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Physics Motivation

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

https://doi.org/10.1016/j.ppnp.2015.06.002 QCD Factorization Approach (PGF)

PGF
dep—)HCX_Fg/p® ®Dc->HC

Fgp (X, y?): Parton Distribution Function (PDF)
do: Hard parton scattering cross section for PGF

Deshe (z, Y?): Fragmentation function (Hadronization)

: : p
Fragmentation variable: z= pHC
C

Hadronization in ep and eA collisions

> Rea VS pr, Xg,and z
> Shadowing, multiple scattering, gluon saturation

. > Energy loss and hadronization in Cold Nuclear
R Matter (CNM)

Parton energy loss
(Collisional+Radiative)
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https://doi.org/10.1016/j.ppnp.2015.06.002

Data Sample and Analysis Codes

> Data Sample Line = 10 fb?
- DO Sample (e+p) = /volatile/eic/EPIC/RECO/25.10.3/epic craterlake/SIDIS/DO ABCONV/pythia8.306-1.1/10x100/g2 1/hiDiv/
- DIS Sample (e+p) = /volatile/eic/EPIC/RECO/25.10.0/epic craterlake/DIS/NC/10x100/minQ2 1/

- DO Sample (e+Au) = /volatile/eic/EPIC/RECO/25.10.3/epic craterlake without zdc/SIDIS/DO
ABCONV/HFsim-BeAGLE/BeAGLE1.03.01-2.0/eAu/10x100/g2 1to10000/

- DIS Sample (e+Au) = /volatile/eic/EPIC/RECO/25.10.2/epic craterlake without zdc/DIS/BeAGLE1.03.02-1.0/eAu/10x100/g2 1to10/

> Transverse DCA (DCA,) distribution w.r.t. MC vertex position (Rongrong Ma)
-  DCA_PrimVsSec

» Code for Secondary Vertex Resolution and D° Reconstruction

- DO Reconstruction code, ML Framework

> Post-processing Scripts
- SV _Resolution, Differential ML_YPt Invmass (ep collisions),Differential ML YPt Invmass (eAu collisions)

- Compute_Relative_Uncertainty_eAu
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https://github.com/eic/preTDR_JetsHF/tree/main/Heavy-flavor/DCA_PrimVsSec
https://github.com/eic/snippets/tree/main/JetsAndHF/SecondaryVertex_Chi2
https://github.com/eic/snippets/tree/main/JetsAndHF/ML_HF_Reconstruction
https://github.com/eic/preTDR_JetsHF/tree/main/Heavy-flavor/SV_Resolution
https://github.com/eic/preTDR_JetsHF/tree/main/Heavy-flavor/Differential_ML_YPt_Invmass_1GeV_ep
https://github.com/eic/preTDR_JetsHF/tree/main/Heavy-flavor/Differential_ML_YPt_Invmass_1GeV_eAu
https://github.com/eic/preTDR_JetsHF/tree/main/Heavy-flavor/Compute_Relative_Uncertainty_eAu

Reconstruction of D° meson

. . Phys. Rev. C 102, 014905 (2020
Primary Vertex Reconstruction: = Y (2020)

> CentralTrackVertices

Primary vertex: allows access to the DCA of reconstructed tracks

Secondary vertex: allows access to more topological variables, e.g., decay length,
pointing angle (cosB), DCApy, etc.

Secondary vertex based on X2 minimization approach: S. Kumar (Slides)

E:D&pay Length
00X D’ Decay detail
_ _ DCAg A, ,'é 0 %
Topological Variables b, R DCA,

- R IR Primary Vertex
dl=SV—-PV

dl.pp, Invariant mass: m :\/(E +E )2—([T> +[T>)2
cos 0= = o "D’ K = K Fa'

|d1| |PDO|

DCAD0:|dl| sin® Secondary vertex is important for the reconstruction of HF-hadrons
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https://indico.bnl.gov/event/31444/contributions/119706/attachments/68041/116949/Update_Secondary_Vertexting_ShyamKumar.pdf

Transverse DCA Resolution w.r.t. MC Vertex
(e+p, D° Sample)

CT =123 pm

D° daughters
Reconstructed primary tracks

MC collision vertex MC decay vertex
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Tt from primary vertex

0.5<pr<1.0GeVic

Simu campaign: 10/2025
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Transverse DCA Distribution (DCA)

1t from D° decay
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Secondary Vertex Resolution
(e+p, D° Sample)

. K
= P4
K JRe
V4 P d
,/ ’I
Pl Reco _” "
o”’ "‘:.f"'— ------- Gl 1 o
TS ke P S i
DO =TT SVreC
SVmc
Generated level Reconstructed level
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Helix Swimming

Method based on STAR experiment which use track parameters to determine the vertex position

D’>K ' K Track parameters (DCA):

o - (1,,1,,9,6,q/p) Local

(x,y,z,px,py,pz) Global
Ignores the track
K X =-losing, y =-lo cosq, z=I
Px = P COS® sinB, py = p sing sinB

s: path length p. = p cos6, q = sign(a/p)

—

SV=%(p6a1+p6a2)

TraCkDCA:(FO’ ﬁo sQ)

Implemented in EICRecon (Xin dong, LBL) Information used: Track parameters
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Chi-square Minimization

Considering the tracking errors S.Kumar,INFN D’ K =
Minimization of chi-square

> - ) K- Helix swimming is used for
helix definition

o . Slides

s: path length pca,=r;,=(x,,y,,2,) )

JT
uncertainties /
- ®
- - : '-'dK - I
Track,.,=(F,,p,,q) o pCa,=r;,=(x,,¥,,2,)
PV Y

For a given track: x=—lp sing , y=lo cos¢ , z= I,

0x°= SiN%¢- 0w+ L2cos?d-ad? + 2-Lsingcosd-Cov(Lo,d)
0,°=C08?{- 0>+ lo?sin?d-adp?—2-Lsingcosd-Cov(lo,d)
0/ = Ou®

- . . - 2
Minimize chi2: x = ——+ s+ + + > T

Information used: Track parameters and Covariance
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https://indico.bnl.gov/event/31444/contributions/119706/attachments/68041/116949/Update_Secondary_Vertexting_ShyamKumar.pdf

Secondary Vertex Resolution
DK ' For Approval

Chi-square Minimization

Fit Range: Mean+/- 2*StdDev
D° Sample e+p (10x100, Q%> 1 GeV?) 10.2025

Simu campaign: 10/2025
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D> K '

