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What did you sign up for?

w Short Introduction

w Getting started with the software ]
w Getting started with the hardware '[ mteraCtlve - It reqUIreS InpUt
«How to set up a trigger {from everyone: \Whenever
w Communicating with the TLU »,'- yOU have a queStlon/

w Evaluating the different trigger modes

wAny issues we might discover

w Real particles and beam :)
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typical test beam setup
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A

typical test beam setup

Multiple layers of hard- and software

DESY.

Reference Telescope for tracking
(Provided by facility)

Your own detectors(s)

Trigger Logic unit to synchronise

detectors on HW level Trigger

—>
EUDAQ(2) as software framework o
to steer the readout of all —>
connected detectors ::

Assumption: You have a hardware
interface to the TLU available

Individual DAQ softwares - not
covered today

Detector/Hardware -level

Telescope
DAQ Board

Software-DAQ /

EUDAQ network

—

Detector 1
DAQ Board

<>

Telescope
Producer
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Producer

Detector 2
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Detector n
DAQ Board
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Producer
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roducer
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EUDAQ

A network based multi platform DAQ system

« EUDAAQ is developed as common DAQ software
for test beams

Monitor 0

Run Control c
OMmand floy,
* Currently EUDAQ?Z2 is state of the art /  ‘
. ' Producer 0 | Data Dat
One RunControl instance sona - — Data oa‘a‘\o\., e
. Receiver Dat
 Multiple Producer that stream data from DAQ Sonder — Collector 0 Converter
System Receiver Sender
% Data F"? Data —
« Multiple DataCollector that receive and store Producer 1 5oz I S Converter ]
data Sender Disk
Data Data
« Central LogCollector to gather status Receiver Collector 1 —
information Data
Receiver
. : : Prod 2 = i
- Monitors to keep an eye on data while recording | Cor < | sonar = [
. . . TR Dat
«  Plain text files to configure and initialise EUDAQ Sender
 Users need to implement their Producers and \
(if they want to use the EUDAQ monitors a Log Collector

data converter)
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The setup at the DESY Il beam

lines




Typical Test Beam Setup
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Typical Test Beam Setup

| Beam
{6 layer telescope

DESY.



Typical Test Beam Setup

|Beam
{6 layer telescope
t Trigger scintillators

DESY.
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Typical Test Beam Setup

| Beam
{6 layer telescope

§ Trigger scintillators
iDUT

DESY.



The AIDA-TLU



The AIDA-2020 Trigger Logic Unit

Flexible and Versatile Tool for DAQ System synchronisation

+ 4 HDMIbased DUT interfaces

6 trigger inputs (+/-1.2V range, DAC controlled) Designed at Bristol by D. Cussans

4 PMT power outputs via 4pin LEMO 19 inch rack format

Optical port for low jitter clock distribution Mass production at DESY (30 pieces, distributed

all over the globe

Network connection and power on backside
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3 A
@

»
PUTS

POWER

®

PROGRAM UART

DESY. 1 3



TLU Interfaces |

The EUDET Mode
Scintillator signals \a,<_\/ // |
B ey

Scintillator signals _\Cb( 3

t1 |
Trigger - S~/

Busy :

2
I
J

DUT Clock ‘ ‘ :
TLU State idle X
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TLU Interfaces Il

The AIDA Mode

o Aglnlydglylydgigly I

Scintillator signals // \< /

oo e\ i i
N e N A A A A

TLU State busy ) ][ idie [ ousy ] ide  JPXC busy ] X
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TLU Interfaces lll

The AIDA Mode with trigger ID

clk | // I

Tiager ) I

sync/To /Do D1 Y\ D2 Y D3// \D14 D15\

—~— - - — - 2 A —— P -~ - - - - 2 e - — - - -
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Parameters to configure the TLU - Initialisation

[Producer.aida_tlu]

# you can use this to track your changes, e.g. using the date
initid = 20180925

TLUmod= "1le"

