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Secondary Vertex (D)
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D° meson Reconstruction in ep Collisions

y bins: ('31 '1)1 ('11 1)1 (113)
p, (D meson): (0, 1), (1, 2), (2, 5)
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Slide: 12

Event Statistics
Campaign: 25.04.1

Data Sample: ep collision 10 X 100 with Q%> 1 GeV?
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Sampling Signal and Background
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Machine learning
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Sampling Signal and Background
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Counts (arb. units)
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Machine learning
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b i + 20 —
0 L 0 = L L L L . . l—ﬂ—/’w'fr'wl =
0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
BDT Threshold BDT Threshold
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Entries (a.u.)

Sampling Signal and Background

-1.0<y<1.08&&20< P, (GeV/e) < 5.0

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>2.0 && pt D0<5.0)

—_ hData_DO H h_D0Sample —
3 106 = —e— Signal_D0_Sample e saws || =% 20739
3 E Mean 1.868
7} [~ —e— Expected_DO_DIS Mean 1.866 | | std Dev 0.0277
?:') 1 05 StdDev 0.02028 | | x*/ndf 6424/118
"E E Norm 131.6 £ 0.8
w = Mean 1.865 + 0.000
i = ® Width 0.006766 * 0.000060
10 E L0 0l 1.399 £ 0.020
= ~1747M
10° E ‘?
= ~4721.62M
1022
C T
10 .
TR Q. Dol S
1 | ‘ !
| | [ | | | L1 10 | ‘\ I I L [T
1.6 1.7 1. 1.9 2 2.1 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)
10% sro ossanpe 100 || N_Bkg_DISSample |
[ —e— Bkg_DIS_Sample e — i 1644
= Mean 2.009
5 |~ —%— Bkg_DIS_Sample Resampled Meh) 200411 std Dev 0.2657
10° = SDev 02557 || x2/ ndf 250.1/198
E po 19.09 +1.67
C p1 -5.425 +0.791
104 == e
10° ; ~5 Vi
- ~4721.62M
10% e o S 9.0
1E n | \
T O | 13 |0 L1 1| | S L3 1 { | [ S O | B | | E
1.6 1.7 1.8 1.9 2.1 2.2 24 25

Invmass m, (GeV/c?)

-1<y<1
&
2 < pT(DO) <5 oo

25000

>000

[%2]
[
28000
c
|
15000
10000

5000

g

e D°Candidates

Entries = 1845786.0

Total Fit

----------- Student-t Signal

Poly2 Background

S (26) = 62358.91 + 366.36
B (20) = 61546.97 +67.19
S/B (20) = 1.01 % 0.01
Significance = 177.15

xz/NDF=1.02
:\ Lol ‘ Lol LLA";’I\ \..‘+~.AJ Lol ‘ | - ‘ Lol L.l ‘ Lol | Ll ‘ Lol ol
6 17 18 19 2 21 22 23 24 25
my, (GeV/c?)
Preselection

Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm

07/10/25
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Entries (a.u.)

Sampling Signal and Background

(y_D0>1.0 && y_D0<3.0) && (pt_D0>0.0 && pt D0<1.0)

—_ hData_DO H h_DO0Sample -
> 10° E— —@- Signal_D0_Sample Enies 447097 || e 182420
3 E Mean 1.866
7} — —e— Expected_DO0_DIS Mean 1.865 | | Std Dev 0.03967
?:) 5 L StdDev 0.04059 | | X*/ndf 752.2/177
'E 1 0 E Norm 7432418
w = Mean 1.865 + 0.000
C Width ~ 0.01838 £ 0.00007
104 L N - o 201740013
- / \ ~174
10°E / 1791 9
= 21.62M
102 =
10
1
| I I T | 1 1
1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5
Invmass m,, (GeV/c?)
(y_D0>1.0 && y_D0<3.0) && (pt_D0>0.0 && pt D0<1.0)
10‘5 == s oissampe 100 - N_Bkg_DISSample |
= —e— Bkg_DIS_Sampl = Entries 99944
- Mean 1.937
- % Bkg_DIS_Sample Resampled e 194 . 0.2468
- St9 D o2 | | %2/ ndf
: po 2056 + 9.4
10° p1 —762 +4.3
I ~5M
10°E 9
- ~4721.62M
10°
102 EL 111 1 1 & 1 - I - I I 1 & & § | L I &} ‘

07/10/25

1.9

2.1

2.2

2.4 2.5

Invmass m, (GeV/c?)

