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Secondary Vertex Reconstruction

Secondary vertex: allows access to more topological variables, e.g.,
decay length (dl), pointing angle (cos8), DCAp, or DCA,etc.

Topological Variables

dl=SV—-PV
_dl.pp, .
cosO=1=—— |
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E:D&pay Length
Tl . I oW X D’ Decay detail
DCA ,,=|dl|sin6 peag £ iy
* e~ DCA,

Primary Vertex

Secondary Vertex Reconstruction:
> Helix Swimming (Ignores track errors)
> Chi2 minimization (considers track errors): Shyam

> AdaptiveMultiVertexFinder (considers track errors): In development: Bishoy
Based on

> KFParticle (considers track errors): In development: Xin and others Kalman filter
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Secondary Vertex Resolution
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Secondary Vertex Resolution
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Secondary Vertex Resolution
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Slightly increased
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Entries (a.u.)

Invariant mass

ep,10 x 100, Q2>1 GeV?
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Tracking Geometry

Single particle (pi-) simulation
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Forward/backward MPGDs have been modified, including changes in their thickness
The thickness of SVT outer barrel (OB) layers has also increased
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Nhits

Tracking Geometry

Single particle (pi-) simulation

Nhits at MC Level (no digitization) Nhits at MC Level (no digitization)
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Track Parameters in ACTS

https://indico.bnl.gov/event/28544/contributions/109057/attachments/6
2799/108633/ePIC_Tracking_Meeting_30June2025_ShyamKumar.pdf

Track Parameters (10,11, ¢,0, q/p, time) If tracking algorithm is working fine Pull must be consistent with unity

At Point of closest approach

particle

(IO,Il,gb, H,q/p) x=—I,sin¢, y=I,cos¢, z=I,

Global (Lab frame)l p,=Rcos ¢sin, p,=psingsinf, p,=pcost
charge=sign(q/p)

(x,y,2,p,,p,,P,,q)

Plan to add it to the benchmarks

- ID,—ql Po)
B = (D= by _ (9! Prec= ! Pyer
Pull 10:( Ofef-‘amf’gen) Pull p=—5" Pullq/p o

- 6 —@ :(prec_pgen)
Pull Il: (l]_ reCU Ilgen) Pllll 9: ( rec UH gen) PUH p Up

L1

TTreeReaderArray<std::array<float, 21>> rcTrkCov(myReader, “Central CKFTrackParameters.covariance.covariance[21]"); // Reading covariance this way works but
gives an error message (otherwise change it to vector in data type)
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Pull distributions (g/p)
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Pull distributions (g/p)
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Pull distributions (g/p)
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Summary

There were many changes in the detector geometry during the October campaign.

A small degradation was observed in the secondary-vertex resolution, which is expected since it depends on the
DCA,y resolution.

The pulls for momentum are significantly degraded, indicating a mismatch between the material map and the
updated geometry.

Future Steps:
- | have already added the momentum pulls to the benchmark tests, which must be checked at every commit.
- The momentum pulls must remain consistent and close to ~1.

- Before starting each campaign, produce a single-particle simulation and validate the pulls and related
performance metrics.

- It would be useful to present a comparison of these performances across consecutive campaigns.

Thank you for your attention!
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Pull distributions (g/p)
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Pull distributions (g/p)
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Pull distributions (doxy)
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Pull distributions (doxy)

Entries (a.

hpull_dOxy_0.5_1.0_pmax_2.5

Entries 3368
Mean -0.05882
Std Dev 1.402
hpull_doxy_0.5_1.0_pmax_2.5
Entries 2545
Mean -0.0424

Std Dev 1.424

hpull_dOxy_0.5_1.0_pmax_2.5

Entries 987
Mean —-0.1837
Std Dev 1.169

i

¢ ==

sl | | A=l

® pul (o)

hpull_dOxy_2.0_1.0_pmax_2.5
Entries 11253
Mean -0.002118
Std Dev 1.188
t |_dOxy 2.0_1.0_pmax 2.5
Entries 8134
\Y 0.00762
Std Dev 1.189
hpull_dOxy_2.0_1.0_pmax_2.5
Entries 6359
Mean -0.008688
Std Dev 1.369

