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Analysis setup

PYTHIA 8.306 ep@18x275, NC, Q2. = 100
With beam effects
DY-enriched sample: each event contains at least one D or anti-D°

Select events with D? or anti-D? that decays into © + K
— Branching ratio: (3.9474+0.030)%

Event statistics

EIC geometry: epic-24.09.0
EICrecon: default realistic seeding
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DY decay vertex w.r.t. primary vertex

D° decay vertex to primary vertex
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DY reconstruction in Iterative VertexFinder

* [If a vertex 1s reconstructed solely out of D° decay
daughters, the D decay vertex is considered
reconstructed
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DY decay reconstruction

D° decay vertex to primary vertex
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Reconstructed D° decay vertex to primary vertex
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DY decay reconstruction

Mmc p° Reconstructed D° decay vertex
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* Inclusive reconstruction efficiency ~ 1%




DY reconstruction efficiency

D° reconstruction efficiency using IterativeVertexFinder (lyl < 1)
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DY reconstruction based on topology



Distance of Closest Approach (DCA)

*  Project each track to reconstructed primary vertex and find its DCA point.
— Based on the code provided by Barak using ACTS functionality
—  https://github.com/eic/snippets/tree/main/Tracking/ImpactPointEstimator
—  Need to include covariant matrix

*  Check DCA,, and DCA, distributions

*  Should implement them into EICrecon

edméeic: :ReconstructedParticle:
Description: "EIC Reconstructed Particle"
Author: "W. Armstrong, S. Joosten, F. Gaede"

Members:
- edméhep: :Vector3f momentum // [GeV] particle momentum. Four momentum state is not kept consistent internally.
- edméhep::Vector3f referencePoint // [mm] reference, i.e. where the particle has been measured

edméeic::Track:
Description: "Track information at the vertex"
Author: "S. Joosten, J. Osborn"

Members:
- int32_t type // Flag that defines the type of track
- edmé&hep::Vector3f position // Track 3-position at the vertex

- edméhep::Vector3f momentum // Track 3-momentum at the vertex [GeV]



https://github.com/eic/snippets/tree/main/Tracking/ImpactPointEstimator

DCA,, for
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n DCA_z to RC vertex
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DCA, for pion: primary vs. secon
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DCA,, for Kaon: primary vs. secondary
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DCA, for Kaon: primary vs. secondary
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M, (GeV/c?)

Invariant mass distribution

Invariant mass of unlike-sign =K pairs

-830<y<-1.0
1.0<pT<2.0

165 1.7 175 18 185 1.9 195
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

500

400

Y Ny A ML LA LA L

-1.0<y<1.0
1.0<pT<2.0

165 1.7 1.75 1.8 185 1.9 1.95 2
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

300
250
200
150
100

50|

9%

1.0<y<3.0
1.0<pT<2.0

. N e
165 1.7 1.75 1.8 1.85 1.9
M_, (GeV/c?)

.. .|
1.95

e EventswithD" > K+

Invariant mass of unlike-sign 7K pairs

250
F -3.0<y<-1.0
200F 2.0 < p,<5.0
150
100
s0f

Q6765 17 75 18 185 19 195
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

:232 1.0<y<1.0
20<p.<5.0
1200 Pr

98 165 17 175 1.8 185 19 195
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

500 1.0<y<3.0

400F 2.0 < p, < 5.0

96765 17 175 18 185 18 195 2
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

?.6 165 17 175 18 185 19 195 2

-3.0<y<-1.0
5.0<p_r< 10.0

M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

E-1.0<y<1.0

1400
1200F-5.0 < p, < 10.0
1000f-
800F-
600F
400F-
200
06 T65 17 175 18 1.85 1.9 195
M, (GeV/c?)
Invariant mass of unlike-sign 7K pairs
350
1.0<y<3.0
300)
50< P, < 10.0
250)

6 165 17 1.75 1.8 18 19 1.95
M, (GeV/c?)
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Invariant mass of unlike-sign =K pairs

-83.0<y<-1.0 S:B=0.54:1

00<p <10 S:

—All

—DCA_xy >40 gm
S

L et
N R W I T W B TR N TR
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

1200F -1.0<y <1.0 S:B=0.18:1
1000 0.0 <p < 1.0 S:B=0.13:1

|

oI T

|
ol
o
|
4l
~|
o

18 1.85 1.9 1.95
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

1600 1.0<y<3.0 S:B =0.09:1
1400F 0.0 < P, < 1.0 S:B =0.09:1

N N N s L
165 1.7 1.75 1.8 1.85 19 1.95
M, (GeV/c?)