1<y<3
&
O<p,(D)<1

900
800
700

600

400
300
200
100
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4 0<y<3.0&&%0.0< P, (GeV/c) < 1.0

e D°Candidates

Entries = 96131656.0

Total Fit

Student-t Signal

Poly2 Background

S (20) = 361005.27 + 3517.51
B (20) = 9929458.73 + 1895.44
S/B (20) = 0.04 +0.00
Significance = 112.54

%%/NDF = 1.10

x10Q

.,
\\\I‘\\\\LA—ﬂ'\\“L-JJ\\‘\\\\‘I\\\‘\\\\l\\\\‘\\\\

6 17 18 19 2 21 22 23 24 25
my (GeV/c?)
Preselection

Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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1<y<3&0<p/(D°)<1GeVic

Machine learning

Counts (arb. units)

0.0

%]
k4
2
s 1
S
=
L

o
®

0.6

0.4

0.2

OO

07/10/25

1.0 =
/'/‘/‘
0.8 — a
ﬁ 0.6 — i
g 04 A
= .
s
/'//
02 =
—— Test -> ROC (AUC = 0.9026)
e --- Train -> ROC (AUC = 0.9069)
0.0 —-= Luck i
0.8 10 0.0 0.2 0.4 . 0.6 Oiﬂ 1.}0
——— lBDT‘ ou::Dut Slgnal Candldates 47403 False Positive Rate
1<y<3,0<p <1 (GeVic)] Background candidates: 47403
— Slgnal __ g T T T T T T T T T T T
i =)
5z Baqurqund HEE § 250: //»—W\\ :
,,,,,, q 200: :
] 1501 i
""" A 100 — Signal Efficiency i
,,,,,, : C — Background Efficiency ]
o = — Signal/Background E
;;;;;; 5 50 — Significance ]
EERsd ol N TR R R A | ]
0.8 1 0.2 0.4 0.6 0.8 1
BDT Threshold BDT Threshold
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Entries (a.u.)

Entries (a.u.)

10°

10*

10°

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

Sampling Signal and Background

1.0<y<3.08&1.0<p (GeV/c)<2.0

1
2.5

hData_DO H h_DO0Sample -
106 = —e— Signal_D0_Sample Enties 257799 Entries 95386
E Mean 1.868
— —e— Expected_DO0_DIS Mean 1.866 | | Std Dev 0.04111
5 B StdDev 0.03931| | X*/ndf 924.3/179
10 E Norm 4262+ 1.4
= Mean 1.865 + 0.000
= A Width 0.01781: 0.00009
1 04 = 0 2.031+0.018
- I\ 2
- / ~4721.62M
= 4
10% =
E ® o
b
10 ;
1 inh Keaiiig
I T | L1l I I T L1l 1 1 I 1 1
1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4
Invmass m,, (GeV/c?)
(y_D0>1.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<2.0)
= s pissampe 100 - N_Bkg_DISSample | —
F —e— Bkg_DIS_Sample i s | | Entries 39373
- Mean 1.963
o —%— Bkg_DIS_Sampl. sampled = 71| std Dev 0.2522
— St ozees | | %2 / ndf 323.4/198
+8.0
pl —239.7+3.

~4721.62M

[ TTTIT

Pt 3§ 4 9 3 ¥

-

|

£ 1 ¢ % 4 9 & ¥

Illlllll\

1.7 1.8

07/10/25

1.9

2.1

2.2

2.4
Invmass m, (GeV/c?)

2.5

1<y<3
&
1<p/(D° <2

350

300

100

50
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x10Q

e D°Candidates

Entries = 37952789.0

Total Fit

Student-t Signal

Poly2 Background

S (25) = 213335.41 + 8860.24
B (20) = 3725295.53 + 974.87

S/B (20) = 0.06 +0.00
Significance = 107.50
%%/NDF = 1.05

o,

Lol 1 ‘ Lol d L L#"\'"\ .\“'+-.A Lol ‘ Lol ‘ Lol L1 ‘ [ | | Lol 1. ‘ (I
6 17 18 19 2 21 22 23 24 25
my (GeV/c?)
Preselection
Real PID

l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm

Decay length < 10 cm
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Counts (arb. units)

1<y<3&1<p/(D°)<2GeVic

10°

Efficiencies

0.0

0.8

10
BDT output

—_

o
®

0.6

0.4

0.2

T T | T T T ‘ 'I ‘
1<y<8,1<p <2 (GeVio) |
— Signal ; i
— Background

OO

BDT Threshold

Machine learning

Signal candidates: 19244
Background candidates: 19244

True Positive Rate

10

0.8

0.6

0.4

0.2
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-
W
o
o
/'/‘/
,/‘/
./‘/
/'/
4
/'/
. —— Test -> ROC (AUC = 0.8613)
e --- Train -> ROC (AUC = 0.8847)
—-= luck b
0.0 0.2 0.4 0.6 Ofﬂ 1.}0
False Positive Rate
200: ’\J\‘V\d\\ :
180F \ ]
160F \ 1
140F \ 1
120F .
100F 1
80 r — Signal Efficiency 7
60F — Background Efficiency -
L — Signal/Background 2
40 S m
C — Significance ]
20F .
0 = L i I l i L i L L L 1
0 0.2 0.4 0.6 0.8 1

BDT Threshold
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Entries (a.u.)

