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Primary Vertex Reconstruction
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Primary Vertex (PV) Reconstruction:

> CentralTrackVertices (default)

> AdaptiveMultiVertexFinder (in development: Bishoy)

Pull distributions of Primary Vertex
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Pull distributions of Primary Vertex

’:‘- N g : i hPullVtxY_1
= [ (10X100) Q2>1 GeV 2[25.04.1] Entries 2
5000* ____________ | Mean 1
g C —-- DO Sample Std Dev  1.424e-06
£ - hPullVIXY_1
i LUSOOO_— ___________ —— DIS Sample Entries 12390
ReconstructedChargedParticles> 1 3 Mean 1
{ Std Dev  7.963e-06
-
3000 ' ' APUIVXY 000
! —({0X100) Q2>1 GeV 2 [25.04 1] Entries 42701 -
- | Mean 0.02234 3000
oo E— — - DO Sample StdDev  2.407 o
- hPullVixY = 2000}
- —— DIS Sample l Enties 73733 Reco track = 1 5
[ Mean 0.1725 r
5000 - I Std Dev 151 L
40007 910\ L l_8l 1 I_6\ Il \_4\ I \_2I 1 \0 1| \2\ L l4| 1 \6\ L \8\ Il I10
- | Pull (PVy)[Recotrack=1]
3000} l
L Y- s— : g g hPUlVixY_2
2000 - @450; (10X100) Q2>1 GeV 2[25.04.1] Entrie: : 42699
- Reco track > 1 34007 - po sampie If\h . S B0
1000 » l E 350; ............. —— DIS Sample Jm ﬁ‘%} Em:eF;UIIVtXYG_i@
{ E IW Mean 0.003003
0 11 L1 (| L_J_a—--—"?'d\:;: [ o betinand, Lo L L1 Ll | 300 Ift : Std Dev 1608
-10 -8 -6 -4 -2 0 2 4 6 8 10 = /
Pull (PVy) 2501 | i
s / 4t vertex affected
- i iy} by presence of D°
1501 : M %1'“
100 -
50
9: e

=
o
|
o)
|
)
|
EN
|
n
o
n

4 6 8 10
Pull (PVy)[Recotrack>1]

09/09/25 Analysis Update: Shyam Kumar 4



Pull distributions of Primary Vertex
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Resolution of Primary Vertex

ReconstructedChargedParticles >1 Resolution(V,;,,,)=V,,,,(Rec)—V,;,,(Mc)mm
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Secondary Vertex Reconstruction
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Secondary Vertex Reconstruction (/)

Secondary Vertex .\ . SV studies
(Analytical approach) AC =4) Kn
ca,+pca,+pca - .
1 pca, +pca, +pca; K My Slides

Triangle in space

3. Distance2 Minimization

Total parameters (6) = (v, Vy, V2, S1, S2, S3)

2+(r:3—V)2

Minimize d°=(r.,—V)’+(r;,—V)
4. Chi2 Minimization

2. CircumcCircle Center /
/ Note: Covariances are taken from DCA to primary vertex

- 11 1 a'r
T it
A\\ MathBits.com P \ /é\
circumcenter
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Secondary Vertex (/\c)
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Secondary Vertex (/\c)

Chi2 minimization Campaign: 25.07.0 Method used for A Reconstruction

Fit method: Residual of SVx Fit method: Residual of SVy Fit method: Residual of SVz
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D% meson Reconstruction
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Event Statistics

Campaign: 25.04.1
Data Sample: ep collision 10 X 100 with Q%> 1 GeV?

-1
N gyenss(10 fb ™)~ 1747X10/3.7=4721.62M Real PID
3 Event statistics Event statistics

5000 %10 x10°

- hEventStat 7000 hEventStat
4500 :antnes 78330;‘;2 Q B E Entries 7444601

- ean ‘ + 6000 — oo

E - 24
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MC even’s 0 0., p/,.k RSCO Do eco s{qnaio eco s{q,,alo 8o skg " MC events DO DO -> pi+K Reco DO Reco Signal DO Reco Signal DObar  Reco Bkg DO
0 0 'ar
Topological selection for further studies Dimensions are in mm

"(mass_DO > 1.6 && mass_DO0 < 2.5) && (dOxy_pi>0.02 && dOxy_pi<10.) && (dOxy_k>0.02 && dOxy_k<10.) && decay_length <100."
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Entries (a.u.)

Entries (a.u.)
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Sampling Signal and Background

(y_D0>1.0 && y_D0<3.0) && (pt_D0>1.0 && pt_D0<2.0)
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><1og O<y<30&&1.0< P, (GeV/c) < 2.0

—e— D°Candidates
Entries = 37944165.0

350— Total Fit
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Entries (a.u.)

