can take
advantage, for instance, of an Ethernet switch. Then, an IP address reassignment of all the boards that are
needed to be connected is necessary. The user is kindly suggested to follow the instructions below in order
to properly perform a multi-board Ethernet connection:

1. Connect only one board to the PC via an Ethernet cable.

2. Open the Web Interface (see A5203(B)/DT5203 User Manual [RD1]) at the default IP address of the
board, i.e. 7192.168.50.3” if this was not previously changed via the Web Interface.

3. Open the Configuration Tab of the Web Interface (see Fig. 3.16) and select for the ”IP address” pa-
rameter a value different from the IP address set for the PC. For instance, in the A5203(B)/DT5203
User Manual [RD1], the IP address of the PC was set to be ”192.168.50.4”. For this reason, the
”192.168.50.2” IP address was chosen in this example.

FERS Ethernet Configuration FERS Ethernet Configuration

Device Info Device Info

Model FERS-5203: 64/128 Ch PicoTDC Module Model FERS-5203: 64/128 Ch PicoTDC Module
PID 26168 PID 26168

Hardware Revision 2 Hardware Revision 2

Ethemet Controller Firmware version 22.5.17.1 - Jan 26 2023 00:11:52 Ethemet Controller Firmware version 22.5.17.1 - Jan 26 2023 00:11:52

FPGA Version 1.0 FPGA Version 1.0

FPGA Build 7310 FPGA Build 7310

Board Temperatures 0.00°C 0.00°C Board Temperatures 0.00°C 0.00°C

Ethernet Configuration Ethernet Configuration

Mac Address Mac Address
Host Name Host Name
DHCP O Enable DHCP DHCP O Enable DHCP

Ip address CEE N Ip address
Subnet Mask Subnet Mask
Primary DNS Primary DNS
Secondary DNS Secondary DNS

Fig. 3.16: Configuration Tab of the A5203(BB)/DT5203 Web Interface, with default settings on the left and modi-
fied IP address on the right.

4. Press on the Save and Restart button in the bottom part of the Tab, a message like that shown in
Fig. 3.17 will be displayed. The A5203(B)/DT5203 board has been assigned with the selected IP ad-
dress.

< G & Notseaure | 1

® FERS

FERS System

Etheret Configuration

Restart In Progress..

You 4. and the inter

s now located at: hitp://192.168.50.2

Fig. 3.17: Displayed message once the IP address of the board has been correctly changed.

5. The user can check that the connection is established by trying to ping the board via the Command
Prompt (see Fig. 3.18) and checking the displayed message.
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BH Command Prompt

Fig. 3.18: Command prompt window with the command for testing the communication at the selected IP address.

6. The user should repeat the instructions above as many times as there are boards he/she wants to
connect.

/ Note: Every board should have a different IP address with respect to the other boards and to the PC.

7. Connect the boards and the PC to the ports of an Ethernet switch for instance.

8. Open the Janus 5203 GUI. The IP addresses of all the boards have to be written in the PATH fields one

below the other. The Connect button t can then be pressed. An example of a two-board Ethernet
connection is presented in Fig. 3.19.

Connect  RunCtrl AcqMode TDC Histogram Adapters Regs Statistics Log

PID Brd Model FPGA FW Rev uC FW Rev

¥ o [26162 | [as203 | [1.0(Build=7310) | [22051701 |
F o1 [25697 | [as203 | |11 (Build=7421) | [23021401 |
r oz

r o3

r 4

Fig. 3.19: The Janus 5203 GUI Connect Tab with a two-board Ethernet connection established.

USB Connection

In order to connect N boards via USB, the user can take advantage of an USB hub or alternatively use N
USB ports of a single PC. The user should then follow the instructions below:

1. Connect all the boards via USB directly to the PC or via an USB hub.

2. Write down in the PATH field for each board ”“usb:PID”, being PID the board unique identification
number that is located either on the top of the A5203(B) PCB or on the bottom panel of the DT5203.
Alternatively, the user should write down in the PATH field for each board the “usb:N” string, being N
a progressive number ranging from 0 to 15 and depending on the number of boards which needs to
be connected at the same time. An example of a two-board USB connection is presented in Fig. 3.20.

/ Note: The user can also perform a “mixed” connection by connecting some boards via Ethernet and others
via USB.
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Connect  RunCtrl AcqMode TDC Histogram Adapters Regs Statistics Log

PATH PID Brd Model FPGA FW Rev uC FW Rev

0 [usbD [26162  |[a5203 | [1.0(Build=7310) | [22051701 |
M 1 [usbi [2s697  |[as203 | |11 (Build=7421) | [23021401 |
-2

o3

- a4

Fig. 3.20: The Janus 5203 GUI Connect Tab with a two-board USB connection established.

TDlink Connection

Multiple A5203(B)/DT5203 can be connected to Janus 5203 thanks to the TDlink connection of the DT5215
Concentrator Board [RD3]. Each TDlink supports the connection of an individual board, or of multiple
boards (up to 16) in daisy chain.

In case of a daisy-chain multi-board connection on a single DT5215 TDlink (see Fig. 3.21), the path of
each board of the chain present a different board number y (see the PATH written in the previous lines),
depending on the position of the board on the chain.

In case of single board connections on different TDlinks (see Fig. 3.22), the path of each board presents a
different TDlink number x (see the PATH written in the previous lines), depending on the TDlink used. For
further instructions on the TDlink connection, refer to [RD3].

Note: As to perform a Janus 5203 connection to the TDlinks 1-7, they must be enabled in the DT5215 Web
/ Interface [RD3]. The TDLinks must be sequentially enabled, starting from TDlink 0. Only effectively used
TDlink must be enabled.

Note:The Janus 5203 GUI supports the connection of up to 16 FERS units. If more FERS units need to be
/ connected, the user must act on the MAX_NBRD parameter in the JanusC.h source code, compile the entire
solution, and run in Console Mode (see Sec. 4).

Connect  RunCtrl AcgMode TDC Histogram Adapters Regs Statistics Log

PATH PID Brd Model FPGA FW Rev uC FW Rev

¥ o [26175 | [as203  |[13(Build=7524) | [N.A. |
. [21308  [[as203  |[13(Ruild=7529) | [N |
-2

m o3

r o4

Fig. 3.21: The Janus 5203 GUI Connect Tab with a two-board TDlink connection to the DT5215, connected via
Ethernet to the PC, in case of boards connected in daisy-chain.
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Connect RunCtrl AcgMode TDC Histogram Adapters Regs Statistics Log

PATH PID Brd Model FPGA FW Rev uC FW Rev

M 0 |eth:192.168.50.125:tdk:0:0 [26175  |[as203  |[13(Build=7529) | [N |
¥ 1 [eth:192.168.50.125:tdk:1:0 [21308 [[as203  |[13(Build=7529) | [m.A. |
r o2 | | | || |
T3 | || | || |
r o4 | || | || |

Fig. 3.22: The Janus 5203 GUI Connect Tab with a two-board TDlink connection to the DT5215, connected via
Ethernet to the PC. Each board is connected individually to a TDIink.
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3.6 RunCtrl Tab

The RunCtrl Tab allows the user to set the value of all the parameters managing the acquisition run and
the format of the output files to be saved (see Fig. 3.23).

Connect RunCtl  AcqMode TDC Datafnalysis  Adapters Regs Statistics Log

Start Run Mode ASYNC w CmtputFiles
Stop Run Mode MANUAL w Data File Path DataFiles Browse
Preset Time 1m Qutput File Unit ns ~
Preset Counts 1000 Enable List Max Size -
Job First Run 1 List File Max Size 1GB
Job Last Run 5 Event List (Raw) DISABLED ~
Run Sleep 0s Event List (Binary) -
Enable Jobs - Reset Job Event List (ASCII) -
Run# Auto Increment r Sync List (ASCI) Il

Run Info -

Lead Histo -

ToT Histo -

Fig. 3.23: Run Control Tab.

Start Run Mode

The command defines the source used to start the acquisition. The available options are:

* ASYNC. An asynchronous (between the connected boards) software command, i.e. from the Start
Button, is used to start the acquisition.

e CHAIN_TO. The I/O TO connector chain is used to transmit the Run signal [RD1], which is in turn used
as start acquisition signal, to several boards. If the start run signal has to be transmitted to N con-
nected boards, the user should connect the TO-OUT connector of the ith board to the TO-IN connector
of the i+1t" board, with i ranging from 1 to N-1. Then, the user should press the Start Button in order
to start the acquisition on the board connected as Board 0 in the Janus 5203 software. The acquisition
on the other boards will begin in cascade with a delay, between the start of the acquisition on the ith
board and that on the i+1th, of approximately 25 ns (2 FPGA clock cycles) summed to the signal delay
provided by the connection cables.

e CHAIN_T1. The I/O T1 connector chain is used to transmit the Run signal [RD1], which is in turn used
as start acquisition signal, to several boards. See “CHAIN_TO” above for further details.

/ Note: When the "CHAIN_T0”/”CHAIN_T1” option is chosen for the Start Run Mode parameter, the option
chosen for the T0O-OUT/T1-OUT parameter is overwritten.

e TDL. In this case, the start command is a synchronous signal propagated via the Optical Link TDlink to
all the boards (connected in daisy-chain) and managed by the FERS-5200 Concentrator Board DT5215.

Stop Run Mode

The command defines the source used to stop the acquisition. The available options are:

o MANUAL. A software command (sent after pressing the Stop Button) is used to stop the acquisition.
This command is not available if jobs are enabled (via the Enable Jobs parameter).

e PRESET_TIME. The run is stopped after a time interval determined by the Preset Time parameter.
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32
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e PRESET_COUNTS. The run is stopped when a programmable number of events, determined via the
Preset Counts parameter, has been acquired.

Note: in case of TDL Start Run Mode, the Stop Run is given synchronously to all the boards connected (in
daisy chain), and managed by the DT5215.

Preset Time

The value set for this parameter defines the length of the run when the "PRESET_TIME” option is selected
for the Stop Run Mode parameter.

Preset Counts

The value set for this parameter defines the number of events composing the run when the ”"PRESET_COUNTS”
option is selected for the Stop Run Mode parameter.

Job First Run

The value set for this parameter defines the ID number of the first run of a series of runs, i.e. of a job.

Job Last Run

The value set for this parameter defines the ID number of the last run of the job.

Run Sleep

The command defines the time interval (expressed in s) between consecutive runs.

Enable Jobs

This switch allows the user to enable/disable the job structure of the acquisition (i.e. consecutive runs
performed within the same acquisition). The run ID is automatically incremented when working with this
option enabled and varies from the value set for the Job First Run to the value set for the Job Last Run
parameter. More information on how to perform a job and thus on how to properly use this command are
reported in Sec. 3.15.

Reset Job

This button allows the user to interrupt the entire job and start over. If the user press the Stop Button from
the ”Icon bar”, only the current run of the job is stopped.
Run# Auto Increment

This switch allows the user to enable/disable the automatic incrementation of the run number ID. Every
time a run is stopped, the ID number for the next run is incremented.

3.6.1 Output Files Section

Data File Path
The command defines the destination folder where the data files are saved. Default location is “DataFiles”

folder under ”bin”. The user can modify the path by clicking on the ”"Browse” button.

Note: The user should take care of having writing permissions on the destination folder inserted.
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Output File Unit

The command defines units of ToA and ToT saved into file. The available options are:

e [SB. One LSB corresponds, by default, to 3.125 ps. The LSB value can be changed in the Histogram
Tab, via the Lead/Trail LSB and ToT LSB parameters, for the ToA and ToT LSB, respectively. Refer to
Sec. 3.10 for more details.

* ns. Time is saved in ns time unit (32 bits float numbers?).

Enable List Max Size

The command permits to enable/disable saving event list files with a maximum size. The size is defined via
the List File Max Size parameter.

List File Max Size

The value set for this parameter (in bytes and multiples) defines the maximum size allowed for the saved
list files. The minimum accpeted vales is 1 kB.
The saving of maximum size list files must be enabled via the Enable List Max Size parameter.

Event List (Raw)

The options for this parameter are: DISABLED, SAVE, LOAD. The selection of one of the options permits to,
respectively, disable the raw data files saving, enable the raw data files saving, and read and process raw
data files previously saved.

Event List (Binary)

The command enables/disables the saving of the event list in binary format. One file is saved (with the
data acquired from all boards) with the name ”RunX_List.dat”, being X the run number. The complete
description of the binary data format for the different acquisition modes is presented in Sec. 3.7.1.

Event List (ASCII)

The command enables/disables the saving of the event list in ASCII format. One list file is produced for
each run with the name “RunX_List.txt”, being X the run number. The complete description of the ASCII
data format for the different acquisition modes is presented in Sec. 3.7.2.

Sync List (ASCII)

The command enables/disables the saving of the event list in ASCII format writing just few information with
respect to the Event List (ASCII), like the board number, trigger time stamp (us), and the trigger ID. This file
can be useful to check the alignnment of the events across multiple boards. One list file is produced for
each run with the name "RunX_Sync.txt”, being X the run number.

Run Info

The command enables/disables the saving of a file containing a summary of the run, like the run number,
start/stop time of the measurement, firmware and software versions, and the configuration parameters.

Lead Histo

The command enables/disables saving data of the Lead Histo. The histograms are saved as a single column
text file for each channel.

2The ToA is saved as a 64 bits double number in case of Streming Acquisition Mode.
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ToT Histo

The command enables/disables saving data of the ToT spectra. The histograms are saved as a single column
text file for each channel.

3.7 Data Format

Starting from Janus 5203 software release > 2.4.0, the data format has been modified according the de-
scription below. Data format version is 3.2.

3.7.1 Binary Format

Header structure

In binary format, each file is composed by a header containing the information regarding the data format,
software and FERS version, the acquisition mode and the time stamp of the start of the acquisition:

| FILE HEADER
‘ Data Format Version ‘ (int, 16 bits)
Software Version (int, 24 bits)
\ FERS Version \ (int, 16 bits)
‘ Run Number ‘ (int, 16 bits)
‘ Acg Mode ‘ (int, 16 bits)
(int, 8 bits)
(int, 8 bits)
| ToA LSB Value | (float, 32 bits)
ToT LSB Value (float, 32 bits)
Timestamp LSB Value (float, 32 bits)
‘ Start Run (ms) ‘ (int, 64 bits)

For the Acquisition Mode information, the available values are:

® 0x02 for Common Start;

e 0x12 for Common Stop;

e 0x22 for Streaming;

e 0x32 for Trigger Matching;

e 0x01 Test Mode (1 hit per channel).

