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thetaC from full stack

Outline:

An overview slide presented as plan to recoWG on May 4

How I generated LUTs using npsim. 

thetaC ingredients:
 geant4 hits (OPs at back face of prism), fake-pixelized
 track incidence positions and angles at DIRC bars
 OP bar-exit angles and weights for each "pixel" in the readout plane

Goal: 

Calculate thetaC for 1000 π, K, and p, each w/ ptot = 3 GeV, and theta = 30 deg
but using only npsim and C code in root, no standalone sim, PrtTools, etc... 

@end, some questions from Wouter
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simplified schematic view
of hpdirc code

Strategy:
• Left first, right next
• Macro first, eicrecon next



OPs bouncing through lenses+prism for each of 10 bars were simulated in npsim.
 20M OPs takes 6 minutes on 2026 M5. 

Next steps (all macro, not EICrecon):
 fake-pixelize (th2d)
 implement pixel→angles map 
 calculate theta_C for π,K,p
 implement ambiguity sorting 
 show expected GR performance
then move it all to EICrecon.
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LUT simulation
  pick bar
  throw 20M OP into 2π from bar end
map all OP paths from bar to pixel
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Int_t           DIRCBarHits_;
   Float_t         DIRCBarHits_time[kMaxDIRCBarHits];     //[DIRCBarHits_]
   Double_t        DIRCBarHits_position_x[kMaxDIRCBarHits];   //[DIRCBarHits_]
   Double_t        DIRCBarHits_position_y[kMaxDIRCBarHits];   //[DIRCBarHits_]
   Double_t        DIRCBarHits_position_z[kMaxDIRCBarHits];   //[DIRCBarHits_]
   Float_t         DIRCBarHits_momentum_x[kMaxDIRCBarHits];   //[DIRCBarHits_]
   Float_t         DIRCBarHits_momentum_y[kMaxDIRCBarHits];   //[DIRCBarHits_]
   Float_t         DIRCBarHits_momentum_z[kMaxDIRCBarHits];   //[DIRCBarHits_]

Variables saved in standard .edm4hep.root file:

global->local hit positions
 y'=x, x'=-y

Then hits from –175 < x' < 175 mm roughly
           and  740 < y' < 980 mm 
divide into 175 x 120 2mmx2mm bins (TH2D)

Then plot the OP bar-exit angles for all
OPs that hit a specific pixel.

Each of these spikes is a "path".
Each pixel has 2-20 paths.
LUTs calculated with 1000s of OPs/path/pixel. 

OP bar-exit 
theta

OP bar-exit phi
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There is a separate incidence angles histogram for each pixel

Histograms used only as a simple pattern recognition.

0. Find highest bin.
1. Add any OPs in 8 neighbor bins 
2. This is a new path to this pixel! 
3. Zero out this bin(s).
4. goto 0, until you run out of non-zero bins.

Once the bins for a given path and pixel are identified:
loop through the original data (not the histogram!) and
calculate the mean OP bar-exit theta and phi for each path and pixel
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makemac.C: read LUT TTree
and write a vis.mac file that
uses G4 GPS to throw one OP/path
for any user-defined pixel.

The pixel plane, Z-axis is
number of paths per pixel

(here showing paths from bar9)
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eic/ddDircAction
 Writes the incidence tree: x,y,z,px,py,pz when primaries enter DIRC bars
 A stepping action, called with an arcane npsim command line interface
 Instructions in readme on github
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With LUTs in hand, now generate events with DIRC-only geometry

npsim writes standard "events" TTree with hits at prism back face
ddDircActionStep writes the incidence tree. 

Generate 1000k pi+, kaon+, proton+ in 3 separate npsim runs.
   theta = 30 deg, ptot = 3 GeV. 
   set primary azimuth to hit center of bar4

Calculate thetaC as dot-product of OP exit angle 
vectors from pixel->LUT and primary incidence vector
over all paths leading to each lit pixel.

Check each of 8 ambiguity sign flips. 
 Keep best flip for each hypothesis.
 expected: 𝜃! = cos"# #

#.%&'

thetaC histogram filled with weight = probability for this path to this pixel.
 (weights for each pixel sum to unity)

Not doing any time cuts, or any path sanity cuts, and really haven't optimized 
any binning or anything. 
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b a c k u p



OP kill at creation according to photodetector QE (W. Deconinck)
 presently the efficiency table is defined in npsim.py itself
 (should be user stacking action instead?)

hpDIRC CADD geometry pdf released (K. Cleveland)

dd4hep/npsim geometry modified to match (WJL)
issue: https://github.com/eic/epic/issues/1053
PR: https://github.com/eic/epic/pull/1054

stepping action to record dircbar entrance vector (WJL)
MM: https://chat.epic-eic.org/main/pl/86hcat7zi3g7uereeok8swi8na
code: https://github.com/eic/ddDircAction

randomize non-zero polarization in optical photon gun (W. Deconinck)
MM: https://chat.epic-eic.org/main/pl/34f6bnjhy7n5tfeirfhe8t11jw
PR: https://github.com/AIDASoft/DD4hep/pull/1598

npsim crash when generating optical photons
MM: https://chat.epic-eic.org/main/pl/34f6bnjhy7n5tfeirfhe8t11jw

compile standalone (eicdirc) under shell (WJL)
 required removal of TSpectrum, and cxx20

-> try to debug npsim crash?
-> make standalone geometry in eic-shell same as ePIC CADD
-> implement LUT format from npsim LUT generation 
-> Make root macro to read npsim output, and LUTs, and make theta-C.

✓ 2025

✓ 2025

✓ Feb 2026

✓ Mar 2026

✓ Mar 2026

Mar 2026

✓ Apr 2026

not too many OPs

geometry known

𝑝⃗()* for GeoReco

geometries agree

LUT gen. physical

Fixed (wouter)

backup LUT approach
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