Sampling Signal and Background

1.0<y<3.08&2.0<p_(GeV/c)<5.0

(y_D0>1.0 && y_D0<3.0) && (pt_D0>2.0 && pt D0<5.0)

-~ hData_DOH____h_DOSample |

3 106 = —e— Signal_D0_Sample Eigles. 87802 Entries 32413

3 E Mean 1.869

7} [ —@ Expected_DO_DIS Mean 1.867 | | Std Dev 0.04084

?:') 5 StdDev 0.03697 | | X*/ndf 462.3/155
= 10 E Norm 14434038
L = Mean 1.866 + 0.000
C Width ~ 0.01593 +0.00013
10 = ,_m 1975 +0.031
B ~1747
10°L l/\
10°
10
1
| [ | | 1
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5
Invmass m,, (GeV/c?)
(y_D0>1.0 && y_D0<3.0) && (pt_D0>2.0 && pt D0<5.0)
108 = aro oissame 00 | __BKg_DISSample |
e Bkg_DIS_Sample Entries 4943919 Entries 5164
— Mean 1.975
- —%— Bkg_DIS_Sample Resampled - 1979 || std Dev 0.2571
1 05 sdDev 02498 | | ¥2/ndf 206.9 /198
= po 78.59+2.88
f o p1 -26.25 +1.35
10*
- ~5M
~4721.62M
= ‘ [}
10°E
B [ J o o "

10 o * * * x
g hd
Co11 1 13 |0 L1 1| | S L3 1 { | [ S O | B | | E

1.6

1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5
Invmass m, (GeV/c?)
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1<y<3
&
2<p (D% <5
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3000
o
L

20000

10000
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e D°Candidates
Entries = 5031521.0
Total Fit

----------- Student-t Signal

Poly2 Background

S (20) = 71480.89 + 728.42
B (20) = 418493.37 +311.22
S/B (26) = 0.17 £ 0.00
Significance = 102.12
%%/NDF = 0.93

Lol 1 ‘ I L-‘Y’.I\. | \...r"'--l L.l ‘ Lol ‘ Lol L1 ‘ [ | | Lol 1. ‘ (I
6 17 18 19 2 241 22 23 24 25
my (GeV/c?)

Preselection

Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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D% meson Reconstruction in eAu Collisions

y bins: ('31 '1)1 ('11 1)1 (113)
p, (D meson): (0, 1), (1, 2), (2, 5)

07/10/25 Analysis Update: Shyam Kumar 22



Event Statistics
Campaign: 25.04.1 Data Sample: eAu collision 10 X 100 with Q*> 1 GeV?

Real PID _1 1
N,.ens(0.88fb™1)=0.88 fb ™' x0.3413ub=2300.344 M
Slide: 18
— 1 _
N,ee(1.0fb71)=341.3M
Event statistics Event statistics
4000 X10° e L
C hEventStat = hEventStat
- . = Entries 9881128
3500 Entries 5617326 © 000 o ol 3.233
- Mean 4.045 - - Std Dev 2.94 <
3000 StdDev  2.382 z 000~ 2 3
. 2 -3 5
2500 D° sample o Ol jE== 3
C C <
2000[— 8 N = 300.344 M 000 DIS Sample
C 2 - N ~ 5M
1500 — > 000
(o]
- 8 2 =] -
1000— & 3 = 000
- & o © 0 > - =
500 - m 000 - 3 5 E 5
ot | I | | ! o | | 2; L = 1 b
Cel’enp Dgp 0 S Recq D Rece - Reg, ey o o Ve [ 0 Piasc Recy . Reg,
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Sampling Signal and Background
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(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>0.0 && pt D0<1.0)
— hData_DO h_D0Sample —
S 108 E —e— Signal_D0_Sample pa— T 6274
\(_“/ E Mean 1.865
» [ —e Expected_DO_DIS L 1.865 | | Std Dev 0.02262
g S StdDev 0.02518 | | X%/ ndf 35.17/67
< 10 = Norm 28.17 +0.36
Ll = Mean 1.864 +0.000
= Width 0.01184 +0.00021
1 04 E nDOF 2.498 +0.120
10°E
- ~341.3M
102
10 *
i ¢
1e I ' m
:I 1 1 1 | P11 ) 11 ‘ | 1 1 11 1L I 1) L £ ELE 11§ |
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4
Invmass my, (GeV/c?)
(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>0.0 && pt D0<1.0)
—~ 10%= w0 0ssape 00 ||_N_Bkg_DISSample |
= £ —e— Bkg_DIS_Sample e—— 0646
S - Mean 2.045
) | —%— Bkg_DIS_Sample Resampled Meh) 20461 | std Dev 0.2623
2 5 SDev  0.2506 | | X2/ ndf 195.2/198
< 10° = po 35.79+3.23
w E p1 -1.751+ 1.562
5M
A g S i S U S e
3 -
10°: ~341.3M
102 =
10 =
EL 111 13 |0 L1 | S L3 1 { | [ S O | B | | E
1.6 1.7 1.8 1.9 2.1 2.2 24 25

