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Heavy-flavor Production in the ePIC Experiment

Heavy quarks (charm and beauty) are produced through hard parton scatterings in the initial stage of the collisions

https://doi.org/10.1016/j.ppnp.2015.06.002
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&t c»>D(ctu)>K x Moo = 1.86484 GeV/c?
p / ¢ A*(udc)> pK 7 Mpc. = 2.28646 GeV/c?
C

¢, b

Prompt D°-meson
c—>» DO (fragmentation of charm quark)

y g=>ccorbb

Non-prompt D°-meson
b »B » DO (coming from beauty-hadron decays)

Signal refers to prompt and non-prompt charm hadrons

Boson-Gluon Fusion (BGF) is dominant mechanism [LO] at high energy ep collisions

i1cl 1 2 2
Machine Learning (ML) techniques useful to extract signal: ep (10X100) collisions with Q°>1 GeV

Binary classifier: Machine learning model to separate signal D° meson from background

Multi class classifier: Machine learning model to separate prompt, non-prompt D° meson, and background
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Energy loss and Hadronization with charm/beauty

Comparison between ep and eA collisions

¢ Study hadronization mechanisms

¢ D mesons and A baryon Rea measurements to investigate energy loss and transport of charm in the medium

O,a e~ +p-e +jet(DY) X

e B e~ +Au- e +jet(DE) + X
AXo,

Nuclear modification factor: R, ,=

Parton energy loss
(Collisional+Radiative)

hadron

e ep, eAu collisions (10X100 GeV) DIS collisions with
Q%> 1GeV?

¢ Heavy-flavour hadrochemistry and collectivity:

= Hadronization modification in presence of cold-nuclear matter
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Hadronization: heavy-flavour baryon over meson ratios

Factorization Approach:

d

https://doi.org/10.1103/PhysRevC.107.064901
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N __ —=— Thi _
¢  Charm/beauty baryon-to-meson ratios: higher than measurements at e*e, ep O-SK IS paper
collisions for p; < 10 GeV/c i PYTHIA 8 (Monash) |
-------- PYTHIA 8 (CR Mode 2) |
2 Predictions that include baryon enhancement mechanisms describe data ~ 0-6|s..... [ Catania, fragm +coal. |
SH model + RQM 4
— . . 0.4 _
Projection based on fast simulation ]
| | | | | 7
0.4/ —= - Proj. 100 fb™", ep 18 x 275 GeV 0oL B
1<pr<10GeV/c e ]
I PYTHIAS: I i
0.3 I — QCD'CR 0 1 | | 1 | | 1 1 { 1 1 1
1<n<3 — MPI-CR 5 10 GeV/
i ev/c
0ol 0.113 0. 01320.006 P { )
' (LEP average, EPJC 75, 19 (2015))
0.1
' JINST_063P_0522
0 ' : : . . Main objective is to measure A:*ID° ratio in ep, and their

0

8 10 15 20 26
# of charged particles (Inl<3, pr > 0.2 GeV/c)

possible modification in eAu (10X100 GeV) DIS collisions with

Q%> 1GeV?
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arxiv:1911.12168 [nucl-ex]

Topological Variables for Reconstruction of D° meson

D°meson

Invariant mass: m,= (EK_+EH+)2—(17;_+]7;)2

Topological Variables: i

>

>

>

DCA: Distance of closest approach

. . . ? 11 Dday Length
DCA and DCA,* with respect to the reconstructed primary vertex (d0_k, dO_pi) / f é“ff‘y T Do Decay detail
DCA; 24 | *
Decay length of D° meson (decaylength) v ﬁ BDC;\
DCAp I'® !

Cos6 (angle between dl and poo) Primary Vertex

DCA.; distance between the daughter tracks of D°

Decay length (dl), Primary Vertex (PV), Secondary Vertex (SV)
DCAw impact parameter of reconstructed D° meson

Mpo iNvariant mass of kaon and pion pairs

[=SV—-P
pt_DO reconstructed pt of the D° meson N
[.p
y_DO reconstructed y of the D° meson cos 0= |C_I,l| |B |
p

Multiplicity (mult)

Realistic PID (PID lookup tables) for D° meson

DCA ,,=dlsin 6
and Truth PID (MonteCarlo) for A.* Baryon
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Data Sample (Q% > 1 GeV?)

