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Heavy-flavor Production

Boson-Gluon Fusion (BGF) is dominant mechanism [LO]

https://doi.org/10.1016/j.ppnp.2015.06.002

y g>ccorbb

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

Additional NLO Mechanisms: Gluon splitting, QCD Compton Scattering
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Topological Variables

- w
10.1103/PhysRevD.110.034017 r
p;o Ct= 123 l'lm arXiv:1911.12168 [nucl-ex]
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Topological Variables: Dl‘;'fnof: Verte
rimary Vertex
> DCA« and DCA,* with respect to the reconstructed primary vertex (d0_k, dO_pi) -3 SignalD0 oot
E..._!thEEHLEiQ;I
> Decay length of D° meson (decaylength) |~ %:Hi
> Cos6 (angle betweenrand poe) %:EXY{'
..... Xy
> DCA., distance between the daughter tracks of D° Realistic PD | %z”m—:’;’“
> DCAimpact parameter of reconstructed D° meson Differential in pr and y ::azfjﬁum
> Mpo invariant mass of kaon and pion pairs - ::fm
> pt_DO reconstructed pt of the D° meson :%2:;‘;‘;?‘-““
> eta_DO reconstructed n of the D° meson ::% ::'r‘;“:f
..... ﬁ mult

> Multiplicity (mult o
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Data Sample for ML (Q? = 100 GeV?)
> ML Algorithm: BDT (Boosted Decision Tree) Binary Classifier

Simulation of DO and Lc samples

- Do enriched same created filtering PYTHIA8 ep, NC, 10X100, Q2 >100 GeV2 events (~493M) such that each event
consist one Do k-n+ known as Signal taken from
24.12.0/epic_craterlake/SIDIS/DO_ABCONV/pythia8.306-1.1/10x100/g2_100): Total files 1869 and Events = 984589

- Background from 24.12.0/epic_craterlake/DIS/NC/10x100/minQ2=100: Total files 7430 and
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https://docs.google.com/presentation/d/1S8AH_DhQQy0wKp6bhQ2W5HUNmZX2JX-X2Yze6fMOoOg/edit#slide=id.p

p. (GeV/c)

p. (GeV/c)

Phase Space (Q? = 100 GeV?)
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Mean x 1.003
Meany 2512
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Std Devy 2.186




Sample After Preselection (Q* = 100 GeV?)

mass_DO

x10% htemp
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Number of Signal and Background

Plot of f(x) = x* - 2x2 + x

10F — fix)=x*-2x2+x

Keep the number of signal and background same for ML

Two approaches for parameter optimization: Optuna and Bayesian 8
(optimization frameworks) and comparison (backup)

V(%)

Bayesian takes more computing time but catches the global minima during
optimization if multiple local minima exists 2t

(0.3,0.13) (1.0, 0.

2t

Local minimas
20 -15 -10 -05 00 05 10 15 20

Global minima x
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Signal and Background distributions

preselection ="(mDO0 > 1.6 && mDO < 2.5) && (dOxypi>0.02 && dOxypi<10.) && (dOxyk>0.02 && dOxyk<10.) && decay length <100.";

d0 pi
£ 1071 1
3
o 10—3 4
T T
0 20 40
sum_dOxy
loﬂ'_
L
[=
3 1p-2
S 1072
T T T
0 5 10
y DO
107 4
B ]
=
g 4
“ 10714
1 T T T
-1 0 1
costheta xy
107 3
2 f
§ 107 4
o ]
10_1 3 T T T
-1 0 1

06/05/25

Counts

Counts

Counts

Counts

do k
lo] o
10—] _
1077 1
T T T
0 20 40
dca 12
loﬂ _
1072 1
T T T T
0 5 10 15
mass_DO0
lo] o
10—1 _
T T T T
175 2.00 2.25 2.50
sigma_vtx
loﬂ _
10—2 i
T T T
0 5 10

Counts

Counts

Counts

Counts

dOxy pi
lol] 4
10—2 4
T T T
0 5 10
dca DO
101 .
10—1 i
1077 1

0 10 20 30

decay_length

10-1 A

10—3 i

mult
10-1 4 Bgckground
Signal
10—3 i

doxy k
o4
@ 10
=
2
O 1072 A
T T T
0 5 10
pt DO
n
c 107
5 ]
] |
6x1071
T T T
1.0 1.5 2.0
costheta
10% 5
0 ]
S 100 -
3 ]
10_1 E | | |
-1 ] 1

DO Reconstruction with ML:Shyam Kumar

1<y<1&1.0<pr<2.0

1.6 < Mpo < 1.7 or 2.1 < mpo < 2.5 GeVIc

1.7 <mpo < 2.1 GeVlc



Correlation Matrix

-1.0<y<1.0
1.0 < pr< 2.0 GeVic

Signal

Background

Planning to remove costheta_xy and decay_length once other cuts
are available (e.g. chi2, nsigma, etc.)