Sampling Signal and Background

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

— hData_DO H h_D0Sample —
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50000— Student-t Signal
- Poly2 Background
L S (20) = 71492.99 + 728.64
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B S/B (26) = 0.17 +0.00
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Sampling Signal and Background

1.0<y<3.08&&50< P, (GeV/c) < 10.0

(y_D0>1.0 && y_D0<3.0) && (pt_D0>5.0 && pt D0<10.0)
— hData_DO H h_D0Sample S
3 106 E —e— Signal_DO0_Sample Eriiies = Entries 861
o E Mean 1.871
» [ —e Expected_DO_DIS Mean 1867 | | Std Dev 0.04397
g 1 05 StdDev 0.04023 | | %/ ndf 34.34/ 48
=} E Norm 388440144
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- Width  0.01186 *0.00068
10% = nDOF 1558 +0.275
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—e— D° Candidates

\\I\[I\ILLA""JMII}NJ\I]\I\\l\\l\ll\l\‘l\\l‘l!\l

..... Student-t Signal

Entries = 76045.0
Total Fit

Poly2 Background

S (20) = 2005.23 + 77.66
B (20) =3977.01 +21.33
S/B (26) = 0.50 + 0.02
Significance = 25.93
«*?/NDF = 0.87
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22 23 24 25
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Entries (a.u.)

Sampling Signal and Background

(y_DO0>-1.0 && y_DO<1.0) && (pt_D0>1.0 && pt_D0<2.0)
— hData_DO h_D0Sample -
3 10('3 E —e— Signal_DO0_Sample Eies.  TiAT| nes 64011
S E Mean 1.868 .
»  —e- Expected_DO_DIS Mean 1865 | | Std Dev 0.02818 *
g 5 L StdDev 0.02788 | | X°/ndf 1085/ 138
= 10° Norm 286.7 + 1.1 -
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1 04 5 nDOF 1574 +0.015 s
= ~1747M .
3 L 1078
Ve ~4721.62M : w
= . L BDT output
102 / N\
T O
10w’ . :
A T * ja
L I Tl ' }
doe by b P P Py g IR R 2
1.6 1.7 1.8 1.9 2.1 2.2 2.4 2.5
Invmass m, (GeV/c?)
s> ROC (A = 08539
" ain > RO (huc = 6607
(y_D0>-1.0 && y_D0<1.0) && (pt_D0>1.0 && pt_D0<2.0) fese Fosve fare
10° = soossape o N_Bkg DISSample | — w0
E —e— Bkg_DIS_Sample S Taomienr| | CNTIES 19448 T
L Mean 2.008
[ -%— Bkg_DIS_Sample Resampled Mesn 291 | std Dev 0.2599
- oo osses| | x2/ndf 207.3/198 -
105w pO 2164 +5.6
? ~5M
10% T oeteounaiteency| ¥
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[ . n 7/ N
L i R
/ 3
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= 02 i Moo
F !
C J el
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N I Y
102 - gal e | 1 | [ e\
o0 o 0.‘BDT Score Threshold e e e
] Y 11 ¥ | 11 1 1 ‘ Ly 3 ‘ - | S 1 | | L g & ‘ ] | ‘ ) I |
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5

Invmass my, (GeV/c?)

140
120
100
80
60
40
20

10 <y <1.0881.0<p_ (GeV/c) <20
200— __e— D°Candidates
C $n}gle§i’= 18793783.0
180 - - S?udem-t Signal
i Poly2 Background
- S (20) = 137509.19 + 935.39
160— B (20) = 739233.06 * 250.72
C S/B (26) = 0.19 +0.00
- Significance = 146.86
140 X2/NDF = 1.06
1208
» -
0 C
£100—
W
80—
60—
401~
20—
:I\\\ll\\Illnﬁl:‘l:l.'ljj\||||||||||l||||\‘||1\‘ll\\
9.6 1.7 18 1.9 2 21 22 23 24 25
my (GeV/c?)

= — Signal Efficiengy —
E — Background Efficiency =
= — Signal/Backgréund =
E — Significance i =
F A P =

0 0.2 0.4 0.6 0.8 1
BDT Threshold

Checks: Truth PID, multi vertex events, mult dependence (done), Mother of D°

meson (ongoing)
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HF Hadrons in DO Sample

EventNo =0

Particle PDG: 421.0
Particle PDG: -413.0
Particle PDG: -421.0

Particle Name = DO
Particle Name = D*-
Particle Name = DO_bar

Event No =7

Particle PDG: 413.0
Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = D*+
Particle Name = DO
Particle Name = DO_bar

