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L1Calo Trigger Monitoring Requirements 
Eric Eisenhandler 

1 Introduction 

This document discusses the requirements for monitoring the operation and performance of the 
ATLAS Level-1 Calorimeter Trigger [1]. It aims to provide a more detailed picture of what 
needs to be monitored than the overall Trigger Online Software Requirements document [2]. 
However, it does not go into areas that are already covered well in that document, such as how 
the software is required to operate. Nor does it cover the use of databases, as this is a substantial 
subject on its own. 

Monitoring software of various kinds will be required to continuously check the correct 
operation of all aspects of the trigger, both as individual components and as a complete system. 
There are three major areas to be considered. 

• Monitoring of the physical aspects of the hardware, such as module temperatures and 
supply voltages. This will be handled by the Detector Control System (DCS), but we need 
to define what we will monitor, alarms and subsequent actions, DCS databases, etc. 

• Monitoring of the operational aspects of the hardware via VME. This will be mainly 
carried out by programs running on the local CPU in each trigger crate, and constitutes the 
non-event monitoring referred to in section 5.4 of the Online Software Requirements 
document [2]. 

• Monitoring of the performance of the trigger using data sampled at various points along 
the trigger real-time processing chain. This will be done mainly using data readout to DAQ 
via the RODs, and is the event or event-fragment analysis referred to in section 5.4 of the 
Online Software Requirements document [2]. 

It is important to recognise that different aspects of trigger monitoring will be important in 
different situations and in different phases of the project. Commissioning the trigger and early 
setup will require different tools and have very different emphases than routine running. And 
even when the trigger is in normal use, testing and diagnosis will monitor different things than 
normal data-taking or doing calibration runs. Nor is it clear yet where the line between online 
and offline monitoring will be drawn. 

There is a fuzzy boundary, with much overlap, between monitoring and calibration. Within the 
area of calibration a distinction exists between the properties of external input signals not 
directly under our control (energy and timing) and internal setting-up. A range of problems, 
from searching for hardware faults to deriving optimal values of configuration parameters, can 
to a greater or lesser extent be regarded as either online monitoring or calibration. Some items 
appear in this document even though they seem to be more calibration than monitoring. In 
particular, note the items that rely on the calorimeter calibration systems. 

Much of this monitoring consists of detailed checks coded in software. However, section 5 has 
been devoted to describing items to be monitored in the form of histograms or other plots. 

The information produced by monitoring the trigger will also be useful for checking other 
aspects of ATLAS. Problems with the detector (most notably the calorimeters), as well as the 
LHC beam conditions, may first appear in the plots. 
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Although monitoring of on-board voltages, currents and temperatures is mentioned, the outcome 
in terms of alarms, warnings and plots is more a matter for the Detector Control system and is 
not considered in this document. 

Finally, many of these requirements will not be easy to implement. As is customary in 
requirements documents, the word ‘shall’ is used and this implies that the requirement must be 
fully and completely implemented. However, in many cases it is likely that detailed and lengthy 
data analysis may be necessary, and this is recognised. 

2 General aims of the monitoring 

The monitoring is needed for a huge variety of reasons. They may be generally classified under 
the following requirements, although there is some overlap: 

GEN01 It shall be possible to verify that all parameters loaded into the trigger are the current 
values. 
This refers to loading parameters as specified, it is not a comment about whether the 
values themselves are actually optimal. It is probably desirable to do this periodically. 

GEN02 It shall be possible to verify whether the hardware is functioning correctly. 
This refers to errors in processing by the trigger modules, as well as transmission to, 
within, and from the trigger. It encompasses many detailed items spelled out below. 

GEN03 It shall be possible to verify that the firmware is functioning correctly. 
In addition to correct operation, this includes checking that the correct versions are 
being used. 

GEN04 In case of faults in the hardware or firmware, the monitoring shall allow the part of the 
system causing the problem to be localised as well as possible. 
Doing a good job here can minimise system downtime and the need to run dedicated 
test software. 

GEN05 It shall be possible to verify that all energy and timing calibrations are optimal. 
This has some overlap with the following two items. 

