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Topological Variables
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DA fig
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Topological Variables: il
Primary 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 poo) F o0y pi
..... ﬁ dixy K
> DCA.; distance between the daughter tracks oftD®* |~ % Z“m—:’gxf
> DCApoimpact parameter of reconstructed D° meson | 7 %sfa[—m””
> Mmpo invariant mass of kaon and pion pairs - ::fm
Realistic PID for D° meson and Truth PID for A& .. g decay_ength
> 0 Cc y_leng
pt_DO reconstructed pt of the D° meson Differential in prandy | - 5 costhet
> eta_DO reconstructed n of the D°meson | " R costretaxy
..... % sigma_vtx
..... ﬁ mult

> Multiplicity (mult o
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Data Sample for ML (Q? > 1 GeV?)

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

D° enriched same created filtering PYTHIA8 ep, NC, 10X100, Q% >1 GeV? events (~1747M) such that each event
consist one D°- 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

o Event statistics § Event statistics
X 3
4000F hEventStat © 600010 FEvents
- Entries 7480609 o S ventstat
- a'; C o~ Entries 7227934
3500 — Mean 3.821 © B (=) Mean 2291
E Std Dev 2.363 g 5000 < Std Dev 273
3000— R B
- © ~1747M DIS Events 4000 ~5M DIS Events
2500 8 - ©
B + - e
- g ePIC 24.12.0 (DO sample) - ePIC 24.12.0 (DIS Sample) &
2000[— 2 3000(— Mo
- o) I n
N < B 2
1500[-{ € = 8 - v
-l 5 T 2000
| @ o 5 -
10002 & g o B
C s 3 * B
- © = g 1000 ©
500 N B &
B ﬁ @ = E < N n ~
= LN — - =] - Q 5 &
of— | . \ - \ \ - \ - ol ;Dt T | <: \ L \ L
C 0 0. . (=) . (5] ) (5] 0. . Co o. Co «.
Sven Pisge 00  Slongy "l b 8% p, © ovonyy Pk 00g ) *Siong g ) OS'Q”a/Dob %0 0y
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Secondary Vertex Reconstruction (D°)

0 -+
Secondary Vertex D' >Krn
Approach 1 K
pca, + pca, DCA,=|p¢a,— péa|

Vertex position SV = (Vxy Vy, V2)

+

Secondary vertexing in ACTS JT

considers tracking errors properly
Approach 2 (Shyam)

Ignored track errors Minimizing the distance

(at the moment)

Track ., =(7¥,p,q) _

Total parameters (5) = (vx, Vy, V2, S1, S2)

Track 1) =(r3;,p1,q1)
Track ., =(r,,p,q) s:pathlength Track ., =(r,,p2,q2)

Comparison of four approaches:

> Helix1 (using helix1 to find pca; and pcay) Minimize d=\/(r:1—V)2+(r:2—V)2
> Distance minimization (d)

> Helix2 (using helix2 to find pca; and pca,)

> Using average of Helix1 and Helix2
> 0 0 0 0 0 0 0 0000000000000
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Entries (a.u.)

Entries (a.u.)

Comparison Distribution for D° meson (Q*>1GeV?)

All methods are compatible Signal D° meson Distance minimization gives
unique secondary vertex
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e Helix1 Reference B o Helix1 Referer B e Helix1 Reference
~e- Helix2 Reference 2 o Helix2 Reference 2 - -e- Helix2 Reference
—o- Average (Helix1,Helix2) E=] —o- Average (Helix1,Helix2) E=] i —o- Average (Helix1,Helix2)
—e- Distance Minimization & -e- Distance Minimization & -e- Distance Minimization
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Entries (a.u.)

Entries (a.u.)

Comparison Distribution for D° meson (Q*>1GeV?)