1.00
mult | 0.75 mult |
costheta_xy | L 0.50 costheta_xy | L 050
costheta L 0.95 costheta L 0.25
decay_length | 0.00 decay_length | 0.00
dca_DO L 025 dca_DO L _0.25
dca_12 L 050 dca_12 L 050
do_k _0.75 do_k _0.75
g0_pe : -1.00 g0 g : -1.00
5 @ 2~ 8 5 & < 3 5 @ & 8 5 & = 3
8 s o o S £ = = 8 © g o S £ s E
A S T
3 8 g 8
Performed a cross-check removing costheta_xy and decay_length (see backup)
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Confusion matrix

-1.0<y<1.0

Actual Class

1.0 < pr<2.0GeVic

Background

True label

Signal

Test Sample (Optuna)

FN

Predicted Class

Confusion Matrix

O TN FP
1 | FN TP
0 1
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T
Backgroun

d

Predicted label

Confusion Matrix

Predicted:

5000

4000

3000

2000

F 1000

TPR= True Positive(TP)
Positive " True Positive (TP )+ False Negative( FN )
Negative it

FPR= False Positive( FP)

False Positive( FP )+ True Negative(TN )

Test sample = 0.2*65248 ~ 13050 =
5553+4902+1626+969

Test Sample (Bayesian)

Confusion Matrix
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True label

r 3000

Signal 4
g r 2000

FN

L1000

Background Signal
Predicted label
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BDT Output
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1.0 < pr<2.0GeVic
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costheta

dok

dea 12 . o

do_pi

dea_DO

mult

costheta_xy

decay_length

Results

-1.0<y<1.0 Bayesian
1.0 < pr < 2.0 GeVic
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Feature value
Feature value
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Low Low

-4 -3 =2 -1 0
SHAP value (impact on model output)
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3 3 ) a 0 1 2 3
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costheta_xy

decay_length

06/05/25

06 08
mean(|SHAP value|) (average impact on model output magnitude)

10 12 14
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BDT Output
-1.0<y<1.0 Study with Optuna -1.0<y<1.0
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Counts (arb. units)

Counts (arb. units)
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1.0 <y < 3.0

2.0 < pr<5.0 GeVic

Counts (arb. units)
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-1.0<y<1.0
1.0 < pr<2.0 GeVic

BDT Efficiencies

Snomr X Esignal

Significance ypp o =

\/SNO ML X e-Signal +B No ML X EBaCkground

BDT Efficiency and Rejection
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\\ ./
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BDT Score Threshold
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BDT Efficiencies

BDT Efficiency and Rejection

BDT Efficiency and Rejection
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BDT Efficiencies

BDT Efficiency and Rejection BDT Efficiency and Rejection
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Entries (a.u.)

Merging Signal and Background (DO Sample and DIS Events)

(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>1.0 && pt_D0<2.0) (y_D0>-3.0 && y_D0<-1.0) && (pt D0>1.0 && pt D0<2.0)
10 h_Signal_DISSample | — 10° hMerged_Sample | eig oissampe 100 || _h_BKg_DISSample |
E —e Signal_DIS_Sample Entries 42 > —e— Bkg_DIS_Sample = | E——— Entries 1487
[~ -—=- Signal_DIS_Sample x 100 Mean 1.87 S —»— Bkg_DIS_Sample x 100 i | [as s Mean 1.92
Ly i Std Dev 0.03077 2 ean 191 lean 1.91 Std D T
105 E &~ Merged_Signal_DO_DIS_Samples ¥?/ ndf 8.076/18 é 105 o~ Merged_Bkg_D0_DIS_Samples StdDev 02218 | |StdDev 0.2216 X;/n;v 29;)/2:93;
E Norm 0.2102 +0.0538 b= = po 30.57 £1.44
_ Mean 1.864 +0.004 1] C 1 ~11.99 + 0.
104§ ‘45()0!\" nw::)w; 0.01868t0.?;?: 1O4§ ~500!\'. P 11.99 + 0.65
E h_Signal Dissample 100 | |hMerged_Sample E
3 Entries 4158 | | Entries 9020 e
L2 § C@Q@ Mean 187 |Mean 1868 10° ? S i 7
C (&%} StdDev 0.07302 | | Std Dev  0.05841 F N
102 g ﬁ 102 E '
10 i ) %4 : : P »
= ’%’F 100
127 t ¢ 4 S t
4 il + j ob B +
| [ [ 1 E |
1.6 1.7 23 2.4 2.5 1.6 1.8 1.9 2 21 2.2 2.3 24 2.5
Invmass my,, (GeV/c?) Invmass m_, (GeV/c?)
3.0<y<-1.0881.0< p_(GeV/c) <2.0
B —+— D" Gandiaes PYTHIA simulation for 10x100 ep collisions with Q2>
2500~ _ . T Student Signal 2 g~ - inosi 1
- Events ~ 1000 M Sudent Sgral 100 GeV? o ~ 1.3e-6 mb, Expected luminosity of 5 fb
S (20) = 7135.07
- B (20) = 16566.13
2000/ Sonicance - 4635
j 2|g;m| |ca_nce =46. _ — ].5 - 9 —_
- INDF =104 N, =L _Xo =5X107"X1.3X10 "=6.5M
L event nt
3500, Merged_Signal_DO0_DIS_Samples S
= +Merged_Bkg_DO_DIS_Samples —= ~0.43%0.8/0.25=1.37
B BDT Cut =0.4