O Lol

S 2501 t0< <25, p=0.5GeV
L —-2507.0
. —— 25080
200 25.10.4
150}~
~p=05
100}-
501
7\ Lode  bvaden | oy
—01 0 -8
3 gpolLo< <25 p=20Ge
8 —-25070
_8 800 __ 25080
S 25104
T 700E
600}
500f
400-p-= 2
3005
2003
100
% s

11/12/25

6 I 10
Puff (o, )

a.u.)

1.0<n<2.5

[1.0<n<25p=1.0Ge
[_...—-2507.0

—— 25.08.0

Entries

T T

p=1.0GeV

R

LN | -
ab i
_:I..v..lid

R

V'JI'

hpull_dOxy_1.0_1.0_pmax_2.5
Entries 6594
Mean -0.02257
Std Dev 1.259
Entries 3807
\ 1 0.02206
Std Dev 1.254
hpull_doxy_1.0_1.0_pmax_2.5
Entries 6912
Mean —0.002758
Std Dev 1.292
el b IR |

® puf (@0, )’

Entries (a.u.)

\\Ili\\lli_.\

0<n<25p=200Ge

hpull_dOxy_20.0_1.0_pmax_2.5

—-25.07.0
—— 25.08.0
e 25.10.4

Entries 2932
Mean -0.05031

Std Dev 1.021

Entries 1677
0.05013

1.074
hpull_dOxy_20.0_1.0_pmax_2.5
Entries 1167

Mean 0.02449
Std Dev 1.206

20.0 GeV/c

\\Il_b\ll
1

]._
b

[K=)

iy
o
|
[oo]
|
(o))
|
IS

Tracking Studies: Shyam Kumar




Pull distributions (doxy)
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Pull distributions (doxy)
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Pull distributions (doxy)
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Pull distributions (6)
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Pull distributions (6)
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Pull distributions (6)
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Pull distributions (0)
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Pull distributions (6)
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Pull distributions (®)
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Pull distributions (®)
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Pull distributions (®)
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Pull distributions (®)
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Pull distributions (®)
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Tracking Performances
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Truth Seed (pi-): Momentum = 0.5 && -1.0<n<1.0

Momentum debug plots (25.07.0)

-1.0<n<1.0

Realistic Seed (pi-): Momentum = 0.5 && -1.0< n<1.0

Truth Seed (pi-): Momentum = 1.0 && -1.0<n<1.0

Realistic Seed (pi-): Momentum = 1.0 && -1.0< 1<1.0
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Truth Seed (pi-): Momentum = 0.5 && -1.0<n<1.0

Momentum debug plots (25.08.0)
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Realistic Seed (pi-): Momentum = 1.0 && -1.0< 1<1.0
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Truth Seed (pi-): Momentum = 0.5 && -1.0<n<1.0

Momentum debug plots (25.10.4)
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Momentum debug plots (25.07.0)
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Truth Seed (pi-): Momentum = 0.5 && 1.0< n<2.5

Momentum debug plots (25.08.0)

