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§ ePIC: 25.04.1

§ EICrecon: v1.24.0

§ DIRC Reference Surface 

R = 770.5 mm



Cherenkov Angle Resolution 
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𝜎!"##$%&'$( = 𝝈𝒕𝒓𝒂𝒄𝒌𝒊𝒏𝒈𝟐 + 𝜎234

Angular resolution from 
tracking system

Multiple scattering 
inside DIRC bar 

Aug. 19 2024 TIC Meeting (Jochen Schwiening) 

q Cherenkov Angular Resolution

§ 𝜎5(particle) ≈ 6! 78"'"9
:"
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	+ 𝜎!"##$%&'$(4
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https://indico.bnl.gov/event/24240/contributions/95614/attachments/56661/97051/20240819-TIC-hpDIRC-tracking-schwiening.pdf


Angular Resolution 
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ePIC: 25.04.1
EICrecon: v1.24.0



Extracting Angular Resolutions: Residual Approach
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q Loop over trajectories and propagate them to the ACTS surface

Propagate trajectories 
to ACTS surface

Trajectory loop snippet

Propagated track point information
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Extracting Angular Resolutions: Residual Approach

6

Δ𝜃	[mrad]
𝜃;<=>?@A = 𝑝⃗;<=>?@A.Theta()

𝜙;<=>?@A = 𝑝⃗;<=>?@A.Phi()

Δ𝜃>?@A = 𝜃B;CB>?@A − 𝜃;<=>?@A

𝜃B;CB>?@A = 𝑝⃗B;CB>?@A.Theta()

𝜙B;CB>?@A = 𝑝⃗B;CB>?@A.Phi()

Δ𝜙>?@A = 𝜙B;CB>?@A − 𝜙;<=>?@A	

q Angles determined from reference and propagated trajectory hit point 

via TVector

q Take difference of truth hit and propagated track point 

§ Resolution is given by Gaussian sigma 
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𝑝⃗ = (𝑝𝑥, 𝑝𝑦, 𝑝𝑧)
§ Momentum Vector (on DIRC surface)

Δ𝜙	[mrad]

< 𝜂 >	= −0.05

𝑝 = 6.0	𝐺𝑒𝑉

< 𝜂 >	= −0.05

𝑝 = 6.0	𝐺𝑒𝑉

§ Momentum Vector Direction (on DIRC surface)



Extracting Angular Resolutions: Covariance Matrix Approach
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Propagated track point information

q Using the tracking covariance matrix is an alternative approach to using the residual approach

q Angular resolutions extracted from edm4eic::TrackPoint::directionError

q Resolution is < 𝜎#$% & >

TrackPropagation.cc

< 𝜂 >	= −0.05
𝑝 = 6.0	𝐺𝑒𝑉
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𝜎!"#$	[𝑚𝑟𝑎𝑑]

𝜎%
"#$	[𝑚𝑟𝑎𝑑]

< 𝜂 >	= −0.05
𝑝 = 6.0	𝐺𝑒𝑉

https://github.com/eic/EICrecon/blob/main/src/algorithms/tracking/TrackPropagation.cc


Angular Resolution Results
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𝜎! 𝜎"RDIRC = 77.05 cm RDIRC = 77.05 cm

Ø  𝜋& single particle 



Angular Resolution Pull Results
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RDIRC = 77.05 cm
RDIRC = 77.05 cm

q Pulls with directionError covariance uncertainties show > 1𝜎 pull distributions

Ø Further investigation needed
𝜋& single particle 

𝜃789: − 𝜃8;< /𝜎= 𝜙789: − 𝜙8;< /𝜎>

𝜎=
7?@@ ≈ 5 𝜎>

7?@@ ≈ 	2



Summary
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qTwo methods were implemented to estimate the angular resolution at the hpDIRC

qThe Covariance matrix approach gives much better angular resolutions than the 

Residual method

§ Expect both methods to give similar results

qNext Step: Verify covariance matrix

§ Compute track parameter pulls
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Backup
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Angular Resolution Pull Results
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RDIRC = 77.05 cm𝜋& single particle 

'!"#$('"%&
)'

 

𝜙()*+ − 𝜙),-
𝜎.

𝜙()*+ 	− 𝜙),- 	[𝑚𝑟𝑎𝑑] 𝜎.	[𝑚𝑟𝑎𝑑]

𝜎/ 	[𝑚𝑟𝑎𝑑]𝜃()*+ 	− 𝜃),- 	[𝑚𝑟𝑎𝑑]

𝑝 = 6	𝐺𝑒𝑉, 𝜂 = −0.05, 𝜃 = 92# , 94# , 𝜙 = [0,# 	360#]	



𝑝 = 6	𝐺𝑒𝑉 𝜂 = −0.05

𝑝 = 6	𝐺𝑒𝑉
𝜂 = −0.05

Extracting Angular Resolutions: Residual Approach
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q Define low mass DIRC reference surface in DD4HEP to record truth hit information

q Define ACTS  surface that matches D44HEP DIRC reference surface to propagate trajectories to 

ePIC Branch,   main code file

EICrecon Branch,  main code files
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𝑅'()* = 770.5	𝑚𝑚