EventNo =1

Event No = 8

Event No = 14

Particle Name = D-
Particle Name = DO

Particle PDG: -411.0
Particle PDG: 421.0

Event No = 15

Generated HF Hadrons list--------------

Particle PDG: 423.0
Particle PDG: -4122.0
Particle PDG: 421.0

Particle Name = D*0
Particle Name = Lambda_c-
Particle Name = DO

Event No = 2

Particle PDG: -423.0
Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = D*0_bar
Particle Name = DO
Particle Name = DO_bar

Particle PDG: 423.0
Particle PDG: -413.0
Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = D*0
Particle Name = D*-
Particle Name = DO
Particle Name = DO_bar

Event No =9

Particle PDG: 421.0
Particle PDG: -411.0

Particle Name = DO
Particle Name = D-

Event No = 3

Particle PDG: 4122.0 Particle Name = Lambda_c+
Particle PDG: -423.0 Particle Name = D*0_bar
Particle PDG: -421.0 Particle Name = DO_bar

Event No = 16

Particle PDG: 423.0
Particle PDG: -423.0
Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = D*0
Particle Name = D*0_bar
Particle Name = DO
Particle Name = DO_bar

Event No = 10

Particle PDG: -421.0
Particle PDG: 421.0

Particle Name = DO_bar
Particle Name = DO

Event No = 17

Particle PDG: 431.0
Particle PDG: -421.0

Particle Name = D_s+
Particle Name = DO_bar

EventNo =4

Event No = 11

Particle PDG: 431.0
Particle PDG: -413.0
Particle PDG: -421.0

Particle Name = D_s+
Particle Name = D*-
Particle Name = DO_bar

Particle PDG: 421.0
Particle PDG: -413.0
Particle PDG: -411.0

Particle Name = DO
Particle Name = D*-
Particle Name = D-

Event No =12

EventNo =5

Particle PDG: 4122.0
Particle PDG: -423.0
Particle PDG: -421.0

Particle Name = Lambda_c+
Particle Name = D*0_bar
Particle Name = DO_bar

Event No = 6

Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = DO
Particle Name = DO_bar

Event No = 13

Generated HF Hadrons list--------------

Particle PDG: 423.0
Particle PDG: -421.0
Particle PDG: 421.0

Particle Name = D*0
Particle Name = DO_bar
Particle Name = DO

Particle PDG: 423.0 Particle Name = D*0
Particle PDG: 421.0 Particle Name = DO
Particle PDG: -413.0 Particle Name = D*-
Particle PDG: -421.0 Particle Name = DO_bar

pythia8.306-1.1_D0_10x100_hiDiv_g2_1 run01.0000.eicrecon.edmd4eic.root

09/09/25

Analysis Update: Shyam Kumar

Particle PDG: 433.0
Particle PDG: -423.0
Particle PDG: 431.0
Particle PDG: -421.0

Particle Name = D*_s+
Particle Name = D*0_bar
Particle Name = D_s+
Particle Name = DO_bar

Event No =18

Particle PDG: -421.0
Particle PDG: 413.0
Particle PDG: 421.0

Particle Name = DO_bar
Particle Name = D*+
Particle Name = DO

Event No =19

Particle PDG: 423.0
Particle PDG: -413.0
Particle PDG: 421.0
Particle PDG: -421.0

Particle Name = D*0
Particle Name = D*-
Particle Name = DO
Particle Name = DO_bar

Event No = 20

Particle Name = D+
Particle Name = DO_bar

Particle PDG: 411.0
Particle PDG: -421.0

17



Entries (a.u.)

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

Sampling Signal and Background

—_ hData_DO h_D0Sample
= 106 E —e— Signal_DO0_Sample Entries Eniries
o E Mean
» [~ —® Expected_DO_DIS Mean Std Dev
g 5 StdDev 0.02041 | | %*/ndf 637.4/117
€ 10° £ Norm 1316 £ 08
L = Mean 1.865 + 0.000
- ® Width  0.006758 + 0.000060
10* i nDOF 1.393 £0.020 [
~1747M
10°

102

\IHHTI] T TTII T T 1T

~472

1.62M

-10<y<1.0&&20< P, (GeV/c) < 5.0

il

|

e

| S

(I NIETE ma.i|

i ¢ 4.8

True Positive Rate

1.6 1.7

1.8

2.1 2.2

2.

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

3 2.4
Invmass m, (GeV/c?)

