
Plans for inclusive systematics studies



Overview 
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 Systematic errors are expected to be dominant errors in inclusive NC cross section 
measurements for much of the EIC phase space
 

 It’s difficult to determine systematic uncertainties for a detector/accelerator that does not 
yet exist

 Some guesswork is required based on experience of previous experiments (mostly 
HERA), and projections/experience of ePIC detector working groups



Possible systematic uncertainties

3

 There are many possible sources of 
systematic uncertainties → just look at 
H1/ZEUS papers

 Some notable ones are:
 Electron/Hadronic Energy scale
 Angular measurement
 Track-cluster matching efficiency
 Electron-finding efficiency
 Background modelling
 QED Radiative Corrections

 
 ...and of course, luminosity/polarisation 

measurements

https://arxiv.org/abs/1312.4821

https://arxiv.org/abs/1312.4821


Studying systematic uncertainties
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 The procedure for evaluating systematic uncertainties requires first studying/estimating the 
values of the individual contributions (as in previous slide)
 

 The full analysis is repeated for each positive and negative fluctuation of the systematic
 e.g. for 1% electron energy scale, we multiply the energy of each electron by 0.99 (-ve) or 

1.01 (+ve) before reconstructing kinematics
 If it’s 1% at 5GeV and 0.5% at 18GeV, could apply to electrons event by event, linearly 

interpolating
 Note that the systematic may instead be estimated by the tightening or loosening of a cut, 

or repetition using a different model (event generator)



Studying systematic uncertainties
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 After repeating the analysis with each systematic, you end up with a table like this:

 Example systematics table 
from an F2 analysis at ZEUS 
https://arxiv.org/abs/hep-ex/96
07002

https://arxiv.org/abs/hep-ex/9607002
https://arxiv.org/abs/hep-ex/9607002


What systematics should we consider for ePIC? (...and how 
should we get them?)
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 The systematics that I foresee as being important initially are:
 Electron finding efficiency
 Electron Polar Angle
 Electron Energy Scale
 Hadronic Energy Scale
 QED Radiative Corrections
 (Photoproduction) Background Subtraction

Just my thoughts for a starting point - other 
thoughts are welcome!



What systematics should we consider for ePIC? (...and how 
should we get them?)
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Electron finder efficiency
 First, we need proper 

benchmarks for the 
efficiency → any 
volunteers?

 May be hard to evaluate – 
can start by seeing impact 
of tightening/loosening 
cuts used in finding?

Electron Polar Angle
 Calibration and alignment 

procedures used to align 
tracker modules relative to 
each other and beam axis

 Has this been discussed 
within ePIC? → confirm with 
tracking

 Could use 0.5mrad as 
conservative guess for now? 

Electron Energy Scale
 Electrons lose energy in 

passive material
 Currently recon defaults to 

tracks for electrons → If using 
calorimeter energy then may 
need a correction

 → kinematic peak calibration, 
QED Compton (no events 
currently)

 Some of these systematics are hard to evaluate before having real data to compare to – 
some guesswork may be required

 Note that suggestions here as to how to estimate the systematics are just ideas for initial 
studies, not how we will probably end up doing it when the detector comes online



What systematics should we consider for ePIC? (...and how 
should we get them?)
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 Some of these systematics are hard to evaluate before having real data to compare to – 
some guesswork may be required

 Note that suggestions here as to how to estimate the systematics are just ideas for initial 
studies, not how we will probably end up doing it when the detector comes online

Hadronic Energy Scale
 Study mean of pt,h/pt,e 

distribution (as a function 
of γh) → Compare MC and 
data

 We have no data, so may 
need to guess → 1%?

QED Radiative Corrections
 Compare size of radiative 

corrections with different 
event generators e.g. 
Djangoh/RAPGAP, Pythia if 
possible

 Likely <1% for most of 
phase space, increases at 
high y 

Background subtraction
 First we need generated 

photoproduction events (task 
for someone)

 Compare models – Pythia 
and ??? (Herwig maybe?)

 Expect ~1% contribution to 
cross section uncertainty, 
increasing to 2-3% at high y



Normalisation

9

 Two sources of normalisation uncertainty for inclusive analyses
 Luminosity – global normalisation for any cross section
 Polarisation – global normalisation for spin dependent observables

 
 Luminosity is easy to include, take e.g. 1% for all bins (correlated within run, uncorrelated 

across different runs)
 Should communicate with relevant detector group to confirm exact number for immediate 

studies
 

 Polarisation – electron and proton/3He each assigned uncertainty
 As before, repeat analysis with each fluctuation separately
 Communicate with relevant group to confirm numbers to use 



Summary 
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 We need a plan moving forward for the inclusion of systematic uncertainties
 

 I’ve listed a few contributing uncertainties for an inclusive cross section measurement
 Some of these can be estimated from MC studies now or in the near future
 Others may be challenging to get meaningful estimates for before we have data

 
 Those who have relatively complete analyses should begin these studies ASAP
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