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Angular Resolutions at the DIRC Update

Matt Posik
Temple University
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Simulation Details ePI&S

1500
| —— svT —— SiBarrel CyMBaL
- —— AC-LGAD Barrel URWELL-BOT Si Disks
" ePIC: 25041 — ——— AC-LGAD Endcap Forward uRWELL-ECT Backward uRWELL-ECT
1000— —— DIRC Rep. Surf.
= E|Crecon:v1.24.0 B
= 1~ single particle 500
= Fixed momenta values I
= A9 = 2° Ad = 360° £\ — ‘
= DIRC Reference Surface o

R=770.5mm -500

» All resolutions presented are
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Accessing Angular Resolutions

100
o Momentum vector information
accessed via track propagation to
desired target surface (e.g. DIRC) >0
* Reference surface provides true
momentum vector via SimHit E 0
* ACTS target surface provides g
reconstructed momentum vector
via trajectory propagation -50
-1 O_QI
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Hit Points (XY)
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Extracting Angular Resolutions: Residual Approach

ePig)

O Angles determined from reference and propagated trajectory hit point via .

TVector
= Momentum Vector (on DIRC surface)
p = (px,py, pz)
* Momentum Vector Direction (on DIRC surface)

_)

Oref” = Dres Theta() ODIRC = BDIRC Theta()
PLIRC = BPIRC phi() DIRC = GDIRC phi()
DIRC
AHDIRC - 0219)7155 Href —
¢D1RC — 51!55 d)?l?é]}c?c

U Take difference of truth hit and propagated track point

= Resolution is given by Gaussian sigma
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Extracting Angular Resolutions: Covariance Matrix Approach ep@

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

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

Q Resolutionis < 4/ (g€9v)2 >

theta(parameter[Acts::eBoundThetal); TrackPropagation.cc
phi(parameter[Acts::eBoundPhil);

(edméeic: :TrackPoint::directionError) directionError{
>(covariance(Acts::eBoundTheta, Acts::eBoundThetsj),
>(covariance(Acts::eBoundPhi, Acts::eBoundPhi)),
>(covariance(Acts::eBoundTheta, Acts::eBoundPhi))

Propagated track point information

auto DIRC_proj_phi = proj_DIRC_point->phi;

auto DIRC_proj_theta_theta_error = proj_DIRC_point->directionError.xx;

auto DIRC_proj_phi_phi_error = proj_DIRC_point->directionError.yy;

auto DIRC_proj_theta_phi_error = proj_DIRC_point->directionError.xy;
TVector3 proj_pos_vector(DIRC_proj_pos.x, DIRC_proj_pos.y, DIRC_proj_pos.z);
TVector3 proj_mom_vector(DIRC_proj_mom.x, DIRC_proj_mom.y, DIRC_proj_mom.z);

TMath::Sqrt(DIRCSeedpoint.err_theta)*1000

= Entries 10000
B Mean 0.1224
1000 Std Dev__0.001305
o 0.05
600|— GeV
400|—
200|—

S NN NN S 11 FIITE PR NS NSNS N
8. 0.106 0.11 0115 0.12 0.125 013 0.135 0.14 0.145 0.15

06°Y [mrad]
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TMath::Sqrt(DIRCSeedpoint.err_phi)*1000

s Entries 10000
1200 S Dev 005016
ol
-
soo;

o <n>=-0.05
200; P = 6.0 GeV
oply TS
5



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

Angular Resolution Results: Previous Propagation ePl&S

» m" single particle

(DIRCSeedpoint.theta-DIRCSeedhit.theta)/ TMath::Sqrt(DIRCSeedpoint.err_theta)
Rpmre = 77.05 cm 0-9
= 2:9[ 1000 — Entries 10000
© L e 0.5 mrad - Mean 0.03409
L - — Std D 6.538
% N o ® p=6.0GeV(0) [ Rome=77.05 cm ) e e
2|~ ) 800 |— Constant 916+12.3
B o ° p= 6.0 GeV (COV(@)) - Mean -0.01918 +0.05082
L - Sigma 4.941 £0.043
— .
1.5~ @4 o 600 —
e ° ° o B
- o i
1= “on “. 400 — O.Pu” ~5
- ° - o
05 7S 200~
B o o ° i
B ¢ o omame o o 0o b L SRR
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _60 _40 _20 O

40 60
-2 -1.5 -1 -0.5 0 0.5 1 1.5

" (Hproj - Qref)/géc?ov

DIRC Annual Meeting July 15,2025



Propagation Fix

NS

O EICrecon PR #1869
» Bug identified and fixed during ACTSANP

workshop

» Fix has been merged into main software

DIRC Annual Meeting July 15,2025

fix: Propagate track

ISIMergedl veprbl merged 4 commits into from

Q) Conversation 11 O Commits 4

h‘!} bschmookler commentec

Briefly, what does this PR introduce?