For the Measurement Mode information, the available values are:

e 0x01 for LEAD_ONLY;
e 0x03 for LEAD_TRAIL;
® 0x05 for LEAD_TOTS;
¢ 0x09 for LEAD_TOT11.

Time unit can be:
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® 0x00 for the time expressed in LSB (ToA should be read as uint32 and ToT as uint16 in Common Start,
Common Stop and Trigger Matching Acquisition Modes, while it should be read as uint64 and ToT as
uint16 in Streaming Acquisition Mode);

e 0x01 for the time expressed in ns (ToA and ToT should be read as float numbers in all the Acquisition

Modes, except for the Straming Acquisition Mode in which the ToA is a double number).

ToA/ToT/Timestamp LSB Value is the conversion value between LSB and ps for the ToA/ToT/Timestamp
timing information. This value depends on the LSB value selected in the Histogram Tab (see Sec 3.10) for
the ToA and ToT, and it is fixed at 12.8 ns for the Timestamp. The Timestamp LSB value is, then, expressed

in FPGA clock time units. Refer to the A5203(B)/DT5203 User Manual [RD1] for more details.

The Start Run information is expressed in ms with reference to the UnixEpoch time.

SW Version

Address
00000000

Data Version

1

. 2
03 02

02

00000010 00 00

00000020
00000030
00000040
00000050

00| d4 00
00 0000
00 00 04
04 00 00

ToT LSB value
(float, in ps)

3
04
48
13
20
4c
00

4 . ©

8

Time unit:
1:inns
0:in LSB

00|[53 14][o1

00|02

40|00 00
1f 00 00
00 00 00
04 00 00
Oa 3c 04

48
00
a3
00
00

Timestamp LSB value

(float, in ps)

Fig. 3.24: File header example (binary format).

46
00
54
06
00

c8
00
00
3f
00

b

00
00
04
Oc

(Unix time in ms)

33
00 00
00 02
00 00
2a 04

Start Run

ToA LSB value
(float, in ps)

a b ¢ d ef
00][o1][e0][oo oo 48]
a 68

88
00
de
00
00

01
00
04
08
00

00
00
00
3a
00

In Fig. 3.24 an example of a file header in binary format is presented. The colors (the same used in the
data format description) correspond to:

¢ Blue = Data Format Version = 0x0302 = 3.2
o = Software Version = 0x020400 = 2.4.0
e Navy Blue = FERS Version = 0x1453 = 5203
¢ Fuchsia = Run Number = 0x0001 =1
e Red = Acquisition Mode = 0x0002 = Common Start Mode
e Cyan = Measurement Mode = 0x01 = LEAD_ONLY Mode

e Sepia = Time Unit = 0x00 = Time in LSB

® Pine Green = ToA LSB value (float) = 0x40480000 = 3.125 ps

= ToT LSB value (float) = 0x40480000 = 3.125 ps
= Timestamp LSB value (float) = 0x46480000 = 12800 ps
o = Start Run = 0x000001883368BAC8 = 1684489681608 ms

The data format for the remaining part of the file depends on the particular Acquisition Mode and Mea-
surement Mode selected. However, regardless of the Acquisition and Measurement Modes, each event is
constituted by a Header and a Data part.
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Common Start/ Common Stop Mode

The Common Start/Common Stop Acquisition Modes can be performed in the four different Measurement
Modes described in Sec. 3.8. The structure of the Common Start event recorded (the Common Stop event
presents the same data format), for the relative Measurement Mode, is described below:

| EVENT HEADER |

‘ Event Size (byte) ‘ (int, 16 bits)
Trigger Time Stamp (us) (double, 64 bits in
us/int, 64 bits in LSB)
\ Trigger ID \ (int, 64 bits)
Number of hits (int, 16 bits)
Board ID (int, 8 bits)
(int, 8 bits)
‘ ToA ‘ (float, 32 bits in ns/int, 32 bits in LSB)
ToT (float, 32 bits in ns/int, 16 bits in LSB)

/ Note: The “Event Size” information also includes the size of the variable itself, i.e. 2 bytes.

/ Note: The ToT information is not available for the LEAD_ONLY Measurement Mode.

/ Note: The ToT information in LSB units is always written over 16 bits. In LEAD_TRAIL Measurement Mode,
all the 16 bits are used, in LEAD_TOT8 and LEAD_TOT11, the remaining 8 and 5 bits are set to 0.

In Fig. 3.25, 3.26, 3.27 an example of data files in binary format of Common Start data in LEAD_ONLY,
LEAD_TRAIL and LEAD_TOT8-11 Measurement Modes are presented.
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5

‘ Timestgmp(us) ‘ ‘ Timeinns ‘ ‘ Trigger ID ‘

Address 0 1 2 3 4 5.6 7 8 9 a d e £
00000000 03 02|02 04 00 53 14 0a 00 02 00 01 ob 00 48
00000010 40 00,00 48 40 00 00 48 46 72 8d d5 42 88 01 00
00000020 00[d4 00||1f a7 e8 48 2e ff 39 40|00 00 00 00 00]
00000030|00 00 00|20 00 QO 00|00 b8 86 42|00 02 00 00 78
00000040 40 00 04 cd cc 77 40,00 06 33 74 40 00 08 67
00000050 66 73 40 00 Oa’cd cc 73 40 00™Qc cd cc 6f 40 00
/
Number of hits ‘Board‘ |Channe|| | ToA (ns) ‘
Timestamp (SB) | | TimeinlsB | | TriggeriD |
|
Address 0 1|2 3 4 5.6 7 8 9 a d e f
00000000 03 02|02 04 00 53 14 01 00 02 00 Ob 00 48
00000010 40 00|00 48 40 00 00 48 46 c8 ba 68 33 Q@ 01 00
00000020 00 [d4 00][13 1f 00 00 00 00 00 00|00 00 00 00 00]
00000030 pO 00 00|20 00|00|[00]|a3 54 00 00f00 02 4e 04 00
00000040 00 00 04 4c 04 pO 00,00 06 04 00 00 00 08 3a
00000050 04 00 00 00 0a/3c 04 BO 00 00~0c 2a 04 00 00 00
Number of hits ‘ Board ‘ ‘Channel ‘ ‘ ToA (LSB) ‘

Fig. 3.25: Event List example in Common Start - LEAD_ONLY (binary format) in ns (top), and in LSB (bottom) time units.

Address

00000000
00000010
00000020
00000030
00000040
00000050

Event Size

0 12 3
03 02|02 04
40 00|00 48

4 5.6 17
00 53 14 Ob
40 00 00, 48

‘ Time stamp (us) ‘ ‘ Time inns ‘ ‘ Trigger ID ‘

8 9 a
00 02 00 03
46 e2 cl d5

k)

e q
9o
42 88

e
00
01

£
48
00

00 [54 o01]27

31 08 ac 1lc

5a 40 40/ 00

00 00 Q0

00|

00 00 00} 20
02 00 00 5d
46 45 42 00

Number of hits

Address

00000000
00000010
00000020
00000030
00000040
00000050

Event Size

0 12 3
03 02|02 04
40 00/00 48

00 |00][00][2a

a9 5b 42| 00

2b 47

40|

40 £0 52 45
06/cd cc §9

42 B0 04 67
40 cd™~dc 45

/
‘ Board ‘

‘Channew

‘ ToA (ns) ‘

4 5.6 7
00 53 14 02
40 00 00, 48

6655c
42 00

40
08

‘ ToT.(ns) ‘

00
a0
00

‘Timestamp(LSB) ‘ ‘Timein LSB ‘ ‘

Trigger ID

8 9 a
00 02 00
46 eb6 ee

48
00

00|14 o1]e3

16 00 00 00

00 00 00

00|

00 00 00j20
05 00 00 a7
05 00 00 a4

00 |oo][oo]|af

53 00 00

3d 00 04 3d

3d/00 08 2e

05
05 00

00
0

06

ad 3d\qp Oa

/
Number of hits ‘ Board ‘

‘Channew

(ToA(LsB)| | ToT(LsB)

40
31
30

Fig. 3.26: Event List example in Common Start - LEAD_TRAIL (binary format) in ns (top), and in LSB (bottom) time units.
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‘ Time stamp (us) ‘ | Time inns ‘ ‘ Trigger ID ‘

Address O 1,2 3 4 5.6 7 8 9 a d e f£
00000000 03 02|02 04 00 53 14 14 00 02 00 05 Ob 00 48
00000010 40 00|00 48 42 00 00 48 46 1f 7f 41 43 88 01 00
00000020 00[54 01|la0 1a 2f dd 24 06 21 40/[00 00 00 00 00|
00000030 |00 00 00|20 00 |00f00||67 4e al 42||33 33 43 3e| 00

00000040 02 00 00 60 40 00 cc 4c 43 04 67 66 S5f 40 00
00000050 cc 4c 43 00 06/67 66 5¢c 40 00 cc 4c 43 00 08 cd

Number of hits ‘ Board ‘ ‘Channel ‘ ‘ ToA (ns) ToT (ns)

‘Time stamp (LSB) ‘ ‘ Time in LSB ‘ ‘ Trigger ID ‘

Address 0 112 3 4 5.6 7 8 9 a c‘i e f
00000000 03 02|02 04 00 53 14 03 00 02 00 05 Ob 00 48
00000010 40 00 00 48 40 00 00 48 46 7e lc 69 33 §8 01 00
00000020 0O |14 01 Icl 1lb 00 00 00 OO0 OO 00|00 OO0 00 00 00|
00000030 |OO 00 0020 00 |00{|00]|o7 54 00 00|e3 03|00 02 4b

00000040 05 00 OO0 £ff ff 00 04 49 05 00 ££f £f 00 06 3c
00000050 05 00 00 f£f f£/00 08 3a 05 00~Q0 £f f£f 00 Oa 3c

Number of hits ‘ Board ‘ ‘Channel ‘ ‘ ToA (LSB) ‘ ToT (LSB)

Fig. 3.27: Event List example in Common Start - LEAD_TOT8/11 (binary format) in ns (top), and in LSB (bottom) time
units.

Referring to Fig. 3.26, the colors (the same used in the data format description) correspond to:

e NavyBlue = Event Size = 0x0154 = 320 (dec) bytes

e Orange = Trigger Time Stamp = 0x40405A1CAC083127 = 32.7040 (dec) pus
e Red =TriggerID=0

o = Number of hits = 0x20 = 32

e Gray=BoardID=0

e RawSienna = Channel ID=0

¢ Red = ToA = 0x425BA99A = 54.916 ns

=ToT = 0x40472B00 = 3.112 ns

in case of ns time units, and to

¢ NavyBlue = Event Size = 0x0114 = 276 (dec) bytes
e Orange = Trigger Time Stamp = 0x1663 = 5731 LSB
e Red =TriggerID=0

J = Number of hits = 0x20 = 32

e Gray=BoardID=0

e RawSienna = Channel ID=0

¢ Red =ToA = 0x53DF = 21471 LSB

. =ToT = 0x04C3 = 1219 LSB

in case of LSB time units.
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Trigger Matching Mode

The structure of the event recorded in Trigger Matching Acquisition Mode, for all the possible Measure-

ment Modes, is described below:

| EVENT HEADER

‘ Event Size (bytes) ‘ (int, 16 bits)

Trigger Time Stamp (us)
s - int, 64 bits in LSB)

‘ Trigger ID ‘
Number of Hits (int, 16 bits)
Board ID (int, 8 bits)
(int, 8 bits)
Edge (int, 8 bits)
| ToA (ch) | (float, 32 bits if ns - int, 32 bit if LSB)
ToT (ch) (float, 32 bits if ns - int, 16 bit if LSB)

The available options for the “Edge” information are:

(double, 64 bits in

(int, 64 bits)

* 0x0, the trailing edge of the input signal is acquired for the ToA (only in LEAD_TRAIL Measurement

Mode).

e 0x1, the leading edge of the input signal is acquired for the ToA.

Note: The “Event Size” information also includes the size of the variable itself, i.e. 2 bytes.

Note: The ToT information is not available for the LEAD_ONLY Measurement Mode.

In Fig. 3.28, 3.29, 3.30 an example of data files in binary format of Trigger Matching data in LEAD_ONLY,

LEAD_TRAIL and LEAD_TOT8-11 Measurement Modes are presented.

Referring to Fig. 3.29, the colors (the same used in the data format description) correspond to:

¢ NavyBlue = Event Size = 0x2DF = 735 (dec) bytes

. = Trigger Time Stamp = 0x40465604189374BC = 44.672 ps
e Green =Trigger ID=0

o = Number of Hits = 0x41 = 65 (dec)

o =Board ID = 0 (dec)

e RawsSienna = Channel ID = 0 (dec)

o = Edge = Ox1

e Red = ToA = 0x446A6167 = 937.522 ns

o =ToT=0x0=0ns

in case of ns time units, and to

¢ NavyBlue = Event Size = 0x25D = 605 (dec) bytes

. =Trigger Time Stamp = 0x4DO0 = 1232 (dec) LSB (= 15.7696 ps)
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e Green =TriggerID=0

. = Number of Hits = 0x41 = 65 (dec)

e Gray =Board ID =0 (dec)

e RawsSienna = Channel ID = 0 (dec)

. = Edge = Ox1

¢ Red = ToA = 0x4927F = 299647 (dec) LSB (= 936396.875 ns)
e SkyBlue =ToT = 0x0 = 0 (dec) LSB (= 0 ns)

in case of LSB time units.