Pull distributions
D° Sample e+p (10x100, Q> 1 GeV?)
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Invariant Mass Reconstruction of D° and its charge conjugate
with ML

Topological features and ML

Phys. Rev. C 102, 014905 (2020)

D° Decay detail

Primary Vertex
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https://colab.research.google.com/drive/1JtKXPSfRBXTOu4-yUd_h7fOENDyWLCDm?usp=sharing

Event Statistics

D° sample is produced filtering NC DIS events containing at least a D°->K1t* meson

. D° Sample e+p (10x100, Q%> 1 GeV?) Real PID
Slide 12
-1
N, e (10fb77)=1747x10/3.7=4721.62M
x10° . x10°
S 5000 - hEventStat 3 8000 - hEventStat
8 - Entries 7442997 8 - Entries 7245379
@ 4500; Mean 3813 $ 7000 — 8 Mean 2.309
L‘% 4000 ; Std Dev 2.361 © E E é Std Dev 2738
= < 6000
3500 D° sample 3 - 8 NC, DIS sample
- © 5000 —
3000 — ™~ C
C [T} N L
= e -
2500 — o 4000 — Q
B 8 - B.R. (PDG) = (3.934+0.04)% &
2000 Q r 2
C ® g © 3000 B.R. = 4096./106805 ~3.835 5
1500 @ - S - - o
- ® & B 2000
1000—2 @ = Q b -
= © Q & 1000/ 3
S00F- ] 8 - g g 8 2 8
C ~ o AN o N
0~ I ‘ o) ‘ 0, | R, | R ‘ R ‘ R 0 - M +‘ ?3 | C: | ‘7? | ‘7?
Ce Vensg 0 0., Pivge %0 eco S’Qna/ o eco S’Qna/ o0 Sco Bty - C Vg 0 0., Pive 0 pg €co S@na/ % ec
ar
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https://docs.google.com/presentation/d/1S8AH_DhQQy0wKp6bhQ2W5HUNmZX2JX-X2Yze6fMOoOg/edit?slide=id.g31bbe9fed81_1_2#slide=id.g31bbe9fed81_1_2

Entries (a.u.)

Entries (a.u.)

Reco invariant mass

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

D0<20.0)

hData_DO h_D0Sample -
10° = —e- Signal_D0_Sample v || e o1z
E Mean ra67
[ & Expected_D0_DIS 5| | stdDev 0.02904
¥2/ ndf 72.54/83
L R R s s e Ko
E Vean 1886 £0000
- Widtn 001331 +0.0002¢
10* B nDOF 219 0099
10° =
102 =
10 =
E L
3
11
e Ll il I NI ' A P
1.6 2.1 2.2 2.3 2.4 2.5
Invmass mg, (GeV/c?)
(y_D0>2.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<20.0)
hData_DO h_D0Sample -
10° =— —e— Signal_D0_Sample — P 8714
E Mean 1673
[~ -~ Expected_D0_DIS Std Dev 0.0594
5 ¥2/ ndf 786.3/185
107
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F Widtn 003537 +0.00021
104 = nDOF 3003 +0054
10'E /4 \
102 E 3
.
10
A
1E 2
5 | P AR AR IR
1.6

1.7 1.8 1.9 2 21
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213 25
Invmass mg, (GeV/c?)

Sampling Signal (D° Sample)

1747M (3.7 fb*)
4721.62M (10 fb*)

e+p collisions

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

(v_D05>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt D0<20.0) D0<20.0)
h -

- Data_DO H h_D0Sample H —~ hData_D h_D0Sample -
§ 10° =~ —- Signal_D0_Sample p— roores § 10® = e Signal_DO_Sample o aor || E 90654
E W 1865 E Vean 1067
@ F e Expected_D0_DIS e 1665 || star ooos @ [ e Expected_D0_DIS 516D0v 00408
L . s — i 3 L satoat sl
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w E Mean 865 £0000 im) E Mean 1886 0000
& ﬁ e i S E e e
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10° 10°E ’]
102 E IJ 102 pf}
= . £ ¥
10 \ 10 .
f [ I
: | .'e > ++ f
! \ uly 188 T
RPN IS EAIPIP AP I ‘|\“ i ‘ A AP I O O S W I m L
1.6 1.4 1.8 1.9 2 21 2.2 2.3 2.4 2.5 1.6 1.4 1.8 1.9 2 21 2.2 2.3 2.4 2.5

Invmass mg, (GeV/c?) Invmass mg, (GeV/c?)

Applied only Realistic Particle Identification (Real PID)
For rapidity bins (-2.0, -1.0), (-1.0, 1.0), (1.0, 2.0), (2.0, 3.0)
Signal fitted (3.7 fb?) with student’s function

Resampling done to 10 fb?
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Entries (a.u.)

Entries (a.u.)

Sampling Background (DIS Sample)

Reco invariant mass

(y_D0>-2.0 && y_D0¢-1.0) && (pt_D0>1. D0<20.0)
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1.9

2.4 2.5
Invmass mg, (GeV/c?)

e+p collisions 5M
4721.62M (10 fb?)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 & D0<20.0) (y_D0>1.0 && y_D0<2.0) && (pt_D0>1.0 t_D0<20.0)
—~ 107 8.0 I{ h_Bkg_DISSample |- —~ 107 = 8. w - h_Bkg_DISSample |
= £ —e—Bkg_DIS_Sample Entries - 3 £ -e- Bkg_DIS_Sample Entries e
S = Mean 2011 S = Mean 1.998
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21 ! i
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1.6 1.4 1.8 1.9 2 21 2.2 2.3 2.4 2.5 1.6 1.4 1.8 1.9 2 21 2.2 2.3 2.4 2.5
Invmass mg, (GeV/c?) Invmass mg, (GeV/c?)