# Path on the PC with TLU Producer and relative path is starting path euRun!

- . 5 S Y xS 3 s s = o

# relative path Trom execution directory
IeviceName = "aida_tlu.controlhub"
# Set CONFCLOCK to 1 to configure clock, which is necessary after a power cycle
CONFCLOCK = 1
# Path to clock file_

# Set skipini to 1, if you want to skip the init-step
skipini = 0@

# further expert setting, do not change

nDUTs = 4 # number of HDMI inputs, leave 4 even if you only use fewer inputs
nTrgln = 6

intRefOn = 0 # 0 = False (Internal Reference OFF), 1 = True

VRefInt = 2.5

These paths have to be

I2C address of the bus expander on Enclustra FPGA ' adeSted to match the locations ,
I2C_CLK_Addr = 0x68 I2C address of the Si5345 ‘ .
I2C_DAC1_Addr = @x13 I2C address of 1st ADS665R . on the PC with the Producer

#
#
#
I2C_DAC2_Addr = Ox1F # I2C address of 2nd AD5665R
#
#
#

VRefExt = 1.3
I2C_COREEXP_Addr = 0x21

I2C_ID_Addr = 0x50 I2C address of unique Id number EEPROM
I2C_EXP1_Addr = 0x74 I2C address of 1st expander PCA9539PW

I12C_EXP2_Addr = 0x75 I12C address of 2nd expander PCA9539PW agv.de <todav>
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Parameters to configure the TLU - Configuration

# AUTOTRIGGER

[Producer.aida_tlu] InternalTriggerFreq = @
verbose = 0
confid = 20180910 # EXTERNAL TRIGGER INPUTs
skipconf = @ # Stretch, delay in 6.25ns ticks
in@_STR = 1 # factor to stretch
A A A S A A S S L in@_DEL = @ # factor to delay, ¢
# DUT IN/OUTPUT in1_STR = 1
# Mask: @ CONT, 1 SPARE, 2 TRIG, 3 BUSY (1 = driven by TLU, @ = driven by DUT) inl DEL = @
# EUDET mode: 7 in2_STR = 1
HDMI1_set = Ox7 in2_DEL = @
HDMI2_set = Ox7 in3_STR = 1
HDMI3_set = Ox7 in3_DEL = @
HDMI4_set = Ox7 in4_STR = 0
in4_DEL = 0
# same as above for the clock line, 1 = AIDA mode, 2 = FPGA in5_STR = 0
HDMI1_clk = @ in5_DEL = @
HDMI2_clk = @ [
HDMI3_clk = @ # DAC INPUT THRESHOLD
HDMI4_clk = @ DACThresholdo = -0.04
LEMOclk = 1  # if input, then also adjust clk.txt DACThresholdl = -0.04
DACThreshold2 = -0.04
# DUTs DACThreshold3 = -0.04
DUTMask=0x1 ; DACThreshold4 = -0.20
# Define mode: 2 bits per channel . . DACThresholds = —0.20
DUTMaskMode = @xFC # 1st is reading out 1 #i2 words 32bit: Hi + Lo )
# combinations of coincidence are now possible!
. . # PMT Power
#Bitmask to ignore busy trigMaskil = 0x00000000 PMT1_V = ©.80
DUTIgnoreBusy = 0x0 FELGHASKEGRS0X03000000 PMT2_V = 0.80
. PMT3_V = 0.00
A0 0 S Sttt sttt g Define the data collector to be used by the producer PMT4_V = ©.00
# AUTOTRIGGER AL = LR

InternalTriggerFreq = @ ge <loudv>
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Defining the active input channels to trigger on

Trigger on coincidence of 10 & I1

|0+11 == line 3
0b1000 = 0x8
trigger_mask = 0x8

§ First little hands on :)

£ Define the trigger mask for the (non
' exclusive) or on channel 2 and 3

DESY.