R
1000
B g 7135.07%0.8
B Significance coa™ - - =57.51
500/ gnif BpTen=04 - 7135.07 %0.8+16566.13%0.25
T R T P T P Expected Significance gy oy - o4~ 57.51%(6.5/1000 )~ 5
96 17718 19 2 21 22 23 24 25

My (GeV/c?) Need to scan to find Best BDT Cut
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Entries (a.u.)

Merging Signal and Background (DO Sample and DIS Events)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>2.0 && pt_D0<5.0)

102

10% h_Signal_DISSample | P 106
E - Signal_DIS_Sample Entries 697 =]
[ % Signal_DIS_Sample x 100 Mean 1.866 S
- g Std Dev 0.03071
5 —&— Merged_Signal_D0_DIS_Samples 12
10° = gecPignal L 2/ ndf 19.6/52 Qo
E =
E Norm 3.177 £0.122 “E
C ?% — 5 O M Mean 1.864 +0.000 o 10°
10%E K ) Width  0.006672 + 0.000376
E Q® nDOF 1201
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3 Entries 69003 Entries 142731
1 0 = 4
= Mean 1.866 Mean 1.866 1 0
: Std Dev  0.04391 Std Dev 0.0367
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—_
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Events ~ 1000 M

\\\\‘\\\LL.#"\“\\“"LJJL\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

—e— D’ Candidates

Total Fit

----------- Student-t Signal
Poly1 Background

S (20) = 106354.64
B (20) = 159889.14
S/B (20) = 0.67
Significance = 206.12
¥2/NDF =1.38

Merged_Signal_DO_DIS Samples
+Merged_Bkg_DO_DIS_Samples

o

1.7

06/05/25

1.8

1.9

2 21 22 23 24 25
mpy, (GeV/c?)

o [T
-
27

(y_D0>-1.0 && y_D0<1.0) && (pt D0>2.0 && pt D0<5.0)

= hMerged_Sample |Hn sk oissampe 100 | _N_Bkg_DISSample |
£ -~ Bkg_DIS_Sample . Entries 43935
= ntries 4430667 Entries 4349565
[ —%— Bkg_DIS_Sample x 100 Mean 2.002
- —o- Merged_Bkg_DO_DIS_Samples |"*"  *°°|[¥e*" 2% || std Dev 0.2593
- StdDev 02556 | |StdDev 02556 | | X2/ ndf 261.3/198
p0 529 +8.5

TTTTIT

~500M p1 -1515+4.0

| - I | 1111 I 1111 1111 | O \ | M |
2.5
Invmass m_, (GeV/c?)

PYTHIA simulation for 10x100 ep collisions with Q2>
100 GeVZ o ~ 1.3e-6 mb, Expected luminosity of 5 fb?!

N,, =L Xo =5%X10"x1.3x10°=6.5M

event

(i) ~0.67%0.85/0.15=3.80
BDT Cut=0.4

B

106354.64 %0.85

Significancegy; ey - o4 ™ =267.30

V106354.64 % 0.85+159889.14%0.15

Expected Significance gy ey - 0.4 ~267.30%+/(6.5/1000)~21.5

Need to scan to find Best BDT Cut

DO Reconstruction with ML:Shyam Kumar
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Data Sample for ML (Q% = 1 GeV?)