* All events with D°. S/B ratio within 20 of mass peak.

Invariant mass distribution

Invariant mass of unlike-sign =K pairs

100F-30<y<-1.0 S:B=1.1411
1.0<p <20 S:B =1.28:1

80|

60|

40|

20

L ead
R I A e T R R X R
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

-1.0<y<1.0 S:B=0.33:1
1.0<pT<2.0 S:B =0.36:1

|
ol
a
N

°l§

175 1.8 185 1.9 1.95
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

1.0<y<3.0 S:B=0.13:1
1.0<p <20 S:B=0.14:1

9 N N N e "
6 1656 1.7 175 1.8 185 1.9 1.95
M_, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

-3.0<y<-1.0 S:B =5.53:1
240<pT<5.0 S;B =7.03:1

150
100

50|

Q86577 175 18 185 19 195 2
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

2200
2000F- -10<y<1.0 S:B=1.43:1
1800| 2.0<pT<5.0 S:B =1.65:1
1600
1400
1200
1000
800
600

TS U TP S B IS S S
K - b A T N T N T
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

1.0<y<3.0 S:B =0.44:1
800 2.0<pT<5.0 S;B =0.44:1

600
400

200

Invariant mass of unlike-sign 7K pairs

Invariant mass of unlike-sign 7K pairs

S:B =21.48:1
S:B=21.511

175 18 185 19 195 2
M, (GeV/c?)

Invariant mass of unlike-sign 7K pairs

S:B=9.92:1
S:B=13.57:1

1.75 1.8 1.85 19 195 2
M, (GeV/c?)

q N N s L
6 1656 1.7 175 1.8 18 1.9 195
M, (GeV/c?)

* Background should be a factor of 9 higher with DIS events

S:B=2.91:1
SB=3.15:1

175 1.8 185 19 195 2
M, (GeV/c?)
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Next

* DCA between daughter tracks to enable more
topological selections

* Other approaches

— Secondary vertexing
— KFParticle

16



Backup
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0
— D decayed m, DCA xy
-3.0<n<-20
<p.< 0.5

0.05 0.10.150.2°0:25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D°d d 7, DCA xy

| 20<n<-1.0
02<p <05

%0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

i 1Ag P, o
%0005 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D°d d 7, DCA xy

1.0<n<20
2| 0.2<pT<0,5

%0 0.05 0.10.15 0.2 0.25 0.3 UDGCS 0.4 0.45 0.5

A_xy (mm)
_ D’decayed 7, DCA xy
a0
25| 2.0<n<3.0
2| 02<p <05

%0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

0 0:0570.1°0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

DCA_xy (mm)
p°d d 7, DCA xy
o
o 2.0<n<-1.0
05<p <10
wf

°0.05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

-1.0<n<1.0
0.5<pT<1.0

.05 0:10.1570:2°0:55 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D d d 7, DCA xy

1.0<n<20
0,5<pT<1,0

070:0570.10.150.210.25 0.3 0.35 0.4 0.45 0.5
DCA xy (mm)

0

D 1, DCA xy

20<n<3.0
O.5<pT<1.O

% 0.05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

for DO decayed pion

D°d d 7, DCA xy

E 20<n<-1.0
1.0<pT<2.O

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

__D’decaved 7, DCA xy

-1.0<n<1.0
1.O<pT<2.O

0.050.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D°d d 7, DCA xy

1.0<n<20
1.0<pT<2.0

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

—D’decayed 7, DCA xy

2.0<n<3.0
1.0< P; <20

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

070.05 0. .35 0.4°0.45°0.5
DCA_xy (mm)
p°d d 7, DCA xy
10
50| 20<n<-1.0
20<p <30

070.05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

-1.0<n<1.0
2.O<pT<3.O

°0.050.10:15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D’d d 7, DCA xy

1.0<n<20
120) 20<p <30

5

&

)

