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Study Overview

[ Role of MPGDs in ePIC
1. Additional hit points

2. Fast timing hits for pattern recognition

3. Provide precision hit point over large angular range for PID detectors (~ 1 mrad)

(J Study Goal: Determine spatial resolution needed for outer MPGD layer to meet PID angular resolution

requirement of 1 mrad

o Understand central rapidity first before moving out to larger rapidity where there is more material and

shallower angles where interoperation can be more complicated

o Access angular resolution via multiple scattering calculations, and two simulation assessments

(Method 1 and Method 2)

Currently, not all information is in hand for the tracking working group to make a definite
conclusion on the needed MPGD spatial resolution to meet PID angular resolution.

However, what we have studied...
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Multiple Scattering Calculations ePI@

[ Use ePIC simulation material to calculate multiple scattering near n = 0.175., with assumptions:

o Treat cumulative materials as one layer - an actual tracking algorithm will handle this differently
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Shyam: Tracking WG
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https://indico.bnl.gov/event/20126/contributions/78818/attachments/48715/82936/EPIC_Tracking_Meeting_Shyam20July2023.pdf

Multiple Scattering Calculations
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[ Use ePIC simulation material to calculate multiple scattering near n = 0.175., with assumptions:

o Treat cumulative materials as one layer - an actual tracking algorithm will handle this differently

o f=c=z=1

o Use PDG 6, formula
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These calculations are for n = 0.175 and entail simplifying

assumptions.




ePIC Simulation Angular Resolution Definition: Method 1

©)

©)
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Agreed upon method between tracking and PID. (meeting page)

DIRC photon propagation turned off and volume made sensitive to provide “truth” reference hit

Use position projected point vectors of projected track point (H1) and nearest DIRC hit (H2) to obtain angles:

H2 |
* Projected Point (x,y,z) hits 2 0.0, Pproj H1
* DIRC Point (x,y,z) hits =2 04irc » Pgirc

Angular differences are:
Qproj - Qdirc
¢proj - (Pdirc

Angular resolution gy, gy are extracted from width of
assumed Gaussian distribution

hpDIRC: R=70-73 cm

Angular resolution ay, o Outer MPGD Barrel: 68.70 cm /

are extracted from width of Projected Track Point Detector Hit
assumed Gaussian Projection Surface: R = 70.85cm ) ¢ ) ¢
distribution

Projected Track Segment  Reconstructed Track
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https://indico.bnl.gov/event/19604/

ePIC Simulations Method 1: Complications
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1. Spatial resolution used in DIRC hit point found to be

o |

3mm/+v/12, this leads to angular angular uncertainty of o\ NearestDIRCHILs J
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o Resolutions have minimal sensitivity to tighter cuts, I
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ePIC Simulations Method 1: Results
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» Generally, cut provides better resolution, mainly at lower momentum

0.00 <1 <0.25
0.00 <1 <0.25

og [mrad]
T
N9
3
3
S

Wb @ NoCut I S % - eNoa

o S A R Outer MPGD = 150#m§ - OuterMPGD - 150;,¢m -
B DG —— O PEOROM _—

Y S N W eP'C23072E'crecon140 ePIC 23.07.2, Encrecon 1.4.0

——9o——9— o

. : : |
II|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|II

1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Ptrue [GeV] Ptrue [GeV ]

OII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

7
TIC: September 18t 2023



ePIC Simulations Angular Resolution Definition: Method 2 ep|§5
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.....

o Use projected track state vector a to get track

direction impacting PID surface

> q
" Xpip = (10; 11,0, ¢'1_9)
o Obtain track direction uncertainty from covariance

matrix from the fitted track

= var(0),var(¢),cov(0, p) Projected Track Detector Hit

* *

Projected Track Segment  Reconstructed Track
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ePIC Simulations Angular Resolution Definition: Method 2
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o Plot sgrt(variance)

= \ariance obtained from covariance matrix taken from the fitted track

* Histogram mean = angular uncertainty (66, 6¢)
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hproj_dphi_err_7_3
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ePIC Simulations Method 2: Results ep@
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» Angular uncertainties much smaller than in Method 1

= Method 1 includes 3mm/sqrt(12) DIRC space point resolution, which needs to be removed.
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Summary and Next Steps ePI&S

O Summary
» Discrepancy between angular resolutions of Method 1 and Method 2
»  Within the central region, both Method 1 and Method 2 show no sensitivity to outer MPGD resolutions between
100pum — 300um

» | Currently, not all information is in hand for the tracking working group to make a definite conclusion on the needed

MPGD spatial resolution to meet PID angular resolution.

(d  Next Steps
o  Estimate multiple scattering within simulation of outer MPGD layer
=  Compare angular resolution of no outer MPGD (no material) to removing MPGD hits from track reconstruction
(material)
o Discrepancy between angular resolutions of Method 1 and Method 2
=  Modify hit resolution of DIRC in method 1
=  Verify accurate error propagations and information in track fit covariance matrix

o Extend measurements to larger pseudorapidity, where services play a larger role
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