> BDT requires the features for the signal Do meson and background Do meson (fake combinations of pion,kaon)

- Do enriched same created filtering PYTHIA8 ep, NC, 10X100, Q2 >1 GeV2 events (~1747M) such that each event
consist one Do k-n+ known as Signal taken from
24.12.0/epic_craterlake/SIDIS/DO_ABCONV/pythia8.306-1.1/10x100/g2_1):

Total files 1879 and Events = 984746

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

Event statistics

22002 0° hEventStat Event statistics
- © Entries 3464946 x1 o hEventStat
2000 =] Mean 1.503 - Entries 5087599
B : StdDev  0.756 7000~ | < Mean 0.5227
1800 > B s StdDev  0.1542
- S 8000~ | 3 5M DIS Event
1600/~ S ~1747M DIS Events | B vents
14001 5000 ——~ |
o .- B -
12000 & $  ePIC 24.12.0 (Signal) s000k ePIC 24.12.0 (Background)
C o] D —
1000=}—2 & -
800/ 3000[
600 2000
400(— -
- 1000{— 8
200} B E <
ok | \ | oL = > \ |
MC events DO DO -> pi+K Reco DO MC events DO DO > pi+K Reco DO
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p. (GeV/c)

p. (GeV/c)

Phase Space (Q% =1 GeV?)

10F = _—— = [hainvMass_signaLallxy = 0E hainvMass. kg all_xy
9 E Entries 610369 E E Entries 2794581
- Signal Mean x 1.058 > E Background Mean x 1.057 jo
= 0 Mean y 1.283 a 8 = 0 Mean y 1.29
8— (D° sample) StdDevx  1.053 — (D° sample) SdDevx 112
-E StdDevy 0.9026 SE Std Devy 0.9409 )y
E {4000 =
61— 6 20000
5 3000 5—
= = 15000
4 M=
. 2000 E
M= S 10000
2 P
- 1000 C 5000
== 1=
= = ! i \ 111
. 0 1 2 3 4 5 L 0 1 2 3 4 ¢
y
—~ 10
1 C h3InvMass_signal_all_xy § - h3InvMass_bkg_all_xy
== Entries 2291 2 o Entries 2135479 |0
- . Mean x  0.9634 Y F Mean x 0.8768
= Signal —_ Meany  1.226 < ¢~ Background nsnza[n)y 1;?3
= Std Devx 1.083 C td Dev x :
- (DIS sample) ekl - (DIS sample) StdDevy 0.8731)0
7 — —
6 —— 20 6
= —_— —_— c
5— 5
4 4E
= - —110000
3= 10 3 }
2e 2= 5000
1 :— 1 }
O:I\\\‘\II\‘\\\I‘\\ 1 o == 0: I\‘\\l\ O
5 -4 -3 -2 - 0 1 2 3 4 5 5 -4 -3 -2 - 0 1 2 3 5
y y
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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 - Std Dev  0.25622
80— 7000
I 6000
°r Preselection 5000~
| . 4000
s Signal mD0>16&&mD0<25 | Background
- (D° sample) dOxypi>0.02 && dOxypi<10. ***°F (D° sample)
- dOxyk>0.02 && dOxyk<10. ,p00F
20— E
i decay length <100. ool | Notused due to peak
i = (need to debug it)
0= 1.‘6 I 2.‘2 — 2.‘4 ‘ I 0 1.‘6 — 1.‘8 — 2‘ — 2.2 2.4
mass_DO mass_DO0
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 = SidDev 02546
- (DIS sample) 3500 Background
ol S 3 (DIS sample)
B ' B
C | Signal for ML: Signal | o500
150/ i (D° sample) +Signal | E
L 1 2000 —
r i (DIS) i =
100 — H i 1500
- ! Background for ML: i -
sk i Background (DIS) P 1000
C B e L L L L L L Pt ! 500 —
0_\ 1 \1‘5 1 \_L:I7 \1-‘8\ L1 ‘ L1 zﬁrmbé-l.—irh_l. L1 ‘ L1l ‘ S ‘ 1| 07\ 1‘6 1 1 18 2 22 24
mass_D0 mass_DO
06/05/25 DO Reconstruction with ML:Shyam Kumar 23




Number of Signal and Background

Keep the number of signal and background same for ML
Two approaches for parameter optimization: Optuna and Bayesian

Bayesian takes more computing time

06/05/25 DO Reconstruction with ML:Shyam Kumar 24



Confusion matrix

-1.0<y<1.0

Actual Class

1.0 < pr<2.0GeVic

Background

True label

Signal

FN

470

Test Sample (Optuna)