Applied only Realistic Particle Identification (Real PID)
For rapidity bins (-2.0, -1.0), (-1.0, 1.0), (1.0, 2.0), (2.0, 3.0)

Bkg fitted (5M) with polynomial of order one

YV V VY V

Resampling done to 10 fb?
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Invariant Mass of D° meson

e+p collisions

20< y<-1.0&&1.0< pT(GeV/c)<2O.O 1.0< y<1.0&&1.0< P, (GeVic) < 20.0 1.0< y<2.0&&1.0< P, (GeV/c) < 20.0

x10° x10

—e— D°Candidates —e— D°Candidates 600 —e— D°Candidates

70000 $nmes 6896959.0 $nmes 40962768.0 $nmes 40578771.0
. Student-t Signal 700 . Student-t Signal . Student-t Signal
~ Poly2 Background ~ Poly2 Background ~ Poly2 Background
S (20) = 13174.12_ +626.15 S (20) = 380619.97 + 1292.09 S (20) = 212055.33  +2029.16
60000 B (20) = 354184.57 +2oo13 B(20J 1513092.35 +324 4 500 B (20) = asaeees 30 +855.90
S/B (20) = 0.04 0. S/B (20) = 0.25_ 0. S/B (20, 00
Signiicanco =21, 74 600 Signiicance = 276 " S<gnl'|cance Yoo
X?INDF = 0.8 X?INDF = 1.0 X?INDF = 0.9
N bratid0012 X B0078:£0.0000 0178500003
50000
500
1%}
Q
£400
=
w
300

200

'0-34\\\\‘\\\\‘\\\\‘\\II‘\\\\‘\\\\‘\

@4\\\\‘\\\\‘1I\‘\\\\‘\\\\Jlll\‘\\\\‘\\\\
® F
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10000 100
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mpe (GeV/c?) mpe (GeV/c?) My (GeV/c?)
> Applied only Realistic Particle Identification (Real PID)
R0 < ¥ <B08&&1.0< p (GeV/c)<20.0
3007~ D° Candidates .
: B > Merged signal and background correspond to 10 fb*
250 Tp i
200; i > Fit function (student + pol1)
g > Next to apply topological cuts based on ML approach
- > Boosted Decision Trees (BDT) binary classifier (signal and background)
- > Training in each rapidity and pr (>1 GeV/c) region
N R N R S kN BT R Y U 1

mpe (GeV/c?)
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Topological Variable Distributions
-l1<y<land pr>1GeVic
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lOD E 101 E
2 g 10%7 2 101 4 2
o U 10714 O 1073 A o
T T T T T T T T T T T 10_1 E T T T
-1 0 1 175 2.00 2.25 2.50 0 25 50 75 -1 0 1
costheta xy sigma_vtx signif dOxy pi signif dOxy k
14 -1 4
g 10 2 107 1 g 7 2 10-21
S 100 S S .3 5
8 § 1071 g1 8 1o |
10_1 E T T T T T T T T T T T T T
-1 0 1 0 2000 4000 0 100 200 0 100 200 300
chi2_dca
Back d i
£ 1074 1 ackgroun Preselections (loose)
= .
8 1075 4 (mass_DO0O > 1.6 && mass_DO < 2.5) && dOxy_pi<10. && dOxy k<10. && decay_length <100.

T T T
0 20000 40000 60000
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Correlation Matrix

-1<y<1land pr>1GeVic Features used in the ML

Signal Background
1.00 1.00
0.75 0.75
chi2_dca | chi2_dca |
- 0.50 - 0.50
signif_dOxy_k | signif_dOxy_k |
- 0.25 F0.25
signif_dOxy_pi | L 0.00 signif_dOxy_pi | L 0.00
F—0.25 - —0.25
sigma_vix | sigma_vix |
- —0.50 F—0.50
costheta costheta
-0.75 —-0.75
dca_DO | | ~1.00 dca_DO | 1 ~1.00

dca_DO
costheta
sigma_vix
signif_dOxy_pi
signif_dOxy_k [
chi2z_dca [
dca_DO
costheta
sigma_vtx
signif_dOxy_pi
signif_doxy_k [
chi2_dca [
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ML Results

-1<y<1land pr>1GeV/c Training (80%)+ Test (20%) sample

Good compatibility between training/test data
Receiver Operating Characteristic (ROC) curve

10! §
] L0 =
R
ra
Kd
ra
_— /./
2 0.8 -
g
'Ei 100
]
o z
42 S o6
w
£
S o4
1071 4 =
0.2
,/.
ks
v
/_/ —— Test -> ROC (AUC = 0.8598)
S ~-—- Train -> ROC (AUC = 0.8759)
102 1 0.0 — = Luck -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 D.‘B l.IG
BDT output False Positive Rate
BDT model is able to separate signal and background ROC Score ~ 0.86

ML Framework: S. Kumar
—— 000V
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https://github.com/eic/snippets/blob/main/JetsAndHF/ML_HF_Reconstruction/Readme.md

Invariant Mass of D° meson with ML

Model trained for each rapidity and pr> 1 GeV/c

BDT threshold > 0.60

w [ [ [ T [ T [
Q@ = ‘ B
o e - <,<1,1<pT<20(: )
'S—; 1 " — Signal i
—— Ay "
i \ - — Background
L \ - 2
0.8 -
\
| \ B
L A R N ]
5\ BN
0.6 RN
— \ \\\ —
™\ N
Y
— \\\ ]
0.4 :
L N J N
— \\\\\ \ —
\\ AY
0.2 \\\
— \\ ‘\ |
o O " \
- —~ | ]
T )
O | | | | | | | | [t LY
0 0.2 04 0.6 0.8 1
BDT Threshold

BDT threshold = 0.60  For Approval
Simu ign: 10/2025
-3l ePIC Performance 20<y<-1.0 L -1.0<y<1.0
F e+p, Vs=63GeV o PID only o PIDonly
E D b > 1GeVic @ PID + Topo e PID + Topo
-
E E L0
oty
= = N .a". "'m.
= R S E
1.0<y<20 20<¢y<3.0
o PID only o PID only
® PID + Topo ® PID + Topo

B R
my (GeV/c?

1 1 | L L L L 1
1.85 1.9
m,, (GeV/c?)

PID Only: using only PID information
PID +Topo: using PID+ Topological cuts with ML

Substantial suppression of the background with ML

24/02/26
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D° sample is produced filtering NC DIS events containing at least a D%°->K-1t* meson

D° Sample e+Au (10x100, Q%> 1 GeV?)

Slide 12 Real PID
-1
N, (10fb”7)=300.344x10/0.88=3413 M
x10° —8000210°
530007 hEventStat S - hEventStat
S - Entries 5115217 - \k a Entries 9285163
3 B Mean 3.872 = § 7000 8 Mean 3.009
= 2500— Std Dev 2.388 o)) = — d-'.; Std Dev 2.908
— m -
w - | I~
B = 6000— &© O
. L O o
- +
2000 — 0 2. - @ NC, DIS Sample o
- . D° sample 5000 2
B + R 0
- I n N
1500 — g_’ 4000— o™
- i s
B S u
) - > 3000
1000(— %‘ b4 -
B 2 -
-8 5 o 2000
- 8 © 8 - ‘Cll
500— N~ o < ~ -—
- © > N 1000{— S N -
- e & E 8 & & 2
B - N
— o]
o | | 1 sk | c_ = | |5
7 A R 0 - A ,
Coven, Py 0 *° Signg, o %% S, Do, ° Bk 1y o 00y gy Sl
ar
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https://docs.google.com/presentation/d/1S8AH_DhQQy0wKp6bhQ2W5HUNmZX2JX-X2Yze6fMOoOg/edit?slide=id.g31bbe9fed81_1_2#slide=id.g31bbe9fed81_1_2

5

Entries (a.u.)