07/10/25

Invmass my, (GeV/c?)
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3.0<y<-1.0&&%0.0< P, (GeV/c) < 1.0

—e— D’ Candidates

Entries = 465223.0

Total Fit

Student-t Signal

Poly2 Background

S (20) = 6410.97 +180.09
B (20) = 25436.11 +55.14
S/B (26) = 0.25 +0.01
Significance = 35.92
%?/NDF = 1.12

-3<y<-1
&
O<p,(D)<1

4500

4000
3500

3000
0

o
2500
f=
w
2000
1500
1000
500

‘\\\LL4""’\'\\..l.JhJJ\\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\

9. 1.7 1.8 1.9 2 2.1 22 23 24 25
my (GeV/c?)

2]

Topological selection
Real PID
l.6<mass DO0<25
20 um < DCA(Pi) <1cm
20 um < DCA(K) <1 cm
Decay length <200 pm
DCA12< 200 pm
DCAp < 100 pm

No ML due to limited statistics
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Sampling Signal and Background

(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>1.0 && pt D0<2.0)
o hData_DO0 H h_D0Sample f
3 106 E —e— Signal_DO0_Sample = e Entries 3328
S = Mean 1.866
» [ —e Expected_DO_DIS Mean 1864 | | std Dev 0.02356
g 5 StdDev 0.02053 | | X/ ndf 81.89/58
< 10 E Norm 14.64 +0.26
1] = Mean 1.864 +0.000
B Width 0.0109 + 0.0003
10%E nDOF 2.742 +0.207
10° =
- ~341.3M
10%E
10
E ¢
1 ® % f= ®
1 I 13 J‘ /\ I L1 1| L1 J‘ | L1 L1 |1 - L 111 | I
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 24 2.5
Invmass m_, (GeV/c?)
(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>1.0 && pt D0<2.0)
—~ 10%e s s 0 ||_N_Bkg_DISSample |
3 [ % BkoDIS_Sample s e | | ENVS =
\c;; L Bkg_DIS_Sample Resampled poan 2083 | | std Dev 0.2567
-q:’ 1 05 StdDev  0.2574 | | ¥/ ndf 239.9/198
c E PO -0.7558 + 2.8095
w F p1 13.19%1.38
1045—
B e R DD 2T iy
10°E
- ~341.3M
10°
W«&WWWM
L) (] p'
10 £ ' ¢
Co11 1 13 |0 L1 1| | S L3 1 | [ S O | B | | E
1.6 1.7 1.9 2.1 2.2 24 25

07/10/25

Invmass my, (GeV/c?)

-3<y<-1
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1<p/(D° <2

3000

2500

Entriesp
o
o
o

(&)}
o
o

1000

500

No ML due to limited statistics
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3.0<y<-1.0881.0< p_(GeV/c) <2.0

—e— D’ Candidates

Entries = 383179.0

Total Fit

Student-t Signal

Poly2 Background

S (20) = 3386.87 +149.40
B (20) = 18668.53 +49.17
S/B (26) =0.18 +0.01
Significance = 22.81
¥?/NDF =1.14

P

‘\\\LL4"’\"\\-.WNJJ\\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\

1.7 18 19 2 21

my (GeV/c?)

22 23 24

Topological selection
Real PID
1.6 <mass DO0<25
20 um < DCA(Pi) <1 cm
20 um < DCA(K) <1 cm
Decay length <200 pm
DCA:,< 200 pm
DCAp < 100 pm
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Sampling Signal and Background