<5.
h_Bkg_DISSample

—e— D° Candidates

Entries = 1845775.0

Total Fit

e Student-t Signal

Poly2 Background

S (20) = 62272.18 +365.91
B (20) = 61315.65 + 67.02
S/B (20) = 1.02 +0.01
Significance = 177.14

04 06
False Positive Rate

BDT Efficiency and Rejection

Efficiency / Rejection

— Signal Efficiency
~~ Background Efficiency
— - Background Rejection

%%NDF = 1.04
:ll\\|J\ILL&";:\\l..‘{'-JJLJ‘II\\l\\I\‘I\\Il\ll\‘ll\l
.6 1.9 2 21 22 23 24

my, (GeV/c?)

b

LA RN LA HIlIH TTT HIlIH IBRARLER LA

— Signal Efficiency

i -
6

108 = Bkg_DIsSample_100
[ —e— Bkg_DIS_Sample e — i 1644
= 2.009
5 |~ —%— Bkg_DIS_Sample Resampled Mean 200411 std Dev 0.2657
10° = SDev 02558 || %2/ ndf 252.3/198
= 18.98 +1.67
C -5.376 + 0.791
10% - N SRR
10% = ~5 vi
E -
- ~4721.62M
10 ® e
1E | \
T O | 13 |0 L1 1| | S { | [ S O | B | L E i
1.6 1.7 1.8 1.9 2.2 2.4

09/09/25

Invmass m, (GeV/c?)

Analysis Update: Shyam Kumar

o o6
BOT Score Threshold

— Background Efficiency. f

— Signal/Background a

— Significance 1
Em— s, O

0 0.4 0.6 0.8 1
BDT Threshold
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Sampling Signal and Background

1.0< y<1.08&5.0 < p_(GeV/c) < 10.0

(y_D0>-1.0 && y_D0<1.0) && (pt_D0>5.0 && pt D0<10.0)

- hData_DO H h_D0Sample H
3 106 E —e— Signal_DO0_Sample B = Entries 898
S E Mean 1.87
» —e— Expected_DO_DIS Mean 1.866 | | std Dev 003424
g 5 StdDev 00288 | | %*/ndf 63.85/44
£ 10 Norm 385 +0.14
L Mean 1.865 + 0.000
Width  0.006463 + 0.000330
1 04 nDOF 1511+ 0.244
~1747M
10°

~4721.62M

10°

—_
o

I

L1

1

-
b)jzi:ﬁfﬁﬁ_\\\l\l\\ T TTII T TTII T T T TT0 10T

—_

1

1 2.2

1 1
2.3 2.4

L
2.5

Invmass m, (GeV/c?)

(y_D0>-1.0 8& y_ DO<1.0) && (pt D0>5.0 8& pt DO<10.0)

—~ 108 aig oissamie 100 |-{__D_BKg_DISSample |
S £ -~ BkoDIS Sample Envies 28721 | e o
Tn/ [~ % Bkg_DIS_Sample Resampled Mean  2.049| | g pev 0.2605
OCJ 105 E Std Dev  0.2598 || x*/ndf 6.721e-29/28
E = po 1+14
w C p1 —5.716e—15 + 7.004e —01
10°E
- ~5M
10°
- ~4721.62M
1 g2 e e
10
1111 e 11 G H %w s L4
EIIITTII[m\\T\ - P i § JJIIlIIIIIIWITT Tlll
1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 25

09/09/25

Invmass m_, (GeV/c?)

1000

800[—

600—

Entries

400[—

200

—e— D° Candidates

¢

Entries = 31148.0
Total Fit

..... Student-t Signal

Poly2 Background

S (20) = 1910.46 + 5556
B (20) = 844.25 +7.37
S/B (26) = 2.26 + 0.07
Significance = 36.40
*?%/NDF = 0.75

Analysis Update: Shyam Kumar

1.7 1.8 1.9 2 2.1
my (GeV/c?)

\\I\[I\lLLJ".J’lllll.'Jr-.AJ\|]\I\\'\\I\'l\l\‘l\\l‘ll\l
95

22 23 24

2.5
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/\c baryon Reconstruction

Particle @ Mass CT (Um)
(GeV/c?)

1.869 312
1.864 123
2.219 491

5.280 456
2.286 60

09/09/25 Analysis Update: Shyam Kumar 20



Event Statistics
Campaign: 25.07.0 Data Sample: ep collision 10 X 100 with Q%> 1 GeV?

-1 3 4 -1 5
N, (10fb7)=10X10°pb~ X 4.527x 10" pb
— ]_ _
N vens(10fb™")=4.527 B Truth PID
o Event statistics
Event statistics 8000 %10°
2000 X1 0’ "EveniStat a hEventStat
1800 Entries 4042088 7000 & Entries 5318210
s C Mean 3.901 - 9 Mean 0.8484
- StdDev  2.239 © 6000/~ Std Dev 1.395
1400 — ~25B E - 5 ~oM
- A | > 5000 —.
1200 c Sampie & - DIS sample
[ o0 - —
ool 9 B N - 4000 —
"z 2 3 z
800~ ® ~ 3000 —
600 T N 2000 —
C 8 92 C
400— 8 % - @
- B - 1000|— p &
200 N - & 10 3
0 - \ | \ | 2 ol i g" | ?2 \ © \ ‘-g \ Cg .
+ « Ac‘ 40“; . . &
Co, Fo e o Siong, Ay éﬂ% S"Q”a/@ = Stongy e Bk 4, erong Pek Slong, ey . " St 4 P,