GEN06 It shall be possible to verify that trigger-tower input signals are being formed and 
transmitted correctly upstream of the trigger. 
This encompasses inclusion and summing of all cells in the tower sums and their 
relative timing, the shape of the trigger-tower pulses, the transmission to the Receiver 
Stations, the functioning of the Receiver Stations themselves including conversion to 
transverse energy, and the transmission to the PreProcessor. 

GEN07 It shall be possible to provide information on trigger rates and distributions in the 
ATLAS detector. 
There are three main aims here. The first is to provide information on the performance 
of the trigger itself, both the hardware and the algorithms. The second is to help 
understand the hardware and physics performance of other parts of the ATLAS 
detector. The third is to give rapid feedback on conditions (e.g. bunch structure, 
backgrounds) in the LHC machine. 
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GEN08 Faults detected by monitoring shall, where possible, be reported by the standard 
ATLAS DAQ error reporting mechanism.  
This is for possible handling and/or correlation with other problems detected in other 
subdetectors or systems. 

3 Sources of monitoring data 

The monitoring software will use data from the trigger processors and from various external 
sources. Trigger data can be divided into event readout data and non-event data. Clearly the 
event readout data should normally include the bunch-crossing that produced the trigger, no 
matter how many bunch-crossings are being read out. If more than one bunch-crossing is being 
read out, it should not be automatically assumed that the bunch-crossing that produced the 
trigger is the centre one, since there may be good reasons for looking further in one direction of 
time than the other. 

Event readout data available for every event must include at minimum [3]: 
• Look-up table (LUT) outputs from the PPMs: one bunch-crossing; 

• Trigger-bit results sent to the Central Trigger Processor from system-level CMMs: one 
bunch-crossing; 

• Regions-of-Interest: one bunch-crossing. 

Additional event readout data available, for all events or only a sample, can add the following: 
• Up to 5 bunch-crossings for any or all of the three items above; 

• FADC raw data from the PPMs, 1 to 5 or more bunch-crossings; 

• Input data from the CPMs, JEMs, and CMMs (both crate and system levels), 1 to 5 bunch-
crossings; 

• Output data from the CPMs, JEMs, and crate-level CMMs. 

Non-event monitoring via VME to the in-crate CPUs will include status information (such 
things as error counts on high-speed links), and rates and ‘activity’ histograms compiled 
automatically by firmware on individual PPMs. 

In addition, some monitoring tasks will require external interactions and cross-checks with data: 
• Interaction with the calorimeter calibration systems; 

• Interaction with the Receiver Station control system; 

• Full readout of the calorimeters to DAQ; 

• Central Trigger Processor results; 

• Central Trigger Processor inputs and intermediate data; 

• Level-2 Trigger data; 
• Conditions data. 

These interactions with external systems should ideally use standard ATLAS DAQ controls, 
databases, and facilities, and should avoid the use of private interactions if at all possible. 
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4 What to monitor 

The list of things that must be monitored covers items ranging from the overall infrastructure to 
details of the results of the trigger logic. However, beyond the basic physical level we go on to 
list items that are grouped according to where they are in the trigger system rather than by their 
level of sophistication. Following that we address calibration issues.  

4.1 Basic level 

This ensures that all modules have the necessary power supply voltages available, and that 
neither the modules nor the components on them are overheating due to problems with the 
cooling system. 

BAS01 The monitoring software shall be capable of displaying on-board supply voltages 
downstream of all on-board regulators, and raising alarms when they are outside 
acceptable limits. 

This will be handled within the DCS, but the online monitoring must be able to access 
and display the information to help in pinpointing the sources of problems. 

BAS02 The monitoring shall be capable of displaying on-board temperatures for at least one 
critical point on each module in the system, and raising alarms when they are outside 
acceptable limits. 

As BAS01. 

BAS03 The monitoring shall be capable of displaying any currents that are judged to be critical 
on modules in the system, and raising alarms when they are outside acceptable limits. 

As BAS01. 

BAS04 The monitoring shall be capable of displaying the status of the cooling water flow for 
all racks containing water-cooled power supplies in the system, and raising alarms 
when they are outside acceptable limits.. 
As BAS01. 