> Boosted Decision Tree (BDT) requires the features for the signal D° meson and background D° meson (fake combinations of
pion,kaon)

- D°sample created filtering PYTHIA8 ep, NC, 10X100, Q? >1 GeV? events (~1747M) such that each event consists one D° - k-n+
known as Signal taken from 24.12.0/epic_craterlake/SIDIS/D0_ABCONV/pythia8.306-1.1/10x100/g2_1):

Total files 1879 and Events = 984746

-  DIS sample from 24.12.0/epic_craterlake/DIS/NC/10x100/minQ2=1: Total files 5180 and

Event statistics

o % Event statistics
X 3
4000 - hEventStat © 6000 10§ hEventStat
- _ S & ventSta
- Entries 7480609 + C|e Entries 7227934
3500 — Mean 3.821 § B (=) Mean 2291
- StdDev  2.363 3 5000 —{~—— Std Dev 273
3000 p i
- © ~1747M DIS Events 40001— ~5M DIS Events
2500 S - ©
B T B =
- g  ePIC24.12.0 (DO sample) - ePIC 24.12.0 (DIS Sample) &
2000 © 3000/— M
L o] [ 1
- = - -
1500 € = 8 - o
O 5 © 2000—
| ® b= S B
1000H—2 2 3 o -
B = Q o B
- © =] < 1000{— ©
5001 & o - S
B [ & O | B ~ < N 10 ~
- — o - [=2] M~ -
I - *— - N o N
0 My | D, ‘ Do ‘ ‘ ‘ R, ‘ R, 0 M, Oy ng ‘ ‘: | ‘; | ‘-/? R
© evon ’ Sl 00 % g, Do 70 Sy Dob:CO 549 pg © erens ’ S 0 %90 Signg, o0 *% S, Dog, 8 o
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Secondary Vertex Reconstruction

0 -+ HF Tasks
D >K a1 B
Secondary Vertex My Slides from Jets and Heavy-flavor meeting

Approach 1 (Analytical) K

pca,+ pca,

Ignored track errors
(at the moment)

Approach 2 (Shyam)

Minimizing the distance

Total parameters (5) = (vx, Vy, V2, S1, S2)

124%
Track ., =(Fy, Py, Gl——"
pca—\Tg>5 P Track ,, 51=(r:1,ﬁ1,ql)

Track ,=(7,, B, q) s path length Track 5, =(r3,, P,» q,)

Comparison of four approaches:

> Helix1 (using helix1 to find pca: and pca.) Minimize d:\/(r_’ —V)2+(r" —V)z
> Distance minimization (d) s1 s2

> Helix2 (using helix2 to find pca, and pca.)
Final Approach: Secondary vertexing in ACTS using

> Using average of Helix1 and Helix2 AdaptiveMultiVertexFinder (considers track error properly)

/000
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Entries (a.u.)

Entries (a.u.)

Comparison Distribution for D° meson (Q*>1GeV?)

All methods are compatible Signal D° meson Distance minimization gives
unique secondary vertex

10*

SignalD0 .
- Helix1 Reference
—o- Helix2 Reference
—o- Average (Helix1,Helix2)
-e- Distance Minimization

SignalDo
—o— Helix1 Refer
—o- Helix2 Reference
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—e- Helix1 Reference
—e- Helix2 Reference
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Sample After Preselection (Q% > 1 GeV?)