09/09/25 Analysis Update: Shyam Kumar



Mass distribution

Background distributions

Momentum distribution

mass_Lcp pt_Lcp
L w oy Entries T C . Entries T
i R L Mean 2.32 -, Mean 1.174
0.012|— { f+ H | +-¢ * StdDev  0.2692 0.12— StdDev  0.692
i h B
- i{ 1 ﬁ Wm H Hﬁ# ﬁ ﬁﬂ Enuies 433121 . Bkg from DIS e
- i + * w ﬁ H D o T Bkg from LcSample Mean 09723
0.01— % + {-* +j Std Dev_ 0.2593 B SidDev 05915
B I ﬂ + *ﬁﬁ%ﬁ+ ﬂ 0.08—
- + i Bkg from DIS + -
0.008| mﬂw Bkg from LcSample +t N oos—
0.006|— B JF o 0.04%
g o.ozi— -
0.004 1 1 | 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 ‘ L 1 ‘ L1 | L1 1 | Ll ‘ | I 0 : 1 1 | - I:i-T-::l——-L - ‘ - — ‘ | — ‘ | — ‘ | — ‘ L1 ‘ L1 | L1
1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 . (A2).8 0 2 4 6 8 10 12 14 16 0 (/18) 20

Merged the two background for ML

> 0 0 0 0 0 0 0 0000000000000
09/09/25 Analysis Update: Shyam Kumar 22



Entries (a.u.)

Sampling Signal and Background

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

hData_Lc H h_LcSample L

—e— Signal_A,_Sample

—o— Expected_A. DIS
StdDev 00358 | | X*/ndf 1298/ 71

Entries 87388 |
Mean 2.289
2287 | std Dev 0.0352

15831

Norm 8627 £2.9

Entries (a.u.)

10*

Mean 2.287 +0.000
Width 0.01441+0.00007
nDOF 1.949 +£0.016

10°

"aED
~4L9D

~A . B27

102

10

o 4.921D
g
\*\&* G L4

2

=

et
it {

!
‘\ ﬁ |{ i

l\l\ll

—_
[o0]
i
©

Invmass m,, (GeV/c?)

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

108

H h_Bkg_DISSample |-

—e— Bkg_DIS_Sample
—»— Bkg_DIS_Sample Resampled

Entries 22066
Mean 2312
Std Dev 0.2729
%2/ ndf 136/97
po -1748 £ 97.1
pl 1701 +86.0

107

p2 -362.2 +18.8

108

10°

10*

~5M
~4.527B

10°

T T TTTT T TTTTRE T T 1T \IIHITF‘ \IIHITI" T TTTT

e S el e aaaa

M WM

10?

A

J\\lll\\llll\

J\\!I\\\IIIJ\

1.8 1.9

09/09/25

2.5

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

Analysis Update: Shyam Kumar

§0<y<30881.0<p, (GeV/c) <20

—e— A} Candidates
Entries = 20034785.0

—— Total Fit

v Student-t Signal

—— Poly2 Background
S (20) = 12925.72 + 1358.7
B (20) = 1614289.27 £ 555
S/B (20) = 0.01+ 0.00
Significance = 10.13
%2/NDF =1.20

o

QpTTTTT

True Positive Rate.

L
25 2.6 2.7 2.8

Efficiency / Rejection

——

el b Lo Lo v Lo Lo Lo Ly

19 2 21 22 23 24 25 26 27 28

mass (A}) (GeV/c?)

do,

For future use: S(d0,)=———

o(do,)

01 02 03

2 L e e e e e e
] L
@ 107’_//_F —
c L \ j
87 -
67 I
4? — Signal Efficiency =
L — Background Efficiency
r — Signal/Background \‘
2 — Significance L\\“—H T
L o |
- \ e
olul ! ! B ([
5 06 07 08 09

0.4 0.

BDT Threshold
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Entries (a.u.)