AL S letoy CALL L 4D PALOLAIL WoavEIL 1w

word 0x80000000 in the TnggerPattem lowW register.

e Gt taaaaes xaw

~oseova vy

Leane tisvar vvaaw

o avosaag

CONFIG.

n
DEC |I5 |4 |13 |12 | I1 | 10 || PATTERN | o0 2
0 0o/o/o 0|00 =) 1
1 0|00 001 =) - 2
2 0|00 010 ) 4
3 0|0 00 |1 |1 ) 8
4 0|00 1070 ) 16
5 0|00 101 ) - 32
6 0|00 11710 ) 64
7 0o o011 1 =) 128
8 0|0 101070 ) 256
9 0|0 10701 ) - 512
10 0|0 1010 =) 1024
11 00101 1 =) 2048
12 0|01 11070 ) 4096
13 0 [of1]1 0|1 =) - P 8192
14 |00 1|1 [1]0 o = 16384
15 0o [of1 111 o © 32768
16 0|1 /0 0100 ) E 65536
177 (0o [1 /0 [0 [0 |1 ) - =z 131072
18 [0 [1 (00|10 o S 262144
19 0|10 011 ) 524288
20 0|10 11070 S 1048576
21 0|10 1101 =) - 2097152
22 0|1 ]0 1170 S 4194304
23 0 |10 111 ) 8388608
24 01T 101070 =) 16777216
25 0 |1 10101 =) - 33554432
26 0 1T 10170 S 67108864
27 (0 [T (1[0 |11 =) 134217728
28 0 1T 111070 =) 268435456
29 0 |1 1101 =) o 536870912
30 0 [T 11170 =) 1073741824
31 01 111 1 — 2147483648




Defining the active input channels to trigger on

Trigger on coincidence of 10 & I1

Valid combinations:

12 & 113

12 & 113

12 & 13

-> 0b 1 0001 0001 0000 = 0x1110

< @ 53 s <

' Easy, right :P é

DESY.

v

\

AL S letoy CALL L 4D PALOLAIL WoavEIL 1w

word 0x80000000 in the TnggerPattem lowW register.

e Gt taaaaes xaw

~oseova vy

Leane tisvar vvaaw

o avosaag

CONFIG.

n
DEC |15 |4 |13 |12 | I1 | I0 || PATTERN | o 00 2
0 000000 o 1
1 00 [0 [0 0|1 S - 2
2 0000 |1]0 S 4
3 00 [0 |0 |11 o 8
4 000|100 S 16
5 00 [0 |10 1 S - 32
6 000 [11]0 o 64
7 000|111 S 128
8 00 [1]0 ][00 S 256
9 00 [1 [0 01 S - 512
10 [0]0 1[0 (10 S 1024
11 [0 |0 [1 [0 |1 1 S 2048
2 [0]0[1[1 ][00 S 4096
13 0|0 |1 101 S - 2 8192
14 |00 1|1 [1]0 o = 16384
15 0|0 |1 111 S o 32768
16 (0 [1]0 0100 o E 65536
17 [0 |1 [0 [0 [0 |1 S - 2 131072
18 [0 [1 (00|10 o S 262144
19 [0 |1 [0 [0 |1 1 S 524288
20 [0 [1 (0 [1T]0 0O S 1048576
21 (0 |1 [0 |1 [0 |1 S - 2097152
22 [0 [1 (0o [1T]1]0 S 4194304
23 |0 |1 |0 |1 |11 o 8388608
24 (0 (1 (10 [0 ]0O S 16777216
25 [0 |1 (1[0 ][0 |1 S - 33554432
26 [0 |1 (1[0 [1 0 o 67108864
27 |0 |1 |1 |0 |1 |1 S 134217728
28 [0 |1 (1T [1 [0 0 o 268435456
29 (0 |1 |1 |10 1 S - 536870912
30 |0 |1 |1 1|10 S 1073741824
31. |0 |1 |1 |1 |1 1 — 2147483648




The DAQ network at the test beam

We use area TB 22 as an example, replace the 22 by arealD

: {1 Terminal - Shuttle
£ ’ 192.168.22.3
DESY.

Internet

1192.168.200.30

Local
Network
Switches

: " Runcontrol PC
if 192.168.22.1 i1
tf 192.168.200.1 ;

| Telescope PC
th 192.168.22.2




A little walk to the test beam...