All methods are compatible

BkgDO
- Helix1 Reference
108 —o- Helix2 Reference
1 Helix2)
5
10
i i i i i
-1 -0.5 0 0.5 1
costheta
il BkgDO
10* o Helix1 Reference
—o— Helix2 Reference
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10? :lg
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A I |
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|
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Signal and Background distributions
preselection ="(mDO0 > 1.6 && mDO < 2.5) && (dOxypi>0.02 && dOxypi<10.) && (dOxyk>0.02 && d0xyk<10.) && decay length <100.";

. d0_pi d0 k dOxy pi dOxy k
10- A 1] 1] :
10 3 10 101 3
%] ] 1 4] wl E
E E loﬂ 3 E E 100 e
g 101 3 : g
S 107! ~ O 10-1 4 O 107! 4 O ]
10 1071 ]
T T T T T T T T T T T T T T T
0 5 10 ] 2 4 6 0.0 25 50 7.5 0 1 2 3
sum_dOxy dca 12 dca DO pt DO
] 10? 1 10! 4 ]
] ; 10° 3
0 4 b E
B 10 E E E loﬂ u E 1
c 3 c c E c
2 10-1] 3 2 3 2 1
o 10 ‘ O 1071 O 1071 4 O 10-14
10_2 = T T T T T T T T T T 1 T T T T
0.0 25 5.0 7.5 0 5 10 0 2 4 6 2 3 4 5
y DO mass_DO decay_length costheta
10° 5 L] ) 10* 4
3 3 1001 3 1011 3 1%
O 1o-1 - o 10 ' S 10 ‘ 3
E ] s ] 10—1 E
1 T T T 10_1 T T T T 10_ b T T 3 T T T
-1 0 1 175 2.00 2.25 2.50 0 5 10 -1 ] 1
costheta xy sigma_vtx mult 2
! 0 - < < < <
10! 1 10! 4 10 E Background 1 y 1 & 'O pT 5'0
2 £ £ ] Signal
o4
3 1077 g 3 10715 1.6 <mpo < 1.7 or 2.1 <mp, < 2.5 GeVl/c
] 107 1 E
-1 4 E
107 | | | | | . Lt 1.7 <mpo < 2.1 GeVic
-1 0 1 0.0 25 5.0 7.5 5 10 15
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Correlation Matrix

-1.0<y<1.0 Planning to remove costheta_xy and decay_length once other cuts

2.0<pr<5.0GeVic

are available (e.g. chi2, nsigma, etc.)

Signal - Background -
nulE g 0.75 ity 0.75
costheta_xy | 1L 050 costheta_xy | I 0.50
costheta L 0.25 costheta L 0.25
decay_length | 0.00 decay_length | 0.00
dca_DO | L g5 dca_DO L _0.25
dca_12 t-0.50 dca_12 t-0.50
- -0.75 i -0.75
call ' L ' ~1.00 cal s ' -1.00
5 o 8 8 8 g < 3 5 o A~ 8 g £ < 3
s ° g g & £ 3 = T ®* g g & § & °F
S Sy 8 g
& g & g
Performed a cross-check removing costheta_xy and decay_length (see backup)
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p. (GeV/c)

p. (GeV/c)

Phase Space (Q% > 1 GeV?)

10F = _—— = [hainvMass_signaLallxy = 0E hainvMass. bko_ sl %y
9 F Entries 610369 E 9 E Entries 2794581
- Signal Mean x 1.058 > E Background Mean x 1.057 jo
A= 0 Mean y 1.283 a e 0 Mean y 1.29
= (D Sample) StdDevx  1.053 - (D sample) StdDevx  1.12
B Std Devy 0.9026 o= Std Devy  0.9409 o
= {4000 -
= 6 20000
5 3000 5
= aF 15000
- 2000 E
M= S 10000
2 2
£ 1000 E 5000
1= 11—
= : ! i \ 111
%4 32 -1 0 1 2 3 4 5 % 4 3 2 -1 0 1 2 3 4 g
y
—~ 10
10 F h3InvMass_signal_all_xy § E h3InvMass_bkg_all_xy
== Entries 2291 3 o Entries 2135479 )0
F . Mean x  0.9634 Y F Mean x 0.8768
= Signal —_ Meany  1.226 = ¢~ Background Meany  1.128
= Std Devx 1.083 C Std Dev x 1.317
. = (DIS sample) StdDevy 0.863 __(DIS sample) StdDevy 0.8731)0
6 . 20 6—
E - —_— c
5— 5 —
- — 15 -
44— 4
= - 110000
3 10 3
21 2 5000
1= 1=
O:I\\\‘\II\‘\\\I‘\\ 1 o == 0: I\‘\\I\ O
=5 -4 -3 -2 -1 0 1 2 3 4 5 =5 -4 -3 -2 -1 0 1 2 3 5
y y
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Sample After Preselection (Q% > 1 GeV?)

