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Motivation & Implementation

TP -> TA -> TC -> TD
TriggerActivityMaker

TriggerCandidateMaker

TriggerDecisionMaker

TPs_file.txt

Trigger

• A simple trigger that can be used to look for horizontal muons at the VD coldbox test stand at CERN - extension of 
SumADCSimpleWindow. 

• Monitor the total number of (collection) channels with a hit of incoming TPs in a given time window (window_length), trigger if 
that total goes above some threshold value (n_channels_threshold). 

- Both window_length and n_channels_threshold are configurable members of the TriggerActivityMakerHorizontalMuon 
class. 

- Defaults obtained based on the data in tps_link_11.txt (obtainable from cernbox). 

• All of the logic is implemented in the TriggerActivityMakerHorizontalMuon class. A nested class called Window monitors 
incoming TPs (which are time ordered). 

• When a particular window exceeds threshold, TriggerActivityMakerHorizontalMuon::construct_ta() constructs a 
TriggerActivity. This is enough (eventually) to request data to be read out. The TriggerCandidateMakerHorizontalMuon class 
simply constructs trigger candidates one for one from the trigger activities.  

• HorizontalMuon retains all of the logic of SumADCSimpleWindow.

Oct. 19, 2021

https://cernbox.cern.ch/index.php/s/75PDf54a9DWXWOJ
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Window: TriggerActivityMaker Nested Class
• Most of the logic is dealt with by the Window class, a class nested inside TriggerActivityMakerHorizontalMuon. 

• It contains three member functions and five functions. operator<< is also defined. The following explanations can be 
used to interpret the flow chart on the next page: 

- time_start: Start time of the first TP chronologically in the window. 

- adc_integral: Total ADC of the TPs in the window. 

- channel_states: A record of channels with hits. 

- tp_list: A vector of TPs in the window. 

- is_empty(): If the vector of TPs is empty, returns true, else false. 

- clear(): Clears the vector of TPs. 

- move(): Finds all of the TPs in the current window which need to be removed if the input TP is to be added and 
the earliest and latest TPs in the window aren’t separated by more than window_length. The earliest TPs in the 
window are removed (their ADC and channel contribution subtracted) until this condition is satisfied. time_start 
for the window is then set to what is now the first TP start time. Note that in the case that the input TP is further 
away than 1 window_length from the latest TP in the window, the window is reset with the input TP. 

- reset(): Clear the TP list, restart the ADC sum and hit channel list, set the start time of the window to the start 
time of the input TP. Add, the input TP to the window TP list.  

- add(): Add input TP to window TP list, its ADC to window ADC total and its channel to the hit channel list. 

Oct. 19, 2021
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Logical Flow: TriggerActivityMakerHorizontalMuon

First ITP?

Would adding ITP make the current 
window greater than specified 

length?

Reset TP window with ITP: 
Window::reset().

Y

N

Add ITP to current window: 
Window::add().

N

operator() called passing ITP.

Does the total number of unique 
channels with hits in the window 

exceed the threshold?

Y

Construct a TA from window: 
construct_ta(). 

Reset window with ITP: 
Window::reset().

Y

Window at required length but 
channel threshold not met, shift 

window along: Window::move().

N
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Sanity Check Plots: Channel threshold set above obtainable value

• The length of the current window in time window never exceeds the user specified length. 

• Drops to zero: in order for an input tp to be added to the current window, the difference in time between it 
and the first tp already in the window cannot exceed the maximum window length. 

• If the difference in time between subsequent tps is longer than the maximum length of the window, the 
window is emptied.

Oct. 19, 2021
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Sanity Check Plots: Channel threshold set above obtainable value

• Can see that the spikes down to 0 correspond to big differences in the start time of the windows. 

• From this plot, chose a triggering threshold of 965 channels. Leading to 2 trigger activities being 
created and passed on to candidate maker.

Oct. 19, 2021
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• Number of channels never goes 
above the threshold. 

• Drops to zero in number of TPs in 
w i n d o w a n d w i n d o w l e n g t h 
correspond to where the window 
gets to threshold and, as before, 
where there is a large gap between 
subsequent TPs.

Sanity Check Plots: Channel threshold set at 965

Oct. 19, 2021



8 Alexander Booth | HorizontalMuon Algorithm

Making the Algorithm More Physics Ready

• It does not yet consider channel adjacency. 

• It does not yet compare trigger activities across “detector elements” - TriggerCandidateMaker. 

Oct. 19, 2021

We have an algorithm that has been tested on fake TP files that can issue 
a trigger if the number of channels hit in a given window of time goes 

above some threshold in a given “detector element”. 
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VD Coldbox Geometry

Oct. 19, 2021

• VD cold box test stand is installed with two 
charge readout units (CRUs). 
‣ Top drift electronics (TDEs). 
‣ Bottom drift electronics (DBEs). 

• 1600 channels / CRU, 576 “z” collection 
channels.

Info gathered from here.

https://brookhavenlab-my.sharepoint.com/:x:/g/personal/bnayak_bnl_gov/Eaeh3JVw4-dEohLmt20k3mYBRSOslfU9VENJ93fP-UcGVA?rtime=sWqcYPiS2Ug
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Channel Map

Oct. 19, 2021

1600 
channels -> 
8 adapter 
boards -> 
13 CE 
modules -> 
4 WIBs

1 TAMaker?

1 TAMaker?
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Channel Map

Oct. 19, 2021

• TriggerPrimitive struct has members det_id and channel. 
‣ Channel map for the algorithm needs to map {det_id,channel} -> {z channel number}. 

• Not sure exactly what det_id and channel get set to (TriggerPrimitiveMaker?). 

• If I get this, think I have everything I need to make the channel map for the algorithm to read.



Summary

12

• A simple algorithm based on counting the number of channels with hits 
in a given window of time has been designed and tested in the TP -> 
TD chain. 

• Python scripts exist to generate the configurations for it to be run with 
nanorc. 

• Next steps are to focus on getting the channel map into the algorithm 
so can look at channel adjacency (within and across detector elements). 

Alexander Booth | HorizontalMuon AlgorithmOct. 19, 2021
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A Reminder

TP -> TA -> TC -> TD
TriggerActivityMaker

TriggerCandidateMaker

TriggerDecisionMaker

Data FlowReadout

HDF5

Existing example:

Trigger
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Running the Algorithm

• Ben L developed an application which runs a full data selection chain: 
‣ TriggerPrimitiveMaker reads and constructs TPs from a file. 
‣ Uses FakeDataFlow to emulate the response of data flow. 
‣ Triggering algorithm of choice run in the middle. 

• Can use faketp_chain confgen to generate the configuration to run this application: 

• Then to run:

python -m trigger.faketp_chain -a TriggerActivityMakerHorizontalMuonPlugin -A “dict(n_channel_threshold=1000000)” -c 
TriggerCandidateMakerHorizontalMuonPlugin -f tps_link_11.txt faketp_chain_HorizontalMuon

nanorc faketp_chain_HorizontalMuon boot init conf start 1 resume wait 60 stop

Oct. 19, 2021

Algorithm still in development. Use at own risk.


