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Introduction Threshold Selection Algorithm

The Large Hadron Collider (LHC) at CERN relies on 100 collimators to protect its sensitive An algorithm was designed to automate

equipment from unavoidable beam losses. Each collimator is made up of two jaws (left and right). the selection based on the Exponentially

Weighted Moving RMS:
Collimator positions are determined following a beam-based alignment (BBA): 9 ving

length

e FEach collimator is assigned a Beam Loss Monitoring (BLM) detector. EWMRMS = weights{i]\/zjlwindOM

window|j]?

e The alignmentis done with a step precision of 5 um. \
o . . / int window size = 50;

e (Calculate beam position and beam size at each collimator. . O%/]r double T[] = threshold options;

Q

. double weights[] = power exponentials;
Beam-based alignment procedure:

//INPUT: previous threshold (T[prev t])

e Jaws aligned separately to monitor the BLM signal. spike mean = data sum / data length;

A collimator is considered aligned when a signature - for i=0; i<data length; i++ do
start position = 1 - window size;

spike pattern is detected in the BLM losses [1].

if start position < 0 then

Threshold selection: start position = 0;

end
e BLM losses change across collimators theretore window = data[start position, i];

suitable thresholds must be selected in real-time. no spike ewmrms = Calculate EWMRMS;
end

State machine of the jaw movements

e A selection is made before starting the alignment/ | | ,
performed to align a single collimator. A

movement of any jaw(s).

auto threshold = T[t]>max (ewmrms) ;

if auto threshold>mean and T[t-1]<mean then
‘ auto threshold = T[t+1];

end

threshold must be selected before each state.

The threshold must be selected high enough such that any noise spikes are ignored, thus L€ teet prev then

= v
avoiding any unnecessary pauses during the jaws movement, and low enough to | auto threshold = Tlprev t+l];
immediately stop the jaws and minimise losses.

Results Overview

25Hz data relative to alignment start time
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alignments in 2016, to analyse and test the new | = o hreeno
automatic algorithm.

The automatically selected thresholds were
compared to the thresholds selected by the
users in 2016.

The difference between the two sets of selections r
R4S

[
o
o

BLM Loss (E-6)

(%)
o

(Auto-User) threshold (Gy/s)

N
(6]

was negligible for 90% of the cases. o

The large differences occur when dealing with | | S elativh Time (sec & g
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them suitable selections.

. Example of 25 Hz BLM signal with the The difference between the thresholds selected
ALL thresholds selected aUtomatlcally were thresholds selected by the user and new by the algorithm and the user, against the

suitable selections. automatic algorithm. thresholds selected by the user.
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