mass_ DO mass_DO0
100510° htemp htemp
00 L Entries 424511 F Entries 415711
i Mean 1.868 8000 Mean 1.965
L Std Dev_ 0.04491 F Std Dev  0.2522
80— 7000 —
I 6000
s i F
I Preselection 2000
i . 4000
a0 oslgnall mDO > 1.6 && mDO < 2.5 - Background
- (D° sample) dOxypi>0.02 && dOxypi<10. ***°F (D° sample)
: dOxyk>0.02 && dOxyk<10. o0
20— E
- decay length <100. - Not used due to peak
i = | (Still peak there with updated code)
| 1 | 1 | | 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 | | ‘ 1
0 1.‘6 2.‘2 2.‘4 0 1.6 1.8 2 2.2 2.4
mass_DO mass_DO
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
s R L s (DIS sample)
B T _ c
C | Signal for ML: Signal | 2500
150 i (D° sample) +Signal ! E
: | (DIS) P
100[— H i 1500
- ! Background for ML: i -
r 1000 —
5ol i Background (DIS) I c
C T L ! 500 —
0 _\ L1 ‘_L Lol 1 ‘ L1l ‘ L1 ch ol ,Lr—-L o || ‘ L1l ‘ S ‘ 1| O E 1 ‘ 1 1
1.6 1.7 1.8 1.9 2 21 . 1.6 1.8 2 2.2 2.4
mass_D0 mass_DO
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Background Pair in D° Sample

mass_DO |yDO0|<1 mass_DO |yDO|>1.
htemp
Entri 139656 6000 ntemp
2500 N ntries B Entries 276055
i Mean 1.986 B Mean 1.953
B Std Dev  0.2565 B StdDev  0.2493
u 5000—
2000— B
. 4000~
1500(— B
- 3000~
1000[— B
- 2000~
500} 1000}
I ERE I
0356 18 > 2.2 24 056
mass_DO0 mass_DO0
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Number of Signal and Background

Keep the number of signhal and background same for ML

There is also minor issue (std::map issue even in D°) with associations if one reco track matches with two MC tracks, the
code always considers last one, | can see print messages of two associations after changing a bit code
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Method for Merging Signal and Background

Signal DIS Sample p vsy

10

P, (GeVlic)

\IH‘H\I‘I\H‘[\I\'HH

1

_3\\\[_2||||_1 O 1 2 3
y

Signal DIS Sample (Normalized to DIS Events~5M)

s 10
>
[0)
O}
o 8

I\H‘HH‘HH‘HHIIIII

3
y

10’1, Reference Bin

(Max statistics)

p. (GeV/c)

2. Fraction from D° sample

10 (fraction = 4481./114218)
3. Expected D° (4724.6M )=

ReferenceBin*fraction*4724.

6M =16053.4
1107°
8.66085e-
5*(4481./1114218)*4724.6e
+6 ~ 16053.4
107
1077

n 4

D0 Sample: p Vvsy

6 4 2

(=

10°

104

10°

102

10

p_ (GeV/c)

DIS Sample (Normalize

d to Expected Events): p,Vsy

<w

10°

= 10*

— 10°

102
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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)