4.2 Handling of calorimeter analogue input signals 

Here we deal with the formation of trigger-tower signals from calorimeter cells, their 
transmission to the Receiver Stations on long cables, correct operation and control of the 
Receiver Stations, and transmission on short cables to the PreProcessor. There is overlap with 
the requirements related to signal timing and energy calibration in sections 4.8 and 4.9. 

CLR01 It shall be possible to verify that all individual calorimeter cells are being added to the 
correct trigger tower signals in proportion to their energy. 
This can be verified fully only by using the calorimeter calibration system pulsers, and 
comparing with full calorimeter readout. Doing this comparison using physics runs 
would probably be extremely tedious and suffer from low statistics. 

CLR02 It shall be possible to verify that all individual calorimeter cells are being added to the 
trigger tower signal with the correct timing relative to other cells contributing to the 
same sum. 

This can be fully verified only by using the calorimeter calibration system pulsers. 
Knowledge of timing differences between calibration and physics pulses is needed. 
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CLR03 It shall be possible to verify that all calorimeter cell and trigger-tower pulse shapes are 
as specified and suitable for the bunch-crossing identification procedure. 
This can be fully verified only by using the calorimeter calibration system pulsers, and 
in case of problems might also use the analogue waveform monitoring facilities of the 
Receiver Stations. 

CLR04 It shall be possible to verify that all trigger-tower signals are being transmitted without 
unexpected degradation, or unacceptable added noise or cross-talk, on the cables and 
TileCal patch panels between the detector and the Receiver Stations. 

This can be fully verified only by using the calorimeter calibration system pulsers, and 
comparison with the full calorimeter readout. We may need to use the monitoring in 
Receivers to pin down location of any problem. 

CLR05 It shall be possible to verify that the Receiver Stations route all signals correctly, and 
transmit them without degradation, or unacceptable added noise or cross-talk. 
As CLR04. 

CLR06 It shall be possible to verify that all trigger-tower signals are being transmitted without 
unexpected degradation, or unacceptable added noise or cross-talk, on the cables and 
patch panels between the Receiver Stations and the PreProcessor. 
As CLR04. 

4.3 PreProcessor and bunch-crossing identification 

In this section we cover the analogue signal-handling, digitisation, bunch-crossing identification, 
lookup-table conversion, bunch-crossing multiplexing, pre-summing of jet elements, and 
transmission to the Cluster and Jet/Energy-sum Processors, as well as readout from the 
PreProcessor (PPr) to DAQ. 

PPR01 It shall be possible to verify that the digitisation of all trigger towers is working 
correctly. 
There is some overlap with the timing and energy calibration here. 

PPR02 It shall be possible to verify that bunch-crossing identification is being carried out as 
well and efficiently as possible for unsaturated signals from all trigger towers, down to 
the lowest feasible energies. 

This includes verifying that the digital filter parameters are optimal, which is related 
to pulse shape (see e.g. CLR03). Verification of BCID efficiency may be difficult to 
implement; one might compare to full calorimeter data on events triggered by e.g. the 
muon trigger. 

PPR03 It shall be possible to verify that bunch-crossing identification is being carried out as 
well and efficiently as possible for saturated signals from all trigger towers. 

This includes verifying that the best of the two possible methods has been chosen to 
identify saturated signals, and that discriminator thresholds (analogue or digital, 
depending on the method used) are optimal. Verification of BCID efficiency may be 
difficult to implement. 

PPR04 It shall be possible to verify that all the look-up tables are working correctly. 
This overlaps with the energy calibration, and it includes correct handling of saturated 
signals. 
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PPR05 It shall be possible to verify that bunch-crossing multiplexing of trigger towers is being 
carried out correctly. 
This includes which towers are paired up, as well as operation and coding of the data. 

PPR06 It shall be possible to verify that pre-summation of trigger towers to form jet elements 
is being carried out correctly. 

This includes correct treatment of saturated trigger towers and saturation of 
intermediate sums. 

PPR07 It shall be possible to verify that all readout information from PreProcessor Modules to 
the RODs is being formatted correctly, and transmitted with an acceptable bit-error 
rate. 
Readout via VME in special test runs will be needed to verify the formatting. 