Entries (a.u.)

Reco invariant mass

(y_D0>-2.0 && y_D0<-1.0) && (pt_D0>1.0 && pt _D0<20.0)
hData_DO h_D0Sample -

10° =— - Signal_D0_Sample — — ;mvies T0868

E ean a6

E —e— Expected_DO_DIS Lo 1865 | | 8id Dev 003172
10% = 2t 1098199

E Norm 486 105

E Mean 1.865 £ 0.000

- widih 001419 000020
104 E nDOF 2.145 +0.069
10° = \
10%E

= N

B cv«’
10 ?&M Q‘ * ?

bo
®
1 M abiies & w0t o
E 1 | hint
.6

2.1 2.2 2.3 24 2.5
Invmass mg, (GeV/c?)

—

(y_D05>2.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<20.0)
hData_DO h_DO0Sample —
10° £~ e~ Signal_Do_Sample . ares
F —e Expected_DO0_DIS Lo 1869 | | 8id Dev 0.0623
5 [ *2/ ndt 386.4/174
10° & o
E Mean 1.868 +0.000
E G o
104 E f nDOF 2792 0079
10° = \\
= / )
- \‘\“
(d
10 ’»"*’W:
1 ot

1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5
Invmass mg, (GeV/c?)

24/02/26

Entries (a.

Sampling Signal (D° Sample)

e+Au collisions

(v_D05>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt D0<20.0)
h

Data_DO0 H h_DOSample =
106 =~ —— Signal_D0_Sample TP o Bl 63335
E Mean 1865
[~ -~ Expected_D0_DIS Y Lo 1865 | | sidDev 0.02052
10% = o® saver  oomse | | X/ a298/140
E ° Norm 4188 14
E ® o Mean 1865 0000
= : &. Width 0.00757 +0.00003
104 = e L DOF 2078 +0019
E <
10° = /
102
e
10 ®
g ? ° " *
R SRR
L Sulyyg o \
ol b b Tk I aif

1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 24 2.5
Invmass mg, (GeV/c?)

YV V VY V

Resampling done to 10 fb?

Heavy-flavor Studies: Shyam Kumar

5

Entries (a.u.)

300.344M (0.88 fb?)
3413M (10 fb?)

(y_D0>1.0 && y_D0<2.0) && (pt_D0>1.0 && pt _D0<20.0)
hData_DO h_D0Sample
10° =— —e— Signal_D0_Sample — i deasd
E Vean ™
[~ —® Expected_DO_DIS Mean 1865 | | Std Dev 003614
5 ¥2/ ndf 347.9/158
10" = Nomm 1915 +09
E Moan iaes Soio00
F Widh 001786 000012
104 = / nDOF 269 +0048
"F / \
10%
E o
" E OQIC x fag, .
E g
E . *
|
k! cliutibg T WETRY
S | I
'S | I I I EUTIII BRI S il i Ll
1.6 21 2.2 2.3 2.4 2.5

Invmass mg, (GeV/c?)

Applied only Realistic Particle Identification (Real PID)
For rapidity bins (-2.0, -1.0), (-1.0, 1.0), (1.0, 2.0), (2.0, 3.0)

Signal fitted (0.88 fb*) with student’s function

22



Sampling Background (DIS Sample)

Reco invariant mass e+Au collisions 5M
3413M (10 fb?)

(y_D0>-2.0 && y_D0<-1.0) && (pt_DO0>1. D0<20.0) (y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 & D0<20.0) (y_D0>1.0 && y_D0<2.0) && (pt_D0>1.0 t_D0<20.0)
—~ 107 B w |- h_Bkg_DISSample | —~ 107 Bk DI I{ h_Bkg_DISSample |- —~ 107 8o w - h_Bkg_DISSample |
= £ -e- Bkg_DIS_Sample oses | | ENES s = E —e—Bkg_DIS_Sample . Entiiss sois = F  —e— Bkg_DIS_Sample Entiiss Gl
S = Mean 2,088 S = Mean 1.999 S = Mean 1.982
7] — —%— Bkg_DIS_Sample Resampled 2088 | | stdDev 02594 7] [C  —=- Bkg_DIS_Sample Resampled L Std Dev 0.2585 7] [ —» Bkg_DIS_Sample Resampled Std Dev 0.2551
g 106_ Std Dev 0257 || %2/ ndf 215.3/198 g St Dov 22/ ndf 281.5/198 g oasiz| | o2/ ndf 283/198
€ E p0 9791 £4.526 £ 10°k p0 1004 £115 £ 10° == p0 1080 +10.7
[T) = pt 37.26 +2.23 [T) E pt -205 £5.4 7] E pt -3425 +5.0
10% = - L
o 105 = 10°e
100 E i
E 10% E 1045
10° F =
= 10° = 10° =
102 O e LV SR e, Y S
Q = E
E ) ' i E TR s F
v v e b b b b b L i v v e b b b b b L i 102 Ertpepeepepepepe g foee g g e g g gy
1.6 1.7 1.8 1.9 2 21 2.2 3 2.4 2.5 1.6 1.7 1.8 1.9 2 21 2.2 2.3 2.4 2.5 01 .6 1.7 1.8 1.9 2 21 2.2 2.3 2.4 2.5
Invmass mg, (GeV/c?) Invmass mg, (GeV/c?) Invmass mg, (GeV/c?)
. (.D0:2088y D0<30) 88 (pLD0>108&pL DO20O) > Applied only Realistic Particle Identification (Real PID)
~ 10 e o o |H_h_Bkg_DISSample |
§ E —e— Bkg_DIS_Sample Entries 29115
S c Mean 1.93
7] = —%— Bkg_DIS_Sample Resampled Std Dev 0.2451 = H
£ 1ol i e > For rapidity bins (-2.0, -1.0), (-1.0, 1.0), (1.0, 2.0), (2.0, 3.0)
‘ E PO 6175 6.8
UCJ E pt -231.6 +3.1
10° . . .
g > Bkg fitted (5M) with polynomial of order one
10* = : 1
: > Resampling done to 10 fb-
10° =
102§
El\\l\I\\‘\\I\I\\l\\\\I\\I‘\l\\‘\\\l‘\l\\
1.6 1.7 1.8 1.9 2 21 2.2 2.3 2.4 2.5

Invmass mg, (GeV/c?)
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20< y<-1.0&&1.0< P, (GeV/c) < 20.0

80000 } - gmﬁggd‘%aziasm

E TR -~ Student-t Signal
70000— go(lzyi)Ba?)B%rgg\gs +799.56

r B (20) 51881634 +283.65

r S/B (20) = 0.20 +0.

