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Since last meeting

• Testing following ePIC meeting in Frascati

• Checking need for proton theta cut in latest simulation campaigns.

• (Brief) Test of ePIC PID efficiency.

• Testing InclusiveKinematics branches against manual calculations.
• Testing different methods to calculate kinematics.

• Good ol' Trento Phi
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Need for proton theta cuts?
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24.10.1 campaign w/out RP theta cuts
Assumption about poor Roman 
Pot reconstruction still made for 
24.10.1 campaign.

Actually checking this confirms 
assumption – cut on RP track 
geometry still needed.
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24.10.1 campaign w/out RP theta cuts

Reconstruction of pT not enough to provide 
appropriate cut.

Will maintain current status: track theta
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24.12.0 campaign w/out RP theta cuts
Still poor RP reconstruction in 
December campaign.

Now, MANY PROTONS MISSING?

Also, some B0 proton tracks are 
reconstructed w/in the barrel?
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24.12.0 campaign w/out RP cuts
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RP reconstruction now 
worse than before.

Flat energy distribution?

Theta distribution?

Need to check 25.01.1 
campaign.



25.01.1 campaign w/out RP theta cuts
Need to maintain proton theta 
cuts.

B0 tracks seem to show outliers 
outside B0 coverage.
-> Change between 24.10.1 and 
24.12.0 campaigns?

Need to plot kinematics for events 
outside expected coverage.
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Discussion following presentation

• Spoke to A. Jentsch after presenting to PWG.

• Problem identified:
▪ EICrecon using the wrong magnet geometry file for RP reconstructions.

▪ Had already been raised by Alex back in October, but hadn't been acted on for 
the campaigns.

• Fix should now be in place ready for February campaign.
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InclusiveKinematics testing
Background and formulae
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Test of InclusiveKinematics branches

• InclusiveKinematics branches automatically calculated by EICrecon.

• Methods used for calculations:
▪ "Electron" method (only uses scattered electron information)
▪ Jaquet-Blondel (JB) method (only uses information about hadronic final state)
▪ Double Angle (DA) method
▪ Sigma method.
▪ e-Sigma method.

• Last 3 use a combination of all final state particles for kinematic 
calculations.

• (All methods use the beam particles).
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Inclusive kinematics: electron method

• Only uses information from the scattered electron.

• "Standard" formulae for Q2, x and y
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Inclusive kinematics: JB method

• Only uses information from the hadronic final state.
▪ Everything except the scattered electron.

• Formulae rely on combined quantities from HFS: pT,h and Σh

Beam electron energy Beam proton energy
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Inclusive kinematics: DA method

• Uses a combination of scattered electron and HFS information.
▪ Only cares about the track angle of the scattered electron.

• Good if you don't have good energy resolution for the e-.

• (pT,h and Σh definitions as previously shown).
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Inclusive kinematics: Σ method

• Uses a combination of information from all final state particles.

• Introduces an equivalent for pT,h and Σh, but for the scattered electron.

• The afterburner procedure needs to be undone before this method is used.

(E – pz) of the scattered electron

pT of the scattered electron
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Inclusive kinematics: eΣ method

• Uses a mix of the Σ method and just the scattered electron information to calculate 
different quantities.
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Notes on the InclusiveKinematics branches

• The "Truth" branch uses the MC information and the electron method 
for its variables.

• All other branches use the reconstructed particle collections.

• Both the truth and reconstructed branches assume the scattered 
electron.
▪ First non-beam electron in the collection.

• HadronicFinalState calculations only use the ReconstructedParticles 
branch.
▪ Scattered electron identified from MCParticle associations.

▪ Misses particles not present in RecoParticles (eg. Roman Pot tracks).
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InclusiveKinematics testing
Results – Raw distributions
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IncKinTruth vs manual calc. (MCParticles)

19

Q2 x

y



IncKin vs manual calc. - Electron method
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IncKin vs manual calc. - JB method
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IncKin vs manual calc. - DA method
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IncKin vs manual calc. - Σ method
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IncKin vs manual calc. - eΣ method
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InclusiveKinematics testing
Results – differences between InclusiveKinematicsTruth and different 
InclusiveKinematicsXYZ branches
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InclusiveKinematics testing
Results – differences between manual calculations using MCParticles and 
ReconstructedParticles
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InclusiveKinematics testing
Results – differences between InclusiveKinematicsXYZ branches and manual 
calculations using ReconstructedParticles
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Brief aside: ePIC PID performance
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ePIC PID test

• Using 100 files from the 25.01.1 simulation campaign to test the 
efficiency of ePIC PID.
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Generated No. reconstructed No. Missed (PID code 0)

# % # %

Electrons 147847 84542 57.2 2568 1.74

Photons 147847 140847 95.3 0 0

Protons 147847 146265(*) 98.9(*) 1582(*) 1.07(*)

(*) - Proton PID comes from MC seeding, so should be 100%. "Missed" protons indicate a discrepancy with this 
process.



ePIC PID test

• The ePIC PID systems still need significant work to improve their 
electron reconstruction.

• Efficiency of 57% seen in 10x100 beam setting – from previous 
campaigns, other settings won't be much better.
▪ 5x41: similar efficiency seen (using 24.10.1 campaign)

▪ 18x275: significantly worse efficiency seen in 24.10.1 campaign.
▪ For higher beam energy, missed electrons dominate mis-identified particles.
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Trento Phi calculation
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Trento Phi

• Have mentioned this in previous meetings.
▪ Recommendation: use a full 4-vector calculation for Lorentz invariance of 

result.

• 2 papers found, from (some of) the same authors:
▪ Single-spin asymmetries, the Trento conventions (Dec. 2004)[1]

▪ Semi-inclusive deep inelastic scattering at small transverse momentum (Feb. 
2007)[2]

• Give slightly different formulae for phi but look almost identical.
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https://arxiv.org/pdf/hep-ph/0410050
https://arxiv.org/pdf/hep-ph/0611265


Phih (1)

• Paper 1 gives a formula for calculating phi using 3-vectors
oGiven in target rest frame (or any other frame reached by boosting from this 

along q.

• Also gives a 4-vector method
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Phih (2)

• Paper 2 gives the 4-vector calculation slightly differently:
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Phih (3)

• Have tried both of these 4-vector methods, as well as the 3-vector 
calculation given.

• Testing using raw HEPMC data:
▪ The 2x 4-vector methods do not agree, regardless of the boost applied.

▪ When boosting to the target rest frame, the method in paper [2] agrees (at 
least to within 1 part in 104) with the 3-vector calculation.
▪ The method in [1] is also close; ~1% off.

▪ As soon as any other boost (or no boost/in lab frame) is applied, these 
methods diverge.

• (2 events shown on next 2 slides to demonstrate)
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Phih (4)
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Phih (5)
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Backup
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MCParticles.P() for beam p
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MCParticles.P() for beam e
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GeneratedParticles.Pt() sum
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GeneratedParticles.P() sum
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