(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>2.0 && pt D0<5.0)
— hData_DO h_D0Sample
= 106 E —e— Signal_D0_Sample Entries Ea] e 438
iﬂ/ E Mean 1.867
»  —® Expected_DO_DIS L 1.867 | | std Dev 0.0287
g S5 StdDev 0.04123 | | %*/ndf 34.65/ 34
“E 10 = Norm 1.961+0.100
L E Mean 1.864 + 0.001
= Width 0.009982 + 0.000701
1 04 = nDOF 1.975+0.578
10° =
s ~341.3M
102
=
1e . \
El 1l 111 E 11 ) | h J‘ I R | iy 11 L L § |
1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5
Invmass m_, (GeV/c?)
(y_D0>-3.0 && y_D0<-1.0) && (pt_D0>2.0 && pt_D0<5.0)
.y 106 E s pissampie 100 —_N_Bkg_DISSample | —
= = —e— Bkg_DIS_Sample covies ag73s | | ENMries 708
S — Mean 2114
) 5 |~ —%— Bkg_DIS_Sample Resampled Meh) 210111 std Dev 0.2523
2100 swoev 02546 | | x2/ ndf 195.8/192
= E po ~1.446 +0.902
w Z p1 1.98 +0.45
10% =
" ~5M
li RO MMW ¢
v ud S AA.-.D
10°E ~341.3M
10F y T
P et EA LT b oy ety
J C 1
1%1"% \ [ETHATT | \ [ [N
Cle 1 1 11 1 [ ‘ L1l B3 1 af I - 1 & & § I E i 1
1.6 1.7 1.8 1 2.1 2.2 2.3 2.4 2.5
Invmass my, (GeV/c?)

C _e—D° Candidates
B<y<-1l | o i
C e Student-t Signal
& 350~ e
2 Do 5 o 3/(32"2) 1752383” ]|| *
< ( ) < i S|| H"I “
pT 300: | + l I'“IJ |w i(||‘
- B I
$250; + “" i ++
= C 1o ¥
200 o slol 7
5209, ,[_.“.—. A
P s +
150%
100
50—
:\\\\‘\\\LLJ\\\.‘LJJ\\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\
9.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

No ML due to limited statistics
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3.0<y<-1.08&&20< P, (GeV/c) < 5.0

my (GeV/c?)

Topological selection
Real PID
1.6 <mass DO0<25
20 um < DCA(Pi) <1 cm
20 um < DCA(K) <1 cm
Decay length <200 pm
DCA:,< 200 pm
DCAp < 100 pm

26
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Sampling Signal and Background

(y_D0>-1.0 & y_D0<1.0) && (pt_D0>0.0 && pt_D0<1.0)

— hData_DO {____h_DOSample I
S 108 E —e— Signal_D0_Sample e o Fd 43928 - 1 < y < 1
\(3 E Mean 1.868
» [ —e Expected_DO_DIS Mean 1865 | | std Dev 0.03019
= 10° SEs oeeeaa]. | 2t 847.7/127 &
E 0 E Norm 1945 £ 09
L = Mean 1.865 + 0.000 0
= Width 0.008782 + 0.000064 O < p (D ) < 1
1 04 = nDOF 1.595 +0.019 T
- ~300M
10° =
g ~341.3M
102
= o>
e ¢
? f ST
T — vyl ]
: 1 L 111 L1 1| I - L1 11 IR LU I »ﬁ“
1.6 1.7 1.8 1.9 2.1 2.2 2.3 2.4 2.5
Invmass my, (GeV/c?)
(y_D0>-1.0 && y_D0<1.0) && (pt_D0>0.0 && pt D0<1.0)
—~ 108 510 ossamme 100 || _BKkg_DISSample |
3 = —e- Bkg_DIS_Sample Entries 157920
8 E Mean 1.992
» [ % Bkg_DIS_Sample Resampled e i Std Dev 0.2574
2 S0 ozsa7 | | %2/ naf 403.8/198
= r po 2131+12.0
L p1 —655.4+5.7
10°E
] ~5M
10*

I O O A S N A T N N G A Y S [ S

Illlllllllllll

1.8 1.9 2.1

07/10/25

25
Invmass my, (GeV/c?)
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><1Og1.0<y< 1.0880.0<p_(GeVic) <1.0

—e— D’ Candidates

Entries = 10951409.0

Total Fit

Student-t Signal

Poly2 Background

S (20) = 40337.17 *3466.52
B (20) = 512446.75 + 223.34
S/B (20) = 0.08 +0.01
Significance = 54.25

%%/NDF = 1.04

100

80

40

20

FRY
\\\\‘\\\\‘iA"\\l'~LJ\\\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\

6 17 18 1.9 2 21

my (GeV/c?)

22 23 24 25

Preselection
Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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-1<y<1&0<p, (D’ <1GeVic

.
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Sampling Signal and Background

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

- hData_DOT|__ h_Dosample |
3 106 E —e— Signal_DO0_Sample Entles 28184 Entries 24802
S E Mean 1.868
» [~ —® Expected_DO_DIS L 1.865 | | std Dev 003154
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(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0)

—_ 106 = s oissampe 100 - N_Bkg_DISSample |
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-10<y<1.08&& 1.0<pT (GeV/c) < 2.0

\\\\‘\\\LL&-’T’\T"‘LJJ\\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\

_e— D’ Candidates
Entries = 2808507.0
Total Fit

----------- Student-t Signal

Poly2 Background

S (20) =22348.92 + 397.11
B (20) = 128516.47 + 117.96
S/B (20) = 0.17 +0.00
Significance = 57.54

%?/NDF =1.15

.6

1.7 1.8 1.9 2 2.1 22 23 24 25
my (GeV/c?)