Sampling Signal and Background

(y_Lcp>1.0 && y_Lcp<3.0) && (pt_Lcp>2.0 && pt Lcp<5.0)

— 105 = hData_Lc H h_LcSample —
= E —e— Signal_A. Sample Enties 7308 | s 40330,
S C Mean 2.29
» . —e Expected_A. DIS Mean 2288 | | std Dev 0.03306
= 4 & sDey 0.0a55| | %2/ ndt 702.1/65
“E 10 = Norm 397.2+20
L E Mean 2.287 + 0.000

= Width 0.01289 +0.00010

7 nDOF 1.917 £0.025

R 258
2 -

102 A ~4.527B
- o
C \‘\’4?

"¢ o, "
;L el TRe 4t
LT il ¢, v,

i | AMERAEAE
Lol Ll ‘ oo 1 -, 1111 1111 | 111l 1 ih | (I
1.8 1.9 2 2.1 2.2 2.3 2.4 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)
10° 2 h ek DIssampie -] N_Bkg_DISSample |
E e Bkg_DIS_Sample Entries 2856869 Entries 149
r Mean 2.341
108 E— —%— Bkg_DIS_Sample Resampled Mesn 234 1~ Std Dev 0.2728

= Sdbev 02702 | | X2/ ndf 125.6/97

1= p0 —2435 +347
10" g p1 225.4 +31.0

E p2 -45.56 +6.83
10%E
10° E
10*
10° ~5M
- ~4.5278B
. YV e
oo esn e S oo .
10
I s £ 11 ¢ 11§ i [ o [ I i O | B 4 | I | | | e |

1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8
Invmass m, (GeV/c?)

09/09/25

Entries

100

80

60

40

20

g

Analysis Update: Shyam Kumar

1 0<y<3.08&8&20< P, (GeV/c) < 5.0

x10
B ——

A Candidates
Entries = 2864175.0
Total Fit

Student-t Signal
Poly2 Background

S (20) = 6475.28 + 458.27
B (20) = 172842.88 + 169.02

S/B (20) = 0.04 £ 0.00
Significance = 15.29
X?/NDF =0.93

cea o e b bnersdba Lo b Lo L

8 19 2 2.1
mass (A7) (GeV/c?)

22 23 24 25 26 27 28
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Sampling Signal and Background

(y_Lcp>1.0 &8 y_Lcp<3.0) && (pt_Lcp>5.0 88 pt_Lep<10.0) 1.0<y<3.08&5.0< p (GeVic) <10.0

. hData_Lc [ h_LcSample | 8001 e Gand
A i ,.. _ - — —e— A Candidates
2 [~ —e- Signal_a,_Sample Eies o | e I C Entries = 21014.0
— " § - —— Total Fit
» 10° = —® Expected_A, DIS Mean 2.288 || Sid Dev 0.03608 00 000 e S(t)ugenlt—t Signal
= = StdDev 002382 [ 12/ ne 4384715 C —— Poly2 Background
: el : Ta e
°® ean 287 £ 0. - G) = 764.70 * 8.
Width  0.009413 +0.000548 600— S/B (20) = 0.21+0.04
l nDOF 2.421£0.413 C Szlgnmcance =5.20
2 ; C /NDF = 0.68
10 [ 258 500 *
[\ s Y B, (7} F
3 £ F
[ % e |_|¢:_'4OOj
o R L ~4.527 :
’ .4 % 300;
! Pae i btanlt ot o
/ 200F DAR) ve .
1 / k\ -
100—
/ \ = A
18'“‘19I‘I‘2I‘I‘21I‘I/22I‘I‘23l‘l24"é5“léé‘ié7“iés :\I\\|\I\l‘\I\I‘l\\I‘I\Vl.'l.hl\l\[l\l\|\\I\|\|\\|\|\|
: : : : ) : ) Invmaés - ('GeV/C2). ?.8 1.9 2 21 22 23 24 25 26 27 28
Al mass (A7) (GeV/c?)
(y_Lcp>1.0 && y_Lcp<3.0) && (pt_Lcp>5.0 && pt_Lcp<10.0)
—~10° h_8kg_DIssample || N_Bkg_DISSample |
= —e— Bkg_DIS_Sample Envies 20866 | | =
< 8 Mean 2.208
o 10 —%— Bkg_DIS_Sample Resampled Mean 2299 || sig Dev 02506
q:') StdDev  0.2888 %2/ ndf 4.797e-18/20
= e pO 1£175
Lﬁ 1 0 p1 -3.349e-08 + 1.530e+01
p2 7.227e-09 + 3.309e+00

—_
(=]
o

—_
o
”

2
@mw‘pl\ﬂ[m T T TTO T T TTm HHm
i‘
3
3
;
E
i
!
™
f‘g
t

10*

o

~4.92(b

102

i
o

o L#LL oo
TII\T\WT\\I“TT 111

1
24 2.5 2.6 2.7 2.8

Invmass m, (GeV/c?)
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Entries (a.u.)