- Sé?'\r‘\glgam‘:e 13024
60000: 5 =0.0140+0.0002
50000
[ C
2 -

45000
30000
20000
10000
ST S R T P T P
?.6 1.7 18 19 2 21 22 23 24

mpe (GeV/c?)

20< ¥ <30881.0< p (GeV/c)<20.0

25

C —e— D’ Candidat
200 $nt«i|§gl-.‘ 20058813.0
rC gﬁ;geré -t irgna}
- 2
180 oy ooese + 268210
i g/(BZ?ZJ )4007%557053 00*1849 .66
160— S<gnl'|can(1:e14 101.99
C & = 0.03530.0006
140—
5120,_
= C
= —
LIJ100:
80—
60—
40—
20—
T ORI L o WA O ISR EYSRPTN SN S
?.6 1.7 18 19 2 21 22 23 24

24/02/26

mpe (GeV/c?)

25

Invariant Mass of D% meson
e+Au collisions

1.0< y<1.08&1.0< p_(GeVic) < 20.0 10< y<20881.0< p_(GeVic) < 20.0

x10° x10

__e— D Candidates
Enmes 561737980

—— Tot 450

__e— D Candidates
Enmes 48559190.0

— Tot:

700 gu;dzerg -t irgna} . ; gu;dzerg -t irgna}
oly2 Backgroun £ oly2 Background
S (20) = 87703389+ 1731.64 E S (20) = 41444658 + 229192
B20)- 216004508 539410 400— B20)-  4o6oADl < Sen.z2
+0. = +
600 S<gnlhcance 503.26 F Siniicance - 120.64
ZNDF = 1.0 350 ZNDF = 1.0

o =0.0078 +0 0000 6 =0.0173 +0 0002

E 300/

(%] . w =

[} = [} E

E400— E250F

= |~ = |

i} ™ i} F

300F e 5
- 150

200 E
c 100

100:— 50
:\\\\‘\\\111-1::\1.\"111\\‘\l\\‘\l\\‘\\\\‘\\\\‘\\\\ :\H\MuLl.w"]"\f‘huuh.\\\uu\uu\uu\uu
06 17 18 19 2 31 22 23 24 25 06 17 18 19 2 a1 22 23 24 25

mpe (GeV/c?) My (GeV/c?)

Applied only Realistic Particle Identification (Real PID)
Merged signal and background correspond to 10 fb*
Fit function (Student’s t-function + poll)

Next to apply topological cuts based on ML approach

Boosted Decision Trees (BDT) binary classifier (signal and background)

vV VvV Vv V VY V

Training in each rapidity and pr (>1 GeV/c) region
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ML Output

Model trained for each rapidity and pr> 1 GeV/c BDT threshold = 0.60  For Approval
| ePIC Performance 20<y<-1.0 L 1.0<y<1.0
10_sj e+Au, Vs =63 GeV o PID only L o PID only
E D° PT>1GBV/C @ PID + Topo E e PID + Topo
BDT threshold > 0.60 S ———
9] \ \ | \ \ "‘n........",.,,",,"
2 = ‘ =
% ’ ~ - <y<'1,1l<pT<20(Pf;
S N a — Signal | -
T \ ~ — Background T R
= \ = 10° 1.0<y<20 E 20<¢y<30
08 \ \\\\ E :) i:giq:}(l)po E :) i:gin'll}(()po
\ ™~
0.6 \ N
— \\ \\\ —
\\\‘\
0.4 \\ N T TR I S
L AN C | m, (GeVic?) m,, (GeV/c?)
B NS A | PID Only: using only PID information
0-27 S \ i PID +Topo: using PID+ Topological cuts with ML
\
1
o R R N E R N ERRE =S URAREY - Substantial suppression of the background with ML
0 0.2 0.4 0.6 0.8 1
BDT Threshold

0 >0 0 0 0 0 0 0000000000000
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Relative Statistical Uncertainty on Nuclear Modification Factor

Topological features and ML

0]
R — eA
“ AXao,,

Energy loss and Hadronization
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https://colab.research.google.com/drive/1JtKXPSfRBXTOu4-yUd_h7fOENDyWLCDm?usp=sharing

Analysis details
» Phase space
- Rapidity bins: (-2.0, -1.0), (-1.0, 1.0), (1.0, 3.0)
- prbins: (0.0, 1.0), (1.0, 2.0), (2.0, 5.0), (5.0,10.0) GeV/c
» Preselection Cuts (loose)

- (mass_DO > 1.6 && mass_DO0 < 2.5) && dOxy_pi<100. && dOxy k<100. && decay_length <100."
» Sampling Signal (D° sample) and Background (DIS Sample) in each rapidity and pr bins
» Training ML models in different rapidity bins
- Backward rapidity: -2 <y <-1, pr>0 GeV/c
- Mid rapidity: -1<y<1, pr<1GeV/cand pr>1GeVic
- Forward rapidity: 1<y <3, pr<1GeV/cand pr>1GeV/c
» Optimization of ML Performance via Maximum Significance
» Estimation of relative statistical uncertainty with ML for ep and eAu in each y bin and pr range

> Statistical projection of Reau for Lin = 10 fb'
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Backward rapidity

(y_D0>-2.0 && y_D0<-1.0) && (pt_D0>0.0 && pt D0<1.0)
— hData_D0 H h_D0Sample -
3 10° = -e- Signal_Do_Sample e onal | Enties 43
S E Mean 1.866
7} [ - Expected_D0_DIS hisan 1865 | | Std Dev 0.03176
2 5L stdDev 0.0s276 | | ¥°/ndf 58.69/75
£ 10 E Norm 16.71£0.28
1T} = Mean 1.865 + 0.000
L Width 0.01441+0.00036
q ()4 = nDOF 2.139 +0.137
10° f\
10%E S
10
-85 Gl
1 I !
: 1 il I L1l Il Lhil IR | Ll
1.6 1.7 1 21 2.2 2.3 2.4 2.5

Mid rapidity

Invmass m_, (GeV/c?)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>0.0 && pt D0<1.0)
g0 hData_D0 H h_D0Sample -
z 10° = - Signal_D0_Sample e e ;r:;-:s w‘azzz
B F e Expected_DO_DIS Mean 1865 | | s Dev 001956
g 5| SdDev 0.01969 | | X*/ndf 28761128
£ 10° Norm 4871515
i = ’. Mean 1.865 +0.000
= h Width  0.008013 +0.000034
1 ()4 = nDOF 2.074 £0.017
10% =
2
10 g P
10,9 L
®
® |
LA LRI
1e | Il -1
:\ 1 S | 111 S 1 [} | L \m L el
1.6 1.7 1 21 2.2 2.3 2.4 25

24/02/26

Invmass m_, (GeV/c?)