mass_ DO mass_DO0
100210° htemp htemp
Entries 424511 F Entries 415711
i Mean 1.868 8000~ Mean 1.965
L Std Dev_ 0.04491 F Std Dev  0.2522
80— 7000
I 6000
or Preselection 5000?
i . 4000
s Signal mD0>1.6&& mMD0<25 | Background
- (D° sample) dOxypi>0.02 && dOxypi<10. ***°F (D° sample)
: dOxyk>0.02 && dOxyk<10. o0
20— E
- decay length <100. - Not used due to peak
i - | (Peak understood will use in future
0= 1.‘6 2.‘2 — 2.4 ‘ I 0 1.‘6 — 1.‘8 — 2‘ — 2.‘2 — 2.‘4 I
mass_DO mass_DO
mass_ DO mass_DQ
htemp _ htemp
r Entries 1532 C Entries 210243
I . Mean 1.868 4000[— Mean 1.97
s Signal Std Dev 0.04589 = StdDev  0.2546
- (DIS sample) 3500 Background
ok [ . oo (DIS sample)
B ' B
C | Signal for ML: Signal | o500
150 i (D° sample) +Signal ! E
: | (DIS) S
100[— H i 1500
- ! Background for ML: i -
sl I Background (DIS) P 1%
C (oSS ! 500 —
0_\ 1 \1‘5 1 \_L17 \1-‘8\ L1 ‘ L1 zﬁrmbé-lj{ﬁ,-l. L1 ‘ L1l ‘ S ‘ 1| 07\ 1‘6 1 1 18 2 22 24
mass_D0 mass_DO
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Signal and Background distributions
preselection ="(mDO0 > 1.6 && mDO < 2.5) && (dOxypi>0.02 && dOxypi<10.) && (dOxyk>0.02 && d0xyk<10.) && decay length <100.";

d0_pi d0 k dOxy pi dOxy k
100 4 100 ~ 10° - 100 -
2 2 2 2
c c [= [=
g -2 g -2 g g
] 10 (] 10 O 10—2 . ] 10—2 .
T T T T T T T T T T T T
0 10 20 ] 10 20 ] 5 10 ] 5 10
sum_dOxy dca 12 dca DO pt DO
10° 1 10° 1 10°
2 2 2 £ 10
c c c c 107 5
3 10- 3 3 2 ]
g 107 S 1072 S 10724 S
T T T T T T T T T T T
0 5 10 0 5 10 0 5 1.0 1.5 2.0
y DO mass_DO decay_length costheta
6x 1071 | 10! 4 10!
] n ] w 1071 wn 3
4x107! 4 = 0 ] 5 IS ]
3x 1071 4 g 10 ; g g 10° 3
5 % 10-1 | o . ] Y 1p-3 A o 1
10 _E 10—1 E
T T T T T T T T T T T T T T
1 2 3 175 2.00 2.25 2.50 0 25 50 75 -1 ] 1
costheta xy sigma_vtx mult
0 ] 1<y<3&1.0<pr<2.0GeVic
10° 4
100 4 E Background
2 1 b 8 10-14 Signal p 2
E 100 4 c € 1.6 < mpo < 1.7 or 2.1 < mp < 2.5 GeVlc
8 ] 8 10—2 N LOJ 10—2 _é
1 1.7 <mp < 2.1 GeVIc?

-1 0 1 0 2 4 6 0 10 20
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1.0<y<3.0
1.0 < pr < 2.0 GeVic

Signal

Planning to remove costheta_xy and decay_length once other cuts

mult [

costheta_xy |

costheta |

decay_length [

dca_DO

16/06/25

Correlation Matrix

are available (e.g. chi2, nsigma, etc.)