2

% 0.050.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

DCA_xy (mm)
0
D n, DCA xy

2.0<n<3.0
20<p <30

% 0.050.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

0
u—D decayed , DCA xy

-3.0<n<-20
3.0< P < 5.0

—DCA to RC vtx
—DCA to MC vix

i .35 0.40.45 0.5
DCA_xy (mm)
p°d d 7, DCA xy
o 20<n<-1.0
ool 30<p, <50

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

070:0570.7 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)

D°d d 7, DCA xy

1.0<n<20
3.O<pT<5.0

%0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0

5
DCA_xy (mm)

25 0.3 0.35 0.4 0.45 0.5
DCA_xy (mm)
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DCA, for DY decayed pion

5

5

D° g DCA 0 0 0 D° g DCA
18| 35 ) N3 4
el -3.0<n<-20 | -30<n<-20 K -3.0<n<-20 F -30<n<-20 ' -3.0<n<-20
:: O2<pT<05 2] 05<pT<10 2] 1.O<pT<2.0 °F 20<pT<30 1 3.O<pT<5.O
sE 0
" =) 7 * o —DCA o RC vix
6 I 3F —DCA to MC vix
1ol o E 04
X s ; E o
b .20.3 0.4 0.5 .5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 .5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 .5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 .5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.
DCA z (mm) DCA _z (mm) DCA _z (mm) DCA _z (mm) DCA _z (mm)
(" d (N d (" d 04 d (" d
D n DCA 2 D n DCA 2 D n DCA 2 D n DCA z D n DCA 2
22
30] 180 140)
20<n<-1.0 o 20<n<-1.0 o 20<n<-1.0 i 3 20<n<-1.0 m 20<n<-1.0
|
02<p_<05 50| 05<p_<1.0 160} 1.0<p.<20 1a0f- 20<p.<3.0 100} 30<p. <50
2| T T 140] T 120f T T
50| 120] 100f- 80)
| | 100 wf «l
w o o “f «
s o b o 20f
ey A |
$570.4-0.3-02-01 0 0. 0.2 0.3 0.4 0.5 -5570.470.3-0.2-01 0 0.1 0.2 0.3 0.4 0.5 -550.470.370.2-0.1 0 0.1 0.2 0.3 0.4 0.5 5570:470.30.2-0.1 0 0.1 0.2 0.3 0.4 0.5 5570.470.3702-0.1 0 0.1 0.2 0.3 0.4 0.
DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm)
0 0 0 0 0
— D decayed 7, DCA z D decayedn,DCA 2z D decayed n, DCA z wpg—R decayed 1, DCA z mp—— decayed 7, DCA 2z
© 250 a0 ano
sl -1.0<n<1.0 -1.0<n<1.0 o -1.0<n<1.0 so0f -1.0<n<1.0 700 -1.0<n<1.0
0.2<p_<05 200 05<p.<1.0 1.0<p.<20 b 20<p. <30 o00) 3.0<p. <50
© T - T a00) T T <00l T
30| 300) s 3 400
20| 1 200] 200 300
10 0 100 100f- b
$.5-0.470.370.2-0.17 0 0.1 0.2 0.3 0.4 05 -5570.4-0.3-02-01 0 0.1 0.2 0.3 0.4 0.5 $57030.3702-01 0 0.1 0.2 0.3 0.4 05 -5570:47030.2-0.1 0 0.1 0.2 0.3 0.4 0.5 5.570470.370.2-01 0 0.1 0.2 0.3 0.4 0.
DCA z (mm) DCA z (mm) DCA z (mm) DCA z (mm) DCA z (mm)
D’ d dz,DCA z p’d dz,DCA z D’ d dz,DCA z p’d dz,DCA z - D’ d dz,DCA z
sl 250 3
1.0<n<20 1.0<n<20 anof 1.0<n<20 0 1.0<n<20 0 1.0<n<20
o 0.2<p_<05 200 05<p_<1.0 1.0<p_<2.0 250F 20<p_<3.0 200 3.0<p.<50
T T 00k T 2o T 250 T
ol 150 200
20| 100] 200 =F 150]
e 3 100]
10} 0] o0g sof 50|
$570.4703-02-0.1 0 0.1 0.2 0.3 0.4 05 -$570.4703702-01 0 0.1 0.2 0.3 0.4 0.5 -$570.470370.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -55-0.4°0.302-0.1 0 0.1 0.2 0.3 0.4 0.5 -$570.470.370.2-01 0 0.1 0.2 0.3 0.4 0.
DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm)
_ D'decayed . DCAz _ D'decayed ,DCA z _ D'decayed z,DCAz _ D'decayed ,DCA z — D'decayed 7 DCAz
90| 350 o 250
bt 300] 500] 200~
70l 2.0<n<3.0 20<n<3.0 2.0<n<3.0 oot 20<n<3.0 200F 2.0<n<3.0
50| 02<p_<05 250) 05<p_<1.0 a0 1.0<p.<20 160F- 20<p.<3.0 30<p. <50
% T 200 T T P 3 y wsofe u
a0 120f-
0| 150) 100f- 100
o 100) 200} s0f~
b
» o o ok sof
.50.4-0.30.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -55%.470.370.270.1 0 0.1 0.2 0.3 0.4 0.5 .50.4-0.30.20.1 0 0.1 0.2 0.3 0.4 0.5 5570473702701 0 0.1 0.2 0.3 0.4 0.5 5504703702707 0 0.1 0.2 0.3 0.4 0.
DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm) DCA_z (mm)
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for DY decayed Kaon