Predicted Class

Confusion Matrix

O TN FP
1 | FN TP
0 1

06/05/25

T
Backgroun

d

Predicted label

Signa

Confusion Matrix

Predicted:

1200

600

400

TPR= True Positive(TP)
Positive " True Positive (TP )+ False Negative( FN )
Negative it
FPR= False Positive( FP)

False Positive( FP )+ True Negative(TN )

Test sample = 0.2*16422 ~ 3285 =

1328+306+464+1187

Test Sample (Bayesian)

Confusion Matrix

Background

True label

Signal 4 464

FN

Background Signal
Predicted label

DO Reconstruction with ML:Shyam Kumar
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BDT Output
-1.0<y<1.0

1.0 < pr<2.0GeVic

100 4

Counts (arb. units)

1071 4

10

0.8

0.6

0.4

True Positive Rate

0.2

0.0

06/05/25

10

BDT output

—
o
e
P
s
-
i
"
v
—— Test -> ROC (AUC = 0.8395)
---- Train -> ROC (AUC = 0.8630)
—-= Luck 1
L I
0.0 0.2 0.4 0.6 0.8 10

False Positive Rate

Counts (arb. units)

=
o
El

10-1

Bayesian

0.0 0.2 0.4 0.6 0.8 1.0
BDT output
10 —
vd
‘/‘
.
o
R
57 P
0.8 — -
'
od
'l
A
'
- k
S o6 >
@ e
> o
&= -~
o e
£ L
§ 0.4 = s
= i b
7
Kd
i /./
0.2 z
./‘
K
.8
P4 —— Test -> ROC (AUC = 0.8421)
o~ ---- Train -> ROC (AUC = 0.8652)
0.0 —-= Luck 1
: ;
0.0 0.2 0.4 0.6 0.8 10

False Positive Rate

DO Reconstruction with ML:Shyam Kumar
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Results

-1.0<y<1.0
“1.0 < pr < 2.0 GeVl/c

Bayesian

costheta i . costheta - -+—.-- e e o sancepE et R
dea 12 . dea 12 “ +———.—-—— .
dca_DO ‘e dca_DO PR T
mult 2 mult . .
2
2
2
dok 8 ok Ty
costheta_xy costheta_xy L
decay_length decay_length e
d0_pi do_pi
Low
-2 0 2 =2 0 i 2
SHAP value (impact on model output) SHAP value (impact on model output)
costheta costheta
dea 12 dea 12
dca_DO dca_DO

costheta xy

decay length

do_pi

costheta xy

decay length

do_pi

06/05/25

04 06
mean(|SHAP value|) (average impact on model output magnitude)

High

Low

Feature value
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-1.0<y<1.0

1.0 < pr<2.0 GeVic !
_; 109
1071 4
10
BDT output
1.0<y<1.0
. Background Tragining.Set
. 2.0 ﬁrpmfé%e GeVic +
& Background pdf Test Set
= i } # Signal pdf Test Set
‘E [ !
E I[ AR
10°
IR

0.0 0.2

06/05/25

A ”” I

0.4 0.6 0.8 10
BDT output

DO Reconstruction with ML:Shyam Kumar

BDT Output
Study with Optuna

1.0 4

0.8 4

True Positive Rate

0.0

1.0 4

0.8 1

True Positive Rate

0.2 4

-1.0<y<1.0

/./' —— Test-> ROC (AUC = 0.8395)
- ---- Train -> ROC (AUC = 0.8630)
—-= luck
: - - -
0.0 02 0.4 0.6 0.8 1.0

False Positive Rate

-1.0<y<10 -
2.0 <pr<5.0GeVic

v
|~ I
EdB -1
—— Test-> ROC (AUC = 0.9098)
--- Train -> ROC (AUC = 0.9418)
—-= luck
T y T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
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1.0<y<3.0

Counts (arb. units)

10-1 4

1077 1

0.0

1.0 < p:<2.0GeVic

$

0.2 0.4 0.6 0.8 10
BDT output

Counts (arb. units)

0.0

06/05/25

0.2 0.4 0.6 0.8

1.0
BDT output

DO Reconstruction with ML:Shyam Kumar

BDT Output
Study with Optuna

1.0 4

0.8 4

True Positive Rate

0.0

1.0 4

Not enough
statistics

True Positive Rate

0.2 4

0.0

-1.0<y<1.0

0.6

0.4 4

1.0 < pr < 2.0 GeVic

—— Test -> ROC (AUC = 0.7916)
--- Train -> ROC (AUC = 0.8240)
—-= Luck

0.0

: -
02 0.4 0.6 o8 1.0
False Positive Rate

0.8 1

0.6

R

0<y<3.0 -
.0 <pr<5.0 GeVic

./.
P
|~ | ] |

—— Test -> ROC (AUC = 0.7936)
--= Train -> ROC (AUC = 0.8651)