Background
1.00
0.75 mult |
| o050 costheta_xy |
F0.25 costheta
L 0.00 decay_length
F—0.25 dca_DO
—0.50 dca_12
-0.75 do_k
—1.00 do_pi |

dca_12 [
dca_DO
decay_length [

costheta [

costheta_xy

mult
dca_12
dca_DO
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costheta

decay_length
costheta_xy

mult

1.00

0.75

0.50

- 0.25

- 0.00

r—0.25

-0.50

—-0.75

-1.00
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Model Performances

1.0<y<3.0 TPR— True Positive(TP)
1.0 <pr<2.0 GeVic " True Positive (TP )+ False Negative(FN )

False Positive( FP)

FPR= — X
False Positive( FP)+True Negative(TN )
101 4

10 o
— /'/‘/‘
3 0.8
_E- 100 4
2 :
5 g 0.6

E
101 1 g 04
g e
ke
7 AUC: Area Under Curve
0.2 — L
10-2 //'/‘ —— Test-> ROC (AUC = 0.8884)
i ---- Train -> ROC (AUC = 0.9043)
0.0 —-= lck i
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0?8 1.‘0
BDT output False Positive Rate
How Boosted Decision Tree (BDT) classifier separates Receiver Operating Characteristic (ROC)

signal from background

A perfect classifier would have a point at (0, 1), indicating no false positives and all true positives
> 0 0 0 0 0 0 0 0000000000000
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Signal and Background (D° Sample and DIS Events)

(y_D0>1.0 && y_D0<3.0) && (pt_D0>1.0 && pt D0<2.0)

16/06/25

my (GeV/c?)

—~ hData_DO0 H h_D0Sample -
S 10° E —e- Signal_DO_Sample Tomrios _aszon || EVeS 84683
S E Mean 1.869
» F —e Expected_D0_DIS Mean 1867 | | Std Dev 0.04971
2 5| StdDev 004764 | | ¥/ ndf 837.3/183
..E. 10 E Norm 378.7+13
w = Mean 1.866 + 0.000
C Width 0.02408 +0.00013
1 04 E / nDOF 2.176 +0.023
10°E / /\
10% =
* 472
1
L L L1 11|
1.6 1.7 1.8 1.9 2 21 2.2 2.3 24
Invmass m_, (GeV/c?)
30<y<308&&1.0<p (GeVic) <2.0
%)
r —e— D’ Candidates =]
C _I%n:rileg_‘: 34336198.0 %
ofal FI
soo- Events ~4724.6 M - Student Signa o
L Poly1 Background
L S (20) = 312102.42
L B (20) = 4443513.47
S/B (20) = 0.07
2507 e 14012
0200
.2 L
s T
W50
100—
50/
7\\\\‘\\\LL'T‘,\.\\..T\'Q-JL\‘\\\\‘\\\\‘\\\\‘\\\\l\\\\
9.6 1.7 18 1.9 2 21 22 23 24 25

2.5

(y_D0>1.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<2.0)
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—~ 10 svo ossanpe 100 |-|__D_BKg_DISSample |
> £ —e- Bkg_DIS_Sample o swmmor | | Entries 35771
8 F Mean 1.966
» s —%— Bkg_DIS_Sample Resampled oo " | | Std Dev 0.2522
2 = siDev ‘ X2/ ndf 288.4/198
= % 6127 +7.6
& 10°E o R li
L B =
oL 5M
L 4724.6M
wew
E! 11| I | 1111 I 1111 1111 | O ‘ | M
1.6 i 1 21 2.2 2.5
Invmass m_, (GeV/c?)
E T T T T 3 — 1 4
- - L=10 ~4724.6 M
] — fb .
= 5 S _ S X Esignal
- . B leprcu |\ B/noms  EBackground
g —— E
C /-< 7
= — Signal Efficiency g g\m‘ﬁr an P: _ Sno ML X Esignal
E o o “rO BDT Cut —
= Background Efficiency 3 \/SNO ML X ESignal + BNo ML X 6Backgr0und
C — Signal/Background -
E — Significance \ =
0 0.2 0.4 0.6 0.8 1
BDT Threshold
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Signal and Background (DO Sample and DIS Events)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0)