... to start with the real hands on



Starting up the MIMOSA




Powering up and starting chiller

-y '/ 2 |

—

...............

nnnnnnnnnnnn

minichiller
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Start up and configure MIMOSAS

File
Main IDM]

—Master Configuration

Configuration Fle:  [C:\optitag_durantalthreshd_duranta met

Wofocvias:F

open | Save

Device Configuration

Configuration Fle: | Caooeitag_durantaposd_chiptd_theeshdne [

|coptitag_durantalpost_chip2d_theeshd oat

‘—JTAGIntetface
~Device Update

4

B Mimosa26 ITAG Master Configuration

File

Man | De

—Master C Look inc I | fteg_duanta ;I - BcrB-
Coto= Name - I'I Date modified I '] Type
Number of . special 5/19/20212:50 PM  File folder
z thresh3_duranta.mcf 1172772018 10:35 A...  MCF File
Device C 7 thresh4_duranta.mef 4/11/20238:57AM  MCF File
Configurat 2 thresh5_duranta.mcf 11/27/2018 10:35A...  MCF File
7 thresh6_duranta.mcf 11/27/2018 10:35 A..  MCFFile
e 7 threshT_duranta.mcf 11/27/2018 10:35 A...  MCF File
‘ I thresh8_duranta.mcf 11/27/2018 10:35 A, MCF File
| :: B 4 thresh9_duranta.mcf 11/27/2018 10:35 A..  MCF File
‘ 7 thresh10_duranta.mcf 11/27/2018 10:35 A...  MCFFile
—ITAG Int 2 thresh11_duranta.mcf 11/27/2018 10:35 A..  MCF File
| Port Parzll 2 thresh12_duranta.mcf 8/15/2019 £43PM  MCFFile

File name: M

Fles of type: | Master Configuration [~.mcf)

Genetdl[

or

w

’Conﬁguration directory: "CACCMOS_SCTRIAMIMOSA26_JTAG\config_files\'

Higher threshold

-> less noise + reduced efficiency
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The NI DAQ GUI for the MIMOSAS

S 5
ﬁ
ss

5
ﬁ
Ul

5 5
5 5
[T sl

/////////////
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Starting EUDAQ/Connecting all
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Starting all components

FLIT CULL UPYLLUIID DUITITLY 1TUULD OIIMOoUVLLIyL nNoiy

! /bin/bash

# IP-environment

¥ Define port
RPCPORT=44000
RUNCONTROLIP=192.168.22.1

killall xterm

¥ Start Run Control
xterm =T "Run Control" —-e 'euRun' &
sleep 2

# Start Logger ng Data
xterm =T "Log Collector" —e 'eulog -r tcp://${RUNCONTROLIP}' & Collector
sleep 1

f Start Data Collector

xterm =T "Data Collector NI/Mimosa" -e 'euCliCollector -n DirectSaveDataCollector -t ni_dc -r tcp://${RUNCONTROLIP}:${RPCPORT}' &
sleep 1

xterm -T "Data Collector TLU/APTS" -e 'euCliCollector -n DirectSaveDataCollector -t marvel_dc -r tcp://${RUNCONTROLIP}:${RPCPORT}' &
sleep 1

# Start TLU Producer

xterm =T "AidaTluProducer" —e 'euCliProducer -n AidaTluProducer -t aida_tlu -r tcp://${RUNCONTROLIP}:${RPCPORT}' &

sleep 1

# Start NI Producer locally connect to LV via TCP/IP

xterm =T "NI/Mimosa Producer" —e 'euCliProducer -n NiProducer -t ni_mimosa -r tcp://${NIIP}:${RPCPORT}' & MIMOSA
sleep 1

# Start AD9249. APTS we need to start manually
xterm -T "AD9249" -e 'ssh -t root@192.168.22.137 "euCliProducer -n CaribouProducer -t AD9249 -r tcp://${RUNCONTRQ=HR} : ${RPCPORT}""' &