Sampling Signal (D° Sample)

e+p collisions

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

g hData_DO H h_D0Sample I
S 10° & -e- Signal_D0_Sample e oers | | Enes 4667
S E Mean 1.867
7} [ - Expected_D0_DIS hisan 1866 | | Std Dev 0.02855
& 105 sidDev D024t | | a2 mel 59.56/77
= E Norm 20.83+031
[T) = Mean 1.866 +0.000
= Width ~ 0.01389 +0.00029
104 nDOF 2314+0.124

2
T HHH!’ T \HHHl T TTTI

10
%es
1 } . TT
E i ‘ | 11 Il | | | Il | Ly
1.6 1.7 1.8 9 2 21 2.2 4 2.5

Invmass m_, (GeV/c?)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt D0<2.0)
g hData_DO H h_D0Sample -
g 10® = —e- Signal_D0_Sample e sorams | | Enes TTi629
= Mean 1.865
; F e Expected_D0_DIS Maani 1865 | | std Dev 001982
g 1 05 Std Dev  0.01893 **/ ndf 322.4/137
= E Norm 5012415
L = ’. Mean 1.865 % 0.000
= R Width 0.007801+ 0.000032
10% wooF 210320017
10% =
102k jj
10 ;?
#2549
1 T | T T T ‘
T~
L1 ‘ ) I I L1l 11l ‘ 1Ll I | ‘ I 1 \N I il
2

1.6 1.7 1.8 1.9 21 2.2

2.3 24 2.5
Invmass m_, (GeV/c?)

Heavy-flavor Studies: Shyam Kumar

Entries (a.u.)

Entries (a.u.)

1747M (3.7 fb!)
4721.62M (10 fb*)

(y_D0>-2.0 && y_D0<-1.0) && (pt_D0>2.0 && pt _D0<5.0)
hData_DO H h_D0Sample -
10° == ~e- Signal_Do_Sample p— o e
= lean 2
- —e Expected_DO_DIS Mean 1866 | | Std Dev 0.02984
5L s Dev 002001 | | ¥/ ndf 1002/55
10 E Norm 6.928£0.177
E Mean 1.866 £0.000
= Width  0.01236 +0.00043
104 E nDOF 3.371£0.535
10° .A.
10
10
1
:\ L1l i1 i | 11 W\ il L | N 111 | I |
1.6 1.7 1.8 21 2.2 2.3 2.4 2.5
Invmass m_, (GeV/c?)
(y_D0>-1.0 && y_D0<1.0) && (pt_D0>2.0 && pt D0<5.0)
hData_DO H h_D0Sample -
1080 o Signal_DO_Sample Entries 150916 :‘ms 55832
E fean 1.88
E —e— Expected_DO_DIS hisan 1.865 | | Std Dev 0.01824
o StdDev 001545 | | %/ nef 2808/ 123
10° Norm 2501 £ 1.1
E ° Mean 1.865 £ 0.000
C o Width  0.006945 * 0.000040
1 04 = nDOF 229 +0.03
sl
10 E .
10°
10 >
+ )
1 4 ‘
;L I 111 1 il ‘ Il i 1 11 | I |
1.6 1.7 1.8 1.9 2 21 2.2 2.3 2.4 2.5

Invmass m_, (GeV/c?)
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Sampling Signal (D° Sample)

1747M (3.7 fb*)

Forward rapidity e+p collisions 4721.62M (10 fb1)

(y_D0>1.0 && y_D0<3.0) && (pt_D0>0.0 && pt_D0<1.0) (y_D0>1.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<2.0) (y_D0>1.0 && y_D0<3.0) && (pt_D0>2.0 && pt_D0<5.0)

g hData_DO0 H h_D0Sample - g hData_DO0 H h_D0Sample - g hData_DO0 H h_D0Sample -
3 10® = - Signal_D0_Sample Covios_asz007 || EVES 167243 3 10® = - Signal_D0_Sample oo zmsee7 || ENES 105697 S 10°% = —e- Signal_D0_Sample Coios 110056 | | EVeS 40721
S = Mean 1.867 S E Mean 1.869 S E Mean 1.871
» F e Expected_DO_DIS Msan 1886 | | std Dev 0.04629 » - —e Expected_DO_DIS Msan 1867 | std Dev 0.04578 » [~ -—® Expected_DO_DIS Msan 1867 | | std Dev 0.04557
'a:) 5* SDev 004s02| | X2/l 619.2/186 .‘1:’ 5[ SwDev 004s11| | 22/ ndf 1127/180 .‘1:’ s SDev 0.03ses | | X2/ ndf 660.4/174
£ 10° Norm 752418 £ 100 Norm 4717215 £ 10°¢ Norm 180.7£09
w = Mean 1.865 +0.000 w E Mean 1.866 + 0.000 w = Mean 1.866 + 0.000
C Width 0.02409 + 0.00009 - A Width 0.0226 +0.0001 = Width 0.01905 + 0.00014
104 e ﬁ\ nDOF 2.206 +0.018 104 — /ﬁ nDOF 2.324 +0.022 104 = nDOF 2.146 +0.032
10 \\ - /4 e
g = 2|
12 10 / 10°e
3 \ : :
10 : o 10 A sod
- # | ‘ ‘r 1 y .=i|||-lm bty
e ﬁ ﬁh I 1E et ﬁl
:\\I\l\\\J\\I\I\\I\\\\I\\I\I\\‘\\I‘\\ :\I\l\\\J\\I\ ! I\l\\\J\\I\I\\I\\\\I\\I‘\\\\\ ‘\I
1.6 2.2 2.3 24 2.5 1.6 . 24 2.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 24 2.5
Invmass m_, (GeV/c?) Invmass m_, (GeV/c?) Invmass m_, (GeV/c?)
D0>1.0 && y_D0<3.0) && (pt_D0>5.0 && pt_D0<10.0 1 1 1 11
~ D e D e T . s > D sample after applying preselection in e+p collisions
ﬁ 10°% = —e- Signal_D0_Sample P ;nuies 1‘233
E ean
g E —e— Expected_DO0_DIS hisan 1866 | | Std Dev 0.03737
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Sampling Background (DIS Sample)
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Sampling Background (DIS Sample)