—~ hData_DO0 H h_D0Sample -
2 10° = —e- Signal_D0_Sample [enves om0 | ENVee 57580
lean 1.866
Tn/ —@— Expected_D0_DIS Mean 1865 | | std Dev 0.03033
q:_) 5 StdDev 003366 | | ¥/ ndf 1620/ 137
£ 10 Norm 263 +1.1
w .“. Mean 1.865 + 0.000
® o Width  0.01019  0.00007
10 » '} nDOF 1.558 £ 0.014
g 1\
103 ; = 1 =2 N2 n
1747M
102
£ Soee
Qw ® ° X
10 L2 ?# 7 I
i ~4724 gL %ﬂm
I |
1 [ W ” ﬁ\~ | \‘H\‘
1 Il L L L1 11| I | 111 Il ‘ L 11 Il 11l T‘
1.6 1.7 1.8 1.9 2 21 2.2 23 24 2.5
Invmass m_, (GeV/c?)
><1051.0<y<1.0&&1.0<pT(GeV/C)<2.O "
E e D°Candidates %
200 — _I%;t;llegn: 15214095.0 %
- BEvents ~ 47246 M - Student Signel T 107
180— ——— Poly1 Background
C S (20) = 322028.24
i £l e
160 F Significan_ce - 310.52 1 0
C %?/NDF = 1.06
140—
2120 1
220
5100
L [ _
a 107"
80—
60— 1072
w0
ooF- 107
:\ Ll ‘ I L-‘Y"’\. | \llur'-l el ‘ Lol ‘ - ‘ Ll .l ‘ Lol | Lol
9.6 1.7 18 1.9 2 21 22 23 24 25
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my (GeV/c?)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0)
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—~ 10 sug oissanpe 100 |-|__D_BKg_DISSample |
=] E —e— Bkg_DIS_Sample S Entries 15594
S = Mean 2.006
» [ -%- Bkg_DIS_Sample Resampled oo “| | Std Dev 0.2608
2 [ siDev =0 | | x2/ndf  203.5/198
E 08 po 177.4 £5.1
B “ R [
10% = -~ 5 M
10 E "'47246 VI
10° M
= i )
A! 11| I | 1111 I ‘ 1111 | 1111 | O ‘ | M
1.6 1.8 2.5
Invmass m_, (GeV/c?)
E 3 _ -1
: "~ L=10fb '~47246 M
g et E (é) _(i) > Esignal
E = - €
F // 3 B BDT Cut B No ML Background
=
- — \ .
B — Signal Efficiency \Sl ficanice: _ Sno ML X Esignal
L — Background Efficiency 8 F BDT Cut \/S X € +B X €
E 9 o El No ML Signal No ML Background
E — Signal/Background 3
B — Significance 7
0 0.2 0.4 0.6 0.8 1
BDT Threshold
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N\¢t Baryon Reconstruction

Analytical Approach for secondary vertex

Primary Vertex (PV)

AZ >pK
Secondary Vertex (SV)

Final Approach: Secondary vertexing in ACTS
using AdaptiveMultiVertexFinder

3 HFE Tasks |

. . ES: early science

. .

. Task list: HF

—>
P V Topic Analyzer Target Simulations needed Simulation
document status
Lc/DO ratios in ep Shyam Kumar preTDR, ES ep, eAu@10x100, DIS, DO, Lc, Q2> 1
and eAu

F;C in ep and eAu Xin Dong preTDR, ES ep@10x100, 10x250, 5x41, DIS, DO, Q2> 1

eAu@10x100, 5x41, DIS, DO, Q2 > 1

DOR,,,Vs. PT. X, 2 Rongrong Ma preTDR, ES | ep, eAu@10x100, DIS, DO, Q2 > 1
Connie Yang
Deepa Thomas
. . DO mass peak, Rongrong Ma preTDR ep, eAu@10x100, DIS, DO, Q2 > 1
My Slides from Jets and Heavy-flavor meeting poiing resoor.
secondary tra;ck
DCA
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A" Baryon Reconstruction

PYTHIAS8 ep NC (10x100 Q2>1) A.* sample: by Rongrong

A>pK
Truth PID Real PID
Event statistics S ) Event statistics

«10° o x10°e QD 0 hEventStat

B hEventStat - - 2 - pr Entries 313121

B < Entries 531228 TS by Mean 1.606
120 & Mean 3.197 100 StdDev  1.074

S 3 8 ® StdDev 2229 i

5 = > -
100—2 ] L & 80—
80— 60 B
60— 3 .