PPR08 It shall be possible to verify that all RODs used for the PreProcessor are formatting 
readout data correctly, including any data compression and zero-suppression, and 
transmitting it to the ROS with acceptable error rates. 

4.4 LVDS links 

This section is concerned with the LVDS cable links from the PreProcessor to the Cluster and 
Jet/Energy-sum Processors. In the case of the Cluster Processor, the bunch-crossing 
multiplexing must be monitored in addition to the data transmission itself. 

LVD01 It shall be possible to verify that all links from the PreProcessor to the Cluster and 
Jet/Energy-sum Processors are correctly connected. 
This includes which towers are transmitted. 

LVD02 It shall be possible to verify that all links from the PreProcessor to the Cluster and 
Jet/Energy-sum Processors are transmitting data with an acceptable bit-error rate. 
The requirement is probably of order 10–10, but should be much lower in practice. 

4.5 Cluster Processor 

The Cluster Processor (CP) monitoring is concerned with Cluster Processor Modules, backplane 
fanout of input data, backplane transmission of hit-counts to Common Merger Modules and the 
CMMs themselves at both crate and system levels, as well as readout of data to DAQ and RoIs 
to Level-2. There is much in common with the Jet/Energy-sum Processor, particularly 
concerning the hit-counting and RODs. 

CPR01 It shall be possible to verify that bunch-crossing de-multiplexing of trigger towers is 
being carried out correctly. 

This includes which towers are paired up, as well as operation and decoding of the 
data. 

CPR02 It shall be possible to verify that all trigger towers are fanned out correctly on the 
backplanes and Cluster Processor Modules, and transmitted with an acceptable bit-
error rate. 
This includes coding and decoding, data transmission, and correct inter-module 
connections. 
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CPR03 It shall be possible to verify that all trigger towers are correctly timed at the inputs to 
the CP algorithm logic. 
Timing windows must not be too narrow. 

CPR04 It shall be possible to verify that all algorithmic Cluster Processor FPGAs are 
processing data correctly, according to the algorithms (e.m. or tau/hadron) and 
parameters selected. 
This includes the algorithms themselves, handling of saturation, correct generation of 
RoIs, initial hit-counting, etc. 

CPR05 It shall be possible to verify correct backplane transmission of all hit-counts to the 
crate level of Common Merger Modules. 
This includes coding and decoding, data transmission, timing, and correct connection 
of individual CPMs. 

CPR06 It shall be possible to verify correct transmission of all crate-level hit-counts to the 
system level of Common Merger Modules. 
Internal transmission for same-crate CMMs, cable transmission for CMMs in other 
crates. 

CPR07 It shall be possible to verify that all Common Merger Modules are processing both 
crate and system-level hit-counts correctly to produce output bits for the Central 
Trigger Processor. 

System-level is enabled in only one crate. 

CPR08 It shall be possible to verify the correct transmission of Common Merger Module 
results to the Central Trigger Processor. 
This requires access to CTP readout information. 

CPR09 It shall be possible to verify that all readout information from the Cluster Processor to 
the RODs is being transmitted correctly. 
Readout via VME in special test runs will be needed for this. 

CPR10 It shall be possible to verify that all RODs used for the CP are formatting Cluster 
Processor readout data correctly, including any zero-suppression and compression, and 
transmitting it to the ROS with acceptable error rates. 

CPR11 It shall be possible to verify that all RODs used for the CP are formatting Cluster 
Processor RoI data correctly, and transmitting it to the Level-2 RoI Builder with 
acceptable error rates. 

4.6 Jet/Energy-sum Processor 

The Jet/Energy-sum Processor (JEP) monitoring is concerned with Jet/Energy Modules, 
backplane fanout of input data, backplane transmission of hit-counts and energy sums to 
Common Merger Modules and the CMMs themselves at both crate and system levels, as well as 
readout of data to DAQ and RoIs to Level-2. There is much in common with the Cluster 
Processor, particularly concerning the hit-counting and RODs. 



L1Calo Trigger Monitoring Requirements  Version 1.0 

8 of 14 

JEP01 It shall be possible to verify that all jet elements are fanned out correctly on the 
backplanes and Jet/Energy Modules, and transmitted with an acceptable bit-error rate. 
This includes coding and decoding, data transmission, and correct inter-module 
connections. 

