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Heavy-flavor Production

Photon-Gluon Fusion (PGF) is leading order [LO] mechanism

https://doi.org/10.1016/j.ppnp.2015.06.002
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y g=>ccorbb (GeV/c?)

1.869 312
1.864 123

c>D’(cu)>»>Kn’

5279 491

2.286 610)

Study includes A and A¢ both

Virtual photon (y*) from the electron interacts with a gluon from the proton, produces ccorbb pair

To understand charm-quark hadronization in ep collisions and it's modification in nuclear matter (eA)
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Secondary Vertex Resolution
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https://indico.bnl.gov/event/31114/contributions/118507/attachments/67252/115535/tracking_010826.pdf
https://github.com/eic/snippets/tree/main/JetsAndHF/Lcp_Reconstruction
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Minor degradation of pull distributions in October simulation campaigns
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Topological features
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Topological features

Signal pairs ye[1,3],p.€[0,1]GeV/c
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October 2025 Campaigns

Event Statistics
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Topological Cuts
Truth/Real PID

/I Invariant mass window
m/\c > 18 && m/\c < 28

// Track impact parameters

dey_p > 002 && dey_p < 100
dey_pi >0.02 && d0xy_pi <10.0
dey_k >0.02 && dey_k <10.0

Il Vertex quality
thx < 400
chi2 < 40.0

/[ Track pT cuts
prx >0.20
prp >0.20
pr i > 0.20

HF Studies: Shyam Kumar

12



Entries (a.u.)

Entries (a.u.)

10fb '=4.527 B Events
Mid rapidity

(y_Lecp>-1.0 && y_Lcp<1.0) && (pt_Lcp>0.0 && pt_Lcp<1.0)
h

F Data_Lc H h_LcSample I
[~ —@— Signal_A, Sample 2 | | B 0980
[ Mean 2286
104 | —e— Expected_A. DIS... ; Mean 2208 | | spapay i
E o Sid Dev. 001335 '/ ndl 91.02/18
£ Norm 1088 1.0
F o s 2nim
3 Width 0007713 £ 0.000091
10° = roor soss o2
102 =
F *
10
= |
1= ﬁ
N R I do b Lo Wl N T Do Laa
1.8 1 2.7 2.8

Invmass m I (GeV/c?)

Forward rapidity

(y_Lcp>1.0 && y_Lcp<3.0) && (pt_Lcp>0.0 && pt Lep<1.0)

= hData_Lc H h_LcSample [
= —e- Signal_A._Sample e sl | FReR saae
r Mean 2293
~ —@ Expected_A.DIS Mgk, 2288 | | sd Dev 0.04886
== + > saoer  oosrzr || X/ 1590 /80
10° = Non si0 228
E Mean 2287 0000
I Width 0.01978 +0.00013
3 [ nDOF 2213 +0.028
10 E A
F c
102 =
E . ‘o‘
b ' N
10 ; . W
st at b .
o
1 ] f
o b d e b b by
1.8 1.9 2 21 2.2 2.3 2.4 2.8

Invmass m I (GeV/c?)

21/01/26

Entries (a.u.)

Entries (a.u.)

10°

10?

—_

-

10°

10*

10°

102

Sampling Signal

B.R. Scaling = 6.35/0.75

(y_Lcp>-1.0 && y_Lcp<1.0) && (pt_Lcp>1.0 && pt_Lcp<2.0)
h

= Data_Lc H h_LcSample [

S Signal_A,_Sample . e e 17354

E Mean 2267

[T @ Expected_A.DIS e 2286 | | sdDev 001462

= e spw  optzse || Bina 2782725

E Nom 1 s1a

= Mean 2286 +0000

= wath 0007172 + 0000068

L } k n0OF 3038 20087

C S .

L *e

E + + (]

L T T )

| >

.8 1.9 2 21 2.2 24 2.5 X 2.7 2.8
Invmass m, (GeV/c?)

(y_Lcp>1.0 && y_Lcp<3.0) && (pt_Lcp>1.0 && pt_Lcp<2.0)

— hData_Lc [H h_LcSample [

£ -e- Signal_A, Sample S sz | | E 73195

E Mean 2201

[ —® Expected_A.DIS e 2288 | | sid Dev 0.04652

[ d S1d Dev. 0.04183 ot 1438/83

= Norm 7188 27

E Mean 2288 0000

= Widin 001921 000011

[~ nDOF 2117 20021

Fe

;H#i ! t

ElIN

8 1.9 21 2.2 2.3 2.4 2.5 2.6 2.7 2.8

Invmass m, (GeV/c?)

HF Studies: Shyam Kumar

Entries (a.u.)

Entries (a.u.)

~25B Events
~(4.5B x B.R. Scaling) Events

(y_Lecp>-1.0 && y_Lcp<1.0) && (pt_Lcp>2.0 && pt_Lcp<5.0)
h

E Data_Lc H___h LcSample
[ —e— Signal_A,_Sample 7 o] | Ees 10385
L Mean 2288
—@— Expected_A. DIS Mean 2287 | | st Dev 001243
104 E—‘ ° S1d Dev. 0.01155 ot fnat 151722
10° = n0OF 273 20105
10?2 =
10 s ) *
; TR
1= g )
1.8 1.9 2.2 2.3 24 2.5 2.6 2.7 2.8
Invmass m,. (GeV/c?)
(y_Lcp>1.0 && y_Lcp<3.0) && (pt_Lcp>2.0 && pt_Lcp<5.0)
E hData_Lc H h_LcSample .
= —e— Signal_A._Sample e = | Fe a00r;
F Mean 2205
[ —® Expected_A. DIS Mean 2288 | | 519 Dev 004613
14— o9 2/ ndt 1196/72
10" sapov ot
E Norm 3543 £19
= Mean 2288 +0000
E Widn 001656 000013
10° nDOF 1979 +0.030
E .
2 L Y >
10 E ..'.
C L)
C S
10 = * b ¢ Py
e ‘ ﬁf K *‘T‘ *
i R
=nll * ’* | i
ol Lo bbb v b b Do P Lo o LD M
.8 2

—_

2.5 2.6 2.7 2.8
Invmass m,. (GeV/c?)

2.1 2.2 2.3 2.4

13



Sampling Background
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Invariant Mass Plots
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October 2025 Campaigns

Event Statistics
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Event Statistics
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Mid rapidity
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Machine Learning (ML) Approach

Preselections: (Mac > 1.8 && Mac < 2.8) && dox, p < 100.0 && doxy pi < 100.0 && dowy « < 100.0 && chi2 < 100.0
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Correlation Matrix

Features used in the training for the Machine learning (ML)
Signal candidates for ML: 5243 Background candidates for ML: 5243

Signal Background
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decay_length [
sigma_vtx [

ML Framework for HF Analyses
FAIR (Future Artificial Intelligence Research) Spoke 6 Project, funded by the NextGenerationEU program in Italy
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https://github.com/eic/snippets/tree/main/JetsAndHF/ML_HF_Reconstruction

Machine Learning (ML) Training Results
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Summary and Future Plan

Presented the results on A reconstruction with truth as welll as real PID
There is a large combinatorial background at low momentum

Structure also visible in the mass plots most probably related to higher excited charm hadrons

v VvV YV V

Further optimize ML to improve the results in different rapidity and momentum bins

Thank you for your attention!
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Secondary Vertex Resolution
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