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What we discussed on Tuesday
• Anomaly detection for data quality 

• Check data quality (data quality monitoring, data 
certification) 

• See Fedor’s talk 

• Predict hardware failures in detector components 

• Physics searches as outlier detection 

• a proposal to rediscover some piece of the Standard 
Model
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The main difference with respect to  Wednesday

• The main focus yesterday was the reconstruction of the collision 
events as they come 

• tracking 

• calorimetric reconstruction 

• particle ID & energy measurement 

• Today: 

• we give that for granted and we move to the next level (data 
analysis) 

• we take one step back, looking at the experimental 
environment (detector stability) as long as we collect data
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Rediscovering the Standard 
Model of particle physics
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Search for new physics @ATLAS/CMS
• Specify a signal one is looking for e.g. 

Dark Matter, detectable as unbalanced 
events

• Determine the list of known physics 
processes that would produce a similar 
signature in a detector (neutrinos are 
also invisible particles)

• Identify features (kinematic variables) 
highlighting the different properties of 
these events

• Predict expected background in a 
signal-sensitive region, based on 
similar processes (e.g. Z->2μ to 
predict Z->2ν)

A balanced event: a 
Z->2μ recoiling 

against a jet

An unbalanced event: 2 
invisible particles 

recoiling against a jet

An un balanced 
event: a Z->2ν 

recoiling against a jet

Some Kin. Variable
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Can ML “re-discover” the Standard Model?

• Establish a program to re-discover 
Standard Model particles at proton 
colliders without theoretical assumption 
(unsupervised/semi-supervised 
problems)
• Discover top quark from jets+lepton?
• What about the Higgs boson?

• Alternative approach to searches, to 
complement what is normally done @ 
ATLAS/CMS

• Need to engage a community which is 
traditionally “conservative” (black-box 
argument, etc)
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First use case: top quark
• The top is the heaviest fundamental 

particle we know  

• It decays to a W boson and a b quark  

• It is produced in pairs 

• It can generate several decay 
topologies, from 6jets to 2j+2leptons
+missing energy 

• In this exercise we focus on 1l+jets 
final states 

• main sources of background 
events from W+jets and jet 
production
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Production Workflow
Event 

Generator
Detector 

Simulation
Conversion to 

Pandas

• Use Pythia8 event 
generator, good enough 
for the exercise we target.

• Store output in hepmc 
format (to be passed to 
detector simulation)
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Production Workflow
Event 

Generator
Detector 

Simulation
Conversion to 

Pandas

• Detector simulation based on 
Delphes simulation package

• Use CMS Phase II (post 
2023 upgrade) as a 
reference detector

• Include in-time pileup 
(parasitic collisions with the 
same bunch crossing)

• Out-of-time pileup not 
modelled (remnants from 
previous and following 
collisions)
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Production Workflow
Event 

Generator
Detector 

Simulation
Conversion to 

Pandas

• Detector simulation based on 
parametric response 

• Use CMS Phase II (post 2023 
upgrade) as a reference detector

• Include in-time pileup (parasitic 
collisions with the same bunch 
crossing)

• Out-of-time pileup not modelled 
(remnants from previous and 
following collisions)
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Particle Flow & Data format
• In traditional reconstruction 

algorithm, particles are 
reconstructed combining specific 
detector components 

• With PF, information from detector 
components is integrated in a  
global view of the detector

• The outcome of this is an 
exclusive list of reconstructed 
particles, as if one was playing 
with the “true event”

• Delphes has its own version of 
this, that gives back
• A listed of charged particles
• A listed of photons
• A list of neutral hadrons

• In addition, we know which of the 
charged particles are muons or 
Electrons

• Momentum (px, py, pz) and energy
• Transverse distance of the track origin 

from the interaction point (Dxy)
• Particle ID (sign giving sign)

• muon, electron, or hadron

Charged particles

• Momentum (px, py, pz) and energy
• Dxy & Charge set to dummy values

Photons

• Momentum (px, py, pz) and energy
• Dxy & Charge set to dummy values

Neutral Hadrons
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Production Workflow
Event 

Generator
Detector 

Simulation
Conversion to 

Pandas

• HEP community usually adopts the CERN ROOT package as 
analysis framework. ROOT comes with its own data format

• We convert this dataset to Panda, to allow easy access to these files 
to non HEP experts

• Danny Weitekamp (Visiting student @Caltech) now working on 
implementing this step, based on the (preliminary) proposed data 
format

• On this, we will attempt some test of supervised classification and 
unsupervised clustering 

14



A possible exercise
• The target is rediscovering the top quark, without knowing anything about it 

• We could provide: 

• training/test samples of QCD 

• training/test samples of W+jets events 

• Several search samples with: 

• W+jets & QCD in the right proportion 

• progressively higher fractions of tt 

• What’s the smallest production rate one could see? 

• NB: All events are pre-filtered, asking (at generation) one electron or muon with pT>20 
GeV

• Data could be published through OpenData @CERN, but this was not discussed with them 
yet
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Predicting hardware 
failures
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The big issue with HEP hardware
• The “other” data we collect while operating the systems are not treated on the same 

level as physics data 

• physics data are used for public results 

• physics data are eventually releases (see CMS OpenData release) 

• other data are just kept within the boundaries of the experiment (and many time 
they are accessible only to part of it 

• monitoring of our computing system 

• monitoring of our data quality in real time 

• “offline” certification of our data quality 

• monitoring of our data taking (detector status, etc) 

• But we might have found something to play with (thanks to Amir’s ambitious 
proposal & an unexpected positive answer)
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A possible textbook example
• The magnet of the CMS detector is a superconductive solenoid 

• to be cooled down with liquid He to be operated 

• The cold box + cooling circuit (see pictures) is quite a complicated system 

• Its operation looks like voodoo to many non-experts
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Something went wrong..
• Last year, at some point, the pressure difference around the first filter started to grow 

• pollutant of some kind cumulating there 

• temporarily fixed with 1h procedure (some data lost, not a big deal) 

• Problem seen systematically 

• forced “cleaning cycles” every 14 days, then 10 days, then 7 days

• At some point, the system didn’t 
recover after cycling 

• sensors indicating issues in the 
next filter 

• At that point, CMS forced to take 
data without magnet for 
~20%-30% of the time
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A proposed exercise
• We could provide data for good and bed periods and see if a ML algorithm could have predicted 

the problem and the change of states 

• we had ourselves in mind to try recursive NN for that 

• There are a few caveats: 

• this is a dynamic system, where intervention are done in a hurry (short LHC downtimes) and 
not always recorded in logbooks. There is some data-quality work to be done in preparation.  

• data are not ready now 

• data will be prepared only if people are interested to look at them 

•BUT:
• We don’t own these data. These data belong to the CERN cry team 

• Asked by CMS, they accepted to provide these data to non-CERN people BUT they 
want to be shown the results before anything is made public  

• Under this agreement, someone of us (JR, MP, Maria, etc) will work to prepare this dataset
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A possible data format
• The data consists of a big table of O(100) numerical values, 

taken at regular intervals.  

• Each event record consists of the time stamp + the O(100) 
values 

• We can store these data in any format (to be agreed on), in h5 
files that we could distribute under the mentioned agreement 

• We want to learn two things 

• A proof of principle of failure prediction in a HEP apparatus 

• The definition of a detection strategy that could be 
generalized to other sub detectors
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