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Many analyses today use machine learning techniques to better separate signal and background. Instead of 
selecting only a few discriminating variables, machine learning algorithms can use information from many 
differentvariablestomakeadecisionaboutwhetheragiveneventlooksmorelikesignalorbackground.This
can lead to large improvements in precision.

Theprocesses thatparticlephysicistsare interested inareoftenvery rare,whichmakes themdifficult to
observe.Researchersmustsiftthroughlargeamountsofdatatofindonlyafewpossibleoccurrencesofthe
processofinterest,makingitsimilartolookingforaneedleinahaystack.Fortunately,ATLASphysicistshave
developed strategies to help with this task.

MACHINE LEARNING TECHNIQUES

Theword“signal” isusedtodesignatetheprocess
of interest inagivenanalysis.Therearetwomain
types of analyses: searches and measurements. 
For searches, the signal is a sign of some new 
 physics phenomenon, for example a new particle 
not predicted by the Standard Model (SM). For a
measurement, the signal is a SM process that we
wish to understand better.

Theword“background”isusedtodescribeanything
that mimics a signal, leaving a similar signature in 
thedetector.ItcouldcomefromaknownStandard
Model process, or other sources. Note that what 
is considered a signal for one analysis could be a 
 background for another. 

One of the main goals of a search or  measurement 
is to increase the signal-to-background ratio. 
This is done by applying selection criteria to the
 particle-collision events that favour the signal. For 
example, one could require a minimum momentum 
thresholdforcertainobjects,oraspecificnumberof
leptonsorphotons.Thisfiltersoutevents thatare
most likely to be background and therefore makes 
the signal easier to spot.

After applying the selection criteria, physicists 
 identify one or more quantities that are  expected to 
be very different between signal and background,
called discriminating variables. These quantities
are visualised in histograms (as shown below).
If the  collision data agree with the combined 
 signal-plus-background prediction, this could be 
an indication that the signal of interest is indeed 
 present.
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