—-= luck

T y T T
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
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BDT Efficiencies

BDT Efficiency and Rejection

BDT Efficiency and Rejection

o 2 10
-1.0<y<1.0
1.0 < pr<2.0GeVic
E 0.6 5 0.6
= == Background Efficiency >
g — Background Rejection %
% 0.4 § 0.4
&
!
{i
0.2 0.2
| _ Snomr X €signal e
Slgnl _ ! — signal Efficiency ImEma
00 BDT Cut o 4 —— Background Efficiency o 50
\/S X €o. + B X € — . Background Rejection
P Fis 23 P 5 5 No ML Signal No ML Background 5 - = " o i
BOT Score Threshold ) ) " BDT score Threshold ) ’

BDT Efficiency and Rejection S S € . BDT Efficiency and Rejection
0 ' — X Signal 0
B B €Background
- BDT Cut No ML
/‘/.
< 1.0<y<3.0
rd - L
p 2Vic
3
1.0 <pr<2.0GeVic

<06 <06
g g )
g — Signal Efficiency g = Signal Efficiency
- == Background Efficiency - == Background Efficiency
g — - Background Rejection g —- Background Rejection
H g
5 os 5 o4

0.2 0.2

d
i
¥
7
0.0 "’ 0.0
oo 02 o4 o6 o8 To

0.0 02 04 06 08 10

BDT Score Threshold BDT Score Threshold

> 0 0 0 0 0 0 0 0000000000000
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Merging Signal and Background (DO Sample and DIS Events)

(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>1.0 && pt_D0<2.0)

—~ 10%e h_Signal_DISSample | —~ 10% hMerged_Sample |nskg_oissampie ssi|-{ _h_BKg_DISSample |
=} £ —e— Signal_DIS_Sample Entries 270 > £ —e— Bkg_DIS_Sample Pa— p———— ] = 35771
S - Signal_DIS_Sample x 351 Mean 1868 S [ —x— Bkg_DIS_Sample x 351 : Mean 1.966
§ 109} = Vom0 s S akH § [ oveweisempsse T 7= ey o
G F i i 5 10° e————— . iy
10 :...,1 TZA47M f/@g\ Widh 002354 +0.00264 E wﬁa -
E v SN nDOF 102 C N
E yj 2 I Signal Dissampie 351 | [hMerged_Sample L ~ 1 747 h/l
10° gl 10°
E Std Dev  0.08046 Std Dev  0.06777 E
10% == r
E 10° =
10 E
- . N -
1e I | 10°= .
:I\\X/\\I\\I\\\\\\\I\\I\\I\!I\II\\I\II E!I\\\\II\I\\I\\I\llllll!lllll\llllll\\
1.6 1.7 1.8 1.9 2 21 2.2 2.3 24 2.5 1.6 i 1.8 1.9 2 21 2.2 2.3 2.4 2.5
Invmass my,, (GeV/c?) Invmass m_, (GeV/c?)
od0<y<3.0881.0<p (GeV/c)<2.0
140 —+ 0 Candaes PYTHIA simulation for 10x100 ep collisions with Q2> 1 GeV?2: 990k
I — b1 Sigh NoSi 1
" Events ~ 3500M SudentSgral DO events corresponds to luminosity 3.7 fb*~1747 M Events
120— S (20) = 138355.90
L B (20) = 1593876.34
C Sanifoance - 105.12 Expected Luminosity 10 fb* corresponds to ~ 1747*10/3.7 = 4724.6 M
100 X2NDF = 1.04
oo Merged_Signal_DO_DIS Samples S
2 80 +Merged_Bkg_DO_DIS_Samples (_) ~0.09%0.8/0.4=0.18
TR B Jsprcut=04
60—
B . 138355.90%0.8
a0 Significanceyy; =04~ =168.90
i 4 1138355.90%0.8+1593876.34 %0.2
20—
C Expected Significance gy o - 00 168.90%4/(4724.6/3500)=196.23
7\ Lo ‘ Lodad. L-L'T‘,\ | \‘T\'h-l bl ‘ Lod L) ‘ Lol ‘ I - ‘ Ll L ] ‘ Lol )
9 17778 19 2 21 22 23 24 25
My (GeV/c?) Need to scan to find Best BDT Cut
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Merging Signal and Background (DO Sample and DIS Events)