This updates the track propagation (projection) to use the track parameters determined on the outermost tracking layer.

What kind of change does this PR introduce?

¥ Bug fix (issue #__)
[CJ New feature (issue #__)

[] Documentation update

(] Other: __

Please check if this PR fulfills the following:

[CJ Tests for the changes have been added
[ Documentation has been added / updated

¥ Changes have been communicated to collaborators
Does this PR introduce breaking changes? What changes might users need to make to their code?
No.

Does this PR change default behavior?

Yes, it will change the track propagation results.



https://github.com/eic/EICrecon/pull/1869
https://indico.cern.ch/event/1501989/
https://indico.cern.ch/event/1501989/

Propagation Comparisons: Eta =-0.05, P =6 GeV ell@

DIRCSeedres.dtheta*1000
DIRCSeedres.dtheta*1000
F 1400/— Entries 10000
o 9 Entries 10000 F Mean 0.003569
1200 — [
> . 9 d C Mean 0.01589 1200 Std Dev 0.7943
Improvement seen in an d) “m: Std Dev 09289 . 22/ ndf 205769
i i i o 21 ndf 256.1/72 1000~ Constant 13324178
residuals after propagation fix - g Mean  0.002843:0.005844
800— Constant 1242+16.6 t )
" 800[— Sigma 0.5695 +0.0049
o Mean -0.002706 +0.006244 F
600[— Sigma 0.607 +0.005 00—
400~ 400
200 :— 200/—
ol [ | PP /MU BPEPEIN SR BT | al Cov sl (| A . PP PRI EPUTEE B
Z10 “8 ~ —4 2 0 2 4 ) 8 10 “10 -8 ry —4 -2 0 2 4 6 8 10
A6 [mrad] A6 [mrad]
DIRCSeedres.dphi*1000
DIRCSeedres.dphi*1000
r 1200(— Entries 10000
el Entries 10000 - Mean -0.008552
F Mean 0.008925 1000 Std Dev 0.8675
- Std Dev 0.8747 = X2/ ndf 179.6/73
1000f— -
- ¢ #2 1 ndf 1724172 - ¢ Constant 1220+ 16.2
sl Constant 11824155 800 Mean  -0.014+0.006
- Mean  0.004751+0.006582 L Sigma  0.6224 +0.0052
B Sigma 0.6417 £0.0053 00—
600 — -
C 400/
400! = N
F 200k
200 -
L R R , . Y P R | il . [P
ol L L 5 0 8 6 4 -2 0 2 4 6 8 10
A¢ [mrad]
Before Fix With fix
8
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Propagation Comparisons: Eta =-0.05, P =6 GeV ePl&S

TMath::Sqrt(DIRCSeedpoint.err_theta)*1000 TMath::Sqrt(DIRCSeedpoint.err_theta)*1000
- ;r::: ® 01 .?22 1400 :_ Entries 10000
» Mean errors from covariance 1000 StdDev_0.001305 s Mean 04868
N 1200(— 0 Std Dev  0.07764
matrix increase and are in 800~ so00f-
better agreement with s F
- 600f—
. 400(— -
residual method results - wk
200/— o
» Some structure is now seen in g 200
the covariance error e o s 'a?(’)';ﬁz‘s‘ e e s s T .éz.ﬂ“a;. —_—
0g ~ [mrad] 05°Y[mrad]
. . . . TMath::Sqrt(DIRCSeedpoint.err_phi)*1000 TMath::Sqrt(DIRCSeedpoint.err_phi)*1000
distributions (related to hit
( C Entries 10000 F
- Mean 0.3283 B Entries 10000
position ) 1200 Std Dev 003918 1000 Mean 05297
1000} ('b - ¢ Std Dev 0.06333
o 800|—
800— -
- s00-
600— -
400:_ 400:—
200:— 200l k
CO—I l011‘ = IO{ZI - I0.3I = I0.4 0.5 : IO.S I*B{;‘u I0{8I = 0{9I = l1 co_ 1 x0|1- 11 I0I2l 1L Aalgr"\\‘ajd‘ 1 olsl 1 Ios‘ml nO|7L_| L IOIBA 11 .olgl 1 A1
cov 102 03 04 05 06 07 08 O
og [mrad] 65° [mrad]
- n 5
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Resolutions: Cov.