— ™

- $ B %0

- N : -
40— L -

L 20—
20| @ - &

L o) L 8

- N~

- [(Je] [Te]
- T G ™ 0 R T +— % :e
e ) Y o a1, "% Sty ; 7% Stng, . o8k, Coven, ) RV S ., o o . o Sna %% A

Issue coming from proton PID, it looks not properly assigned in
reconstruction (loosing protons)
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N w0 w

Signal N:

Invariant mass of unlike-sign nK pairs

16/06/25

h3InvMass_signal_all

Entries 46039
Mean x 1.739
Meany 1.35
Mean z 2.289
Std Dev x 1.12
Std Devy 0.9782
Std Dev z 0.03373

BPT k@e\”dp

h3InvMass_bkg_all

Entries 132704

Mean y 1.485

: kg A _|_Meanx 1.3

Mean z 2.466
Std Dev x  0.8284
StdDevy 0.8185
StdDevz 0.2717

GPT k@e\l!d\’a

Results
Truth PID

Projection
—

4, %7 = Draw Option: -

[Egroot -

2] PROOF Sessions

(=4 ROOT Fies

-5 SignalLcp rool

18| resMLSig:1
d0_p

= Tree for
gy 00k ML

- Ry 40_pi
R doxy_p
- By d0xy_k
Ry d0xy_pi
gy sum_doxy
h dea_12
Yy dea_Lep
h pt_Lcp
Sy lep
~§y mass_Lep
iy decay_length
iy costheta
h costheta_xy
gy Sioma_vix

h mutt

Projection
S

h3lnvMass_signal_all_pz

14000 — Entries 46039
r . Mean 2.289
B +
12000 — Slgnal /\C Std Dev  0.03384
10000/ —
8000 —
6000
4000 —
2000—
07\\I\‘\ \I\‘\I\ \\‘\_L\\‘\\\I‘\\\\‘I\\I‘\\\\
2 2.1 2.2 2.3 2.4 2.5 2.9 3
My, (Gev/c?)
h3lnvMass_bkg_all_pz
900 Entries 132704

850

800

750

700

650

600

550

500

450

Bkg A’

Mean 2466
Std Dev 0.2717

N
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. 3
M, (GeVvic?)
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Summary and Future Plan

Machine learning model studies performed for the D° reconstruction

Implemented the first version of Ac* reconstruction code (will commit soon)

Future Steps:

¢ Implement secondary vertexing (AdaptiveMultiVertexFinder) from ACTS to improve the performances
¢ Include chi2 of secondary vertex as one of the features once available

¢  Extract the final results in different y and pr bins after secondary vertexing

¢ Fix the reconstruction for the realistic PID of proton

¢ Implement similar ML model for Ac* reconstruction (quicker)

¢ Run on full statistics once campaign files are available

¢ Estimate A/D° ratio using machine learning

¢ Implement other models e.g. Neural Network (Classifier as well as AutoEncoder)

THANK YOU !!!

16/06/25 Charm Hadron Reconstruction with ML: S. Kumar
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Track Parametrization (Local to Global)

; Vector3 LineSurface::localToGlobal(const GeometryContext& gctx, const Vector2&
Helical Track model; <IO s ll s ¢, 8, Q/p> Iposition, const Vector3& direction) const
x=—I,sin¢, y=I,cos¢, z=I, {

Vector3 unitZ0 = lineDirection(gctx);

p,=pcos¢sinf, p,=psingsiné, p,=pcosb

/I get the vector perpendicular to the momentum direction and the straw axis

charge=sign(ql/p) y

Vector3 radiusAxisGlobal = unitZ0.cross(direction);
Vector3 locZinGlobal = transform(gctx) * Vector3(0., 0., Iposition[1]);