JEP02 It shall be possible to verify that all trigger towers are correctly timed at the inputs to 
the jet and energy-sum algorithm logic. 
Timing windows must not be too narrow. 

JEP 03 It shall be possible to verify that all jet elements are correctly summed from the 
electromagnetic and hadronic jet-element input pre-sums. 
This includes correct treatment of saturation. 

JEP 04 It shall be possible to verify that all Jet/Energy algorithmic FPGAs are processing data 
correctly according to the algorithms (jet and energy sum) and parameters selected. 
This includes the algorithms themselves, handling of saturation, correct generation of 
RoIs, initial hit-counting, energy summation, etc. 

JEP 05 It shall be possible to verify correct backplane transmission of all hit-counts and 
energy sums to the crate level of Common Merger Modules. 

This includes coding and decoding, data transmission, timing, and correct connection 
of individual JEMs. 

JEP 06 It shall be possible to verify correct transmission of all crate-level hit-counts and 
energy sums to the system level of Common Merger Modules. 
Internal transmission for same-crate CMMs, cable transmission for CMMs in other 
crates. 

JEP 07 It shall be possible to verify that all Common Merger Modules are processing both 
crate and system-level jet hit-counts correctly to produce output bits for the Central 
Trigger Processor. 
System level is enabled in only one crate. 

JEP 08 It shall be possible to verify that all Common Merger Modules are processing both 
crate and system-level energy sums correctly to produce output bits for the Central 
Trigger Processor. 

System level is enabled in only one crate. 

JEP 09 It shall be possible to verify the correct transmission of Common Merger Module 
results to the Central Trigger Processor. 

This requires access to CTP readout information. 

JEP10 It shall be possible to verify that all readout information from the Jet/Energy-sum 
Processor to the RODs is being transmitted correctly. 
Readout via VME in special test runs will be needed for this. 
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JEP10 It shall be possible to verify that all RODs used for the JEP are formatting Jet/Energy-
sum Processor readout data correctly, including any zero-suppression and 
compression, and transmitting it to the ROS with acceptable error rates. 

JEP11 It shall be possible to verify that all RODs used for the JEP are formatting Jet/Energy-
sum Processor RoI data correctly, and transmitting it to the Level-2 RoI Builder with 
acceptable error rates. 

4.7 Calibration 

The area of calibration is very broad, taking in both energy (pulse amplitude and shape) and 
timing. A further distinction is that it addresses both external and internal issues. Externally, the 
shape, amplitude and timing of the calorimeter pulses are outside our direct control, and the 
trigger must be adjusted for these with the aid of the calorimeter calibration systems and the full 
calorimeter readout to DAQ.  

Internally, the trigger system must be set up to function correctly and this is mainly a question of 
finding optimal values for many timing parameters. Although this is a form of calibration, it is 
internal to the trigger and should not be regarded as calibration in the same sense as the 
calorimeter signal calibration mentioned above.  

Procedures for calibration and setup of the trigger are outside the scope of this document, but 
verifying them does lead to monitoring requirements. Energy issues are discussed in section 4.8 
and input-signal timing in section 4.9. The internal timing setup is in section 4.10. 

4.8 Energy calibration and pulse shapes 

CLE01 It shall be possible to verify that all calorimeter cells are being added with suitable 
pulse shapes into the appropriate trigger-tower sum. 

This requires use of calorimeter calibration systems and full calorimeter readout. 

CLE02 It shall be possible to verify that all calorimeter cells are being added with the correct 
weights into the appropriate trigger-tower sum. 
This requires use of calorimeter calibration systems and full calorimeter readout. 

CLE03 It shall be possible to verify that summation of overlapping Liquid Argon barrel and 
endcap trigger towers in the Receiver Stations is done with the correct weights. 
This requires use of Liquid Argon calorimeter calibration systems and full calorimeter 
readout. 

CLE04 It shall be possible to verify that all trigger towers are being correctly converted from 
energy to transverse energy in the Receiver Stations. 