1.0<n<25

Realistic Seed (pi-): Momentum = 0.5 && 1.0<n<2.5

Truth Seed (pi-): Momentum = 1.0 && 1.0< 1<2.5

Realistic Seed (pi-): Momentum = 1.0 && 1.0<n<2.5
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C Entries 8123 lﬂ F Entries. 8134 m C Entries 5390 Entries. 5403
500/ — Mean -0.0002161 | % 50| Mean -0.000435 | g 3501~ Mean ~0.0001124 "’ 350 Mean ~0.0002845
L Std Dev o008t | 277 Std Dev oo2247 | 2 Std Dev 002 .g Std Dev 002233
7 %2/ ndf 23.07/21 € o %2/ ndf 28.97/21 € 300 %2/ ndf 18.51/21 E 300 %2/ ndf 20.98/21
400— Constant s339+82 | W 400 Constant sa72+82 | W = Constant 3s9+68 | W Constant 3622468
i Mean  -0.0002698 + 0.0001517 F Mean  -0.0001728 +0.0001498 s500- Mean  -0.0004167 +0.0001813 250 Mean  -0.0003784 +0.0001784
[ Sigma 00117 +0.0001 C Sigma 0.0116 +0.0001 F Sigma 0.01147 £ 0.00018 Sigma 0.01134 +0.00017
300— 300 200 200
200] - sk 150 150
C C 100[— 10
100— 100 E
B C 50—
| E T poleenen g Pw e ) A LR ‘\‘LA\J‘HLHH 07”‘Lm S STt TR wileens ¢ pelone ¢y
-0.3 -0.2 0.1 0.2 0.3 0.3 -0.2 -0.1 0.2 0.3 -0.3 -0.2 0.1 0.2 0.3 0 3 70.2 0.1 0.2 0.3
Aplp Aplp Aplp Aplp
Truth Seed (pi-): Momentum = 10.0 && 1.0< n<2.5 Realistic Seed (pi-): Momentum = 10.0 && 1.0n<2.5 Truth Seed (pi-): Momentum = 20.0 && 1.0< 1<2.5 Realistic Seed (pi-): Momentum = 20.0 && 1.0<n<2.5
’37100 truthseed_hist_mom_10.0_1.0_eta_2.5_pi- ’:'; realseed_hist_mom_10.0_1.0_eta_2.5_pi- ’:‘ E truthseed_hist_mom_20.0_1.0_eta_2.5_pi- ’:'; realseed_hist_mom_20.0_1.0_eta_2.5_pi-
® L Entries 1250 < 90 Entries 1251 o 90— Entries 1668 < Entries 1677
B Mean 0.0006256 | @ Mean -6795e-05 | @ Mean 0.000289 | & Mean ~0.0009917
- Std Dev 002402 | 2 80 Std Dev 002489 | .2 801 Std Dev 00202 | 2 80 Std Dev 0.02994
80— %2/ ndf 26.99/22 € ¥2/ ndf 15.89/23 ‘ E %2/ ndf 17.66 /27 € ¥2/ ndf 25.18/27
r Constant 75724302 | W 70 Constant 76.44+300 | W 701 Constant se12t2g7 | W 70 Constant 85.92+2.86
r Mean  3.495e-05 + 4.212e-04 Mean  0.0001137 +0.0004108 E Mean  0.0005789 + 0.0004346 Mean  0.0007703+0.0004327
o Sigma 0.01246 + 0.00043 60 Sigma 0.01242 £ 0.00040 60— Sigma 0.01502 £ 0.00042 Sigma 0.01494 £ 0.00041
+ 50 50—
ol 40 40—
r 30 30F-
20— 20 201
- 10 10—
P S o ey s b 1, AR RTEE P A bl s g ol g ey g 0 Wil w g g 145wy
-0.3 -0.2 0.1 0.2 -0.3 -0.2 0.1 0.2 -0.3 -0.2 0.1 0.2 0. 3 70.2 0.1 0.2

11/12/25

0.3
Aplp

Tracking Studies: Shyam Kumar




Truth Seed (pi-): Momentum = 0.5 && 1.0< n<2.5

Momentum debug plots (25.10.4)

1.0<n<25

Realistic Seed (pi-): Momentum = 0.5 && 1.0<n<2.5

Truth Seed (pi-): Momentum = 1.0 && 1.0< 1<2.5

Realistic Seed (pi-): Momentum = 1.0 && 1.0n<2.5
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Truth Seed (pi-): Momentum = 0.5 && -2.5¢ n<-1.0