3

DIRCSeedhit.x:DIRCSeedhit.y {(DIRCSeedres.nmeas==8)}

m o % _
L 800 PR
1200E hCovCuti 3 - - > \(\\\ .
i Entries 7426 8 600— / ‘\
- Mean 05017 o B \
1o00r Std Dow 0.04505 o B / cov N\
[ 40— 05°" < 0.48 mrad \
oo} 200} /
[ - 0.48 mrad < 05°” < 0.51 mrad I
- o | |
- 05°” > 0.52 mrad i
400 -_ —2zUU __A \ /
: 4981 “\ /
wop O\ //
5 600 S _~
sl leaa i L Lo de L Lo Lo L B T %f/
% 01 02 03 04 05 06 07 08 09 1 N I N - >
~800|— I ‘ |
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DIRCSeedhit.y
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1 1 . —_ —_ %
Propagation Comparisons: Eta =-0.05, P =6 GeV (s
DIRCSeedres. dtheta/TMath::Sqrt(DIRCSeedpoint.err_theta) DIRCSeedres.dtheta/TMath::Sqrt{DIRCSeedpoint.err_theta)
400 = ; Entries 00 F Entries 10000
. . . F oo — 4' 9 7 Mean 002071 Fo — 1 . 1 6 Mean —0.006734
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. ) E 400F- Sigma 1.162£0.011
fix = better consistency 200 b
. 150; E
between residuals and g 20k
100 E
E 100/—
covariant matrix errors e R DT I . S D
Py = e S - o -8 -6 -4 -2 0 2 4 & 8 10
— -20 -15 -10 -5 0 5 10 15 20 25
DIRCSeedres.dphi/TMath::Sqrt(DIRCSeedpoint.err_phi) DIRCSeedres.dphi/TMath::Sqrt(DIRCSeedpoint.err_phi)
1000 Entries 10000 o Entries 10000
I Mean 0.02251 E Mean -0.002673
i Gpull =1.97 Std Dev 2.442 600 pull = 1.17 Std Dev 1.352
00— %2/ ndf 174.6 /69 F 2/ ndf 184.2/74
C Constant 960.3 £12.7 800~ Constant 645.4 +8.7
F ¢ Mean  0.02304 +0.02025 E (,b Mean  -0.02278+0.01204
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Pull

Pull Distributions: Theta

3

» Residual method statistically consistent with covariance matrix

— HPTOP — eref
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Before and After Residual Comparisons

ePig)

» Overall resolutions improve with corrected
propagation algo.

100-(0after — Obefore)

Obefore

> Relative difference,

shows small improvement around central n and

more significant improvement at larger ||
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og[mrad]

oglmrad]

3.0

Residual: Theta (P = 6 GeV)
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Resolutions: Residual Method

3

» After fix (3 momenta settings)

Residual: Theta

2.5
°
C o0
o o o
2.0 o “
° °
= ~ g
= “"lm..'.
3 1.5 1 -==- 0.5 mrad
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5 Residual: Phi
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Angular Tracking Divergence

3

O Follow up on some comments received in various meetings/discussions
=  Angular tracking divergence between true and reconstructed momentum vectors

» Access via dot product between momentum vectors

* Momentum Vector (at DIRC surface) ' ' ~h_pDot_theta_31_01
>DIRC DIRC ,,DIRC .,DIRC B0 e e
= o Mean 0.7647
Pref,prop (px ™, Py "Dz ) 700 Std Dev 0.5018
- X2/ ndf 155.1 /32
~>DIRC 600 PO 2193+ 35.1
= Momentum Vector (at DIRC surface) Pref o 2 COAT 020
>DIRC ~>DIRC -
(pprop " Pref ) 400|—
B = ACos I -
>DIRC | |=DIRC a00f-
Pprop Pref 2
200
_ _ >DIRC :
= Fit Function: B2 pprop 100{—
&) : o
f(ﬁ) = AB exp B 0 3 4 5
f [mrad]
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DIRC Annual Meeting July 15,2025



Resolution via Momentum Dot Product

3

» Near n = 0, fits describe distribution pretty well

> Fit description of distribution worsens with increasing ||

» Alternative: Truncate histogram based on yield and use

histogram Standard Deviation value as resolution

6 (Dot Product), eta: -0.05, 6: 92.0 deg, p: 6.00 GeV

h_pDot_theta_31_01

800[— Entries

r Mean
700 Std Dev

F X2/ ndf
600~ po

F pi 0.5847 +0.0036
500
400[—
300[—
200[—
100}~

E. N R

0 3 4 5
p [mrad]
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6 (Do

Product), ela: -0.83, 6: 13J.0 deg, p: 6.00 GeV
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Resolution via Momentum Dot Product: Truncation