This requires use of the calorimeter calibration systems and full calorimeter readout, 
as well as control of the Receiver Station amplifier gains. 

CLE05 It shall be possible to verify that all trigger towers are being digitised with the desired 
zero offset. 
This is the setting of the PPM AnIn-card DAC that determines the pedestal. 

CLE06 It shall be possible to verify that all BCID filter parameters are set optimally. 
This requires use of the calorimeter calibration systems. 
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CLE07 It shall be possible to verify that all BCID saturation threshold values, for both internal 
and external BCID saturated-pulse logic, are set optimally. 
This requires use of the calorimeter calibration systems. Note that some trigger towers 
in the TileCal are expected to saturate below 256 GeV. 

CLE08 It shall be possible to verify that all PreProcessor look-up tables contain settings that 
optimise the pedestal subtraction, noise thresholds, transverse-energy calibrations, and 
any necessary non-linear behaviour. 
This requires use of the calorimeter calibration systems and full calorimeter readout. 

4.9 Timing calibration of calorimeter input signals 

CLT01 It shall be possible to verify that all calorimeter cells are being added with the correct 
timing into the appropriate trigger-tower sum. 
This requires use of the calorimeter calibration systems and full calorimeter readout. 

CLT02 It shall be possible to verify that summation of overlapping Liquid-Argon barrel and 
endcap trigger towers in the Receiver Stations is done with the correct timing. 

This requires use of Liquid Argon calibration systems and full calorimeter readout. 

CLT03 It shall be possible to verify that the timing of all FADC strobes is optimal relative to 
the peaks of the pulses. 

This requires use of calorimeter calibration systems. 

CLT04 It shall be possible to verify that all trigger-tower signals from a given bunch crossing 
are timed such that they are processed in synchronism. 
This requires use of calorimeter calibration systems. 

4.10  Timing setup of internal trigger data 

TIM01 It shall be possible to verify that all clock signals derived via TTCrx chips are timed 
correctly. 
Must be sure signals from LHC have been correctly compensated (e.g. for 
temperature) — we assume that this is done centrally. 

TIM02 It shall be possible to verify that all internal timing delays and strobe phases are set 
optimally, so that the trigger can function with as few errors as possible. The following 
links must all be set up correctly: 
• PreProcessor to CPMs: all links synchronised; 

• PreProcessor to JEMs: all links synchronised; 

• CPM to CPM fanout; 
• JEM to JEM fanout; 

• CPM to CMM hit-counts; 

• JEM to CMM hit-counts and energy sums; 

• CMM crate-level results to CMM system level. 

These should be set up automatically to as great an extent as possible. 

TIM03 It shall be possible to verify that the timing of trigger-bit results in the CTP is correct. 
This is the responsibility of the CTP group, as the variable delays are at the CTP end. 



L1Calo Trigger Monitoring Requirements  Version 1.0 

11 of 14 

TIM04 It shall be possible to verify that the latencies of all Level-1 Accept strobes to 
memories used for readout to DAQ are correct. 
This includes the RODs. 

4.11  Use of trigger monitoring for non-L1Calo purposes 

In addition to monitoring the trigger itself, some of the specific monitoring items mentioned 
below in Sect. 5 are potentially useful for detecting problems with other components of ATLAS, 
and with the LHC beams. Although it is difficult to give a specific list at this stage, when we 
have not yet seen how the machine operates and what kinds of monitoring will be done by the 
various subdetectors, we list below some examples from the proposed histograms and plots; the 
list is not meant to be exhaustive. 

• The energy, RoI, trigger hits and multiplicity plots of PLT02, as well as the rate 
distributions of PLT03, will be sensitive to problem regions in the detector, as well as 
beam and background problems. 

• The pulse-height and ‘activity’ distributions of PLT03 will be sensitive to problems with 
individual calorimeter trigger towers, as well as beam and background problems. 

• The trigger-rate history plots of PLT03 can show when changes occurred, due both to 
changes in beam conditions and the onset of faults. 

• The detailed plots of PLT07 can pin down faults in the calorimeters and associated 
electronics, and give information on whether a problem is specific to the calorimeter 
readout or trigger paths. 