Preselection
Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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Machine learning
-1<y<1&1<p.(D°)<2GeVic
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Sampling Signal and Background

-10<y<1.08&20< P, (GeV/c) < 5.0

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

— hData_DO h_D0Sample =
2 108 = - Signal_Do_Sample E—— - e = 1 < y < 1
@ F —eE ted_DO_DIS L 1.867 | | std Dev 0.03795
8 5| il StdDev  0.04658 X:/“d' 204.2:102 &
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w = Mean 865 + 0.000
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2500

2000

500

—e— D’ Candidates
Entries = 123924.0
Total Fit

Student-t Signal
Poly2 Background

S (20) = 4816.61 £110.67
B (20) = 4794.26 +18.29
S/B (26) =1.00 £0.02
Significance = 49.13

X%/NDF =0.91

Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm

\\\\‘\\J LL-TI.'\.\\lllT‘*-J L\‘\\\\‘\\\I‘\\\\‘\\\\‘\\\\
6 17 18 19 2 21 22 23 24
my (GeV/c?)
Preselection
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Sampling Signal and Background

(y_D0>1.0 && y_D0<3.0) && (pt_D0>0.0 && pt D0<1.0)

— hData_DO {___h_DOSample I
2 106 =~ —@- Signal_D0_Sample Enries  108171[ | e #6181 1 < y < 3
S = Mean 1.866
»  —e Expected DO_DIS L 1.865 | | Std Dev 0.04397
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><10;'0 <y<3.0&&00< P, (GeV/c) <1.0

140 — e D°Candidates
Entries = 13246850.0
[ Total Fit
e Student-t Signal
1 20 — Poly2 Background
S (20) = 87188.53 +1407.00
. B (20) = 1528730.08 + 777.46
f ke
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Preselection

Real PID
l6<mass DO0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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1<y<3&0<p/(D°)<1GeVic

Machine learning
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Entries (a.u.)
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Sampling Signal and Background

1.0<y<3.08&&1.0<p (GeV/c) <2.0

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

—e— Expected_DO_DIS

hData DO H h_D0Sample L
= Entries 37175
Enties 42244
Mean 1.867
Mean 1866 | | std Dev 0.04285
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—e— D’ Candidates

Entries = 4889172.0

Total Fit

----------- Student-t Signal

Poly2 Background

S (20) = 34466.74 + 753.86
B (20) = 476758.53 + 336.16
S/B (26) = 0.07 +0.00
Significance = 48.21

%*/NDF = 0.88

.,
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1.7

18 19 2 21 22 23 24
my (GeV/c?)
Preselection

Real PID
1.6 <mass D0<25
20 pm < DCA(Pi) <1cm
20 pm < DCA(K) <1 cm
Decay length < 10 cm
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Machine learning
1<y<3&1<p/(D°)<2GeVic
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Sampling Signal and Background

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

hData_DO h_D

0Sample

1.0<y<3.08&&2.0<p (GeV/c) <5.0

— } —e— D’ Candidates
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) Real PID
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107
E Decay length < 10 cm
10
:I 111 [ S O | B | | E
1.6 1.7 1.8 1.9 2.1 2.2 24 25

Invmass

07/10/25

My, (GeV/c?)

Analysis Update: Shyam Kumar

36



07/10/25

Relative Uncertiaties w/o ML

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

eAu: S=6410.9653 B=25436.1113 S/sqrt(S+B)) =35.9243 Inverse Significance = 0.0278 rel sigma(S)/S =0.0278
ep: S=1686.0507 B=8864.8350 S/Sqr(S+B) =16.4144 Inverse Significance = 0.0609 rel sigma(S)/S=0.0609
(relative uncertainty after adding in quadrature = 0.0670 = 6.6980%)

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

eAu: S=3386.8691 B=18668.5332 S/sqrt(S+B)) =22.8056 Inverse Significance = 0.0438 rel sigma(S)/S =0.0438
ep: S=2582.6934 B=6801.4741 S/Sqr(S+B) =26.6609 Inverse Significance = 0.0375 rel sigma(S)/S=0.0375
(relative uncertainty after adding in quadrature = 0.0577 = 5.7703%)