Forward rapidity
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Invariant Mass Distribution (e+p)

Backward rapidity (Preselections) Optimization based on maximum significance
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Mid rapidity (Preselections)
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Mid rapidity (Preselections)
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Forward rapidity (Preselections)
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Optimization based on maximum significance
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Relative Statistical Uncertainty (Preselection)

-->(ymin, ymax) = (-2,-1)-->(ptmin, ptmax) = (0,1)-------

eAu: S=144401.9688 B=853408.1875 S/sqrt(S+B)) =144.5603 Inverse Significance = 0.0069 rel sigma(S)/S =0.0069 . . g .
ep: S=10581.7500 B=372566.3438 S/Sqr(S+B) =17.0952 Inverse Significance = 0.0585 rel sigma(S)/S=0.0585 Relative Statistical Uncertainty on Reau
(relative uncertainty after adding in quadrature = 0.0589 = 5.8904%)
-->(ymin, ymax) = (-2,-1)-->(ptmin, ptmax) = (1,2)-------

eAu: S$=89533.7656 B=477833.0000 S/sqrt(S+B)) =118.8652 Inverse Significance = 0.0084 rel sigma(S)/S =0.0084

ep: S=10243.1553 B=287368.6562 S/Sqr(S+B) =18.7762 Inverse Significance = 0.0533 rel sigma(S)/S=0.0533 (0] o 2 o 2
(relative uncertainty after adding in quadrature = 0.0539 = 5.3919%) Roaw S S
-->(ymin, ymax) = (-2,-1)-->(ptmin, ptmax) = (2,5)------- - - - +| —

eAu: S=13279.9648 B=45608.0352 S/sqrt(S+B)) =54.7247 Inverse Significance = 0.0183 rel sigma(S)/S =0.0183 R S S

ep: $=3387.5637 B=61062.7539 S/Sqr(S+B) =13.3437 Inverse Significance = 0.0749 rel sigma(S)/S=0.0749 eAu ep eAu

(relative uncertainty after adding in quadrature = 0.0771 = 7.7138%)

-->(ymin, ymax) = (-1,1)-->(ptmin, ptmax) = (0,1)-------

eAu: S=743926.8125 B=5034258.5000 S/sqrt(S+B)) =309.4813 Inverse Significance = 0.0032 rel sigma(S)/S =0.0032
ep: S=244972.8438 B=2755263.0000 S/Sqr(S+B) =141.4296 Inverse Significance = 0.0071 rel sigma(S)/S=0.0071
(relative uncertainty after adding in quadrature = 0.0078 = 0.7774%)

-->(ymin, ymax) = (-1,1)-->(ptmin, ptmax) = (1,2)-------

eAu: S=616424.9375 B=2069026.5000 S/sqrt(S+B)) =376.1591 Inverse Significance = 0.0027 rel sigma(S)/S =0.0027
ep: S=248793.5625 B=1318538.1250 S/Sqr(S+B) =198.7278 Inverse Significance = 0.0050 rel sigma(S)/S=0.0050
(relative uncertainty after adding in quadrature = 0.0057 = 0.5691%)

-->(ymin, ymax) = (-1,1)-->(ptmin, ptmax) = (2,5)-------

eAu: S=254843.8906 B=151204.4375 S/sqrt(S+B)) =399.9313 Inverse Significance = 0.0025 rel sigma(S)/S =0.0025
ep: S=126589.5781 B=215954.6250 S/Sqr(S+B) =216.2916 Inverse Significance = 0.0046 rel sigma(S)/S=0.0046
(relative uncertainty after adding in quadrature = 0.0053 = 0.5256%)

-->(ymin, ymax) = (-1,1)-->(ptmin, ptmax) = (5,10)-------

eAu: S=5992.3066 B=1103.3960 S/sqrt(S+B)) =71.1371 Inverse Significance = 0.0141 rel sigma(S)/S =0.0141

ep: S=4569.1343 B=7420.9136 S/Sqr(S+B) =41.7276 Inverse Significance = 0.0240 rel sigma(S)/S=0.0240

(relative uncertainty after adding in quadrature = 0.0278 = 2.7784%)

-->(ymin, ymax) = (1,3)-->(ptmin, ptmax) = (0,1)-------

eAu: S=946864.6250 B=20935988.0000 S/sqrt(S+B)) =202.4118 Inverse Significance = 0.0049 rel sigma(S)/S =0.0049
ep: S=377400.4688 B=14306515.0000 S/Sqr(S+B) =98.4876 Inverse Significance = 0.0102 rel sigma(S)/S=0.0102
(relative uncertainty after adding in quadrature = 0.0113 = 1.1292%)

-->(ymin, ymax) = (1,3)-->(ptmin, ptmax) = (1,2)-------

eAu: S=459185.1250 B=7448528.0000 S/sqrt(S+B)) =163.2910 Inverse Significance = 0.0061 rel sigma(S)/S =0.0061
ep: S=240160.6250 B=5841500.5000 S/Sqr(S+B) =97.3847 Inverse Significance = 0.0103 rel sigma(S)/S=0.0103
(relative uncertainty after adding in quadrature = 0.0120 = 1.1956%)

-->(ymin, ymax) = (1,3)-->(ptmin, ptmax) = (2,5)-------

eAu: S=153483.7188 B=545545.6250 S/sqrt(S+B)) =183.5755 Inverse Significance = 0.0054 rel sigma(S)/S =0.0054
ep: S=90549.5547 B=842166.1875 S/Sqr(S+B) =93.7587 Inverse Significance = 0.0107 rel sigma(S)/S=0.0107
(relative uncertainty after adding in quadrature = 0.0120 = 1.1976%)