5 Monitor histograms, plots, and other output 

The monitoring described above is very extensive, and could be presented in a variety of ways. 
Many histograms and plots, some of them multi-dimensional, will be required for trigger experts 
in order to diagnose problems. However for normal use, clearly presented high-level plots 
summarising the status of the whole system will be vital, for example plots showing peak 
positions or widths rather than full details of distributions. From these, an easy way should be 
provided to navigate to more detailed information about suspected problem areas. The following 
list covers a few ideas, but more suggestions are welcome. And until we start to run under real 
conditions the list cannot be expected to be complete. 

PLT01 The monitoring software shall produce the following outputs (if possible, selectable for 
different trigger types), accumulated from many events: 

• two-dimensional histograms of PPM FADC and look-up table outputs, by trigger 
tower, versus bunch-crossing number; 

• two-dimensional histograms of trigger bits, versus bunch-crossing number. 

These are to check that the timing along the real-time path is synchronous. In case of 
problems, similar plots of data from intermediate processing stages will probably also 
be useful. Trigger type must come from TTC information. 
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PLT02 The monitoring software shall produce the following outputs (if possible, selectable for 
different trigger types): 
• two-dimensional histograms (both η–φ and trigger-tower ID) of energy and RoI 

distributions; 

• two-dimensional histograms (both η–φ and trigger-tower ID) of trigger hits and 
multiplicities. 

Trigger type must come from TTC information. 

PLT03 The monitoring software shall produce at least the following outputs accumulated from 
many events (if possible, selectable for different trigger types): 
• FADC pulse-height distributions for all trigger towers 

• ‘activity’ plots for FADC outputs, look-up table outputs, and RoIs; 

• rates for trigger outputs to the CTP vs. channel, board, spatial location in 
detector, and LHC bunch-crossing number; 

• rate histories for trigger outputs to the CTP; 

• electron/photon, hadron/tau and jet multiplicities; 
• results for monitor triggers and test data. 

Some of the plots will come from on-board histograms and rates generated 
automatically on the PPMs, and read out via VME. Trigger type must come from TTC 
information. 

PLT04 The monitoring software shall produce distributions of bit errors in data transmission 
and processing, as well as DAQ and RoI readout errors. 
Some of this will come from on-board error counters via VME. Readout-error 
information will probably come from the ROS and the RoI Builder.  

PLT05 The monitoring software shall produce distributions giving information on deadtime 
and buffer utilisation throughout the trigger. 

Some deadtime information may have to come from the TTC. 

PLT06 The monitoring shall be capable of verifying the processing of individual bunch-
crossings in all processors or subsets, for all channels or for subsets. It must be able to 
display clearly the nature of all problems that it finds, and to make plots showing the 
frequency of errors at various points in the system. 
This does not necessarily require a detailed model of each part of the processor, only 
the ability to predict the outputs at all points where data readout is possible from 
initial data at all possible points where it can be read out or put in for testing. 

PLT07 The monitoring shall be capable of making plots comparing energies and bunch-
crossing numbers between the calorimeter trigger-tower signals and the full 
calorimeter readout. 

This requires access to the full calorimeter readout to DAQ. 

PLT08 The single-event display shall be capable of showing some comparison between the 
full calorimeter readout and the trigger-tower information. 

This requires access to the full calorimeter readout to DAQ. 

In some cases it will be desirable for the monitoring software to automatically raise an alarm to 
alert the shift personnel. Defining these situations will probably be possible only after some 
experience of running the final system in ATLAS has been gained. Some of the logic for 
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monitoring errors and raising alarms might be incorporated into the Diagnostic Service of the 
Back-End DAQ, which is expected to be based on an expert system. 

6 Final remarks 

Many details of implementation still remain to be discussed, for example: the extent to which 
monitoring should be performed online or offline, the need for relatively simple histograms and 
displays for the shift crew vs. more detailed histograms and displays for experts, whether fully 
detailed information for all channels should be processed and stored all the time or only in 
response to a suspected problem, how big a role there is for the automatic histogramming 
implemented in the PPMs, how much low-level ‘physical’ checking should be the responsibility 
of the DCS, etc. The role of good design in displaying the information in a clear and easily 
understood way must not be minimised. 