Sampling Signal and Background

51.0<y<1.0& & 1.0< GeV/c) < 2.0
(y_Lcp>-1.0 && y_Lcp<1.0) && (pt_Lcp>1.0 && pt_Lcp<2.0) x10° y P; ( )
—~10°E hData_Lc = h_LcSample = 140 __ —e— A} Candidates
3 E e Signal_A, Sample o woo7 | | Enties 22399 L Entries = 4014017.0
£ C Mear i R —— Total Fit
%) L —e- Expected_A. DIS Mean 2287 | | std Dev 0.01735 120 s Student-t Signal
2 dDev 001585 | | 2 /ndf 420/ 36 L —— Poly2 Background
= 104 () St 5 S (20) = 3478.40 £ 517.11
= = Norm 2184 £ 15 — C) = o s 7
UCJ = Mean 2.287 +0.000 - B (20) = 141622.86 £ 107.08
— Width  0.006886 + 0.000059 100— g'/gn('fz'g;:cg.ozgi:l g-OO
- ° % - ignifi =9.
1 03 nDOF 2.464 +0.048 | XZ/NDF 1 13
E 2 5B 8 80 —
L. [ ] = -
° = L
2 |- .e n-Im"7 = BDT output w -
10 WO ~4.527B " 60-
C [ .
B o\ % C ———
10 ?¢ * * 40—
C * & _ ° L
DR RN z
1 i | o -
:|\]K Ll |‘J/\|‘|\ Ll Ll Ll Ll L L gnl ?\\\Il\\ll[\\ll‘\\II‘\\LV~L\||\‘\II\‘\I[\‘II\\‘II\\
18 19 2 21 22 23 24 25 26 27 28 4 13 2 21 22 23 =4 235 &b &F 28
+ 2
Invmass m, . (GeV/c?) Sy mass (A;) (GeV/c?)
(y_Lcp>-1.0 && y_Lcp<1.0) && (pt_Lcp>1.0 && pt_Lcp<2.0) Wl 17 om0
1 09 h_Bkg_DISSample h_Bkg_DISSample |- oo 0z 04 o6 ) To
—e— Bkg_DIS_Sample Entries 4009960 Entiies 4420 e
Mean 2.356
1 08 —»— Bkg_DIS_Sample ‘Resampled Mesn 236 1+ Std Dev 0.2674 e re
T 22/ ndf 111.6/97 BDT Efficiency and Rejection
- po _4427+ 408 10 i @ R L R I R I L I R
10 pi 397.3+36.6 e 2 1o/l h
p2 ~79.64 £8.10 i € - .
10° ‘ i ]
E 8- -
10°E i ]
= 9 e 6l |
10* E /,-‘\‘ = ecmanaia i §
= y / N, L 2
r [ =S /1 ) [ | _|
10°E - M P d 5 47 — Signal Efficiency’ B
E / \ S
- -~ 7 7 N - — Backgrouhd Efficiency 4
~ ZI‘-52 [ B 02 /_,/ A} M — Signal/Bagckground 7
Mﬁd WWMN A 2 — Significarice ]
| s I S N PoL1 PR I I § S Ll
N T Y Y oo o2 os 0 0.1 02 03 04 05 06 07 08 0.9

18 19 2 21 22 23 24 25 26 27 28 Eean ™ ' el
Invmass m, (GeV/c?)
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Entries (a.u.)

Sampling Signal and Background

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

—_ - hData_Lc H h_LcSample L
= [~ —e— Signal_A, Sample Enres 2070 | o ez
S = Mean 2289
%) 4|  —@ Expected_A. DIS Mean 2287 | | std Dev 0.01856
= 10 E StdDev 002123 | | %/ ndf 4457130
"E = Norm 109.7 + 1.1
L r Mean 2.287 £ 0.000
r Width  0.005991 0.000085
10%E nDOF 20214 0.051 |
- , ~25B
10% = ~
= [ ]
E AW ~4.5278B
L . * (3
10E :
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(y_Lcp>-1.0 && y_Lcp<1.0) && (pt_Lcp>2.0 && pt_Lcp<5.0)
109 h_Bkg_DISSample [ thknglSSample —
—e— Bkg_DIS_Sample Entries 499884 I\Elr:::s s g:
8 !
10 —%— Bkg_DIS_Sample Resampled Mean 2334171 Std Dev 0.2592
SdDev 02604 | | ¥2/ndf 93.55/95
107 p0 -61.71414.39
p1 56.67 + 12.73
p2 -11.91+2.77
10°
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10*
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. ~5M
10 y
~4.527B
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-10<y<1.0&&2.0< P, (GeV/c) < 5.0

I\I‘iHl\l\l\l\l\\l‘l\l‘l\l‘\Hl\l\l\l

—e— A Candidates
Entries = 501963.0

—— Total Fit

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

—— Poly2 Background
S (20) = 1887.86 + 149.65
B (20) = 18063.54 + 43.60
S/B (26) = 0.10 + 0.01
Significance = 13.37
%2/NDF = 1.03

et oo o ot e b b b o

8

1.9 2 21 22 23 24 25 26 27 28
mass (A7) (GeV/c?)
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Entries (a.u.)

