
The INSIGHT experiment
at the ELSA accelerator

Planned setup

Crystal Barrel
calorimeter

Polarized
target

Silicon pixel tracker
33 μm pixel pitch

Dipole magnet
0.15 Tm bending power

Time-of-flight wall
<100 ps resolution

PANDA Endcap EMC
<5 MeV π0 resolution

GEM tracker
50 μm resolution

Straw tube tracker
140 μm resolution

Physics goals Simulation

EMC software developments
Energy correction for the Endcap EMC

EMC hadronic Split-Off recognition

EMC meson invariant mass correction

• Polarized photoproduction off protons and neutrons up to 𝑠 ≈ 2.6 GeV
• Coupled-channel PWAs disentangle resonance contributions

• Explore strange baryon resonances – PDG: “field starved for data”
• Search for exotic states: Pentaquarks? Hadronic molecules?

• Gain a complete picture of N* and Δ* resonances

• Energy loss in EMC due to leakage, insensitive 
material and detector thresholds

• Hadronic interactions of charged particles in 
the EMC create additional background hits

• EMC response to such 
hits and real photons 
nearly identical

• Solution: Train BDT 
on reconstructed  hit 
information using MC 
truth information

• EMC energy measurements have 
uncertainty and are asymmetric

• Geant3/Geant4 simulation using Virtual Monte Carlo (VMC)
• Generation of single particles and phase space or PWA distributions possible

• Detailed EMC geometry, digitization and reconstruction implemented
• Tracking detectors: currently work in progress

Automatically generated detailed EMC geometry
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Bias corrected for π0, η, 
and η’ mesons!

Significant improvement in S/B ratio!

Photon energy 
correction removes 
systematic 
reconstruction bias!

Photon tagger
<50 ps resolution
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Polarization observables can 
differentiate between solutions 
that are indistinguishable based 

on dσ/dΩ alone

Automatic conversion: From CAD model to Root geometry
• CAD-to-Root conversion: Root primitives + tessellation of complex parts
• Class to represent tessellated triangle meshes for use in VMC simulations 

implemented in our group        Merged into Root soon!

• Convolution of probability 
densities solved numerically

• Determined inv. mass corrections 
depending on σ and tail 
parameters

Energy of particle not 
fully reconstructed

Parametrize energy-
dependent detector 
response across 
detector surface 

doi: 10.1051/epjconf/202533701022
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Photon hits in the 
EMC from 

30 MeV to 3.2 GeV

Σ0 decay 
photon

• Measured quantities multiplied in 
invariant mass determination

m = 𝟐𝑬𝟏𝑬𝟐(𝟏 − 𝒄𝒐𝒔(𝜶)

Multiplicative convolution of        
probability densities
Invariant meson masses are 
underestimated

Correction factor depending 
on energy and angular 

uncertainties

Over almost the entire 4π solid 
angle:
• High resolution photon 

measurements
• Precise charged particle 

tracking
Polarized beam and polarized 
target

Unique possibilities

σ = 0.012
tail= -0.3

Integral part of the
Cluster of Excellence

γp → K+ ∗Λ

Σ0π0

Λγ

pπ−

Simulated channel:

γp →p 4γ
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