-->(ymin, ymax) = (1,3)-->(ptmin, ptmax) = (5,10)-------

eAu: S=2241.6250 B=2089.0767 S/sqrt(S+B)) =34.0631 Inverse Significance = 0.0294 rel sigma(S)/S =0.0294

ep: S=3016.8118 B=15817.9443 S/Sqr(S+B) =21.9821 Inverse Significance = 0.0455 rel sigma(S)/S=0.0455
(relative uncertainty after adding in quadrature = 0.0541 = 5.4142%)
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Relative Statistical Uncertainty (Machine Learning)

-->(ymin, ymax) = (-2,-1)-->ptmin, ptmax) = (0,1)-------

eAu (ML): S/sgrt(S+B) =198.7415 Inverse Significance = 0.0050 rel sqrt(S+B)/S =0.0050 . . g .

ep (ML): S/sqrt(S+B) =40.3121 Inverse Significance = 0.0248 rel sqrt(S+B)/S=0.0248 Relative Statistical Uncertainty on Reau
(relative uncertainty after adding in quadrature = 0.0253 = 2.5312%)

-->(ymin, ymax) = (-2,-1)-->ptmin, ptmax) = (1,2)-------

eAu (ML): S/sqrt(S+B) =160.2739 Inverse Significance = 0.0062 rel sqrt(S+B)/S =0.0062
ep (ML): S/sqrt(S+B) =41.6596 Inverse Significance = 0.0240 rel sqrt(S+B)/S=0.0240 (0]
(relative uncertainty after adding in quadrature = 0.0248 = 2.4802%) Roau _
-->(ymin, ymax) = (-2,-1)-->ptmin, ptmax) = (2,5)------- - -
eAu (ML): S/sqrt(S+B) =67.8824 Inverse Significance = 0.0147 rel sqrt(S+B)/S =0.0147 R S
ep (ML): S/sqrt(S+B) =26.9013 Inverse Significance = 0.0372 rel sqrt(S+B)/S=0.0372 eAu
(relative uncertainty after adding in quadrature = 0.0400 = 3.9985%)

-->(ymin, ymax) = (-1,1)-->ptmin, ptmax) = (0,1)-------

eAu (ML): S/sqrt(S+B) =471.6258 Inverse Significance = 0.0021 rel sqrt(S+B)/S =0.0021
ep (ML): S/sqgrt(S+B) =254.0291 Inverse Significance = 0.0039 rel sqrt(S+B)/S=0.0039

(relative uncertainty after adding in quadrature = 0.0045 = 0.4471%)

-->(ymin, ymax) = (-1,1)-->ptmin, ptmax) = (1,2)-------

eAu (ML): S/sqrt(S+B) =501.7971 Inverse Significance = 0.0020 rel sqrt(S+B)/S =0.0020
ep (ML): S/sqgrt(S+B) =295.3255 Inverse Significance = 0.0034 rel sqrt(S+B)/S=0.0034

(relative uncertainty after adding in quadrature = 0.0039 = 0.3929%)

-->(ymin, ymax) = (-1,1)-->ptmin, ptmax) = (2,5)-------

eAu (ML): S/sqrt(S+B) =425.2099 Inverse Significance = 0.0024 rel sqrt(S+B)/S =0.0024 Opt| mization based on

ep (ML): S/sqgrt(S+B) =259.1516 Inverse Significance = 0.0039 rel sqrt(S+B)/S=0.0039 . R .
(relative uncertainty after adding in quadrature = 0.0045 = 0.4519%) MaX| mum Slg 1] |f|can ce
-->(ymin, ymax) = (-1,1)-->ptmin, ptmax) = (5,10)-------

eAu (ML): S/sqrt(S+B) =74.0549 Inverse Significance = 0.0135 rel sqrt(S+B)/S =0.0135
ep (ML): S/sqgrt(S+B) =49.6580 Inverse Significance = 0.0201 rel sqrt(S+B)/S=0.0201

(relative uncertainty after adding in quadrature = 0.0242 = 2.4246%)

-->(ymin, ymax) = (1,3)-->ptmin, ptmax) = (0,1)-------

eAu (ML): S/sgrt(S+B) =389.9544 Inverse Significance = 0.0026 rel sqrt(S+B)/S =0.0026
ep (ML): S/sqgrt(S+B) =220.0056 Inverse Significance = 0.0045 rel sqrt(S+B)/S=0.0045

(relative uncertainty after adding in quadrature = 0.0052 = 0.5219%)

-->(ymin, ymax) = (1,3)-->ptmin, ptmax) = (1,2)-------

eAu (ML): S/sqrt(S+B) =264.6940 Inverse Significance = 0.0038 rel sqrt(S+B)/S =0.0038
ep (ML): S/sqgrt(S+B) =183.6558 Inverse Significance = 0.0054 rel sqrt(S+B)/S=0.0054

(relative uncertainty after adding in quadrature = 0.0066 = 0.6627%)

-->(ymin, ymax) = (1,3)-->ptmin, ptmax) = (2,5)-------

eAu (ML): S/sgrt(S+B) =230.6253 Inverse Significance = 0.0043 rel sqrt(S+B)/S =0.0043
ep (ML): S/sqgrt(S+B) =148.5929 Inverse Significance = 0.0067 rel sqrt(S+B)/S=0.0067

(relative uncertainty after adding in quadrature = 0.0080 = 0.8006%)

-->(ymin, ymax) = (1,3)-->ptmin, ptmax) = (5,10)-------

eAu (ML): S/sgrt(S+B) =41.6490 Inverse Significance = 0.0240 rel sqrt(S+B)/S =0.0240
ep (ML): S/sqgrt(S+B) =31.4945 Inverse Significance = 0.0318 rel sqrt(S+B)/S=0.0318

(relative uncertainty after adding in quadrature = 0.0398 = 3.9808%)

2 2
0] 0]
Os| 4%

ep S eAu
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Relative Statistical Uncertainty (Machine Learning)

Relative Statistical Uncertainty on Reau
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Summary and Future Plan

The performance studies for the D° meson have been reported from the October campaign
The ML method provides substantial suppression of the background

The uncertainty of the nuclear modification factor is small, suggesting that the probe of cold nuclear matter effects as a
function of pr can be performed with good precision

Future Steps (Early Science)
N\t reconstruction and statistical projection of the Ac*/DP0 ratio (the first version is already ready; see slides)
- Projected statistical uncertainty on R.., as a function of the fragmentation variable (z)

- Performance studies of B and Ds" meson reconstruction

Thank you for your attention!
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https://indico.bnl.gov/event/30260/contributions/119761/attachments/68154/117118/ePIC_Jets_HF_meeting_ShyamKumar.pdf
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