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0) (y_D0>-1.0 && y_D0<1.0) && (pt D0>1.0 && pt_D0<2.0)
Py 106 h_Signal_DISSample | —_ 106 - hMerged_Sample |Hn 8k oissampe 3511-{ _h_Bkg_DISSample |
=] —e— Signal_DIS_Sample Entries 200 > E —e— Bkg_DIS_Sample p———" | F——— Entries 15594
8 —»— Signal_DIS_Sample x 351 Mean e S - —% Bkg_DIS_Sample x 351 Mean 2.006
3 10° ~&- Merged_Signal_DO0_DIS_Samples St Doy 00090 2 [ —& Merged_Bkg_DO0_DIS_Samples |"“*" S| (N 27| | std Dev 0.2608
e 22/ ndt 18.26/27 = SuDev 02563 | stDev o02s62 | | x2/ ndf 203.5/198
£ Norm 0.911 +0.068 b= 1 05 L T pO 1774 +5.1
w §) ~ Mean 1.864 +0.001 w E o 1 747 I\/I 1 _49+24
1 04 “iﬁ 174 7 M Width  0.008355 +0.000919 = ) £
E *% n0OF 1202 D___—_-—-_—-—__-‘
E - st | [hMerged_sample r i
1 03 L Entries 70200 | | Entries 127780 1 04 =
E Mean 1.867 | | Mean 1.867 ;
: Std Dev  0.04902 Std Dev  0.04165 I
10 i
E 10°
¥ o) [
10:* i m‘%g‘ T C
£ TR 4 g?
= é i | : 2
1 | + ® f ‘ 1 0 = [)
E Il ey E Q ®
L L L L1 110 | 1 N S T S I T A!I\\\\II\I\\I\\I\lll‘lll!llllll\lll\ll\\
6 i .8 1.9 2 21 2.2 2.3 2.4

1
2 2.1 2.2 2.3 2.4 2.5

1 1.7 1.8 1.9 1.6 1 2.5
Invmass my,, (GeV/c?) Invmass m_, (GeV/c?)
-10<y<1.08&&1.0< P, (GeV/c) < 2.0
= —+ 0 Candaes PYTHIA simulation for 10x100 ep collisions with Q2> 1 GeV?: 990k DO events
70000 — . AeA~ANg Student: Sgnal corresponds to luminosity 3.7 fo*~1747 M DIS Events
- Events ~ 3500M ol
60000 i £ L 1 . _
- Signifcance = 160.42 xpected Luminosity 10 fb* corresponds to ~ 1747*10/3.7 = 4724.6 M
C ¥?NDF = 1.01
50000
céooo:— Merged_Signal_DO_DIS Samples S ~0.39%0.8/0.3=1.04
5 +Merged_Bkg_DO_DIS_Samples B bt cut=04

SOOOOi

- . g 92407.61%0.8

- Significance oA =193.64
20000} gnif BT Cut=04 " /92407.61%0.8+239400.65%0.3
10000

Expected Significance gy e - 04 193.64 %/(4724.6/3500)=225

\\\\‘\\\LL-‘Y".\:‘.\\‘“‘+--‘J\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
9 1.7 18 1.9 2 21 22 23 24 25

my, (GeV/c?) Need to scan to find Best BDT Cut
s
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Summary and Future Plan

Machine learning model studies performed for the Do reconstruction in differential pr and y bins
Implemented the Bayesian approach for optimization

Estimation the realistic signal/background and significance is in progress

v VvV VYV V¥

Future Steps:

¢ Scan BDT cut to get the best results

¢ |Implement a similar model for Ac+ reconstruction

¢ Estimate Ac+/Do ratio using machine learning

¢ Further include more variables e.g. chi2 of secondary vertex fit, nsigma kaon, and nsigma pion, etc.
¢ Further optimize the model parameters to get highest ROC score

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

THANK YOU !lI

06/05/25 DO Reconstruction with ML:Shyam Kumar



Entries (a.u.)

Entries (a.u.)

25—

20

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

Only DIS Sample (Q2>100 GeV?)