‘ Time stamp (us) ‘ ‘ Time inns ‘ ‘ Trigger ID ‘

. \
Address 0 1|2 3 4 5.6 7 8 9 a b c d e f

00000000 03 0202 04 00 53 14 0d 00 32 00 01 @ dO 00 48
00000010 40 00/ 00 48 40 00 00 48 46 12 le dé6 42 §8 01 00
00000020 00|f4 00|d4 2b 65 19 e2 58 47 40" 00 00 00 00 00|
00000030 |00 00 00] 20 00 m 01/|9a ab ed 44|00 02 01 33
00000040 9e 6e 44 00 04 Ol cd 9d 6e 44 DO 06 01 33 9b 6e
00000050 44 00 08 01 cd_.-.9a 6&\ 44 00 Oa 0100 %9 6e 44 00

Number of hits ‘Board‘ ‘Chaﬁnel‘ Edge ‘ToA{ns) ‘

‘Timestamp{LSB)‘ ‘Timein LSB‘ ‘ Trigger ID ‘

. \
Address 0 112 3 4 5.6 7 8 9 ab ¢ d e f
00000000 03 02|02 04 00 53 14 04 00 32 00 O1

09) g0 00 48
00000010 40 00 00 48 40 00 00 48 46 bl 42 69 33 88 01 00
00000020 00 [fb 00][fe 1d 00 00 00 00 00 00|[00 00 00 00 00]
00000030 [00 00 00]21 00 01 00 02 01 fe6

00000040 98 04 00 00 04 OJ. £5 98 04 00 Q0 06 01 9 98 04
00000050 00 00 08 0l e4/98 04 00 OO0 Oa O0l\e6 98 04 00 0O

Number of hits ‘Board‘ ‘Channel‘ Edge ‘TOA{LSB)‘

Fig. 3.28: Event List example in Trigger Matching - LEAD_ONLY (binary format) in ns (top), and in LSB (bottom) time
units.
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Event Size

‘ Time stamp (us) ‘ ‘ Timeinns ‘ ‘ Trigger ID ‘

: i
(F e f
00 00 48
40 00,00 48 40 00 00,648 46 ad5 4e d6 42 %8 01 00

00 [af 02]lbc 74 93 18 04 56 46 4000 00 00 00 00f
[oo 00 0ol 41 oofoolfoo][01][67 €1 6a 44]o0 00 00 00|

_ 00.00 00 0Q 00 04 01 33 66
éb 44 00 00 00/00 00

Address 0 1|2 3 4 5.6
00000000
00000010
00000020
00000030
00000040

00000050

7 8 9

/
Number of hits ‘Board‘ Edge

0 1 \6 7 8 9

2

Address 3 4 5
00000000
00000010
00000020
00000030
00000040

00000050

|ef
: 00) 00 00 48
40 0000 48 40 00 00 48 46 57 67 69 33 88 Ol 00

00 [54 02][d0 04 00 00 00 00 00 00[00 00 00 00 00]
[00 00 00] 41 oo[oo][oo][o1][7£ 92 04 00][oo 00]o00 02

01 0a 99 04 00 00 0D 00 04 01 G
00 06 01 £6 98/04 00 00 00 00 08

01 £3 98.04 00

Number of hits Edge ‘ ToT (LSB) ‘

/
‘ Board ‘

Fig. 3.29: Event List example in Trigger Matching - LEAD_TRAIL (binary format) in ns (top), and in LSB (bottom) time
units.

‘ Time stamp (us) ‘ ‘ Time inns ‘ ‘ Trigger ID ‘

ob
88
00 00
00 00
01 67
00

Address 0o 1/2 3 4 5.6

00000000 03 02 02 04 00 53 14
00000010 42 00,00 48 42 00 00,
00000020 00 [7f 01]|db £f9 7e 6a
00000030 |00 00 00|21 00 |00
00000040 00 02 01 67 66 6b 44 00 00 4c 41 00 04
00000050 6b 44 00 00 4c/41 00 06 01 33 63 gb 44

7 8 9
13 00 32
48 46 06
bc 74 13 40|[00 00
0l|[ga 59 6a 44|00

bl
43
00
00
00
66
4c

a
00 05
fd 3f 43

c e
00

01

‘Boérd‘ ‘ ToT (ns) ‘

Number of hits

Edge

o 12 3 4 5.6 7 8 9 d e f£
030202040053141700320009 0 00 c8

Address
00000000

00000010
00000020
00000030
00000040
00000050

42 00/ 00 c8 41 00 00 48 46 56 e8 b4 34 g8 01 00

00|34 01

|00 00 00

01 49 05
00 06 01

Number of hits

[3b 00 00 00 00 00 00 00[[00 00 00 00 00]
20 00/[oofoo] 01/[26 05 00 00]7a 00| 00 02

00 00 b5 07 00 04 01 49 05 00 00 b4 07
48 05/00 00 b5 07 00 08,01 48 05 00 00

/ N
‘Board‘ ‘ ToT (LSB) ‘

Edge

Fig. 3.30: Event List example in Trigger Matching- LEAD_TOT8/11 (binary format) in ns (top), and in LSB (bottom) time

units.
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Streaming Mode

The structure of the event recorded in Streaming Acquisition Mode, for all the possible Measurement
Modes, is described below:

| EVENT HEADER |

‘ Event Size (bytes) ‘ (int, 16 bits)
Trigger Time Stamp (us) (double, 64 bits in
s - int, 64 bits in LSB)
Number of Hits (int, 16 bits)
Board ID (int, 8 bits)
(int, 8 bits)
Edge (int, 8 bits)
| ToA (ch) | (double, 64 bits if

ns - int, 64 bit if LSB)
ToT (ch) (float, 32 bits if ns - int, 16 bit if LSB)

The available options for the “Edge” information are:

* 0x0, the trailing edge of the input signal is acquired for the ToA (only in LEAD_TRAIL Measurement
Mode).

e 0x1, the leading edge of the input signal is acquired for the ToA.

N

Note: The “Event Size” information also includes the size of the variable itself, i.e. 2 bytes.

N

Note: The ToT information is available for the LEAD_TRAIL Measurement Mode only.

In Fig. 3.31, 3.32 an example of datafiles in binary format of Trigger Matching datain LEAD_ONLY, LEAD_TRAIL
and LEAD_TOT8-11 Measurement Modes are presented.

Referring to Fig. 3.32, the colors (the same used in the data format description) correspond to:

¢ NavyBlue = Event Size = 0x3CC = 972 (dec) bytes

. = Trigger Time Stamp = 0x40368A71DE69AD44 = 22.541 ps
. = Number of Hits = 0x40 = 64 (dec)

o =Board ID = 0 (dec)

e RawsSienna = Channel ID = 0 (dec)

o = Edge = Ox1

e Red =ToA = 0x40D78DA739169D00 = 24118.613 ns

o =ToT=0x0=0ns

in case of ns time units, and to

¢ NavyBlue = Event Size = 0x359 = 857 (dec) bytes

o =Trigger Time Stamp = 0x761 = 1889 (dec) LSB (= 24.1792 ps)
e Green =TriggerID=0
. = Number of Hits = 0x41 = 65 (dec)
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e Gray =Board ID =0 (dec)

e RawsSienna = Channel ID = 0 (dec)

o = Edge = 0x1

¢ Red = ToA = OxC6F2BD = 13038269 (dec) LSB (= 40744590.625 ns)
o SkyBlue =ToT = 0x0 = 0 (dec) LSB (= 0 ns)

in case of LSB time units.

‘ Time stamp (us) ‘ Timeinns Number of hits

Address 0 1|2 3 4 5.6 7 8 9 a db_c d e f£
00000000 03 02|02 04 00 53 14 10 00 22 00 01 @D(x)oo 48
00000010 40 0000 48 40 00 00 48 46 5a a9 dé 42 88 01 00
00000020 00 [6c 01]5a 64 3b df 4f 8d 3f 40|20
00000030 [e0 b7 d9 b7 12 9a e2 40|00 02 01 a0

00000040 9a e2 40 04 01 60 d3 d9 b7 80 9‘3-"‘3;2 400 00 06
00000050 01 <O a6 04 7f 9a e2 40 00 08',,04‘1 a0 Bf a6 84

‘ ToA (ns) ‘ ‘Board‘ ‘Channel‘ Edge

‘ Time stamp (LSB) ‘
0

Address 112 3 4 5.6 7 8 9 a4k _c d e f
00000000 03 02|02 04 00 53 J.4 08 00 22 00 01 @ 00 00 48
00000010 40 00|00 48 40 00 00 48 46 ba a7 d4 42 88 Ol 00
00000020 00 |6c 01]lb 06 00 00 00 00 01
00000030 [b6 d4 96 00 00 00 00 00|00 00

00000040 00 00 OO 04 01 £7 d8 96 00 00 OOOO 00 00 06
00000050 01 ec 96 00 00 00 OO 00 0O 08',,-0"1 e6 48 96 /00

‘ ToA (LSB) ‘ ‘ Board ‘ ‘Channel ‘ Edge

Number of hits

Fig. 3.31: Event List example in Streaming - LEAD_ONLY (binary format) in ns (top), and in LSB (bottom) time units.
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Time stamp (us) Timeinns Number of hits

Address 0 1|2 3 4 5.6 7 8 9 a bk_c d e £
00000000 03 02|02 04 00 53 14 11 00 22 00 03 @ 00 00 48
00000010 40 00/00 48 40 00 00 48 46 30 cb de 42 88 01 00
00000020 00 |cc 03}(44 ad 69 de 71 8a 36 40 :
00000030 [00 9d 16 39 a7 8d d7 40|00 00 00
00000040 74 bO d2/9“é 8e d7 40 00 00 060 00
00000050 16 394‘)}6‘ 8e d7 40 00 00 _00 00 0O

‘ToAfﬁs)‘ ToT (ns) ‘Board‘ ‘Channel‘ Edge

Time stamp (LSB)

Address 0 1|2 3 4 5.6 7 8 9 a b_c d e f£
00000000 03 02|02 04 00 53 14 09 00 22 00 03 @ 00 00 48
00000010 40 00|00 48 40 00 00,48 46 dl ea d4 42 88 01 00
00000020 00 |59 03|6l 07 00 00 00 00 00 0O

01

00000030 [bd f2 c6 00 00 00 00 00J00 00|00 c6

00000040 00 00 OO/Q”O" 00 00 00 00 04 01 el 00

00000050 00 00/}3‘0’ 00 00 06 01 d5f8 c6 00 00
‘ ToA (LSB) ‘ ToT (LSB) ‘ Board ‘ ‘Channel ‘ Edge

Fig. 3.32: Event List example in Streaming - LEAD_TRAIL (binary format) in ns (top), and in LSB (bottom) time units.

3.7.2 ASCII Format

44

In ASCII format, as for the binary format, each file is composed by a header with the information regarding
the data format and software version, the acquisition mode, the measurement mode, time conversion, run
number, and the time stamp of the start of the acquisition. The remaining information that is saved in the
output file depends on the selected acquisition and measurement mode and is described below.

Common Start/Common Stop Mode

As for the correspondent binary file, the data part of the file contains the list of ToA (and ToT) values
recorded for each enabled channel. Trigger time stamp in us, Trigger ID, board and channel are reported
as well for each event. An example of output files in Common Start Mode saved in ASCII format, afor all
the possible Measurement Modes, is presented in Fig. 3.33, 3.34, 3.35, 3.36, 3.37, 3.38 for both ns and
LSB time units.

UM9636 - Janus 5203 User Manual rev. 0



CAEN m Electronic Instrumentation

J,-'J,-‘-\-\.-\-\-\-\-\-\-\-\-\-\-\-\-\.-\-\-\-\-\-\.-\-\-\-\-\n.-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\n.-\-\

/{ File Format Version 3.2

// Janus_5203 Release 2.4.0

// Bcoguisition Mode: Common Start
J// Measurement Mode: Lead Only
// deltaT_LSB = 3.125 ps

// Runl0 start time: Mon May 22 05:41:11 2023 UTIC

'lllf'lllf!!.lll\!!l\\\\!!.\\ll!!.lll\!ll\\\!!\\ll!!lll\\!l\\

deltaT_ns

Tstamp_us TrgID Brd
25.9%968 a ao
00

oo

oo

a]s]

oo

oo

a]s]

oo

Fig. 3.33: Event List example in Common Start Mode - LEAD_ONLY (ASCII format) in ns time units.

Ch
0o
0z
04
o0&
08
10
1z
14
l&

67.35%9
.875
872
.816
803
. 808
.747
78

L7311

WWwWwWwwwww

R A A A A A A A A A A A AR A AL AR AR AT AA A A A

ff File Format Version 3.2

// Jamus_5203 Releases 2.4.0

// Bcoguisition Mode: Common Star
f/ Measurement Mode: Lead Only

// deltaT_LSB = 3.125 ps: Tstamp LSB
// Runl start time: Fri May 19 09:48

t

1z

.8 ns
101 2023 UIC

AR R AR R R AR AR AR R AR AR R R R R R R R
deltaT LS5SB
21667

Tstamp LS5SB TrgID
7955 Q

Fig. 3.34: Event List example in Common Start Mode - LEAD_ONLY (ASCII format) in LSB time units.

Brd
elv}
elv}
oa
oa
oa
oa
oa
oa
oa

Ch
o]}
0z
04
0e
08
10
1z
14
16

1102
1100
1087
1082
1084
1066
1076
1061

SRR AR AR A AR R A AR A AR A AR A AR AR A AR R R AR A AR A AR AR R

f// File Format Version 3.2

// Janus_5203 Release 2.4.0

/{ Boguisition Mode: Common Start

// Measurement Mode: Lead Trail

// deltaT_LSB = 3.125 ps; ToT_LSB = 3.12

// Bunll start time: Mon May 22 09%:41:25 2023 UIC

R R R R KR R R R KRR R R R R
Tstamp_us TrgID Brd Ch
32.7040 Q 00 00
o0 02

00 04

00 06

00 Qg

oo 10

oo 12

o0 14

00 16

Fig. 3.35: Event List example in Common Start Mode - LEAD_TRAIL (ASCII format) in ns time units.
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5 ps

deltaTl_ns

54,

WL W oW W LW W W

ale

. 453

444

. 403
.391

394

.338
. 369
.328

ToT_ns

3.112

49.331
45.31%
48.325
48.294
49.269
4%.300
48.309
49.303
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46

e
// File Format Version 3.2

// Janus_5203 Release 2.4.0

// RBoguisition Mode: Common Start
// Measurement Mode: Lead Trail
// deltaT LS8 = 3.125 ps; ToT_LSB
// Run2 start time: Fri May 19 09: 114 2023 UIC
R R R R R R R R R R KRR KRR KRR AR R AR R AR R R AR AR

Istamp LSB TrgIiD Brd Ch

5731 Q Qo 00 2
0o oz
00 04
00 0e
0o o8
Qo 10
0o 1z
00 14
00 le

3.125 ps; Tstamp LSB

deltaT LSB

1471
1344
1341
13z9
1326

= 12.8 ns

ToT_LSB
1219
15783
15777
15780
15773
15759
15776
15775
15777

Fig. 3.36: Event List example in Common Start Mode - LEAD_TRAIL (ASCII format) in LSB time units.