—~ hData_DO0 H h_D0Sample -
2 10° = —e- Signal_D0_Sample [enves om0 | ENVee 57580
lean 1.866
Tn/ —@— Expected_D0_DIS Mean 1865 | | std Dev 0.03033
q:_) 5 StdDev 003366 | | ¥/ ndf 1620/ 137
£ 10 Norm 263 +1.1
w .“. Mean 1.865 + 0.000
[ ° Width 0.01019 + 0.00007
10 » '} nDOF 1.558 £ 0.014
g 1\
1 03 ; = — =¥ \
I 500M
102
£ Soee
Qw ® ° X
10 L2 ?# 7 I
i ~4724 gL %ﬂm
I |
1 [ W ” ﬁ\~ | \‘H\‘
1 Il L L L1 11| I | 111 Il ‘ L 11 Il 11l T‘
1.6 1.7 1.9 21 2.2 23 24 2.5
Invmass m_, (GeV/c?)
><1051.0<y<1.0&&1.0<pT(GeV/C)<2.O "
E e D°Candidates %
200 — _I%;t;llegn: 15214095.0 %
- BEvents ~ 47246 M - Student Signel T 107
180— ——— Poly1 Background
C S (20) = 322028.24
i £l e
160 F Significan_ce - 310.52 1 0
C %?/NDF = 1.06
140—
2120 1
220
5100
L [ -
a 107"
80—
60— 1072
o
ooF- 107
:\ Ll ‘ I L-‘V"’\. | \ll.Jr'J el ‘ Lol ‘ - ‘ Ll .l ‘ Lol | Lol
9.6 1.7 18 1.9 2 21 22 23 24 25

03/06/25

my (GeV/c?)

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

DO Reconstruction with ML:Shyam Kumar

—~ 10 sug oissanpe 100 |-|__D_BKg_DISSample |
=] E —e— Bkg_DIS_Sample S Entries 15594
S = Mean 2.006
» [ -%- Bkg_DIS_Sample Resampled oo “| | Std Dev 0.2608
2 r _— s | | x2/ndf  203.5/198
E 08 po 177.4 £5.1
B “ R [
10% = -~ 5 M
10 E ""4.724.6 M
10° b
E . *
A! 11| I | 1111 I ‘ 1111 | 1111 | O ‘ | M
1.6 1.8 2.5
Invmass m_, (GeV/c?)
g et E (é) _(i) > Esignal
E = - €
r ///——"/ 7 B BDT Cut B No ML Background
><\\\
- — \ .
B — Signal Efficiency ~ 3 _ Sno ML X Esignal
- __ Backaround Effici Sig CanCepT cur = NG B
E ackgroun iciency El No ML X ESignal + No ML X €Backgr0und
E — Signal/Background 3
B — Significance 7
0 0.2 0.4 0.6 0.8 1
BDT Threshold

14



Merging Signal and Background (D° Sample and DIS Events)

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

—~ hData_DO0 H h_D0Sample -
S 10° E —e- Signal_DO_Sample Tomrios _aszon || EVeS 84683
S E Mean 1.869
» F —e Expected_D0_DIS Mean 1867 | | Std Dev 0.04971
'q:) 5— StdDev 004764 | | ¥/ ndf 837.3/183
£ 10 E- Norm 378713
w = Mean 1.866 + 0.000
C Width 0.02408 +0.00013
1 04 E / nDOF 2.176 +0.023
10°E / /\
10% =
* 472
1
L L L1 11|
1.6 1.7 1.8 1.9 2 21 2.2 2.3 24
Invmass m_, (GeV/c?)
30<y<308&&1.0<p (GeVic) <2.0
%)
r —e— D’ Candidates =]
C _I%n:rileg_‘: 34336198.0 %
ofal FI
soo- Events ~4724.6 M - Student Signa o
L Poly1 Background
L S (20) = 312102.42
L B (20) = 4443513.47
S/B (20) = 0.07
2507 e 14912
0200
.2 L
s T
W50
100—
50/
7\\\\‘\\\LL'T‘,\.\\..T\'Q-JL\‘\\\\‘\\\\‘\\\\‘\\\\l\\\\
9.6 1.7 18 1.9 2 21 22 23 24 25

03/06/25

my (GeV/c?)

