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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

(lo,ll,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

11

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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Comparison of Pull distributions (g/p)
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Comparison of Pull distributions (g/p)
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Comparison of Pull distributions (g/p)
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Comparison of Pull distributions (g/p)
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Comparison of Pull distributions (g/p)
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Pull distributions (doxy) With updated Material Map

Tt- sim uniform in n and p with updated material map
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Pull distributions (do,) with updated Material Map

Tt- sim uniform in n and p with updated material map
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Pull distributions (0) with updated Material Map

Tt- sim uniform in n and p with updated material map

35000

hist_theta_0.5_-1.0_pmax_1.0

- 4.0<1<1.0
z L Entri 44235
S8 - —-p=05GeVie § Mean  -0:001208
@ [ PC 1.0 GeVic f { Std Dev 1.077
i o =2.0GeV/c i hist_theta_1.0_-1.0_pmax_1.0
£4000—- P ‘ : -
€ 000 p =15.0 GeV/c r M tl Eﬁmﬂes 53285
(1] — T "| Mean 0.001384
— o L Std Dev 1.105
— HJ 1 | hist_theta_2.0_-1.0_pmax_1.0
3000 g Entries 53569
| fi fi Mean  -0.004245
B } I Std Dev 1.09
- r_JJ LLW hist_theta_15.0_-1.0_pmax_1.0
2000 i L[ Entries 53929
: ,l" Mean —0.005385
L f q Std Dev 1.109
B : i
1000 B o lT
| o H
0 B I} L 1 I} e I} L L A"#F L L 1 1 1 ] | L ducsiall | N 1. L I}
=10 -8 -6 -4 -2 0 2 4 6 8 10
Pull (theta)
o 500 Lo B N hist_theta_0.5_1.0_pmax_2.5
;3 N 1.0<n<25 Entries 5344
& - =Epslstene i, Mean  -0.01764
¢BOOQf—-- —— P =1.0GeVic i StdDev  0.999
GC) - p= 2.0 GeV/c J ks hist_theta_1.0_1.0_pmax_2.5
=2 s p = 15.0 GeVic F j] Entries 39595
upP500 [ | Mean 0.02476
- f ‘1 Std Dev 1.223
: ‘ L hist_theta_2.0_1.0_pmax_2.5
2000 : ] Entries 39932
- Mean 0.01271
- " . Std Dev 1.222
1 500 o :r L] hist_theta_15.0_1.0_pmax_2.5
- ! Entries 40212
o rj H‘ Mean  -0.005053
1000 - [J “J[ Std Dev 1.233
C i £
500} f L
u - ,
) S b#»ﬂﬁi..hﬁgh‘-_«_u s R
=10 -8 -6 -4 -2 0 2 4 8 10

15/01/26

6
Pull (theta)

~3500F YT VEL hist_theta_0.5_-2.5_pmax_-1.0
2 F =2 £ Gov. Entries 5009
S | —-p=05CGeVi i Mean  0.01493
¢B3000— —— p=1.0GeVic A StdDev  1.096
2 C e p = 2.0 GeV/c IFr L hist_theta_1.0_-2.5_pmax_-1.0
= I p = 15.0 GeV/c | 4i Entries 40049
|_52500 n F & Mean  -0.01343
r Std Dev 1.193
C FJ hist_theta_2.0_-2.5_pmax_-1.0
2000 f 7{ Entries 40540
C | i Mean  -0.01428
N f L‘ StdDev  1.206
1500 + i hist_theta_15.0_-2.5_pmax_-1.0
C J b Entries 40721
- ; | Mean  0.005913
1000 2 b Std Dev 1.187
r k| |
u i 1
500 C I ,_HLL‘_L;
0 [ Led I} 1 1 L Lt JMM"’rrF}_IH—"‘?‘J_‘\J,\ I L 1 —-J-_LLiLK'N—A L T | - I}
10 8 6 4 -2 0 2 6 8 10
Pull (theta)
’;2400 = 55<n<35 hz;::;js_zs_pmax_&;
&2200{—— -p =05 GeVic i g
&000 E  ——p=10GeVic Std Dev 0
= s S p=20GeV/c hist_theta_1.0_2.5_pmax_3.5
©1800—~ - p = 15.0 GeV/c Entries 2168
LU — Mean 0.04164
1600 Std Dev 1.2
: hist_theta_2.0_2.5_pmax_3.5
1400 . Entries 20660
= : Mean 0.00965
1200: o Std Dev 1.188
— B hist_theta_15.0_2.5_pmax_3.5
1000 - r Entries 27229
800 - Mean  0.01018
- Std Dev 1.151
600f i B
400} £ =
2005 : o
0:\ Lok bealicd I g | =\cffj;1;ff—'|"_l_||/\ 1 L‘\ L\" .l‘:h T . il bkl
=10 -8 -6 -4 - 0 2 10

Tracking Studies: Shyam Kumar

6 8
Pull (theta)

10



Pull distributions (¢) with updated Material Map

Tt- sim uniform in n and p with updated material map
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Summary

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

The pulls for momentum were significantly degraded but fixed with the new material map
| already added the momentum pulls to official benchmark tests

Please check them after each commit (consider ~5% variations acceptable)

vV V VYV V 'V

If possible, please look at all track parameters; otherwise, checking the pull of 1/p is also fine

Thank you for your attention!
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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

15/01/26

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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