//"""‘""""""""“""""""‘""""""‘"""""""‘"""""""‘““
// File Format Version 3.2

/f Janus_5203 Release 2.4.0

/f Boguisition Mode: Common Start

/{ Measurement Mode: Lead TOTS

ff deltaT LSB = 3.125 ps; ToT_LSB = 50.000 ps

J/ Run20 start time: Mon May 22 11:39:05 2023 UIC

SRR R R R KA AR A A AR R AR AR AR A A AR AR A AR AR A A A AR AR R R R

Tstamp_ us TrgID Brd Ch deltaT
8.5120 [v] o0 00 80.6

00 02 3.5

00 04 3.4

o0 06 3.4

00 08 3.4

o0 10 3.4

00 12 3.3

00 14 3.4

00 16 3.3

ns
53
ao
51
44
34
44
81
1e
75

ToT_ns
3.050
OvVE
ovVFE
oVE
OvVE
oVE
OvVE
CVE
oVE

Fig. 3.37: Event List example in Common Start Mode - LEAD_TOT8-11 (ASCII format) in ns time units.

AR R R AR R AR AR KA KA K KA R A KRR A K KA R A KRR KR KRR KRR A
// File Format Version 3.2

// Janus_5203 Release 2.4.0

// Rhoguisition Mode: Common Start

// Measurement Mode: Lead TOTE

//{ deltaT LSB = 3.125 ps; ToT_LSB = 3.125 ps; Tstamp LSB = 12.

// Run3 start time: Fri May 19 09:48:26 2023 UIC

SRR AR AR AR AR R AR AR R AR R AR R RA R AR AR AR A

Tstamp LSB TrgID Brd Ch

deltal L5B

T105 0 00 00 21687
00 02 1355
00 04 1353
00 0e 1340
00 08 1338
oo 10 1340
00 12 1314
00 14 1325
00 1le 1308

=1

ns

ToT_LSB
9g5
OVF
OVE
OVE
OVE
OVF
OVE
OVE
OVE

Fig. 3.38: Event List example in Common Start Mode - LEAD_TOT8-11 (ASCIl format) in LSB time units.
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Trigger Matching Mode

The output file contains, after the header, the list of enabled channels which input hits matched the trigger
windows, together with the ToA and ToT values. Fig. 3.39, 3.40, 3.41, 3.42, 3.43, 3.44 are an example of
ASCII event lists in ns and LSB time units for the possible different Measurement Modes.

SRR AR R R R R AR R R AR R R AR R AR R AR AR R AR AR AR R AR RE

// File Format Version 3.2

f/{ Janus_5203 Release 2.4.0

// RBcguisition Mode: Trigger Matching

// Measurement Mode: Lead Only

// ToR LSB = 3.125 ps

// Runl3 start time: Mon May 22 09:41:48 2023 UTC

'I,-'J,-'-\-\-\-\-\-\-\-\-\.-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\.-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\

Tstamp_us TrgID Brd Ch E Tok ns
46.6944 0 00 00 L 950.681
00 02 L 954.472

00 04 L 954.466

00 06 L 954.425

00 08 L 954.419

00 10 L 954.422

00 12 L 954.341

00 14 L 954.372

00 16 L 954.328

Fig. 3.39: Event List example in Trigger Matching Mode - LEAD_ONLY (ASCII format) in ns time units.

R AR R AR R R A AR R AR KA AR R A AR AR R A AR A AR A AR A AR A AR A AR

/f File Format Version 3.2

f/f Janus_5203 Release 2.4.0

S/ Boguisition Mode: Trigger Matching

// Measurement Mode: Lead Only

rr Tok LSB = 3.125 ps; Tstamp LSB = 12.8 n=

// Bun4 start time: Fri May 1% 0%:48:36 2023 UIC

B LR T

Tstamp L5B TrgID Brd Ch E ToR LSB
7678 Q 00 00 L 299792

00 02 L 301302

00 04 L 301301

00 06 L 301289

00 08 L 301284

00 10 L 301286

00 12 L 301287

00 14 L 301277

00 00 L 300201

Fig. 3.40: Event List example in Trigger Matching Mode - LEAD_ONLY (ASCII format) in LSB time units.

// File Format Version 3.2

// Janus_5203 Release 2.4.0

/¢ Bcguisition Mode: Trigger Matching
// Measurement Mode: Lead Trail

/# Tok_LSB = 3.125 ps; ToT_L5B = 3.125 ps
// BRunld start time: Mon May 22 09:42:01 2023 UIC
R R R R R R R KR R KR R R KRR R R R R R R R R R KRR R R
Istamp us TrglD Brd Ch E Tok ns ToI_ns
44.6720 v} 00 00 L 937.522 -
00 0z L 941.622 -
00 04 L 941.5397 -
00 06 L 941.559 -
0o 8L 941.553 -
00 10 L 941.556 -
00 12 L 941.494 -
00 14 L 941.51% -
00 00 L 838.144 -

Fig. 3.41: Event List example in Trigger Matching Mode - LEAD_TRAIL (ASCII format) in ns time units.
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R R T
// File Format Version 3.2

// Janus_5203 Release 2.4.0

// Rcguisition Mode: Trigger Matching

// Measurement Mode: Lead Trail

// ToA LSB = 3.125 ps; ToT_LSB = 3.125 ps; Tstamp LSB = 12.8 ns
// Run5 start time: Fri May 15 0%:48:45 2023 UTC

F e

Tstamp L35B TrgID Brd Ch E ToR_LSBE ToT_LSB
1232 [s] 00 00 L 299647 -
00 02 L 301322 -
00 04 L 301320 -
00 06 L 301302 -
00 08 L 301293 -
00 10 L 301301 -
00 1z L 301281 -
00 14 L 301292 -
00 00 L 239851 -

Fig. 3.42: Event List example in Trigger Matching Mode - LEAD_TRAIL (ASCII format) in LSB time units.

SRR R AR R R R R K R AR R A KR R KR R R AR KR R R KR R R A KA
// File Format Version 3.2

/{ Janus_5203 Release 2.4.0

// Bcquisition Mode: Trigger Matching

// Measurement Mode: Lead TOTS

I Toa LSB = 50.000 ps; ToT_LSB = 50.000 ps

/¢ Runl® start time: Mon May 22 11:37:27 2023 UIC

SRR RR R R KR R R R R KR R R R R R R R R KR R R R R R

Tstamp_us TrgID Brd Ch E TokX _ns ToT ns
4.8640 aQ 00 00 L 837.400 -
00 02 L S41.600 12.750
00 04 L 941.600 12.750
00 06 L 941.550 12.750
00 08 L S41.550 12.750
00 10 L S41.550 12.750
00 12 L 941.500 12.750
00 14 L 941.500 12.750
00 00 L §38.200 3.000

Fig. 3.43: Event List example in Trigger Matching Mode - LEAD_TOT (ASCII format) in ns time units.

//’""""""“""""""""""""‘""‘““""""""""""""""‘““

/{ File Format Version 3.2

// Janus_5203 Release 2.4.0

ff RBcguisition Mode: Trigger Matching

/f Measurement Mode: Lead TOT1L

// Toh LSB = 100.000 ps; ToT_LSB = 25.000 ps; Tstamp LSB = 12.8 ns
J/ Run23 start time: Fri May 1% 15:50:51 2023 UIC

SRR R AR AR AR AR AR ARA A AL A AARAARA A AL AR R R AL A LS

Tstamp LS5B TrgID Brd Ch E Tok LSB ToT_LSB
59 Q 00 00 L 1318 122

o0 02 L 1353 1973

00 04 L 1353 1a72

00 06 L 1352 1373

00 08 L 1352 la7z

00 10 L 1352 1970

o0 12 L 1352 1972

00 14 L 1352 1972

00 1le L 1351 1973

Fig. 3.44: Event List example in Trigger Matching Mode - LEAD_TOT (ASCII format) in LSB time units.
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The output file contains, after the header, the list of enabled channels, together with the input hits ToA
and ToT values. Fig. 3.45, 3.46, 3.47, 3.48 are an example of ASCII event lists in ns and LSB time units for

the possible different Measurement Modes.

R R R R R R AR R R R R KR R AR R R
/f File Format Version 3.2

// Janus_5203 Release 2.4.0

// Boguisition Mode:
/{ Measurement Mode:
// Toh LSB
// Bunlé start time:

Brd
[oly]
[il1}
Qo
[oly]
[il1}
Qo
[oly]
Qo
Qo

Fig. 3.45: Event List example in Streaming Mode - LEAD_ONLY (ASCII format) in ns time units.

SRR R R R R A A AR AR R A AR A A AR A AR AR R R AR R AARAARERER

Ch
Qo
0z
04
0e
08
10
12
14
16

E

[ T e T e e A e N A e

3.125 ps

TokA ns

33096,
38100.
38100.
1531

[

[

>
YR T RT)

586
027
023

5

"y
w

13
w

]
E]

=]
[e1]

1]
(7]
s

51
=]
-

File Format Version 3.2
Janus_5203 Release 2.4.0

// Boguisition Mode:
/f Measurement Mode:

// Toh LSB
/{ Rung

//xuu-\-\

Brd Ch E
00 00 L
00 02 L
00 04 L
00 06 L
00 08 L
00 10 L
00 12 L
00 12 L
00 16 L

Fig. 3.46: Event List example in Streaming Mode - LEAD_ONLY (ASCII format) in LSB time units.
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LTl RN o e BN« Y )
o o

1]
om

] L
[ ' % I

[T BY BT« Y- Vel
X}
(=]

I
(=]

Streaming
Lead Cnly

Mon May 22 09:42:24 2023 UIC

'lllr'lllr!!\!!\!!\!.!\!.!\!.!\!.!\!.!\l!!l!!l!!l!!l!!l!!l!!l!!

Screaming
Lead Cnly
3.125 ps:
start time: Mon May 22 09:40:12 2023 UIC

i e i R o o R R R R o o R R R
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R R R R R R ke R e R e

f{ File Format Version 3.2

// Janus 5203 Release 2.4.0

/f Boguisition Mode: Streaming

f{ Measurement Mode: Lead Trail

Iy ToA LSB = 3.125 ps; ToT_LSB = 3.125 ps

Jf Bunl7 start time: Mon May 22 09:42:33 2023 UIC

R A A AR A A A A A A A AL TR XA A A XA TR KR

Brd Ch E Tok ns ToT ns

00 00 L 24118.613 -
a0 02 L 24122.451 -
00 04 L 24122.441 -
00 06 L 24122.391 -
00 08 L 24122.373 -
Q0 10 L 24122.385 -
00 12 L 24122.318 -
00 14 L 24122.354 -
00 00T 24122.078 3.466

Fig. 3.47: Event List example in Streaming Mode - LEAD_TRAIL (ASCII format) in ns time units.

P L e e
// File Format Version 3.2

// Janus_5203 Release 2.4.0

// Rocquisition Mode: Streaming

// Measurement Mode: Lead Trail

// Tok LSB = 3.125 ps; ToT_LSB = 3.125 ps; Tstamp LSB = 12.
// BRun9 start time: Mon May 22 0%:40:30 2023 UTIC

SRR AR R R R AR R A A A AR A AL AAAAAAERA AR R R AR NG ALK

X
0

ns

BErd Ch E ToR L5B ToT_L5B
00 00 L 13038269 -
00 02 L 13039843 -
00 04 L 13039841 -
00 06 L -
00 08 L -
00 10 L -
00 12 L -
00 14 L -
00 00 L -

Fig. 3.48: Event List example in Streaming Mode - LEAD_TRAIL (ASCII format) in LSB time units.
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3.8 AcqMode Tab

The AcgMode Tab allows the user to set the value of all parameters concerning the different acquisition
modes of the FERS-5200 unit, the trigger logic to be used as well as the settings of the front panel I/Os (see
Fig. 3.49). Settings may differ according to the selected "Acquisition Mode”.

Connect RunCtrl AcgMode TDC Datafnalysis Adapters Regs Statistics  Log
B0 B1 B2 B3 B4 B5 B6 B7 B BS B10D B11 B1Z B13 B14 BI5

Ch Enable Mask Group 0 |IxFFFFFFFF
Ch Enable Mask Greup 1 |0xFFFFFFFF

CHAMNMEL MASK TDCO

Acquisition Mode COMMON_STAF -~
Measurement Mode LEAD QOMLY ~
Header-Trailer OMNE_WORD ~
Empty Event Suppression [~

Trigger Source PTRG ~
Tref Source CHO ~
VetoSource DISABLED ~
Gate Width Tus

Periedic Trigger Period |80 us

Digital Probel TRG_ACCEPTED ~
Digital Probel TX_DATA_VALID -~
T0-Out PTRG v
T1-Out PTRG ~

Fig. 3.49: Acquisition Mode Tab.

Ch Enable Mask Group 0

The command allows the user to enable/disable input channels from 0 to 31 of all boards connected. The
default value (all channels enabled of all connected boards) is OXFFFFFFFF.

/ Note: The input channel disabling means that that picoTDC channel does not record any hit.

Ch Enable Mask Group 1

The command allows the user to enable/disable input channels from 32 to 63 of all boards connected. The
default value (all channels enabled of all connected boards) is OxFFFFFFFF.

