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TOF General Meeting

◼Got some comments.

1. Define the exact location for this calculation of resolution 
(https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml)

2. Use trackless of MPGD+BTOF?

3. Use Kalman filter inside-out

4. Resolution with and without BTOF material at all

5. Resolution with carbon fiber BTOF,

6. +1-2% material to BTOF and study its impact
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https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml


Define the exact location for this calculation of resolution

◼More precise hpDIRC surface configuration
(https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml)
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𝜎 = 0.5450 ± 0.0153 [𝑚𝑟𝑎𝑑]

Δθ [𝑚𝑟𝑎𝑑]

x [mm]

y 
[m

m
]

Single particle : 𝜋− , 1000events, npsim
Momentum : 6 [GeV/c]
Direction : 0° ≤ 𝜙 ≤ 360°, 

92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05

https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml
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I'm trying to figure out what I need to do.

https://github.com/sourav-tarafdar/epic/blob/main/compact/tracking/dirc_ref.xml


Resolution with and without BTOF material at all

◼without BTOF material → Change all BTOF material to vacuum
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Resolution with carbon fiber BTOF

◼Change CarbonFoam to CarbonFiber
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Δθ [mrad] , 92 < θ < 94 , p = 6 GeV



Use tracklets of MPGD + BTOF

◼Tracklets of outerMPGD + BTOF
• ∆𝜃 = 𝜃 𝑡𝑟𝑎𝑐𝑘 − 𝜃 𝑀𝐶 , ∆𝜙 = 𝜙 𝑡𝑟𝑎𝑐𝑘 − 𝜙(𝑀𝐶)

• 𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛2 𝑥2 − 𝑥1
2 + 𝑦2 − 𝑦1

2, (𝑧2 − 𝑧1)

• 𝜙 = 𝑎𝑟𝑐𝑡𝑎𝑛2((𝑦2 − 𝑦1), (𝑥2 − 𝑥1))
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××
Vector to DIRC (𝑥2 − 𝑥1, 𝑦2 − 𝑦1, 𝑧2 − 𝑧1)

MPGD Hit (𝑥2, 𝑦2, 𝑧2)

BTOF Hit (𝑥1, 𝑦1, 𝑧1)

Tracklets

Track
Δθ [𝑚𝑟𝑎𝑑]

𝜎 = 0.3064 ± 0.0097 [𝑚𝑟𝑎𝑑]

Δ𝜙 [𝑚𝑟𝑎𝑑]



results

◼Results for some changes in particle momentum and BTOF material.
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Back up

2024/10/16 9



Simulation

1. Define the surface of hpDIRC using Geant4 (hpDIRC surface)
• Because no particles are detected on the surface of the hpDIRC

• To obtain MC information of particles at hpDIRC surface

2. Calculate angle of incident particles from hit information (momentum) to detector
• MC info(mc.theta)： Use MC information of the detector defined in 1.

• Track info(track.theta)： Get values from propagation of reconstructed tracks from tracker

10

New Definition Original sensor 
position

Tracker Detectors (Barrel)
➢ Silicon Vertex Tracker × 3
➢ Silicon Barrel Tracker × 2
➢ Inner MPGD (Micro Pattern Gas Detector)
➢ Barrel TOF
➢ Outer MPGD

Kalman filter to reconstruct tracks
Using track parameter information on hpDIRC surface (r = 75.5 cm)
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Simulation

3. Change the BTOF material and perform the same simulation

◼Simulation Setup
• EICrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction algorithms

 using ePIC detector structures are available.

• Single particle : 𝜋−

• Momentum : 1, 2, 4, 6, 8, 10 [GeV/c]

• Direction : 0° ≤ 𝜙 ≤ 360°, 
92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05

Carbon foam : 0.09 g/cm3, 5.8mm
~ 0.7 % (X/X0)

↓Change material

Aluminum : 2.65 g/cm3

~ 7.1 % (X/X0)
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Results - Hit position on hpDIRC surface

◼Generates 1000event single particles (6 GeV/c, 0° ≤ 𝜙 ≤ 360°, 92° ≤ 𝜃 ≤ 94°)
• Get particle information on hpDIRC surface defined by Geant4 (MC info)

x [mm]

y 
[m

m
]

➢ Can get as well as MC information for epic's tracker detector
➢ The outermost layer is the hpDIRC surface defined by myself

x [mm]
y 

[m
m

]

➢ MC information and particle information obtained by 
propagating tracks on hpDIRC surface

MC Hits Track Hits
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Results - Angular distribution on hpDIRC surface

◼Angular resolution calculated from particle momentum in MC and track information
• ∆𝜃 = 𝜃 𝑡𝑟𝑎𝑐𝑘 − 𝜃 𝑀𝐶 , ∆𝜙 = 𝜙 𝑡𝑟𝑎𝑐𝑘 − 𝜙(𝑀𝐶)

• 𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛2 𝑝𝑥
2 + 𝑝𝑦

2, 𝑝𝑧 , 𝜙 = 𝑎𝑟𝑐𝑡𝑎𝑛2(𝑝𝑦, 𝑝𝑥)

