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Food for thought
• Why should we talk about systematic errors now?


• Systematic errors/uncertainties for measurements 
in  
(pp and) heavy ion collisions


• How has our uncertainties evolved over 2 decades? 


• Detector vs observable specific sources of errors


• Where do we go now? Corrections in the future!
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If two experiments do 

the same measurement, 

how do we compare the 

data? How can we add 

the data together?   

Do systematic uncertainties 

always reduce over time, 

the more we understand our 

detector, observable? 
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Systematic errors 
• Circles are our detector - hits 

are something we measure/
observe 


• These are four separate hit 
patterns from the same set of 
observables 


• Interplay evident between 
precision and accuracy! 


• What changed between the 4 of 
them? Are any random noise? 
Anything we can correct? 
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Three ways to proceed here
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No sys-uncert  
on data

Partial  
sys-uncert

Full suite of 
known errors
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Circa 2001 AD (first from RHIC)
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Circa 2011 AD (first from LHC)

• Fully raw-data measurement! 


• There are *NO* mentions of systematic 
uncertainties in the entire publication
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Some amount of systematics…
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• Has some uncertainties, data is 
somewhat corrected, but still it is not 
directly comparable to theory
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Another (recent) example of the mid-way 
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STAR Collaboration

• Data is detector level, reference is corrected to match 
our AA data with systematic uncertainties - physics 
extraction is apples to apples 


• BUT data is fundamentally not corrected! Theory/MC 
needs to smear their predictions according to the 
detector and then one can compare. Why?
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State of the art in pp-land (ATLAS)
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State of the art in pp-land (CMS)
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https://arxiv.org/abs/2402.13864 
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Detector specific vs observable specific
14

• Tracking systems

• Reconstruction efficiency 

• Momentum resolution

• Fitting/performance 

(secondaries/decays)


• Calorimeters 

• Energy resolution

• Physics size restriction


• PID 

• dE/dx selections etc…

• Jets

• Clusterizer finding efficiency 

• Corrections, unfolding 


• Resonances 

• Invariant mass resolution 

• Two track resolution 


• Flow 

• Convolution of tracking pointing 

and energy resolution 

• Focuses more on counts, less 

sensitive overall 
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A common way to correct in data
• Start with your favorite experimental observable


• It needs to be corrected for detector effects


• Say you have a Monte Carlo generator A - TRUTH (gen) and a GEANT (reco) 
sample 


• You split your A sample into two statistically independent datasets - A1 and A2 


• You match the reco to gen - derive your corrections from A1, apply to A2 - this 
ratio is what we typically call ‘closure’ - this better be 1… 


• Then you apply the corrections you got from A to your data - you then have a 
corrected result!
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Are we done…?
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Slight issue here…
• What if your reco A DOES NOT match raw (uncorrected) data? 


• Now, say you have two generators - A and B - different physics 
implementations (PYTHIA vs HERWIG for example) 


• You run them through your detector and get reco A and reco B. 


• What if reco A and reco B are indistinguishable from each other? 


• What happens if truth A and truth B are similar in one observable BUT 
different in another observable - how to assign an uncertainty to the data 
that inherently theory dependent 
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Correction procedure - Non closure
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Hold on… why are there 
differences? Is our data 

fundamentally biased to these 
models? Do we need model 

uncertainty???

Just add the non-closure and any 
difference between the two as 

uncertainties and move on!

Experimentalist

• There is precedent for this! 


• If you start with 4, your 
detector changes it to 5, 
you add a correction of 
20%, you go back to 4.2 - 
the difference between 4 
and 4.2 is an uncertainty… 

• Slowly starting to 
be the industry 
standard 


• Jets are an 
interesting 
examples for this - 
different jets are 
different 
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Lets ask a simple question 
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Most quenched: 0-20%

1st (Most) Quenching Class

Quenchness: The LSTM output for each medium jet.  
If the value is closer to 1, then the jet is more quenched. 
Vice versa.

JEWEL Simulation

Less 
quenched

More 
quenched

Yilun Wu (Vanderbilt) RHIC/AGS Users Meeting 2024
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Be very careful!
• Signal and detector effects are similar…


• Survivor bias is a real thing for some class of measurements 
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Yilun Wu (Vanderbilt) RHIC/AGS Users Meeting 2024
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RECO jet training  
EFlow Candidates from 

DELPHES:  
1) Combine the Tracker + 

Calorimeters 
2) Comparable to CMS 

Particle Flow Candidates

GEN Level jet training Detector effects smear the 
differences between  medium 

jets and vacuum jets

Ra
ndom Classifie

r

Ra
ndom Classifie

r

Yilun Wu (Vanderbilt) RHIC/AGS Users Meeting 2024
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Uncertainties due to unfolding corrections
• Impact of jet energy loss on the jet energy corrections and substructure 

• What about other models…? Is looking at the fragmentation function enough? 
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ATLAS-CONF-2015-016
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What does this translate to? 23

Phys. Rev. C 107 (2023) 054909



Systematic Uncertainties in Heavy Ions - RKE @ INT 2024

Interplay of signal, background, detector effects in 
the observable of interest 

• What if the quantity and the specific kinematic range you are looking at is extremely 
affected by the modeling of the MC


• Add to that the effect of the energy loss and detector effects 


• For jets in particular - this is a convoluted process which makes it challenging!


• Parton Shower  energy loss  hadronization  detector effects  


• Is any of these sources factorable? 


• What about the data from the last decade that used an unquenched simulation to 
correct simulated data…? 

⊕ ⊕ ⊕
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