Note: The parameter values defined in the left part of the tab (in the fields near the parameter names)

/ are applied to all connected boards (and all channels for some parameters) with no individual settings. In
order to tune the values board-by-board and/or channel-by-channel, the user should act on the fields in
the right part of the tab (see Fig. 3.50).

UM9636 - Janus 5203 User Manual rev. 0 51



CAEN m Electronic Instrumentation

52

Connect  RunCtrl

Ch Enable Mask Group
Ch Enable Mask Group

Acquisition Mode
Measurement Maode
Header-Trailer

Emnpty Event Suppr

Trigger Source

Tref Source
VetoSource

Trg Window Width
Trg Window Offset
Periadic Trigger Period
Digital Probe

TO-Out

T1-Out

AcgMode TDC  Histogram  Adapters

|COMMOM_STAF |
[LEAD_ONLY |

[ONEWORD |
-

RG]
[zZRO
DsaBED o]
2us
-lus

Tms

[Re_ACCEPTED <]
BUNCHTRG -]
[ran ]

Regs Statistics Log

B0 B1 B2 B3 B4 B5 B6 BT B& B9 B10 B11 B12 B13 B14 B15

HANMEL MASK TDCO

--__---.
DEFAULT SETTINGS

(APPLIED TO ALL
BOARDS)

INDIVIDUAL SETTINGS
(OVERWRITE DEFAULT
SETTINGS)

Fig. 3.50: The AcqMode Tab with underlined the two fields allowing the user to set the same Channel Mask for every
board connected (fields on the left) or individually for each board (fields on the right).

CHANNEL MASK TDCO

By pressing the button, a Channel Mask window similar to that in Fig. 3.52 will be opened. The user
can then select which channels have to be enabled/disabled for the selected board. The user can switch
between different boards (from 0 to 15) via the Board Tabs in the top right part of the AcqMode Tab (see
Fig. 3.51) or via the Brd combo-box that is present in the Channel Mask window. Via this combo-box, the
user can also define the default mask, i.e. the mask of all connected boards, by selecting the Global option.
Once the selection is finished, the user should press the Done button in order to make the changes that
have been made effective.

Note: The channel mask for the selected board overwrites the channel mask defined by the “Ch Enable
Mask Group 0” and “Ch Enable Mask Group 1” parameters for all boards.

B0 B

B2 B3 B4 B5 B6 BY B2 B9 BI0 B11 B12 B13 Bl14 B15

Fig. 3.51: Board Tabs.
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e

o

CHAMNMEL MASK TDCO Brd |p

<

pnon
el
nEnn
[ [ [
s [ [
wlo e[
= o [ =
BEDBE

Disable all

anpppen
Jele] ===

plels]s]s]n]=]-]
olulafe]=][u]a]-]

Done

!

Fig. 3.52: Channel Mask window.

Acquisition Mode

The command allows the user to choose between the different acquisition modes. Possible values are:

o COMMON_START. The Common Start Mode is selected as acquisition mode.
o COMMON_STOP. The Common Stop Mode is selected as acquisition mode.
e TRG_MATCHING. The Trigger Matching Mode is selected as acquisition mode.

STREAMING. The Streaming Mode is selected as acquisition mode.

e TEST_MODE_1. The Test Mode 1 is selected as acquisition mode. In this mode, the picoTDC is dis-
abled and fake data are produced by the FPGA to emulate the readout process. One hit per channel
is generated as to emulate the "COMMON_START” acquisition mode, with hard-coded time values,
using ch 0 as a common start and the other channels from ch 1 to ch N (where N =63 or 127) as com-
mon stops. If the set Gate width is shorter than the ch 0 - ch N time difference, the Nt channel may
be discarded from the AT calculation. Disabled channels don’t produce data. The rest of the readout
logic behaves in the same way of the normal readout with real data from the picoTDC, including the
memory management, the busy logic, the trigger rejection, etc...

e TEST_MODE_2. The Test Mode 2 is selected as acquisition mode. Same as TEST_MODE_1, but the
FPGA produces 8 hits per channel instead of 1. The 8 hits of one channel have the same time value.

Note: The TEST_MODE acquisition modes are meant to be used for data readout tests, not for testing the
picoTDC chip. The fake hits are generated at FPGA level, and their acquisition can be managed by the Janus
5203 software as if they were real events.

Measurement Mode

The command allows the user to choose between the different acquisition modes. Possible values are:

e LEAD ONLY. The Leading Edge Mode is selected as measurement mode.

e LEAD TRAIL. The Leading + Trailing Edge Mode is selected as measurement mode.

LEAD_TOT8. The Leading Edge + ToT 8 bit Mode is selected as measurement mode.

LEAD _TOT11. The Leading Edge + ToT 11 bit Mode is selected as measurement mode.
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Header-Trailer

Events of 16 consecutive input channels, belonging to the same time acquisition window (gate or trigger
window), are grouped together in one event packet. Information of the data acquisition, and of the board
status are transferred, together with the event packet, in additional words. This parameter permits to
define the number of words to be added to the data packet:

e KEEP_ALL: an Header and a Trailer added, respectively, before and after the 16ch-event packet (i.e.
+2 words per event, meaning +8 words per 64ch-event packet, or +16 words per 128ch-event packet);

e ONE_WORD: a one word Trailer is added after the 64ch-event packet (i.e. +1 word per 64ch-event
packet, +2 words per 128ch-event packet).

Empty Event Suppr

In Trigger Matching Acquisition Mode, this checkbox enables/disables the suppression of the empty events
in the data throughput. The empty events are the events data packets in which no hit is present.

Trigger Source

The command defines the trigger source, i.e. the trigger transmitted to all channels and defining the start
of the acquisition window.

The available options are:

e SW_ONLY [HEX 0x1]. The trigger is given only by software command.
e T1-IN [HEX 0x3]. The signal from the T1-IN connector is used as trigger source.
e TO-IN [HEX 0x11]. The signal from the TO-IN connector is used as trigger source.

e PTRG [HEX 0x21]. The internal periodic signal of the board is used as trigger source. The period of
the signal is defined with the Periodic Trigger Period parameter.

e EDGE_CONN [HEX 0x41]. An external trigger signal fed via the A5255 or A5256 adapters (edge con-
nector) is used as trigger source.

e MASK. The trigger signal is an ORed mask of the trigger sources listed above. The mask can be set by
selecting the MASK option and writing the mask hexadecimal value next to the MASK option in the
combo box, as shown in Fig. 3.53. In the example, the T1-IN and TO-IN options have been chosen as
trigger source in OR-logic. The Trigger Source Register bits are defined as specified in Tab. 3.1.

Trigger Source |MASK 14 v|

Fig. 3.53: Example of a Trigger Source Mask Setting.

Bit Function
0 SW_ONLY. The trigger is given by software command.
1 T1-IN_ONLY. The signal on T1-IN is used as trigger.
3:2 Reserved.
4 TO-IN_ONLY. The signal on TO-IN is used as trigger.
5 PTRG_ONLY. The internal periodic signal of the board is used as trigger.

EDGE_CONN_ONLY. An external trigger signal fed via the A5255 or A5256 adapters (edge
connector) is used as trigger source.

EDGE_CONN_PB_ONLY. An external trigger signal fed via the piggyback edge connector
(only in case of A5203B units) is used as trigger source.

Tab. 3.1: Trigger Source Register description.
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/ Note: The Trigger Source parameter applies to Common Start, Common Stop and Trigger Matching Acqui-
sition Modes.

Tref Source

The command defines the signal to be used as time reference (T ef), see [RD1]. In Janus 5203, the picoTDC
ch0 channel (that does not correspond to the chO channel of the edge connector) is used as Tyef. The
picoTDC chO0 channel can have different drivers. The available options are:

e CHO. The reference signal comes from the input 0 (ch0) of the edge connector.

e T1-IN. The signal from the T1-IN connector is used as time reference, and drives the chO channel of
the picoTDC chip. No signal must drive the ch0 channel of the edge connector.

e TO-IN. The signal from the TO-IN connector is used as time reference, and drives the chO channel of
the picoTDC chip. No signal must drive the chO channel of the edge connector.

e PTRG. The internal periodic signal of the board is used as time reference, and drives the chOchannel
of the picoTDC chip. No signal must drive the ch0 channel of the edge connector.

Veto Source
This parameter allows the user to define the signal source that, as far as it is in an high logic level, inhibits
all trigger signals. The available options are:

e DISABLED. The Veto is disabled.

e TO-IN. The signal transmitted to the TO-IN connector is used as veto.

e T1-IN. The signal transmitted to the T1-IN connector is used as veto.

e MASK. The Veto signal is an ORed mask of the Veto signals listed. The mask can be set by selecting
the MASK option and writing the mask hexadecimal value next to the MASK option in the combo box,
as shown in the Trigger Source Mask example of Fig. 3.53.

The Veto Source Register bits are defined as specified in Tab. 3.2

Bit Function \
SW_CMD. The veto is given by software command.

1 TO-IN. The signal on TO-IN is used to veto the acquisition.

2 T1-IN. The signal on T1-IN is used to veto the acquisition.

Tab. 3.2: Veto Source Register description.

Gate/Trigger Window Width
The command defines the duration of the Gate/Trigger Window, in steps of ~25.6 ns.

/ Note: The Gate Width parameter is used in Common Start/Stop Acquisition Mode. The Trigger Window
Width parameter is used in Trigger Matching Acquisition Mode.

Trigger Window Offset

The command defines the start of the Trigger Window with respect to the trigger position. It is defined in
steps of ~25.6 ns, and can be positive or negative. Negative offsets might be useful to acquire hits that are
too close to the trigger and could be lost.

/ Note: It is possible to set the Trigger Window Offset when working in Trigger Matching Mode only.
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Periodic Trigger Period

The command defines the period of the internal periodic pulser of the board. The signal can be used as
periodic trigger in order to force triggers not related to the physics (for debugging). The value for this
parameter can be set between 64 ns and =~ 54 s.

Digital Probe 0/1

The command defines which digital signal has to be propagated to one of the two digital output connectors
TO-OUT/T1-OUT. More information on the digital probe signals can be found in the A5203(B)/DT5203 User
Manual [RD1]. The available options are:

CLK_1024. FPGA clock divided by 1024.
TRG_ACCEPTED. Accepted trigger signal.
TRG_REJECTED. Rejected trigger signal (i.e. the triggers that arrive when the board is in busy status).

TX_DATA_VALID. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when a
word is sent to the communication link.

TX_PCK_COMMIT. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when a
data packet is ready to be transmitted from the List Output FIFO to the communication link.

TX_PCK_ACCEPTED. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when
the communication link (TDlink, Ethernet or USB) is ready to receive and transmit a data packet.

TX_PCK_REJECTED. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when
the communication link (TDlink, Ethernet or USB) is not ready to receive and transmit a data packet.

TDC_DATA_VALID. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when a
data packet has been transferred from the TDC Readout Buffer to the List Output FIFO.

TDC_DATA_COMMIT. A signal of one clock cycle width (~12.8 ns) is sent to the TO-OUT/T1-OUT when
a data packet is ready to be written on the List Output FIFO.

TO-OUT

The command defines the digital signal driving the TO-OUT connector. The available options are:

TO-IN. The signal sent as input to the TO-IN connector is propagated to the TO-OUT connector (after
having being resynched by the FPGA).

TRIGGER. The trigger signal, both accepted and rejected, selected with the Trigger Source parameter.
RUN. The Run signal (high logic level when the acquisition is ongoing).

PTRG. The internal periodic signal of the board.

BUSY. The Busy signal.

DPROBE. The Digital Probe is propagated to the TO-OUT connector. The signal associated to the digital
probe is defined by the Digital Probe 0/1 parameter.

5Q_WAVE. A square wave having the same period of the internal periodic pulser of the board.

TDL_SYNC. Signal of synchronism from TDLink. The user can visualize the TDL_SYNC from multiple
boards to check that they are all latched together.

RUN_SYNC. Signal of start run from TDLink. The user can visualize the RUN_SYNC from multiple
boards to check that the starts run are all latched together.

ZERO. A constant low logic level is sent as output. To be used when performing a daisy chained trigger
distribution in a multi-board system (refer to the A5203(B)/DT5203 User Manual [RD1]).

MASK The TO-OUT signal is an ORed mask of the TO-OUT signals listed. The mask can be set by select-
ing the MASK option and writing the mask hexadecimal value next to the MASK option in the combo
box, as shown in the Trigger Source Mask example of Fig. 3.53.

The TO-OUT Register bits are defined as specified in Tab. 3.3
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Bit Function \
0 TO_IN. The signal sent as input to the TO-IN connector.

1 TRIGGER. The trigger signal.

2 Reserved.

3 RUN. The RUN signal.

4 PTRG. The internal periodic signal of the board.

5 BUSY. The BUSY signal.

6 DPROBE. The DPROBE signal defined by the Digital Probe 0/1 parameter.

7 Reserved.

8 SQ_WAVE. A square wave having the same period of the internal periodic pulser of the

board.

9 TDL_SYNC. The TDL_SYNC signal, sent via the TDLink when connected to the DT5215.
10 RUN_SYNC. The RUN_SYNC signal, sent via the TDLink when connected to the DT5215.
11 Reserved.

Tab. 3.3: TO-OUT Register description.

T1-OUT

The command defines the digital signal driving the T1-OUT connector. The available options are:

e T1-IN. The signal sent in input to the T1-IN connector is propagated to the T1-OUT connector.
TRG. See TO-OUT.

* RUN. See TO-OUT.

e PTRG. See TO-OUT.

e BUSY. See TO-OUT.

e DPROBE. See TO-OUT.

e SQ_WAVE. See TO-OUT.
e TDL_SYNC. See TO-OUT.
e RUN_SYNC. See TO-OUT.
e ZERO. See TO-OUT.

e MASK. See TO-OUT.
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The TDC Tab allows the user to configure the picoTDC chip (see Fig. 3.49), in case the default configuration
is not fitting the customer needs.