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

eAu: S=391.8584 B=1728.8330 S/sqrt(S+B)) =8.5092 Inverse Significance = 0.1175 rel sigma(S)/S =0.1175
ep: S=1295.6207 B=2588.1956 S/Sqr(S+B) =20.7897 Inverse Significance = 0.0481 rel sigma(S)/S=0.0481
(relative uncertainty after adding in quadrature = 0.1270 = 12.6982%)

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

eAu: S=40337.1719 B=512446.7500 S/sqrt(S+B)) =54.2535 Inverse Significance = 0.0184 rel sigma(S)/S =0.0184
ep: S=154222.0625 B=2714555.2500 S/Sqr(S+B) =91.0538 Inverse Significance = 0.0110 rel sigma(S)/S=0.0110
(relative uncertainty after adding in quadrature = 0.0215 = 2.1456%)

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

eAu: S=22348.9199 B=128516.4688 S/sqrt(S+B)) =57.5389 Inverse Significance = 0.0174 rel sigma(S)/S =0.0174
ep: S=137413.0312 B=740698.8125 S/Sqr(S+B) =146.6402 Inverse Significance = 0.0068 rel sigma(S)/S=0.0068
(relative uncertainty after adding in quadrature = 0.0187 = 1.8670%)

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

eAu: S=4816.6113 B=4794.2568 S/sqrt(S+B)) =49.1315 Inverse Significance = 0.0204 rel sigma(S)/S =0.0204
ep: S=62358.9062 B=61546.9688 S/Sqr(S+B) =177.1546 Inverse Significance = 0.0056 rel sigma(S)/S=0.0056
(relative uncertainty after adding in quadrature = 0.0211 = 2.1122%)

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

eAu: S=87188.5234 B=1528730.1250 S/sqrt(S+B)) =68.5882 Inverse Significance = 0.0146 rel sigma(S)/S =0.0146
ep: S=361005.2812 B=9929459.0000 S/Sqr(S+B) =112.5372 Inverse Significance = 0.0089 rel sigma(S)/S=0.0089
(relative uncertainty after adding in quadrature = 0.0171 = 1.7074%)

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

eAu: S=34466.7383 B=476758.5312 S/sqrt(S+B)) =48.2052 Inverse Significance = 0.0207 rel sigma(S)/S =0.0207
ep: S=213335.4219 B=3725295.5000 S/Sqr(S+B) =107.4955 Inverse Significance = 0.0093 rel sigma(S)/S=0.0093
(relative uncertainty after adding in quadrature = 0.0227 = 2.2735%)

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

eAu: S=8452.6797 B=26664.5605 S/sqrt(S+B)) =45.1060 Inverse Significance = 0.0222 rel sigma(S)/S =0.0222
ep: S=71480.8828 B=418493.3750 S/Sqgr(S+B) =102.1182 Inverse Significance = 0.0098 rel sigma(S)/S=0.0098
(relative uncertainty after adding in quadrature = 0.0242 = 2.4236%)
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Relative Uncertiaties w ML

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

eAu (ML): S/sqrt(S+B) =90.4785 Inverse Significance = 0.0111 rel sqrt(S+B)/S =0.0111
ep (ML): S/sqrt(S+B) =192.0742 Inverse Significance = 0.0052 rel sqrt(S+B)/S=0.0052
(relative uncertainty after adding in quadrature = 0.0122 = 1.2217%)

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

eAu (ML): S/sqrt(S+B) =71.3640 Inverse Significance = 0.0140 rel sqrt(S+B)/S =0.0140
ep (ML): S/sqrt(S+B) =235.2795 Inverse Significance = 0.0043 rel sqrt(S+B)/S=0.0043
(relative uncertainty after adding in quadrature = 0.0146 = 1.4643%)

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

eAu (ML): S/sqrt(S+B) =103.0463 Inverse Significance = 0.0097 rel sqrt(S+B)/S =0.0097
ep (ML): S/sqrt(S+B) =266.8802 Inverse Significance = 0.0037 rel sqrt(S+B)/S=0.0037
(relative uncertainty after adding in quadrature = 0.0104 = 1.0403%)

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

eAu (ML): S/sqrt(S+B) =60.8581 Inverse Significance = 0.0164 rel sqrt(S+B)/S =0.0164
ep (ML): S/sqrt(S+B) =204.7588 Inverse Significance = 0.0049 rel sqrt(S+B)/S=0.0049
(relative uncertainty after adding in quadrature = 0.0171 = 1.7142%)
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Statistical Projections (R_, )

Data Sample: ep, eAu collision 10 X 100 with Q%> 1 GeV?