Sampling Signal and Background

(y_Lcp>-1.0 88 y_Lcp<1.0) && (pt_Lcps5.0 &8 pt_Lep<10.0) 1.0<y<1.0845.0 < p, (GeV/c) <10.0

—_ hData_Lc H h_LcSample - = A :
5 ) _ - — —e— A Candidates
=, 5| -~ Signal_A, Sample Ewies 78| | E° 4% 220 Entries = 7330.0
8 10° = | Mean 229 - C —— Total Fit
4 =~ Expected A DIS R 0.0208 e Student-t Signal
g StdDev 0.05494 || %*/ndf 3252/8 300— —— Poly2 Background
"E Norm 4.317 £0.334 : S (26) =69.92 + 16.70
w ° Mean 2.288 +0.000 - B (20) = 162.64 +3.10
Width ~ 0.003998 + 0.000633 250 C S/B (20) = 0.43 £0.10
102 | nDOF 1202 C Significance = 4.58
2 e = x2/NDF = 1.08
# ~LID B C
[ le ©200—
\ £
10 /éﬁ ~4.5278B T
/ I ‘\ﬁ 150—
/ \! C
/ A\ C
/ \ 100—
| a /ol I\
S0 X ; f ’
— — e . — — — . — _\I\\|\I\l‘\I\I‘IW\I‘I\L':.;I:‘*PI\I\[I\I\l\\l\l\l\\l\l\l
18 19 2 21 22 23 24 25 26 27 28 08 19 2 1 22 23 24 25 26 27 28
Invmass m,. (GeV/c?) mass (A%) (GeV/c?)
(y_Lcp>-1.0 && y_Lcp<1.0) && (pt_Lcp>5.0 && pt_Lcp<10.0)
109 h_Bkg_DISSample [ hﬁBkgﬁDISSampIe —
E —o— Bkg_DIS_Sample Enries 7257 | | T ¢
8 Mean 2315
10° == —»— Bkg_DIS_Sample Resampled Mean 2303 | s pev 02629
= StdDev 0.2895 | | %*/ndf 4.2466-18/5
7 po 14284
10 E pt -5.314e-08 + 2.580e+01
5 F p2 1.193e-08 + 5.792e+00
10
10*'E
10°E
3 ~5M
10° 7 =5
~4.527B
10° O, I 000004009008, o0
10
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Statistical Projections

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

\/SNo mt Bromr
S

Rel. Uncertainity y, ;=
No ML

— \/SNO ML X GSignal + BNo ML X EBackground

Rel. Uncertainity 5y oy =
S Nomr, X Esignal

-1<y<landl<p,<2GeVic

epsil_DO0_Sig = 0.670802; // BDT Cut 0.600021 0.670802

epsil_DO_Bkg = 0.129204; // BDT Cut = 0.600021 0.129204
epsil_Lcp_Sig = 0.686461; // BDT Cut = 0.500087 0.686461
epsil_Lcp_Bkg =0.365076; // BDT Cut = 0.500087 0.365076

l1<y<3and1l<p ,<2GeVic

epsil_DO_Sig = 0.562838; // BDT Cut = 0.600076 0.562838
epsil_DO_Bkg = 0.166655; / BDT Cut = 0.600076 0.166655
epsil_Lcp_Sig = 0.903848: // 0.400069 0.903848
epsil_Lcp_Bkg = 0.760462; // 0.400069 0.760462

09/09/25

Cia‘; ‘VE_\ T T T T T T T T I I1I I T T I I--I l [ T T _EI'
< 1er ePIC:L, =10fb ™" T :
£1.15, .
S - ]
o 11+ -
:C) : T ]
o1.051 -
= : _
3 15 =
o - ]
0.95- 1 -
09 — 1.0<y<1.0(NoML) .
C —1.0<y < 3.0 (No ML) ]
0.851 —-1.0<y<1.0(ML) .
= —1.0<y<3.0 (ML) =
0.8~ T .
J—\1II\\2IIII3I\\\4II\\5IIII II\\7III\8\III9II\\1O—L
P, (GeV/c)
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Summary

First study of the pull distributions for the primary vertex

X2 minimization provides a further improvement in the resolution of the secondary vertex
Preliminary results obtained for the projected statistical uncertainties of the Ac/D° ratio
Further to use real PID for Ac and extract the projected uncertainties

Particle identification will significantly enhance the /Ac reconstruction once available

Additional studies and optimizations are foreseen in the future

Thank you for your attention!
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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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