Connect RunCtrl AcqgMode TDC Datahnalysic  Adapters Regs Statistics  Log
B0 B1 B2 B3 B4 B5 B6 B7 B& B9 B10 B11 B12 B13 B14 B15

Glitch Filter Mode DISABLED ~
Glitch Filter Delay 3
ToT Lower Threshold 0
ToT Higher Threshold 0

TDC ch Buffer 5ize 128 ~
Trigger Buffer Size 16

TDC pulser width 1ns

TDC pulser period 10 ns

High Res Clock DISABLED ~

TDCO Temp
TDCT Temp
PIC Temp

FPGA Temnp

Fig. 3.54: TDC Tab.

Glitch Filter Mode

The command defines the picoTDC Glitch Filter Mode. The Glitch Filter is a programmable pulse filter that
can be assigned to the picoTDC channels. It can filter leading and/or trailing edges to enforce the minimum
time between hits and/or reject possible oscillations from the analog front-end.

The available options are:

DISABLED. The glitch filter is disabled.

TRAILING. The glitch filter is used only on the trailing edge of the hits.

LEADING. The glitch filter is used only on the leading edge of the hits.

e BOTH. The glitch filter is used on both leading and trailing edges of the hits.

Glitch Filter Delay

This command allows the user to set the Glitch Filter Delay, i.e. the artificial dead time introduced to avoid
glitches and afterpulses (see Glitch Filter Mode), from a minimum value of ~800 ps to a maximum value
of ~10 ns (in 16 steps of ~570 ps). It is possible to set a different Glitch Filter Delay for each board in the
setup.
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ToT Lower Threshold

This command allows the user to filter data from the picoTDC as a function of their ToT value, by setting a
lower threshold. Hits with ToT smaller than the set value are rejected. If O is written as lower threshold,
the filter is disabled.

ToT Higher Threshold

This command allows the user to filter data from the picoTDC as a function of their ToT value, by setting a
higher threshold. Hits with ToT bigger than the set value are rejected. If 0 is written as higher threshold,
the filter is disabled.

/ Note: The ToT Lower Threshold and ToT Higher Threshold parameters are not available if working in
LEAD_ONLY and LEAD_TRAIL Measurement Modes.

TDCch Buffer Size
The command allows the user to select the internal picoTDC chip individual channels buffer size (refer to
[RD4] for more details). The maximum number of hits accepted in the buffer is:
e 4
e 8
e 16
e 32
* 64
e 128 (default)
e 256
e 512
The proper setting of the TDC channel buffer size is needed to avoid the hits overflow on the picoTDC

Readout Buffer, that has a default size of 512. The overflow may happen more commonly in case of noise
on the enabled picoTDC channels.

/ Note: The excess hits in the TDC channel buffer are rejected by the picoTDC chip, and thus not counted by
the FPGA.

Trigger Buffer Size

This command allows the user to set the size of the FPGA Trigger FIFO (TRGF), in the range 1-512 number
of triggers (default = 16). The overflowing trigger are rejected by the FPGA, but counted.

The proper setting of the Trigger Buffer Size is needed to avoid events loss in the List Output FIFO (LSOF).
Refer to Sec. 3.13 and to the A5203(B)/DT5203 User Manual [RD1] for more details.

TDC pulser width

The picoTDC contains a pulse generator for system testing purposes, able to generate a differential output
signal. The output can either be a 1.28 GHz clock with selectable phase shift or a configurable pulse. This
command allows the user to set the picoTDC chip pulser width (in ns). The width can range from a minimum
of 1 ns to a maximum of 256 ps.

TDC pulser period

This command allows the user to set the period (in ns) of the picoTDC chip pulser (see the description
given for the TDC pulser width parameter). The width can range from a minimum of 1 ns to a maximum
of 256 ps.
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High Res Clock

The command allows the user to configure the High Resolution Clock settings. The available options are:

* DISABLED.

e DAISY_CHAIN. The CLK-IN and CLK-OUT connectors are connected in daisy-chain
e FAN_OUT. The CLK-IN and CLK-OUT connectors are connected in fan-out mode.

The TDC Tab houses a board monitoring section, shown in Fig. 3.55.

TDCO Temp 34.0 degC
TDCT Temp MNLA,

PIC Temp 32.0 degC
FPGA Temp 43.3 degC

Fig. 3.55: Monitoring section of the TDC Tab.

This section shows the TDCO (and TDC1, in case of 128 channels), the PIC microcontroller, and the FPGA
temperatures. When the FPGA or TDC0/1 maximum allowed temperature is reached (83 °C), a WARNING
pop-up is generated by the Janus 5203 software. If the TDCO/1 is the chip that has reached the maximum

temperature, it is powered off.

3.10 DataAnalysis Tab

The DataAnalysis Tab allows the user to manage the histograms settings and to enable/configure the ToA
Walk Correction. Settings may differ according to the Measurement Mode selected.
In case of LEAD_ONLY Measurement Mode, the DataAnalysis Tab appears as shown in Fig. 3.56.

Connect RunCtrl AcqMode TDC DataAnalysis Adapters Regs  Statistics

Datafnalysis ALL W

Lead/Trail LSB 3125 ps i‘ Lead/Trail Full Range 524288 us

Lead M Channels AK w
Lead Rebin 1 -
Lead Histo Min 0 Lead Histo Max 12,8000 ns

Enable Walk Correction [~

Walk Fit Coeff 1.23E-12 33.33 1e-2 Set Coeff

Fig. 3.56: DataAnalysis Tab in case of LEAD_ONLY acquisition.

In case of LEAD_TRAIL, LEAD_TOT8 and LEAD_TOT11 Measurement Modes, the DataAnalysis Tab appears

as shown in Fig. 3.57.

60
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Connect RunCtrl AcqMode TDC Datafnalysis  Adapters Regs Statistics

Datafnalysis ALL W

Lead)/Trail LSE 3125 ps 3

Lead N Channels 4K w

Lead Rebin 1 w~

Lead Histo Min 0

ToTLSE BEEE
ToT M Channels 2K -

ToT Rebin 1 -

ToT Histo Min 0

Enable Walk Correction [~

Lead/Trail Full Range 32,4288 us

Lead Histo Max 12.8000 ns

ToTFull Range 204.3000 ns

ToT Histo Max £.4000 ns

Walk Fit Coeff 1.23E-12 33.33 Te-2 m

Fig. 3.57: DataAnalysis Tab in case of LEAD_TRAIL, LEAD_TOT8 and LEAD_TOT11 acquisition.

Lead/Trail LSB

Log

This parameter permits to choose the ToA LSB for the leading edge (and trailing edge, only in LEAD_TRAIL
Measurement Mode) of the hits. The LSB value is written over 11 bits, and the minimum LSB value is

3.125 ps. The ToA LSB, thus, can be:

e 3.125ps
* 6.25ps
e 12.5ps
e 25.0 ps
e 50.0 ps
e 100.0 ps
e 200.0 ps
e 400.0 ps
e 800.0 ps
e 16ns

e 3.2ns

In case of LEAD_TOT8 Measurement Mode, the maximum ToA LSB allowed value is 400 ps.
In case of LEAD_TOT11 Measurement Mode, the maximum ToA LSB allowed value is 3.2 ns.

Lead/Trail Full Range

This box shows the ToA Full Range. Given the minimum ToA LSB of 3.125 ps, and a 24/26 bit dynamic (that
depends on the Header-Trailer mode chosen via the Header-Trailer parameter), the Full Range is fixed at

52.429/209.715 ps in case of LEAD_ONLY and LEAD_TRAIL Measurement modes.

In case of LEAD_TOT8 Measurement Mode, the ToA presents a dynamic of 17/19 bits. The Lead ToA can
then range from a minimum of 409.600 ns/1.638 ps to a maximum of 52.429/209.715 us, depending on
the selected LSB. In case of LEAD_TOT11 Measurement Mode, the ToA presents a dynamic of 14/16 bits,
but, with the advantage of using bigger LSB values, the minimum and maximum dynamic ranges are the
same available for the LEAD_TOT8 Measurement Mode.
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Lead N Channels

This parameter is used to set the number of bins of the Spect Lead/Trail histogram, or disable the histogram
filling. The available options are:

e DISABLED
e 256

e 512

e 1K

e 2K

e 4K

e 8K

e 16K

/ Note: The disabling of the historam filling diables also the histogram data writing on the Histo file.

Lead Rebin

This parameters permits to rebin the Spect Lead/Trail histogram. The rebinning factor can be:
o1
e 2
o 4
8
e 16

e 32
* 64

Lead Histo Min

This parameter shows the minimum Spect Lead histogram value (0 LSB/ns by default), and permits the user
to set a value different from 0.

Lead Histo Max

This parameters shows the maximum range of the Spect Lead histogram.

ToT LSB
This parameter permits to choose the ToT LSB of the hits. The LSB value is written over 19 bits, and the
minimum LSB value is 3.125 ps. The ToT LSB value, thus, can be:
e 3,125 ps
* 6.25ps
e 12.5ps
e 25.0 ps
e 50.0 ps
e 100.0 ps
e 200.0 ps
e 400.0 ps
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e 800.0 ps
e 16ns

e 32ns

* 6.4ns

e 12.8ns
e 25.6ns
e 51.2ns
e 102.4 ns
® 204.8 ns
e 409.6 ns
e 819.2 ns

In case of LEAD_TOT8 Measurement Mode, the maximum ToT LSB allowed value is 819.2 ns.
In case of LEAD_TOT11 Measurement Mode, the maximum ToT LSB allowed value is 102.4 ns.

ToT Full Range

This box shows the ToT Full Range. In LEAD_TRAIL Measurement mode, the ToT is calculated by the Janus
5203 software, and it is written over 16 bits. The LEAD_TRAIL ToT can then range from a minimum of
204.800 ns to a maximum of 52.429 ps, depending on the selected LSB. Even if the LSB can be selected,
the time measurement is performed with the maximum resolution of 3.125 ps.

In case of LEAD_TOT8 Measurement Mode, the ToT presents a dynamic of 8 bits. The ToT can then range
from a minimum of 800.000 ps to a maximum of 209.715 ps, depending on the selected LSB. In case of
LEAD_TOT11 Measurement Mode, the ToT presents a dynamic of 11 bit, but, with the advantage of using
smaller LSB values, the minimum and maximum dynamic ranges are the same available for the LEAD_TOT8
Measurement Mode.

ToT N Channels
This parameter is used to set the number of bins of the Spect ToT histogram, or disable the histogram filling.
The available options are:

¢ DISABLED

e 256

e 512

o 1K

e 2K

o 4K

e 8K

e 16K

/ Note: The disabling of the historam filling diables also the histogram data writing on the Histo file.

ToT Rebin

This parameters permits to rebin the Spect ToT histogram. The rebinning factor can be:

o1
o 2
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. 16
. 32
. 64

ToT Histo Min

This parameter shows the minimum Spect ToT histogram value (0 LSB/ns by default), and permits the user
to set a value different from 0.

ToT Histo Max

This parameters shows the maximum range of the Spect ToT histogram.

Enable Walk Correction
The checkbox enables/disables the Walk Correction.

Walk Fit Coeff

The ToA Walk can be corrected thanks to a polynomial fit, based on the ToT-amplitude relation, which
estimated curve coefficients can be set by pressing the Set Coeff button. The window of Fig. 3.58 appears.
The combo box permits to select the function used for the fit. The Cg, C1, Cy, C3, C4, Cs fields are used to
set the fit coefficients. The coefficients are set once pressed the “DONE” button.

@3 Coefficients fi... — O P
|

‘Fit{x): Cog+ Gyl + Gt + G50 + Cpxt +C ~

Co |123E-12
Cr 3333
C: |1e—2

C: [0
Cs |U
Cs [0

Fig. 3.58: Set Walk Correction Coefficient pop-up window.
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3.11 Adapters Tab

The Adapters Tab, shown in Fig. 3.59 allows the user to select and configure the adapter mounted on
the unit. Starting from Rev.1 of the A5256, the individual channel signal polarity is set via jumpers on the
adapter, except for channel 0, for which the polarity can be selected through the A5256 ChO Polarity pa-
rameter.

Connect RunCtrl AcgMode TDC Datafnalysis Adapters Regs Statistics Log
B0 B1 B2 B3 B4 BS B6 B7 BE B9 B10 B11 B12 B13 B14 B15
0:7 8:15 16:23 24:31 32:39 40:47 48:55 56:63

ICHD CH1 CH2 CH3 CH4 CH3 CHe  CH7
Adapter Type AS5256_REVD_PO! ~
Discrim Threshold 100
Disable Thresholds Calib [~
A5256 Chi Polarity POSITIVE ~

Calibration

Fig. 3.59: Adapters Tab.

For the A5256 adapter [RD5], the discriminator threshold can be set for all the adapter’s channels, or for
the single channel.

On the upper right part of the Tab, it is possible to select the board and the channel group, as shown in
Fig. 3.60.

B0 B1 B2 B3 B4 BS B6 B7 B2 BY B10 B11 B12 B13 B14 B15
07 &:15 16:23 24:31 32:39 40:47 43:55 56:63

Fig. 3.60: Adapters Tab board/channel group Tabs.

The discriminator threshold value set for the single channel overwrites the value set for the whole board,
for that specific channel.

The calibration for the discriminators threshold can be performed by clicking on the Calibration button.
The calibration can be performed with no cables plugged on the LEMO 00 connectors, or with the cables
plugged, as to take into account the common ground of the experimental setup.

After the calibration is performed, the values obtained are stored in the flash memory of the A5203/DT5203
and, subsequently, used to correct the discriminators threshold offset. It is possible to disable the correc-
tion by checking the box Disable Threshold Calib.

/ Note: The threshold values measured on the test points of the A5256 [RD5] are not calibrated.
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3.12 Regs Tab

3.13

66

In order to properly manage the registers access, the Janus 5203 GUI also features the Regs Tab (see
Fig. 3.61).

Connect RunCtl AcqMode TDC Datafnalysis Adapters Regs  Statistics Log

* COMM " INDIV  BCAST  Ch|Q §| Brd|Q i‘

Offszet 0000
Address 01000000
Data 00000000
Cmd 14

Read Write Send Cmd

Fig. 3.61: The Regs Tab of the Janus 5203 software GUI.