2 2
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Invariant mass w/o and with ML
ep (10x100), Q%> 1 GeV?
Cut-outlier removal
Real PID
1.6 <mass DO0<2.5
DCA(Pi) <10 cm

DCA(K) < 10 cm Split Scheme: Train/Test (50%) and 50% for application
Decay length < 10 cm

y bins: (-1, 1), (1,3)
p; (D meson)>0

y: (-3, -1) limited with statistics

Training/Test = 50%

mass_DO mass_DO0
x10° B htemp - : htemp
- Entries 335073 r Entries 175099
L L Mean 1.978
100~ I:tzagev 001322; 3000 StdDev  0.2557
sol_ 20% 2500 —
i 2000 —
g0l D° Sample n
i Signal (Train/Test) 15001 _ DIS Sample
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Invariant mass w/o and with ML
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Invariant mass w/o and with ML

)
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Summary

> Presented the results to be included in preTDR
> Need to include the text in preTDR

> Further need to produce with October Campaign

Thank you for your attention!
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Machine learning (Checks)

-1<y<1&2<p.(D°<5GeVic , Signal: Signal (D° Sample) + Signal (DIS Sample)
ep 10x100, Q*>1 Bkg: Bkg (DO Sample) +Bkg (DIS Sample)
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Machine learning (Checks)

0 - . .
1<y<3&2<p(D° <5GeVic Signal: Signal (D° Sample) + Signal (DIS Sample)
2>
ep 10x100, Q=>1 Bkg: Bkg (DO Sample) +Bkg (DIS Sample)
1.0 ~
% 0.8 = .
4 7
& 7
42 ﬁ 0.6 s i
é g ./',‘/
'3':,' o . /_/_
£ 4
101 /.///
02 i
/,/ g —— Test -> ROC (AUC = 0.8728)
e ---- Train -> ROC (AUC = 0.8950)
0.0 —-= Luck i
0.0 0.2 0.4 0.6 0.8 L0 0.0 0.2 0.4 0.6 Ofﬂ 1.}0
BDT output False Positive Rate
% T ‘ T T I T T ' | T T T ‘ T T T ‘ ‘I
g 1_ 1<y<8,2<p <5 (GeV/c)__‘
% B - — Signal = 2 160F —T—T =
= =] - et 4
& L — Background - 9 L .
o P Casroung e g ° / \ ]
140
08— - F \ 1
i i 120F \ .
0.6— - 100 \ .
E i 80 -
0.4— — C \ i
I & 60 — Signal Efficiency ,
B i L — Background Efficiency \ ]
0.2— — 40 — Signal/Background i
L ! L — Significance ]
& g 201 :
NE E5 BSks e i IR
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BDT Threshold BDT Threshold

07/10/25 Analysis Update: Shyam Kumar 47



Machine learning (Checks)

0 . . .
-1<y<1&2<p.(D°<5GeVic Signal: Signal (D° Sample) + Signal (DIS Sample)
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Machine learning (Checks)

0 - . .
1<y<3&2<p(D° <5GeVic Signal: Signal (D° Sample) + Signal (DIS Sample)
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Covariance Matrix

For each fitted track we get track parameters and

Track Parameters (1 sl 8.aql, time) covariance matrix
I[, I ¢ 6 ql/p time

I, 0%(ly) cov(lp,ly) cov(ly,d) cov(ly,8) cov(ly,q/p) cov(lp,t) ]

l : o?(l)  cov(ly,d) cov(ly,8) cov(ly,q/p) cov(ly,t)

¢ ; : a?(p) cov(¢,0) cov(ep,q/p) cov(g,t)

0 : : a(9) cov(f,q/p) cov(6,t)

/
it - . - - o(q/p)  cov(q/p,t)
time 0
- ; : : ot (i) |
Symmetric matrix: Independent entries = n(n+1)/2 = 6*7/2 = 21
Tkl e Cov[0] = cov(I0, 10) _ I ——

S S Cov[1] = cov(l0, I1) S 1 i il 0, =(Cov[0]) 1=V(Cov[2])
ey = Oviel = oot T Cov[13] = cov(®, g/p)
P mstains Cov[3] = cov(10, @) Cov[14] - cov(q;p alp) _ m R
SovTT] - .060284260. ng{g} H gg:g:;- {‘g)) Cov[15] = cov(I0, time) o e o,=v(Cov[9])
i s e % ’ Cov[16] = cov(I1, i e
cov{ll}l} = 0.008153044 cov[6] B COV(:?, g] Cg:{l?} = gg;ggp‘ {ilnn:{g D'q.l(p:'\." (COV[ 14]}
Sl e coult] = cov(@. ) Sl e i)
-:ov[:l.-‘l} 0.00811838 COV[Q] - COV(G, B} COV[IQ] : COV(ql'p, tlme)
i i cov[10] = cov(i0, a/p) e b = SR e

cov[17] = 3.B9844e-88
cov[18] = -8.820410-08
cov[19] = 2.242e-09

cow[28] = O.B8833I3566
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