0 5 0.3 0.35 0.4 0.45 0.5 .35 0.4°0.45 0.5 .35 0.40.45 0.
DCA_xy (mm) DCA_xy (mm) DCA_xy (mm) DCA_xy (mm)
p°d d K, DCA_xy p°d d K, DCA_xy ; p°d d K, DCA_xy p’d d K, DCA_xy p°d d K, DCA_xy
16| ] . 20
“ 20<n<-1.0 *) 20<n<-1.0 100 20<n<-1.0 m: 20<n<-1.0 o0 20<n<-1.0
2 02<p <05 a0 05<p <10 o) 1.0<p <20 20<p <30 : 30<p, <50
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0 0 0 0 0
300 D decayed K.DCA xy
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400} 300} 600|
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s 20| | " 50
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5 50
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DCA, for DY decayed Kaon
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DCA_z (mm)

___D’decayed K.DCA z

-1.0<n<1.0

3 H 20<p,<3.0

pusas2iiazll

0

——D decayed K,DCA z
03
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20<n<3.0 500} 2.0<n<3.0 250f- 2.0<n<3.0 200} 20<n<3.0
05<p <10 ol 1.0<p <20 o 20<p <30 - 30<p, <50
100] 50f= sof=
.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 .5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.

DCA_z (mm)

21



(GeV/c)

MC
pT

MC = from D° decay

hMcPiPtEta_copy
Entries 38075

Meanx  0.9137
Mean y 1.917
Std Devx 1.494
Std Devy 1.699

C (GeV/c)

s -

p.

10

DY decayed pion

RC = from D° decay

hMcPiPtEtaReco_copy

Entries
Mean x
Meany
Std Dev x
Std Dev y

34345
0.7798

2.032
1.347
1.719

220

200

180
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(GeVic)

MC K from D° decay

hMcKPtEta_copy
Entries 38075

Meanx  0.9711
Mean y 2.113
Std Devx 1.547
StdDevy 1.817

C (GeV/c)

s -

p.

10

DY decayed Kaon

RC K from D° decay

hMcKPtEtaReco_copy
Entries 34183
Meanx  0.7968
Meany 2.24
Std Devx 1.375
StdDevy 1.843

180
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