The user can take advantage of the “macros” file to add a list of register settings in the Janus 5203 config-
uration. Refer to Sec. 3.1 (par. File) for additional details.

Statistics Tab

The Statistics Tab displays the channel-by-channel values of the variable selected via the Statistics Type
combo-box, as well as the last event triggered time stamp, the trigger ID, the lost triggers, etc. (see Fig.
3.62 and Fig. 3.63).

Connect RunCtl AcqMode TDC DataAnalysis Adapters Regs Statistics |Log

() All Boards Statistics [ Integral TDC |0 i‘ Brd |0 i‘
0 1 2 3 4 5 5 7
8 g 10 11 12 13 14 15
16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31
32 33 34 35 36 37 38 39
40 41 42 43 44 45 16 47
48 49 50 51 52 53 54 55
56 57 58 59 &0 &1 62 &3
Time Stamp
Trigger-1D Almost Full Buffers Data Loss
Trg Rate L50F O O
Processed TRGF O
Rejected
TDCO TDCA
Empty Suppr ChGroup: 0 1 2 3 0 1 2 3
Brd Hit Rate ROB QOO0 Q00O
Readout Rate RFF QOO0 O000

Fig. 3.62: Statistics Tab for COMMON_START, COMMON_STOP, TRG_MATCHING and TEST_MODE Acquisition Modes.
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Connect RunCtrl AcqMode TDC DataAnalysis Adapters Regs Statistics Log

— L — - '
() Al Boards Statistics [ Integral TDC|0 E‘ Brd |0 EI
1] 1 2 3 4 5 & 7

3 G 1a 11 12 13 14 15
16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31
32 33 34 35 36 37 3z 3g
40 41 42 43 44 45 48 47
45 45 50 21 52 53 54 55
56 57 58 55 ol 6l 62 63

Time Stamp

Hit Rate Almost Full Buffers Data Loss

Dead Time L50F O O

Readout Rate TRGF )

TDCO TDCA
Ch Grouwp: 0 1 2

RE QOO0 0000
R Q000 0000

Fig. 3.63: Statistics Tab forthe STREAMING Acquisition Mode.

The user can select the board from the Brd switch on the top right part of the Statistics tab, to visualize the
channel statistics of one of the connected boards.

The checkbox Integral allows the user to show the statistics in Instantaneous (unchecked box) or Integral
(checked box) mode.

The values displayed in the table are (depending on the Acquisition Mode selected):

¢ N: Where N is the channel number (from 0 to 63). The user can choose via the Statistics Type com-
mand which value has to be displayed (see Sec. 3.3).

¢ Time Stamp: The time stamp of the latest event read out.
o Trigger-ID: The ID number of the latest read-out event is displayed.

¢ Trg Rate/Hit Rate: The trigger rate of the acquisition, or the hit rate in case of STREAMING Acquisition
Mode.

* Processed: The rate (in cps) and the percentage of the triggers processed by Janus 5203. Data in the
readout pipeline are not considered for this rate.

¢ Rejected: The percentage and total number of triggers rejected by the FPGA. This information allows
the user to visualize the number of triggers that were counted but not acquired because of the board
busy condition.

e Empty Suppr: The percentage of events suppressed because fulfilling the empty condition. See

Empty Event Suppr parameter in the Acquisition Tab.

¢ Board Hit Rate: The rate of the totality of the hits in all the enabled channels.
¢ Readout Rate: The data readout rate.

On the bottom right part of the Statistics Tab, detailed information about the Board Almost Full Condition
are reported:

e LSOF: The List Output FIFO (internal to the FPGA) is in an Almost Full condition, and the board enters

in a BUSY condition.
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e TRGF: The Trigger FIFO (internal to the FPGA) is in an Almost Full condition, and the board enters in
a BUSY condition. The Trigger FIFO buffer size size is hardcoded at a value smaller than the Trigger
Buffer size.

¢ Data Loss: The LSOF is Full, and the FPGA starts to reject hit data to prevent FIFO overrun. Headers
and trailers of the events are kept to guarantee data consistency.

¢ TDCx-ROBF (x=0,1): The Readout Port FIFO of channel group n (with n=0,...,3) is in an Almost Full
condition, and the board enters in a BUSY condition. Each Ch Group is composed by 16 channels, and
there are four Readout Port FIFOs (internal to the FPGA) per each TDC chip.

e TDCx-RPF (x=0,1): The TDC Readout Buffer of channel group n (with n=0,...,3) is in an Almost Full
condition, and the board enters in a BUSY condition. Each Ch Group is composed by 16 channels, and
there are four Readout Buffers (internal to the TDC chip) per each TDC chip.

Note: TDC1 buffers Almost Full condition information are valid only when working with the A5203B board
type, that present a further picoTDC chip (and thus further 64 channels) mounted on the piggyback.

AN

Note: The Data Loss parameter indicates data loss caused by an LSOF full condition, but this is not the only
condition causing data loss. Other data losses are possible and described in Sec. 9.3.1 of [RD1].

N

The individual channel buffer (internal to the TDC chip) Almost Full condition is reported by the individual
channel statistics box colored in yellow. This condition implies hits rejections performed by the picoTDC
chip.

Refer to the A5203(B)/DT5203 User Manual [RD1] and to the picoTDC Datasheet [RD2] for further details
on the A5203(B)/DT5203 Almost Full condition.

By clicking on the All Boards Statistics button, the Statistics Tab will look like that presented in Fig. 3.64.
This option allows the user to visualize the statistics described above (except those regarding the rejected
trigger as well as the board hit rate) for all connected boards in the same screen.

Connect RunCtrl AcqMode TDC Histogram Adapters Regs Statistics |og

Al Boards Statistics a Integral

Brd TStamp (s) Trigger-ID TrgRate (KHz) LostTrg (%) EvtBuild (%) DtRate (MB/s)

Fig. 3.64: Statistics Tab with the "All Boards Statistics” option selected.
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3.14 Log Tab

The Log Tab contains information about the sequence of operations performed by Janus 5203, such as
board configuration, status monitor, board information, etc. (see Fig. 3.65). If an error occurs when loading
the configuration file (e.g. because of a syntax error), a warning message is displayed in this tab.

All the messages visualized in the Log Tab are also saved in the "MsglLog.txt” file inside the ”bin” folder of
the Janus 5203 software.

Connect RunCtrl AcgMode TDC Datahnalysis Adapters Regs Statistics Log
JanusC Rev 2.7.2 (05/02/2024)

Readout Software for CAEN FERS-3200

Reading configuration file Janus_Config.txt
Reading Pixel Map pixel map.txt

Cpening connection to eth:15%2.168.50.3
Connected to eth:1%2.168.50.3

FPGA FW rewvision = 2.1 (Build = 3112)

uC FW revision = 23052002

PID = 32528 (Model = AS5203)

Total allocated memory = 16.78 MB
Configuring 1 boards.

Board 0 configured.

Done.
Phase between TDC clk and TDLink recovered clk:
Brd 00: 84,6 deg = €.02 ns (rms = 0.004 ns)

Config file reloaded
Configuring 1 boards.
Board 0 configured.

Done.
FPhase between TDC clk and TDLink recovered clk:
Brd 00: 84.6 deg = &€.01 ns (rms = 0.003 ns)

Fig. 3.65: Log Tab.
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3.15 How to Perform a Job

70

The aim of this section is to provide the user with a brief introduction on how to perform a job with Janus
5203. A job is a series of consecutive runs, i.e. acquisitions, with programmable time length or with pro-
grammable number of events. The number of runs composing each job is also programmable. There are
two ways to perform a job in Janus 5203:

1.

With the same configuration of parameters for each run, defined inside the “Janus_Config.txt” file.
This case is suitable if the user needs to perform several acquisitions changing, e.g., the intensity of
the light pulse directed to the SiPMs from one run to the other, but acquiring data with the same DAQ
settings.

. With a different configuration of parameters for each run. The set of parameter values for the run

X of the job are defined inside a configuration file named ”Janus_config_RunX.txt” created by the
user via the Save Run Configuration Button. This case is suitable if the user needs to perform several
acquisitions by changing the settings of one crucial parameter for each run, e.g. the Lead/Trail LSB
value.

The instructions for both ways of operating are described below:

11.

. Select the RunCtrl Tab and put a thick in the Enable Jobs parameter.
. Select the "ASYNC” option for the Start Run Mode parameter. For the Stop Run Mode, the user has

to select:

e "PRESET_TIME”, if the user would like to perform runs of the same duration.
e "PRESET_COUNTS”, if the user would like to perform runs having the same number of events.

. Select a value for the Preset Time parameter different from 0 (e.g. 1 m for a one-minute acquisition)

if the "PRESET_TIME” option was chosen for the Stop Run Mode parameter. Select a value for the
Preset Counts parameter different from 0 (e.g. 1000 for an acquisition of a thousand events) if the
"PRESET_COUNTS” option was chosen for the Stop Run Mode parameter.

. Select the ID number of the first run in the job via the Job First Run parameter (e.g. 1) and for the

last run in the job via the Job Last Run parameter (e.g. 5).

. Select a value for the Run Sleep parameter (e.g. 10 s), which determines the time distance between

the end of a run and the start of the next one.

. Select one or more options for the output files to be saved for each run (e.g. "List (ASCII)”).

. Select via the Run# parameter in the Command Bar a value identical to the ID of the first run in the

job, i.e. the value chosen for the Job First Run parameter (in this case 1).

. Press the Apply button. The JanusC.exe application will suddenly close and restart (in about 5 s)

without any further action to be performed by the user. At the end of this operation, the Start Button
will be replaced by the Start Job Button.

. In Fig. 3.66 the settings chosen to perform a job acquisition are presented.
10.

If all runs have to be executed according to the configuration of parameters actually saved, the user
has to push the Start Job Button. The user can check the status of the job in the Status Bar (see
Sec. 3.4) and the data files creation in the destination folder.

If a different configuration of parameters is needed for each run, the user has to:

(a) Press the Save Run Configuration Button. The user can check that in the “bin/DataFiles” folder
a configuration file named ”Janus_config_RunX.txt” has been created, being X the value of the
Run# parameter (in this case 1).

(b) Select the values of the parameters for the second run in the job. Once finished, press the Apply
button.

(c) Selectviathe Run# parameter a value identical to the ID of the second run in the job (in this case
2).
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Connect RunCtrl  AcgMode TDC Datafnalysis Adapters Regs Statistics Log

Start Run Mode |ASYNC7\/| OutputFiles
Stop Run Made |ml Data File Path DataFiles Browse
Preset Time 5s Output File Unit |r157v|
Preset Counts 1000 Enable List Max Size r
lob First Run 1 List File Max Size 1GB
Job Last Run 5 Event List (Raw) |I3ISABI_E|37V
Run Sleep 10s Event List (Binary) r
Enable Jobs v Reset lob Event List (ASCII) v
Run# Aute Increment - Sync List (ASCII) r

Run Info r

Lead Histo r

ToT Histo r

Fig. 3.66: Example of settings for a job acquisition.

(d) Press the Save Run Configuration Button. Another configuration file is suddenly created in the
”bin/DataFiles” folder named ”Janus_config_RunY.txt”, being Y the Run# parameter value for the
second run in the job.

(e) The user has to repeat the instructions above as many times as the number of runs composing
the job.

(f) Pressthe StartJob Button. The user can check the status of the job in the Status Bar (see Sec. 3.4)
and that the data files are created in the destination folder.
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4 Console Mode

rd

72

In this operative mode, the user can edit the configuration file ("Janus_Config.txt” in the “bin” folder) with
any text editor and save the proper values for the desired parameters (see Chap. 3 for details regarding
the complete list of available parameters). Then the user can launch ”JanusC.exe”, which starts in a purely

textual console window (see Fig. 4.2).

Note: If using Windows 11 with Windows Terminal as default shell, please consider to modify the shell
settings as shown in Fig. 4.1 to get the expected behavior of JanusC console mode.

Command Prompt

Windows Console Host

like »m the Sta —
i Microsoft Corporation

Fig. 4.1: Windows 11 shell settings for JanusC console mode.

Note: In Console Mode, the user can modify the "Janus_Config.txt” file also by accessing the parameter
values in the "JanusPy.pyw” application without pressing the Connect button. In this case, the Janus 5203
GUI is simply used as a configuration panel and every time the Apply button is pressed the configuration

file is overwritten.

e menu

Fig. 4.2: Starting window of the Janus 5203 software when operating in Console Mode.

Once started, the “"JanusC.exe” application parses the configuration file. If a formal error occurs, it is dis-
played in the console window. Possible not valid parameter values or syntax errors in the configuration file
are indicated by the software by displaying a warning message. After having established the connection
with the board, Janus 5203 programs it with the parameters read. Finally, by pressing the command ”s”

the acquisition is started.
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During the acquisition loop, a special menu (bindkeys) allows the user to send commands to the program
by previously selecting the “JanusC.exe” console window.
The list of all console commands is presented in Sec. 4.2.

Configuration File Syntax

This section describes the structure of the Janus 5203 configuration file ("Janus_Config.txt”) and the syntax
of all the defined parameters. The parameters are the same described in Chap. 3 and the user should refer
to that chapter in order to have more detailed information about their functions.

The Janus 5203 configuration file is divided in three main parts:

¢ Connection Settings, indicated in the initial "Connect” section of the file.

e Common Settings, indicated in the initial "Common and Default settings” section of the file. The value
of these parameters is applied to all channels of all connected boards.

¢ Individual Settings, indicated in the section ”“Board and Channel settings”. The value of these param-
eters is applied individually to specific connected boards and/or to specific channels.

The individual settings can be performed also in the common settings part: in this case, they are applied
to all channels of all connected boards.

Note: Settings are executed sequentially, therefore commands written at the end of the file (in the part of
the individual settings) may overwrite settings written at the beginning (in the part of the common settings).

Connection Settings

This part of the configuration file allows the user to define the type of connection of the boards. An example
is shown in Fig. 4.3. The "Open” word is followed by the ID number of the board between square brackets
(by default the ID number is 0 if only one board needs to be connected). The user has then to specify the
type of connection.