¥ And Online Monitor

xterm =T "Mon" -e 'StdEventMonitor -t StdEventMonitor -r tcp://${RUNCONTROLIP}:${RPCPORT}' & “A()r“t()r




The Main Ul

eudaq Run Control v2.5.2-85-g4428ad26 (on Fhlrcduranta)

State:

Current State: Running

Control

Init file: ‘ /homejteleuser/tangerine/apts_desytb_042023_config/run_control/tangerine.ini

Config file: ‘/homeiteleuser/tangerine/apts_desytb_042023_conﬁg/run_control/tangerine_ext_trigger.conf b

Next RunN: || ¥ stop ||
| 0% T

Log: ‘ || Log | V! LogConfigs

Scanfile | || Load || startScan ||

Run Number: 7365 ni_dc:DataCollector: 34518 Events

marvel_dc:DataCollector: 69035 Events aida_tlu:Producer: 34517 Events

ni_mimosa:Producer: 34518 Events AD9249:Producer: 34519 Events

StdEventMonitor:Monitor: 34517 Events

Connections

type “~ name state connection message information

LogCollector  log RUNNING tcp://192.168... Started <_SERVER> tcp://35115

DataCollector ni_dc RUNNING tcp://192.168... Started <EventN> 34518 <MonitorEventN> 34518.000000 <_SERVER> tcp://43383

DataCollector marvel_dc RUNNING tcp://192.168... Started <EventN> 69035 <MonitorEventN> 6903.000000 < SERVER> tcp://37839

Producer aida tlu tcp://192.168... <EventN> 34517 <Freq. (avg.) [kHz]> 0.015563 <IDTrig> 34518 <Particles> 50341 <Run duration [s]> 2217.891480 <Scaler> 50746:0:0:0:0:0

Producer ni_mimosa RUNNING tcp://127.0.0.... Started <EventN> 34518

Producer AD9249 RUNNING tcp://192.168... Started <EventN> 34519

Monitor StdEventMon... RUNNING tcp://192.168... Started <EventN> 34517 <_SERVER> tcp://36349

The basic example config/init files can be found in “/home/teleuser/bttb11/*

DESY.




The trigger modes of the AIDA

TLU
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Trigger Modes -

Use all of the modes :)
“‘DUTMaskMode”
0x00

0x01

0x11

DESY.

Recap
Scintillator signals \a\;/ //

t

Mg f A J
w A7
Scintillator signals _\b(
Trigger n\>7/ {3‘{\ /Do Y D1 D2_J/ Y D14 \
Busy ~ © // Sﬁ
DUT Clock \’7‘4*?%—# AR A A il
TLU State idle Y busy Ji >
e [ L LU LU L AL L AL L LAt
Scintillator signals // \341
Trigger I b B I /
syemo [~ \___Jf | I I I
Busy // ‘ // // /4\&,// \—/L
TLU State busy X [ idie J[ousyY ][ idle =X busy )|
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Optimising the data taking &

PMT POWER
1 2 3 = & A ' DA O power
o @ e @ o
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1. Start the telescope & connect a HDMI-LEMO board and check all modes

2. Mount the trigger scintillators + adjust the config files to turn the PMT power on, check threshold and see when
noise appears

3. Set interlock and turn on beam

4. Observe the trigger/pmt rates = How can you make sure there is no noise

5. Scan the beam momentum and plot the rate as function of momentum, discuss what the optimal conditions for
your setup are

6. Go to high rate settings = what effect is the ignore busy having

7. Align the telescope

8. Time delay to compensate for different cable length, scope test first

9. Any other points?

This will be moved to proper slides later on

DESY.
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Summary
TLU Features and interplay with EUDAQ

« The TLU provides several interface modes and flexible Contact:

triggering ' lennart.huth@desy.de
« Depending on your device different modes are most efficient

« EUDAQZ2 is capable of steering the TLU

« MIMOSA telescopes are fully integrated = easy starting point
for your own test beam DAQ integrations

PUTPOWER DA o
O O O =
A » () ) 93

GER INPUTS >

PROGRAM UART
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Any other topics, questions?