3

» Results for truncation threshold at 95% of histogram yield

Dot Product: Truncation Threshold = 0.95

6
=== 0.5 mrad
® p=20Gev
5 - ® p=6.0Gev
® ® p=10.0GeV
[ole]
41 o
o
&)
E 31
5

-1.0
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Next Steps GP@

Hit Points (XY) —s

100 e SiBarraeI
[ Determine the impact of the BIC detector on - — %&&Baggel
r —— DIRC Rep. Surf.
angular resolutions =
50—
= Related PRs (Wouter): L
1. BICimplementation PR #710 5 0;
>. _
2. Backward propagation PR #1921 i
_50_
//
BIC Layer i
_100 ||| L1 ||| L1 ||| || L 11 || ||| L1 ||| | |\| || L 11

-100 80 60 40 -20 20 40 60 80 100

X [gm]
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https://github.com/eic/epic/pull/710
https://github.com/eic/EICrecon/pull/1921

Summary

3

U The Covariance matrix and Residual methods now give more consistent results
= Spread of pull distributions o = 1
U Resulting peak structure in covariance matrix related to hit position

U Followed up on some suggestions regarding the track angular divergence (Dot Product approach)

DIRC Annual Meeting July 15,2025
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3

Extracting Angular Resolutions: Residual Approach

U Loop over trajectories and propagate them to the ACTS surface

Trajectory loop snippet

// Iterate over trajectories

m_log->debug("Propagating through {} trajectories", trajectories.size());

for (size_t traj_index = 0; traj_index < trajectories.size(); traj_index++) {
auto &trajectory = trajectories([traj_index];

m_log->trace(" — trajectory {} —", traj_index);

std::unique_ptr<edmdeic::TrackPoint> proj_DIRC_point;
try {
// >>> try to propagate to surface <<<
proj_DIRC_point = m_propagation_algo.propagate(edmdeic::Track{}, trajectory, m_dirc_surf);

auto DIRC_proj_pos proj_DIRC_point->position;
auto DIRC_proj_1len proj_DIRC_point->pathlength;
Propagated track point information auto DIRC_proj_mom proj_DIRC_point->momentum;

auto DIRC_proj_theta = proj_DIRC_point->theta;

auto DIRC_proj_phi proj_DIRC_point->phi;




3

Material: DD4HEP

0.2

Craterlake_tracking_only | |~ vdesitaer

Outer Si Tracker

. S URWELL-ECT
epic 25.04.1 CyMBaL
0.15 “w AC-LGAD Endcap
s AC-LGAD Barrel
SSSS uRWELL-BOT
S5 Inner Tracker Support

T T 1

S8 PIDO1 Ref. Surf.
S Beampipe

T T 1

§ & Beam Pipe

i — \\\%Semceﬁuppon 1

N

1 NN r N N é
@g k\ _ &\ Detector 0.05- N \* | I §
% raterlake tracking only < IN\ D R D \\
o \ epic 25.04.1 | e o
0 RN m& =
N
.
0 20 40 60 80 0 (deg)100 120 140 160 180
21
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Pull Distributions: Phi

3

» Residual method statistically consistent with covariance matrix

¢prop_¢ref
] —_——_—
pull €OV » Opull ~ 1
¢
COU . . .
" 0g,¢ notconsidered in this study
)
DIRCSeedres.dphi/TMath::Sqrt(DIRCSeedpoint.err_phi) {DIRCSeedres.nmeas>0} DIRCSeedres.dphi/TMath::Sqrt(DIRCSeedpoint.err_phi) {DIRCSeedres.nmeas>0}

700 :_ Entries 10000 700 :— Entries 10000
- n=0.70 Mean -0.01206 - n=-1.04 Mean 0.001759

6001~ Std Dev 1.359 600|— Std Dev 1497
“ - =6 GeV ’
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s »E 1.16
- _ - g = .
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200— 200|—

100/ 100{—

- b AR, e e
ol '—leL _m_ls.d4n_4 . ._|2. . .(|). , é ‘ 4Nm_é, .A_é_u - [ 5 s “~ — 0 2 . S s 30
d)prop - (»bref (.bprop _ ¢ref

g SOV
5% b
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Pull

Pull Distributions: Phi

3

» Residual method statistically consistent with covariance matrix

2.0

1.5 4

1.0

0.5 1
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p=2GeV
L]
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= pull

— ¢prop _(.bref

cov » Opull ~ 1
ag p
04, not considered in this study
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Resolution via Momentum Dot Product: Truncation

NS

Dot Product: Theta p = 2.0 GeV

. Dot Product: Theta p = 6.0 GeV Dot Product: Theta p = 10.0 GeV
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