𝑅'()* = 770.5	𝑚𝑚

𝜋& single particle 

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.proofpoint.com%2Fv2%2Furl%3Fu%3Dhttps-3A__github.com_eic_epic_tree_dirc-5Fref-5Fsurf%26d%3DDwMGaQ%26c%3DCJqEzB1piLOyyvZjb8YUQw%26r%3De8Wn7dhQeBKq-1iy-P9l2g%26m%3DM0VcL1iEs0lOfSOFoWo3QEMOC4sc8Mymrw8GxPyVa5ymZMUSXtTm9dIz-cW4qkFq%26s%3D69dyqXdvBPL7K1FdzT4SdE_aA53iJSRFJPQ_brGcbBk%26e%3D&data=05%7C02%7Cposik%40temple.edu%7Cc523b1d41c304e3700c308dd14ace343%7C716e81efb52244738e3110bd02ccf6e5%7C0%7C0%7C638689455003921301%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=mIWmLbSuRkxGK5GGDLtR76JTpDvtXfkJTqCXCYf8%2B%2FQ%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.proofpoint.com%2Fv2%2Furl%3Fu%3Dhttps-3A__github.com_eic_epic_blob_dirc-5Fref-5Fsurf_compact_tracking_dirc-5Fref-5Fsurface.xml%26d%3DDwMGaQ%26c%3DCJqEzB1piLOyyvZjb8YUQw%26r%3De8Wn7dhQeBKq-1iy-P9l2g%26m%3DM0VcL1iEs0lOfSOFoWo3QEMOC4sc8Mymrw8GxPyVa5ymZMUSXtTm9dIz-cW4qkFq%26s%3DWlhwyxpmpJNZZ1rcvg5ghEL6Gk-ewJeju-p1GJfvdOQ%26e%3D&data=05%7C02%7Cposik%40temple.edu%7Cc523b1d41c304e3700c308dd14ace343%7C716e81efb52244738e3110bd02ccf6e5%7C0%7C0%7C638689455003938032%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Ozp%2BECPxIgzeZecMMtyZrqmO4nDm3yfTA67OQKFWQco%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.proofpoint.com%2Fv2%2Furl%3Fu%3Dhttps-3A__github.com_eic_EICrecon_tree_dirc-5Fangleres%26d%3DDwMGaQ%26c%3DCJqEzB1piLOyyvZjb8YUQw%26r%3De8Wn7dhQeBKq-1iy-P9l2g%26m%3DM0VcL1iEs0lOfSOFoWo3QEMOC4sc8Mymrw8GxPyVa5ymZMUSXtTm9dIz-cW4qkFq%26s%3DdJ8PSIGXhORGoMgCMVxKWtKowDKzWdtwu0lpNS-wlBI%26e%3D&data=05%7C02%7Cposik%40temple.edu%7Cc523b1d41c304e3700c308dd14ace343%7C716e81efb52244738e3110bd02ccf6e5%7C0%7C0%7C638689455003969823%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=eARMzvpeeJcgLZitksq7mMojJU%2BUDEbAfRPWjlq1N0E%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.proofpoint.com%2Fv2%2Furl%3Fu%3Dhttps-3A__github.com_eic_EICrecon_tree_dirc-5Fangleres_src_tests_pid-5Fangleres%26d%3DDwMGaQ%26c%3DCJqEzB1piLOyyvZjb8YUQw%26r%3De8Wn7dhQeBKq-1iy-P9l2g%26m%3DM0VcL1iEs0lOfSOFoWo3QEMOC4sc8Mymrw8GxPyVa5ymZMUSXtTm9dIz-cW4qkFq%26s%3DY_2py_hyW36xe4BS5a0IsJuUgyZ6uGjBFK3l_Iy3IsY%26e%3D&data=05%7C02%7Cposik%40temple.edu%7Cc523b1d41c304e3700c308dd14ace343%7C716e81efb52244738e3110bd02ccf6e5%7C0%7C0%7C638689455004002433%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=x%2FsUYOcV%2FkYV94gKxXrlANTSbsBNNlEX6Ul2uCWCT8U%3D&reserved=0
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Forward Backward Backward Forward

𝑅'()* = 770.5	𝑚𝑚
Ø  𝜋& single particle 



2- 1.5- 1- 0.5- 0 0.5 1 1.5
h

0

0.5

1

1.5

2

2.5

 [m
ra

d]
s

0.5 mrad
)qp = 6.0 GeV (

))qp = 6.0 GeV (Cov(

Materials

15
May 1th 2025

𝜽 (deg) 𝜼
45 0.88

71 0.34

87 0.07

𝜽 (deg) 𝜼

130 -0.76

135 -0.88

𝜋& single particle 
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Ø  𝜋& single particle 
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