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Angular Resolution: Method 1

*Simulation running details found in backup
o Use projected position point vectors of projected track point (H1) and nearest Reference surface hit (H2) to obtain
angles:
* Projected Point (x,y,z) hits = 041, Oy
* Reference Point (x,y,z) hits 2 0y, , Pyo

o Angular differences are:

0H1 _ QHZ

* du1 — P

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

Projected Track Point Reference (Sim) Hit  Detector Hit
* * *

Projected Track Segment Reconstructed Track
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Angular Resolution: Method 1

o Use projected position point vectors of projected track point (H1) and nearest Reference surface hit (H2) to obtain

angles:

: . . Reference Surface atR=71cm
* Projected Point (x,y,z) hits =2 0y, Py1

* Reference Point (x,y,z) hits 2 0y, , Pyo
~0.003%
o Angular differences are: H\‘/ \/?
* Oy1 — Oy
* duy1 — b2 X
S~
>
o Angular resolution gy, gy are extracted from width of
assumed Gaussian distribution 107 L o
———
» Reference surface nearly massless
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Method 1: Extracting Angular Resolution ePIE)

Example 2.00 GeV < p < 3.00 GeV
6,0.000000 <n,__ < 0.250000, 2.000000 GeV < P < 3.000000 GeV ¢, 0.000000 <n, < 0.250000, 2.000000 GeV <Py < 3.000009 GeV -
hproj_dth_7_5 - hproj_dphi_7_5
- Entries 3551 - Entries 3551
- 0.00 < n < 0.25 Mean —~0.01505 00— (0.00 < n < 0.25 Mean -0.1628
300— Std Dev 2532 - — — Std Dev 2.451
- — 22/ ndf 7.93717 = - %2/ ndf 13.47/9
250 | 70 1.26 mrad Constant 313.4+9.2 250/ | O = 1.43 mrad Constant 293.7 8.3
- Mean 0.01681 £ 0.03480 - Mean —-0.1694 + 0.0368
- Sigma 1.259 + 0.043 200 Sigma 1.428 +0.043
200 — -
150~  Proton 150 — Proton
100 :— 100 -
50(— 50—
0:_L:—1_1 I_,L.-—I_Ju—.l I,—._] 1 1 1 1 | 1 1 1 1 1 I—‘A-'—\_l_l 1 J.:—I_I,—/_1 1 1 1 0:.L 1 L_;[_J et il I—.J— l 1 1 1 I l l 1 1 . : I | | | Iﬁ| | I N I S
=20 -15 -10 -5 0 5 10 15A of dzio =20 -15 -10 -5 0 5 10 15 : dz]o
mra A ¢ [mra
A [mrad]

A¢p [mrad]

January 11 2024



Angular Resolution Method 2

3

From ACTS
O Track Errors -

o Use propagated trajectory and track point vector to get

track direction impacting PID surface

" Xyp = (10; 11,0, (,b,%)

o Obtain track direction uncertainty from covariance

matrix, C

(02(lp) cov(lp,l1) cov(ly,d) cov(lp,8) cov(lo,q/p)]
o(li)  cov(ly,¢) cov(iy,f) cov(ly,q/p)

C=| . . (6%(¢)) cov(4,6) cov(¢,q/p)
. (%)) cov(,q/p)

_ . (¢/p)

_ Projected Track Point Detector Hit

From ACTS * *

Projected Track Segment Reconstructed Track
January 11 2024 °


https://acts.readthedocs.io/en/latest/tracking.html
https://acts.readthedocs.io/en/latest/tracking.html

Method 2: Extracting Angular Resolution

ePig)

o Histogram sgrt(variance), variance obtained from covariance matrix

Histogram mean = angular resolution
Histogram RMS = error bar

2.00 GeV < p < 3.00 GeV

6 error, 0.000000 <7 < 0.250000, 2.000000 GeV < Py, <3-000000 GeV

Example

¢ error, 0.000000 < <0.250000, 2.000000 GeV <p, _ <3.000000 GeV

hproj_dth_err_7_5 1600~ hproj_dphi_err_7_5
1800 |— Entries 9651 - Entries 9651
E Mean 0.2683 n Mean 0.4933
1600(— Std Dev  0.04216 1400— Std Dev  0.05146
1400/ 0.00 <n < 0.25 12001 0.00 <7 < 0.25
1200[— _ - —
- og = 0.27 mrad 1000 — ap = 0.49 mrad
1000} 5
- B 800(—
800 Proton - Proton
600 :_ 600 —
400 400
200|— " 200(—
0 : 1 1 1 | 1 1 1 /| 1 I 1 1 1 I 1 1 I 1 :
0 0.2 0.4 0-6 0-8 1 O 1 1 1 I L 1 L 1 1 1 I 1 l 1 1 1 [ 1 L 1 I 1 1 L I L 1
A6 [mrad] 0 0.2 0.8 1 1.2 1.4
A ¢ [mrad]

V0?(0) [mrad]
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Comparisons: Pions (0.00 < n < 0.25)

(1 Revised Method 1 shows improvement in angular resolution, in particular at low momenta

=  For details on revised method 1 see: PID WGM 11/17/2023

0.00<n<0.25
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https://indico.bnl.gov/event/21243/contributions/83558/attachments/51097/87495/11-17-2023-PIDWG.pdf

Comparisons: Pions (1.00 < n < 1.25)

(1 Revised Method 1 shows improvement in angular resolution, in particular at low momenta

1.00<n<1.25

Method 1 (11/17/2023), (R=71 cm)
Updated Method 1 (R =71 cm)
Method 2 (R =71 cm)
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Summary ep[’\&j

» Methods 1 and 2 can be used to assess angular resolutions for any detector
» Difference seen between the two methods:
J Method 1 takes difference between propagated trajectory track point and the true hit (via Reference
surface Sim hit) to extract angular resolution
1 Method 2 assigns uncertainty at each surface from Kalman Filter
= Gives uncertainty related to KF (filtering uncertainty)
= Doesn’t know where true hit location is

J Use fast simulation to try and understand the difference better



Backup
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Simulation Details

ePig)

U Software Version
= ePIC=23.07.2
= Detector Configuration = Craterlake
= EICRecon=v1.5.1
U Generator
= Particle Gun = pion
= ¢ (uniform) = (0°,360°)
= @ (uniform)= (20°,160°)/
(Inl < 1.73)
= p (uniform) =(0.3 GeV, 10.0 GeV)
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Simulation Details

3
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Simulation Distributions: Representative Sample

3
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Material Budget

N

Beam Pipe
MAPS Vertex Assembly

Inner MAPS Assembly

Middle MAPS Assembly
Outer MAPS Assembly
Endcap MPGD Assembly
Inner MPGD Barrel Assembly
AC-LGAD Endcap Assembly
AC-LGAD Barrel Assembly
Outer MPGD Barrel Assembly
Tracker Services
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