Corresponds to 5M Events merged Signal+Background

| —e- Signal_DIS_Sample
—%— Bkg_DIS_Sample

~ —©- Merged_Sample

h_Signal_DISSample [—

Entries 63
Mean 1.881

StdDev 007884
h_Bkg_DISSample

Entries 844
Mean 1953
StdDev  0.251

hMerged_Sample

10

—

0.8

0.6

0.4

0.2

e

Entries. 907

Mean 1.948

[N
.
==
—

g7

[Tistapev 02437
o)
x

It

|
il

)

(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>5.0 && pt_D0<10.0)

n ——

I RN
1 2.2 2.3

fi il
i
Invmass m; (AEEGV/G%5

|- —e— Signal_DIS_Sample

h_Signal_DISSample [—

Entries 0

— —%— Bkg_DIS_Sample
[ —©— Merged_Sample = °
» Std Dev 0

h_Bkg_DISSample

Entries 1
Mean 1814
Std Dev 0

hMerged_Sample

06/05/25

| Entries 1

Mean 1814

Std Dev 0

o b v b b B b v by i
6 1.7 24 2.5

Invmass my; (GeV/c?)
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Entries (a.u.)

Entries (a.u.)

45

40

(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>1.0 && pt_D0<2.0)

Signal_DIS_Sample

h_Signal_DISSample [—

35
30
25
20
15

500

400

300

200

100

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>2.0 && pt_D0<5.0)

i— ol Entries 42
 —%— Bkg_DIS_Sample
[ —©- Merged_Sample i e
" Std Dev_0.03077
F| = h_Bkg_DISSample
- *® Enties 1487
L L3
Mean 1.92
q [ StdDev 0.2431
® )‘ J hMerged_Sample
Enties 1529
8 Tl
= . - | StdDev 0.2399
= TR T
3 ! AT
- I lo“ M“ ‘
c ;
* # § e
S T 4. ey B,
6 1.7 1.8 24 2.5

Invmass my; (GeV/c?)

[ —e— Signal_DIS_Sample
[ —=— Bkg_DIS_Sample

h_Signal_DISSample [—

Entries 697

TT

¢
S0
* *ﬁtﬁ&

F  —&— Merged_Sample ¢

0

Mean 1.866

StdDev 003071
h_Bkg_DISSample

Entries 43935

Mean 2,002

StdDev  0.2593

o

= * i - hMerged_Sample

E W o ﬁe% e o

E e R W @*%t:‘*&* SDev 02579

E 5 =

- ; s
(]

Lot | gee

o Lo Lo L

o [TTTTTTTTTITTT

1.7 1.8

2.4 2.5
Invmass my; (GeV/c?)

Entriesoga.u.)
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o
o
o

800

600

400
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a
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2500

2000

1500

1000
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(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0)

\\\l\l\\\

—&— Signal_DIS_Sample
—x— Bkg_DIS_Sample
—&— Merged_Sample

é{
=

*gf
e
e

£ S

k4

{

b

h_Signal_DISSample [—

Entries. 292
Mean 1864

StdDev_ 0.0361
h_Bkg_DISSample

Entries 95302
Mean 1.992

StdDev 02675
hMerged_Sample

(y_D0>1.0 && y_D0<3.0) && (pt_DO0>1.0 && pt_D0<2.0)

‘w_# ool
C ‘W“‘Q o fwen o0
- ‘~ MSldDev 02572 | 9
®
Ciiiolie i I IR IR RN AR B
6 17 18 18 2 2 24 25

Invmass m, (GeV/c?)

[ —e— Signal_DIS_Sample

[ —%— Bkg_DIS_Sample

h_Signal_DISSample [—

Entries 565

- —©— Merged_Sample

Mean 1.868

Std Dev 004867
h_Bkg_DISSample

L 7Y
¥

e PY

Entries 206189

Mean 1.978

Mg s\

%
3

StdDev  0.2523

hMerged_Sample

Entries 206754

W
”m . StdDev 0252
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Only DIS Sample (Q2>100 GeV?)

Corresponds to 5M Events merged Signal+Background

(y_D0>1 .0 && y_D0<30) && (pt_D0>20 && pt_Dh - (yD0>1.0 &8 y_D0<3.0) 8& (pt D050 && pt DO<10.0)

51800 e Signal_DIS_Sample :mﬁ: = ]

& | x Bkg_DIS_Sample Emow ﬁ w

.61600#;— Merged_Sample 8°"ﬁ+“++".+~.+% L B

S a0l MY, R =

411400/ L %?%*M £ kBN %j‘u#w;‘ﬁ###
1200 LR P - “

I P S o v b b b Py
9.6 1.7 1.8 1.9 2 21 2.2 23 2.4 2.5
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BDT Output (Q2>100)
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Optuna vs Bayesian (Q2>100 and -1 <y <1)
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Optuna
1<p,<2GeVic

Optuna vs Bayesian (Q2>100 and 1 <y <3)
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