Momentum debug plots (25.07.0)

-25<n<-1.0

Realistic Seed (pi-): Momentum = 0.5 && -2.5<n<-1.0

Truth Seed (pi-): Momentum = 1.0 && -2.5¢ 1<-1.0

Realistic Seed (pi-): Momentum = 1.0 && -2.5<n<-1.0
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Truth Seed (pi-): Momentum = 0.5 && -2.5¢ n<-1.0

Momentum debug plots (25.08.0)

-25<n<-1.0

Realistic Seed (pi-): Momentum = 0.5 && -2.5<n<-1.0

Truth Seed (pi-):

): Momentum = 1.0 && -2.5¢ n<-1.0

Realistic Seed (pi-): Momentum = 1.0 && -2.5<n<-1.0

;ﬁ 600 - truthseed_hist_mom_0.5_-2.5_eta_-1.0_pi- ’:'; E realseed_hist_mom_0.5_-2.5_eta_-1.0_pi- Si800 = truthseed_hist_mom_1.0_-2.5_eta_-1.0_pi- Sis00 } realseed_hist_mom_1.0_-2.5_eta_-1.0_pi-
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Momentum debug plots (25.10.4)
-25<n<-1.0
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Covariance Matrix in ACTS

Track Parameters (],,1,,¢,6,q/ p,time)

For each fitted track we get track parameters and
covariance matrix

| TR
=

1
¢
0

q/p
time

Il]
Ealthy)

Iy
cov(lp, ;)
o?(l1)

¢
cov(ly, @)
cov(ly, @)

o*(¢)

7, qlp time
cov(lyg,8) cov(lg,q/p) cov(lp,t) ]
cov(ly,6) cov(ly,q/p) cov(ly,t)
cov(¢,8) cov(e,q/p) cov(e,t)

a(9) cov(f,q/p) cov(6,t)
o*(g/p)  cov(q/p,t)
a*(t)

Symmetric matrix: Independent entries = n(n+1)/2 = 6*7/2 = 21

Processing ReadCovarlanceArray new.C...
Event 8, number of tracks: 8
Track @ covariance;

cov[a]
cow[1]
cov[?]
cov[3]

cov[d] =
= B.84972¢-86
cov[B] =
= B.808284166

cov[5]

cov[7]
cov[B]
cow[0]

cov[18] =

cow[11]

cow[12] =
cow[13] =

cow[14]

cow[15] =
cow[16] =
cow[17] =
cov[18] =
cow[19] =
cow[28] =

= B.8104456
= Z.366e-06
= B.9183374

-3.060280634
7.52669e-B7

-8.1258%0-87

= 4.509B42-08
= 7.829097e-06

0, 888153944
7.026200-87
-4.94218e-06
5.14138&-89
0. Bea11B3E
-1.41347e-06
-3.28263a-06
3.89844e-08
-8.92841a-08
2.242e-89
B8.080333566
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Cov[0] = cov(l0, 10)
Cov[1] = cov(l0, 11)
Cov[2] = cov(I1, 11)
Cov[3] = cov(l0, @)
cov[4] = cov(l1, @)
cov[5] = cov(g, @)
cov[6] = cov(l0, B)
cov[7] = cov(l1, B)
cov[8] = cov(q, B)
cov[9] = cov(8, 8)
cov[10] = cov(l0, g/p)

Cov[11] = cov(I1, a/p)
Cov[12] = cov(eo, a/p)
Cov[13] = cov(B, g/p)
Cov[14] = cov(g/p, g/p)
Cov[15] = cov(I0, time)
Cov[16] = cov(I1, time)
Cov[17] = cov(p, time)
Cov[18] = cov(B, time)
Cov[19] = cov(g/p, time)
Cov[20] = cov(time, time)

0,,=v(Cov[0]) 0;;=V(Cov[2])
o,=V(Cov|5])

Uq/p=1r'(C0V[l4]}

Oy= \“fm
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