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ePIC Barrel Tracker
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Extrapolation of track at DIRC R =71 cm
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Fundamentals of Tracking
Charged Particle in Magetic Field (Lorentz Force) y 1‘5— Px& +py5,+p22

F=q(VxB) Pr=1 P+ D, Lo el

o
If B is uniform the trajectory is helix (easier) apart from the
deviations from the multiple scattering at each detector plane T

https://doi.org/10.1063/1.4917140

RK propagator also used in Genfit (fun4All) B-field map X

The Runge-Kutta-Nystréom method from above can be adapted to handle second order differential
equations, as is needed for the equations of motion in question,

Ny
Il
3]

29— -
Ref: ACTS or . 4 ( ar g(;)) = f(s,7, ),

7 = p\ds X Full Simulation: RK Propagator

B

Fast Simulation: Helix method

If B depends on r (B map required) the trajectory is predicted analytically solving RK method (RK track propagator)
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Fast Simulation (Kalman and Global fit)

Fast Simulation (Kalman)

Track Parameters (IO, L, , ¢, 0, 1/p)

Parameter Covariance

| | o 6 1lp

O1/p.10 Ouip.nn

Symmetric matrix = 5(5+1)/2 = 15 independent entries

Two Independent Algorithms

Extrapolate to the Vertex
0, 0(DCA,,) 0,2 0(DCA,)

2
0,, 1lp=*o, o,

(1/p)  (1/p) p

https://indico.bnl.gov/event/17750/contributions/71187/attachments/4484
3/75637/EPIC_Tracking_Meeting_Shyam1Dec2022.pdf

Oy Oy

Three Options (Kalman):
1. Outward-->Inward fitting
2. Inward--> Outward fitting

3. Combined estimate (Weighted average)

Fast Simulation (Global fit)-generates intermediate distributions (DCA,y,, Apr, A}, AB)-See backup

Assuming uniform magnetic field (helix), ignoring energy loss, assuming Gaussian multiple scattering
Provide the best parameters (global) for the track based on simultaneous chi2 minimization considering all hit points

Global fit developed by Shyam with the help of Annalisa, F.Colamaria, Domenico Elia, and G.E. Bruno

11/01/2024
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Tracking Performances (Kalman and Global fit)

Spatial Resolution (SR): Uncertainity associated with pixel size (Gv) 5 5
Multiple Scattering (MS): Uncertainity associated with material thickness (x/Xo) Odoz \/UdOSR + Odo MS
arXiv:1805.12014 [physics.ins-det
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Material Budget (Outer MPGD)

In fast simulation used x/Xy = 0.0153859

2D Map 1D Map
OuterBarrelMPGDSubAssembly OuterBarrelMPGDSubAssembly
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Fast Simulation Including Multiple Scattering of MPGD Layer (Pion+/Proton)

1. Fit the track with Kalman fit (Outward-->Inward) and estimate parameter at the Innermost Update (1U)

2. Extrapolate the track at DIRC layer (71 cm) including the multiple scattering effect of Outer MPGD layer (1.5% Xo)

3. Extract the uncertainties in Theta/Phi Resolutions : "
Multiple Scattering (M.S.)

——X— multiple
. Scattering

Track direction: Tangent
DIRC (71 cm)

X
O]
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ems — EXtrapO|atIOﬂ Gp =136 i ill +0.038In
Bep JXo
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Ref: “Particle Detectors”, C. Grupen and B. A. Shwartz

~

X

1
—0
ﬁp

€p

At low p: m.s.dominated by « -:;

Outward fit
Issue: Extrapolation at very large distance (71 cm)

The algorithm is modified for Inward-->Outward track fitting
to avoid extrapolation to large distance

Track

U

(Track Parameters)

In the algorithm, its done in two steps
1. Outward-->Inward
2. Inward-->Outward
There is also a possibility to use the combined estimate

using weighted average of Inward and Outward method

Outer MPGD (Just for information)
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Fast Simulation [Inward vs Outward]

---- Extrapolation
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Theta/Phi Resolutions for Pion

+

FastSim (Kalman) uses Inward to Outward fitting algorithm considering multiple scattering at the Outer MPGD layer
Global fit also take care of multiple scattering at Outer MPGD layer (parameters are global)

Updated Method 1 is closest to the two independent Fast Simulation method

Method 1 (11/17/2023),
Updated Method 1

TU Method 2
FastSim Kalman (Shyam)

FastSim Gilobal fit (Shyam)

Theta Resolution at R=71 ¢m (0<n<0.25)
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https://indico.bnl.gov/event/21559/contributions/8457 1/attachments/51631/88303/TrackingWG_12-14-2023.pdf
11/01/2024 Fast Simulation Studies: Shyam Kumar 9



https://indico.bnl.gov/event/21559/contributions/84571/attachments/51631/88303/TrackingWG_12-14-2023.pdf

A (mrad)

> 0 0 0 0 0 0 0 0000000000000
Fast Simulation Studies: Shyam Kumar

Fast Simulation Including Multiple Scattering of MPGD Layer (Pion+/Proton)

Inward-->Outward fitting, then extrapolation at 71 cm considering M.S. at Outer MPGD layer
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Fast Simulation 0. < n < 0.25 (Kalman)
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Spatial Resolution and Multiple Scattering (Fast Simulation)
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Case of Outward-->Inward fitting and then extrapolation to 71.0 cm considering M.S.
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Fast Simulation (Global fit)-Spatial Resolution (n = 0)
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Summary

> Presented fast simulation studies for the theta/phi resolutions at DIRC layer (71 cm)
> Updated Method 1 gives the closest results to the two independent fast simulation methods

> Global fit and Kalman and can further used to study several other cases

Thank You !!
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Intermediate distributions from Global fit (Pion)

20k pion simulations for each momentum
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Distributions from Global fit (Pion)

Chi2 distribution in Fast sim (Global fit)
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Velocity vs Momentum

Different beta for different particle hypothesis (momentum dependent) and so carefully chosen
ACTS using Pion hypothesis for track reconstruction while transporting covariance (Important for Method 2)
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