• Angular resolution is given by Gaussian sigma

• The higher the momentum, 
the better the angular resolution.

track.phi – mc.phi [mrad]

Δφ [mrad] , 92 < θ < 94 , p = 6 GeV

track.theta – mc.theta [mrad]

Δθ [mrad] , 92 < θ < 94 , p = 6 GeV

92 < θ < 94 , p = 2 GeV

Δφ [mrad] Δθ [mrad] 

92 < θ < 94 , p = 10 GeV

Δφ [mrad] Δθ [mrad] 
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Angular distribution on hpDIRC surface

• Single particle : 𝜋− (1000 events)

• Momentum : 1,2,4,6.8,10  [GeV/c]

• Direction : 0° ≤ 𝜙 ≤ 360°, 
92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05

Δφ [mrad] , 92 < θ < 94 , p = 6 GeV Δθ [mrad] , 92 < θ < 94 , p = 6 GeV

delta_angle=0.5mrad@6GeV

𝜎 = 0.7147 ± 0.0213 [𝑚𝑟𝑎𝑑]
Even if we use the carbon form (default setting), 
we cannot fulfill the request from hpDIRC
(delta_angle=0.5mrad@6GeV)
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mailto:delta_angle=0.5mrad@6GeV


Results - Angular resolution on hpDIRC surface

◼Results for some changes in particle momentum and BTOF material.

• Part of BTOF Carbon foam changed to Aluminum

• The value of Δθ increases

• Current structure (Carbon foam)
does not satisfy hpDIRC requirements.

• Please tell me your opinion 
on this simulation
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Carbon foam 0.09 𝑔/𝑐𝑚3, ~0.7%(X/X0) 
Aluminum 2.65 𝑔/𝑐𝑚3, ~7.1%(X/X0)

But…
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Data generation

◼Data Generation Settings
• EICrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction algorithms using 

ePIC detector structures are available.

• Single particle : 𝜋−(1000 events)

• Momentum : 6 [GeV/c]

• Direction : 0° ≤ 𝜙 ≤ 360°, 
92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05
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➢ ddsim ➢ npsim (Simulation with Cherenkov detector)

Inner & outer MPGD hits a lot
→ Is there some effect on the track 
reconstruction?



Data generation (old ver.)

◼Data Generation Settings
• EICrecon : Particle collision reconstruction using phythia8, Geant4, and track reconstruction 

algorithms using ePIC detector structures are available.
• ddsim
• Single particle : 𝜋−(1000 events)
• Momentum : 1, 2, 4, 6, 8, 10 [GeV/c]
• Direction : 0° ≤ 𝜙 ≤ 360°, 

92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05

ddsim --compactFile=$DETECTOR_PATH/epic.xml
-N=1000 
--random.seed 1 
--enableGun
--gun.particle "pi-" 
--gun.momentumMin "10*GeV" --gun.momentumMax "10*GeV" 
--gun.thetaMin 92.0*deg --gun.thetaMax 94.0*deg 
--gun.distribution uniform 
--outputFile epic_fakedirc_pi_10GeV_1000event_ddsim.edm4hep.root
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Detector settings

◼BTOF material (epic/compact/tracking/tof_barrel.xml)

Changed material
Default material
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Detector settings (old ver.) 

◼hpDIRC surface (Referring to https://github.com/eic/athena/compact/fake_dirc.xml)
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About Analysis Code

◼Track information (Referring to https://github.com/eic/EICrecon/src/algorithms/tracking/TrackPropagation.cc)

Get the parameters of the reconstructed 
track at any r.

(Trajectory 
→ CentralCKFActsTrajectories)
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About Analysis Code

◼MC information (edm4hep::SimTrackerHit)
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About Analysis Code

◼MC information (edm4hep::SimTrackerHit)
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ddsim → ~sim.edm4hep.root ファイル
検出器ヒットのMC情報（DIRCBarHitsがhpDIRC surfaceのヒット情報）

その他、Barrel and Endcapのトラッカー検出器ヒットのMC情報が含まれる



hpDIRC surface geometry (defined by Geant4)

◼New geometry

原因がわかっていない問題（今の所問題なし？）
Generated Particleのみを選んでいるはずなのに
複数のMCヒット情報が得られてしまう

検出器上の
MC情報

それらしい値のみを採用して
角度分解能の計算に使用している

採用した値のみ
の場合

複数のDIRCBarHits

MC hit information
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Trajectory to hpDIRC surface

◼Track propagate → track上で、MC情報と同じ r の時の粒子情報を取得

前スライドと同じMCヒット情報 Track propagateから得られた情報
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Angular distribution on hpDIRC surface

• Single particle : 𝜋− (1000 events)

• Momentum : 6  [GeV/c]

• Direction : 0° ≤ 𝜙 ≤ 360°, 
92° ≤ 𝜃 ≤ 94° → 𝜂 = −0.05

Δφ [mrad] , 92 < θ < 94 , p = 6 GeV Δθ [mrad] , 92 < θ < 94 , p = 6 GeV

𝜎 = 0.7147 ± 0.0213
要求を満たしていない
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EICRecon
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