Cpen[0] eth:lS2.168.50.3

Fig. 4.3: Example of connection settings in the “Janus_Config.txt” file.

Common Settings

This part of the configuration file allows the user to define all the settings that have to be applied to all
channels of all boards connected. This part of the file is organized as the different tabs in the Janus 5203
GUI. An example is shown in Fig. 4.4.

Note: The parameter names can be different to that in the Janus 5203 GUI. Indeed, the parameter names
appearing in the Janus 5203 GUI are defined in the “param_rename.txt” file inside the "bin” folder.
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B oo C oo e

# AcgMode

e

ChEnableMask@ @xFFFFFFFF # Channel enable mask TDC@ (ch 8..31)

ChEnableMaskl @xFFFFFFFF # Channel enable mask TDC® (ch 32..63)

ChEnableMask2 @xFFFFFFFF # Channel enable mask TDC1 (ch 64..95)

ChEnableMask3 OxFFFFFFFF # Channel enable mask TDC1 (ch 96..127)

AcquisitionMode COMMON_START # Acquisition mede. Options: COMMON_START, COMMOM_STOP, TRG_MATCHING,

STREAMING, TEST_MODE_1, TEST_MODE_2

MeasMode LEAD_ONLY # Time measurement mode. Options: LEAD_ONLY, LEAD_TRAIL, LEAD_TOTS,

LEAD_TOT11

En_Head_Trail ONE_WORD # Enable Header and Trailer. Options: KEEP_ALL, ONE_WORD

En_Empty_Ev_Suppr @ # Enable empty event suppression

TriggerSource PTRG # Trigger source. Options: SW_ONLY, T1-IN, T@-IN, PTRG, EDGE_CONN, MASK

TrefSource CHe # Time reference source. Options: CH@, T@-IN, T1-IN, PTRG

VetoSource DISABLED # The veto signal inhibits the trigger source (active high). Options:

DISABLED, T@-IN, T1-IN, MASK

Gatellidth 1 us # Gate Width (will be rounded to steps of 12.8 ns)

TrghindowWidth 2 us # Trigger Window Width (will be rounded to steps of 12.8 ns)

TrghindowOffset -1 us # Trigger Window Offset = start of the trg window respect to trigger
position (can be negative, will be rounded to steps of 12.8 ns)

PtrgPeriod 1 ms # Period of the internal periodic trigger

DigitalProbe@ TRG_ACCEPTED # Digital probe source (T@-0UT). Options: CLK_1824, TRG_ACCEPTED,

TRG_REJECTED, TX_DATA_VALID, TX_PCK_COMMIT, TX_PCK_ACCEPTED,
TX_PCK_REJECTED, TDC_DATA VALID, TDC_DATA_ COMMIT

DigitalProbel TX_DATA_VALID # Digital probe source (T1-OUT). Options: CLK_1824, TRG_ACCEPTED,
TRG_REJECTED, TX_DATA_VALID, TX_PCK_COMMIT, TX_PCK_ACCEPTED,
TX_PCK_REJECTED, TDC_DATA VALID, TDC_DATA COMMIT

To_Out TRIGGER # Te_Out assignment. Options: T@-IN, TRIGGER, RUN, PTRG, BUSY, DPROBE,
SQ WAVE, TDL_SYNC, RUN_SYNC, ZERO, MASK
T1_Out T1-IN # T1_Out assignment. Options: T1-IN, TRIGGER, RUN, PTRG, BUSY, DPROBE,

SQ WAVE, TDL_SYNC, RUN_SYNC, ZERO, MASK

Fig. 4.4: Example of common settings in the “Janus_Config.txt” file.

4.1.3 Individual Settings

This part of the configuration file allows the user to define all the settings that have to be applied to a
particular board and/or to a particular channel. The user has to write down the parameter name followed
by the board number in square brackets ([0] if only one board is connected) and by the channel number in
square brackets. An example is shown in Fig. 4.5.

I

$# Board and Channel settings (overwrite default settings)
E T L o LT LT

DiscrThreshold[0] [1] 35 #

Fig. 4.5: Example of individual setting for the 1% channel of the board 0 adapter in the “Janus_Config.txt” file.

If the parameter can differ only board-by-board, but not channel-by-channel, the parameter has to be
written in the same part of the configuration file. In this case, the parameter has to be written down
followed only by the board number in square brackets. An example is presented in Fig. 4.6.

e

# Board and Channel settings (overwrite default settings)
T T T L S T T L T S e,

GlitchFilterDelay([2] 2 £

Fig. 4.6: Example of individual board setting in the "Janus_Config.txt” file.

4.2 Console Commands

Space Bar Print Command Menu. Print on screen the list of all console commands.
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Quit. Exit from the Janus 5203 software.

Start acquisition.

wliwn|o

Stop acquisition.

SW Trigger. This command sends a software trigger (single shot), useful especially when
the card has no data (no trigger) because it forces the acquisition of an event.

Set stats monitor type. Allows the user to change between the different statistics printed
on the Janus 5203 console window during the acquisition. The available options (the
same reported in Sec. 3.3 for the ”Statistics Type” parameter) are:

¢ 0. Hit Rate: The channels hits rate matching the reference trigger is displayed.

e 1. Hit Cnt: The channels hits count matching the reference trigger is displayed.
e 2. Tot Rate: The channel read hits rate is displayed.
. Tot Cnt: The channel read hits count is displayed.
. Lead Mean: Estimated mean value of the Lead ToA.
. Lead RMS: Estimated RMS value of the Lead ToA.

. ToT Mean: Estimated mean value of the ToT (not working for LEAD_ONLY
Measurement Modes)

e 7. ToT RMS: Estimated RMS value of the ToT (not working for LEAD_ONLY
Measurement Modes)

.
A U1 A WN R

o [Other keys]. Return.

[tab]

Change statistics channel/board. The command allows the user to change between
channel and board statistics printed on the screen.

Change statistics mode (integral/updating). The command allows the user to change
between integral and updating statistics printed on the screen.

Set plot mode. Janus 5203 has several plot modes that can be activated one at a time.
More information about the different plots can be found in Sec. 3.3. The available options
are the following:

e 0. Spect Lead: Leading edge Time of Arrival (ToA) spectrum (X-axis = ToA, Y-axis =
Counts).

e 1. Spect Trail: Trailing edge Time of Arrival (ToA) spectrum (X-axis =ToA, Y-axis =
Counts).

e 2. Spect ToT: Time over Threshold spectrum (X-axis = ToT, Y-axis = Counts).

e 3. Counts: Histogram of the total number of counts per second per channel (X-axis
= Channel number from 0 to 63, Y-axis = Counts per Second).

¢ [Other keys]. Return.

Enable/Disable x-axis calibration.the ToA and ToT spectra can have the x-axis scale
expressed in Channels or in a calibrated quantity (ns). This key toggles between the two
modes.

NOTE: The spectra plots also display the mean and RMS values, expressed in channels or
in the calibrated quantity depending on the option chosen.

Change board. This command allows the user to change between active boards (since by
default the board 0 is the active one) when more than one board is connected at the
same time.

Change channel. During the acquisition, only one channel is enabled in the plots in
Console Mode. With this key, the channel enabled in the plots is changed. It is possible to
scroll through the channels by pressing '+ (next channel) and ’-’ (previous channel).

Freeze plot. During the acquisition run, the plot is automatically updated (approximately
once per second). However, it is possible to stop the histogram update (while the
acquisition continues) to observe the one-shot plot by pressing this command. Pressing
again the command re-enables the automatic histogram update.

One shot plot. Force a plot update when the "Freeze plot” is enabled.

Reset histograms. The command resets the content of all histograms and the values of
the statistics.
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Reset jobs (when enabled). This command allows the user to interrupt the entire job (if
enabled) and start over.

Reset IP address. This command resets the IP address of the board to 192.168.50.3.
NOTE: This command can be used only when connected to the board via USB.

Upgrade firmware. The command allows the user to upgrade the FPGA firmware of a
particular connected board.

Calibrate discriminator thresholds. The command allows the user to calibrate the

T thresholds of the A5256 discriminators, and save the calibration file in the board flash

memory.

Register manual controller. The command opens a sub-menu which allows the user to
directly access the board registers (manual controller). The available commands in the
sub-menu are:

b. Change base (0100).
c. Change channel (00).
+. Next channel.

-. Prev channel.

a. Set address (01000000).
r. Read reg (00000000).
w. Write reg (00000000).
s. Send command (00).

i. 2C R/W reg.

R. Read flash page.

W. Write flash page.

q. Return.

Tab. 4.1: Janus 5203 console commands.
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5 Plot Window and Commands

Plots in the Janus 5203 software are managed by gnuplot, which is an external plot engine. The plot data
are written to a support file, then, via pipe, a series of commands are sent to gnuplot which displays the
requested plot. The commands include setting the dimensions, titles, X and Y axis labels, plot type, colours,
etc.
When working in GUI Mode, the user can select different traces at the same time to appear in the gnuplot
window thanks to the Plot Traces window (see Fig. 3.6). In particular, in the top right part of the gnuplot
window a legend is displayed (see Fig. 5.1).
Mean RMS
DataFiles\Runl LeadHisto 0 1.txt : 144.653 5
Ch[l]: 185.874 .806

3
Ch[2]: 137.571 4.025
Ch[3]: 186.601 4

-909 TO
Tl Run
T2
T3 Ru

TS Ru
Té Ru
T7

Ch[S]: 201.157 4.554
Chl6]: 189.777 4.479
Ch[7]: 192.524 4.285

Fig. 5.1: Traces legend in the gnuplot window.

The information reported there are:

e Channel ID, displayed as CH[Board ID][Channel ID]. The [Board ID] is shown when using multiple
boards only. It is not present in case of single board usage.

¢ Mean, Mean value of the selected spectrum for the particular channel. The units for that value are
those displayed in the x axis and selected via the ”Calib X-axis” command in the Plot Traces window
(see Fig. 3.6).

¢ RMS, The RMS value of the selected spectrum for the particular channel. The units for that value are
those displayed in the x axis.

¢ Trace ID, displayed as TN, being N the Trace ID.
¢ Run ID, displayed as RunN, being N the Run ID.

In case of an Offline run, the relative line on the legend is written in Ocean Blue color.

Gnuplot has some predefined “bindkeys”; other bindkeys are set (depending on the type of plot) by Janus
5203 via the command pipe. A bindkey is activated by pressing a key when the gnuplot window is active.
In Tab. 5.1 the main bindkeys for gnuplot (valid for most of the plots) are listed.

Key Function
a X & Y Autoscale. Performs the autoscale of both X and Y axis.
X X Autoscale. Performs the X axis autoscale.
y Y Autoscale. Performs the Y axis autoscale.
g Grid. Set a grid along the X and Y axis.

Enable/Disable Ruler. Enable or disable the ruler. In the bottom part of the window, the
r X and Y coordinates of the starting position of the cursor are displayed, together with the
value of AX and AY of the new cursor position with respect to the starting position.

Zoom. Performs a zoom in a region of the plot. To perform a zoom the user has to right

Right Click + Move + click with the mouse (e.g. on the top left-hand corner), release the right mouse button,
Left Click move the cursor (e.g. to the bottom right-hand corner) and then left click.
p Previous Zoom. Return to the previous zoom.
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u Un-Zoom. Return to the initial zoom status.

Enable/Disable Y Log Scale. The command allows the user to enable or disable the
logarithmic scale on the Y axis.

Enable/Disable X or Y Log Scale. The command allows the user to enable or disable the
logarithmic scale on the axis closer to the cursor.

Tab. 5.1: Gnuplot window commands.

The gnuplot window also features an Icon Bar (see Fig. 5.2).

[lZ] FERS Readout

D& e sa@aaala ?

Fig. 5.2: Icon Bar of the gnuplot window.

The available commands (part of them can be performed also via the previously described bindkeys) are:

e Copy the plot to the clipboard B .
¢ Save the plot in various formats & .

¢ Refresh the plot =~

¢ Display the grid ﬁ

* Return to the previous zoom C .
e Apply the next zoom settings a .
e Apply the autoscale Q .

e Open a gnuplot configuration window similar to that in Fig. 5.3 A .

>
e Open an help dialog window = .
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Terminal configuration
Put the window at the top of your desktop after each plot (raise)
[[] Den't quit until all windows are closed (persist)
[JReplace 'q' by <ctrl»+'g' and <space> by <ctrl> + <spaces (ctrl)
[/ Toggle plots on/off when key sample is clicked
[[] Redraw continuously as plot is resized

Rendering options (applied to the next plot)

Rendering method :

Antialiasing and oversampling ~

Hinting (100=full 0=none) :

0 | T

QK Apply Cancel

Fig. 5.3: Gnuplot configuration window.
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Janus 5203 provides a default log file for each data acquisition run. The log file (Msg_log.txt) can contain
a greater or lesser amount of information depending on the verbosity enabling/disabling in the GUI mode
menu (see Sec. 3.1). The information saved in the log file are the same that are displayed in the Janus
5203 GUI Log Tab (Sec. 3.14), or console, during a run. If more information are needed, it is possible to
enable/disable bits of the DebuglLog Mask via a macro (see Sec.3.1). The macro should contain:
DebuglogMask value

where value is an hexadecimal number, that can be:

0x1 - a FERSIib_log.txt file is created. The file contains the FERS library log. It is updated only if an
error happens during the data acquisition.

0x2 - a RawEvents.txt file is created. A dump of the data, already divided per events, is saved on the
file.

0x4 - all_log_x.txt file is created, where x is the board number. A dump of the raw data arriving from
each board, with no processing performed, is saved on the file.

0x8 - a ll_log_x.txt file is created, where x is the board number (information added to the same file
created for the 0x4 log). The start and stop of the run information, for each board, are saved on the
file.

0x10 - a queue_log.txt file is created. This log is used just in the case of data building enabled, and it
prints to the file the que of each event.

0x20 - a RawDecodelog_x.txt file is created, where x is the board number. The board payload and
other information are saved on the file.

0x40 - a ll_readdata_log_x.txt file is created, where x is the board number. Same information given
by the 0x4 settings, with the only difference that the data are dumped after having passed by the
memory buffer of the board.
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7 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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