/I add locO * radiusAxis
do = |o
Zo

return Vector3(locZinGlobal + Iposition[0] * radiusAxisGlobal.normalized());

}

. UnitZ0: is (0,0,1) vector along the z-axis for cylinder and disks.
At Point of closest approach (0.0.1) g y

(perigee surface) direction: (p Cos(phi) Sin(theta), p Sin(phi) Sin(theta), p Cos(theta))

radiusAxisGlobal = UnitZ0 Cross product direction = (-p Sin(phi) Sin(theta), p Cos(phi)
Sin(theta), 0)

(IO , ll , ¢, 9, q / p) rzildti)uslsAxisGlobal.Normalized = (-Sin(phi), Cos(phi), 0)locZinGlobal = (0,0,1) (is same as
globa
Global (Lab frame) Global position = locZinGlobal + Iposition[0] * radiusAxisGlobal.normalized() = (0,0,11) +

[0(-Sin(phi), Cos(phi), 0)Global Position = (-I0 Sin(phi), 10 Cos(phi), 11)

Returns the components, which we are using in HF analysis.

(X’y’z’px’py’pz’q> X=-|oSin¢,y=|oCOS¢,Z=|1

16/06/25 Charm Hadron Reconstruction with ML: S. Kumar 19



Number of Signal and Background

Keep the number of signal and background same for ML

The peak observed in the background of the D° sample was caused by mis-associations, but we resolved it a few
days ago. We also plan to use the background D° sample for machine-learning studies in the future

1
Signal for ML: Signal (D° sample) +Signal (DIS) i
New strategy i

Background for ML: Background (D° sample) + Background (DIS) |

| will produce the results soon with this strategy
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Merging Signal and Background
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Secondary Vertex Reconstruction (Ac*)

Secondary Vertex A+ 5 - DCA,,=|pCa,—pca,|, DCA,,=|péa,—pca,|, DCA,,=|pla,— pca,
PpK DCA, = min {DCAux, DCAxe, DCA} Cut

K

Vertex position SV = (vy, vy, V)

Approach 1 (Shyam)

pca, +~ pca,+ pca,
JU

Secondary vertexing in ACTS %

considers tracking errors properly
Approach 2 (Shyam)

Ignored track errors Minimizing the distance

(at the moment)

Track ., =(7¥,p,q) _

Total parameters (6) = (v, Vy, V2, S1, S2, S3)
TraCkAt sl ( sl’p]- ql)

TraCkAt s2) ( 52’p2’q2)

Track ,,,=(7,,P,q) s: path length
Track y s =(r3;,P3,q3)

Total parameters (6) = (v, Vy, Vz S1, S2, S3)

Minimize d=+(r7,—v ) +(r5,— v +(r;,— V)’
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Comparison (Results)
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Event display (First two tracks)

Green trackl reference

All three methods (track 1 reference, track2
White (fitting) reference, and distance minimization) are
compatible

Minor difference is due to analytical approach

Distance minimization returns the unique point
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Event display (First two tracks)

Green trackl reference White (fitting)
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Event display (First two tracks)

Green trackl reference

All three methods (track 1 reference, track2
White (fitting) reference, and distance minimization) are
compatible

Minor difference is due to analytical approach

Distance minimization returns the unique point
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More hints on Hadronization: Fragmentation Fractions

Violation of universality of fragmentation fractions (FF) already in pp collisions

- Cannot rely on e*e"FF to get charm cross section

NN=->H X
do Q

(Vsaw> Mo, i, )=

Z = puo/Pe

f:’(xpﬂi)@fj(xzsﬂi*)

R d (C\IU-)QQ(C(s(ﬂlzz)sﬂi*,MQsX1sX2s5NN)®DQQ(Z’u12’)

H

H
deQ ir.j:q’q?g
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T g |
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(&) B . - B
<08  ¢+Bifactories e’e’, is=10.5GeV . Measure fragmentation fractions at ePIC with different
I +LEP,e'e, Vs=m, | 1 nuclei systems for more understanding!!
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g ]
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