Some important aspects of monitoring are not mentioned above, such as where various 
monitoring activities will be done, and this needs thought on DAQ architecture — for example a 
few items require data from more than one subdetector, hence must be at Event Filter level or 
offline, while others can be done much earlier in the readout chain, e.g. using the various 
facilities in the RODs or ROS. 

It is likely that what turns out to be important when ATLAS starts running will include some 
aspects that have not been considered above. Therefore it is vital that the monitoring software be 
easily extensible to meet new requirements. To minimise duplication of effort, it should clearly 
share designs and code wherever possible with other areas of the L1Calo trigger software. 

Acknowledgements 

I am grateful for much discussion with colleagues. In particular, Murrough Landon provided 
many ideas and comments on this document. 

References 

[1] ATLAS Level-1 Calorimeter Trigger home page:   
http://hepwww.pp.rl.ac.uk/Atlas-L1/home.html 

[2] L1Calo Trigger Online Software Requirements. ATLAS Level-1 Calorimeter Trigger, 
Software Note 007, version draft 0.4b, 15 August 2001:  
http://hepwww.ph.qmul.ac.uk/l1calo/sweb/documents/doclist.html 

[3] Level-1 Calorimeter Trigger User Requirements Document. ATL-DA-ES-0001 (1998): 
https://edms.cern.ch/file/ATL-DA-ES-0001/0/l1calurd.pdf 



L1Calo Trigger Monitoring Requirements  Version 1.0 

14 of 14 

Definition of acronyms 

BCID Bunch-Crossing Identification. The process used by the PreProcessor to associate 
calorimeter data with a specific bunch-crossing. NOTE: do not confuse this L1Calo 
usage with the ATLAS term Bunch-Crossing Identifier, which is the bunch-crossing 
number in the LHC machine. 

CMM Common Merger Module. Used in both Cluster and Jet/Energy-sum Processors. Finds 
the total multiplicities of electron/photon, tau/hadron and jet showers, and also does 
the final summing and threshold comparisons for missing and total transverse energy. 
The merging is done on two levels, by crate and entire subsystems. 

CP Cluster Processor. The L1Calo subsystem for identifying electron/photon and 
tau/hadron trigger objects. 

CPM Cluster Processor Module. The main module used in the Cluster Processor. Executes 
the algorithms for electron/photon and tau/hadron showers. 

CTP Central Trigger Processor. The Level-1 system that combines results from calorimeter 
and muon trigger processors in order to implement the level-1 trigger menu. 

DAC Digital-to-Analogue Converter. 

DAQ ATLAS data acquisition system. 

DCS Detector Control System. Used in L1Calo to monitor voltages, currents and 
temperatures, and to generate alarms. 

FADC Flash Analogue-to-Digital Converter. 

FPGA Field-Programmable Gate Array. A large chip with programmable logic.  

JEM Jet/Energy Module. The main module used in the Jet/Energy-sum Processor. Executes 
the algorithm for jets, and performs the first stages of summing missing and total 
transverse energy. 

JEP Jet/Energy-sum Processor. The L1Calo subsystem for identifying jet trigger objects, 
and missing and total transverse-energy above specified thresholds. 

LVDS Low Voltage Differential Signalling. A high-speed data-transfer standard used on the 
serial links from the PreProcessor to the Cluster and Jet/Energy-sum Processors. 

PPM PreProcessor Module. The main module used in the PreProcessor subsystem. Digitises 
calorimeter input signals, associates them with a specific bunch crossing, and does 
final transverse-energy calibration and pedestal subtraction in a look-up table. 

PPr PreProcessor. The L1Calo subsystem for digitising calorimeter input signals and 
preparing them for use in the Cluster and Jet/Energy-sum Processors. 

ROD Readout Driver Module. Data sent from stages along the real-time trigger processing 
path are sent to these modules to be re-formatted and sent to the DAQ system for 
storage, allowing trigger performance to be monitored. 

RoI Region-of-Interest. The coordinates (η–φ) of a potentially interesting trigger object 
(electron/photon, tau/hadron or jet), used to reduce the amount of data that must be 
read into the Level-2 Trigger. 