2.5

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

DO Reconstruction with ML:Shyam Kumar

—~ 10 svo ossanpe 100 |-|__D_BKg_DISSample |
> £ —e- Bkg_DIS_Sample o swmmor | | Entries 35771
8 F Mean 1.966
» s —%— Bkg_DIS_Sample Resampled oo " | | Std Dev 0.2522
2 = siDev ‘ X2/ ndf 288.4/198
= % 6127 +7.6
g 10° E pl e R | -
C B =
oL 5M
10°
wew
E! 11| I | 1111 I 1111 1111 | O ‘ | M
1.6 i 1 21 2.2 2.5
Invmass m_, (GeV/c?)
N B —ﬂ ]
= 5 (é) _(i) X Esignal
C B - €
B 7 B Jgprcue | B)nom - Background
E el f
[ / —
= — Signal Efficiency g g\m‘ﬁr an P: _ Sno ML X Esignal
5 o et o] BDT Cut —
E — Background Efficiency 3 \/SNO ML X ESignal + BNo ML X €Backgr0und
C — Signal/Background -
E — Significance \ =
0 0.2 0.4 0.6 0.8 1
BDT Threshold
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Merging Signal and Background

o3 0<y<308&8&1.0<p (GeVic)<2.0 1.0<y<3.08&20<p_(GeVv/c) <5.0 1.0<y <3.0885.0< p_(GeVic) <10.0
E - %:E?Ejgaggm 98.0 L -~ gztﬁ%{ﬁﬁzoae.o L -~ %’ztﬁlé‘g‘f"féﬁéa.o
B i = otal Fit 1200 otal i
300— Paiyt Background 50000/ T B Backgound - T Byt Background
- S (20) = 312102.42 S (20) = 120767.93 = S (20) = 4185.88
. £ v i e E ey
250 Significance = 143.12 - Significance = 150.37 1000 L Significance = 44.09
r X*/NDF = 1.02 40000— x?/NDF =0.98 C x?/NDF = 0.87
200— w N 800
- 38000 — £ r
C E €. _.F
50— w r UJGOOj
r 20000/ C
100— L 400 '
C B r ¥ Yeve
7| | ‘ Leoslmelmaliti L‘T‘..l.'\ l‘..T~1~~l Ll l | Y | [ | I doalblbead | |0 T | iodioed ol AL [ e ‘ Lodad, h'k"’;‘l\ i | |‘l~\\~1--l- L‘ 7 T T | ‘ dadinndond ‘ T 0 | bl ‘ I 7\ [ e ‘ ek el L"\"‘l\ i | i-.\"nl el ‘ T | ‘ dadinndond ‘ < ) | disiliank ‘ T |
9.6 1.7 1.8 1.9 2 2.1 22 23 24 2t 9.6 1.7 1.8 1.9 2 21 22 23 24 25 9.6 1.7 1.8 1.9 2 21 22 23 24 25
Mo (GeV/c?) mpy, (GeV/c?) mpy, (GeV/c?)
gl s ¥ LOEE 102, [ROVIE) <210 30<y<-1.08&1.0< p_(GeV/c) <2.0 30<y<-1.08&20< p_(GeV/c)<5.0
C —e— D°Candidates 35000— 0 " 5000 o "
200 Entries = 15214095.0 " =e= D Candaates B —e— D’ Candidates
: T et s ; T - N
C b= P | it-t Si b nt-t Sign:
180 S0 e, 30000 P Sy I St (St
1605 sego -0 - Seag o S
E PNOE= o8 25000/ S A
140— C =
$1205 2000 2000
100 ;:; - =
80 OOO: 2000—
60 10000 C
40 - 1000~
20: 5000— L
:\ Lndel ‘ ) L-‘V"’\' 1 I..ur’J deall ‘ T " I ‘ Ll L.L ‘ Lealenilod: ‘ Ll.ll ‘ T :l [ e ‘ ? I LJ-“..'\_\\\l itbaichiontinncl ‘ W T | ‘ dadinndond ‘ T 0 | bl ‘ I 7I Liledk ‘ bl el L-"’\."I \.~+‘d ol adaal ‘ ;S T | Eakictct ‘ ) P ) ‘ | R | | I 9 P
9.6 1.7 18 19 2 21 22 23 24 25 9.6 1.7 18 1.9 2 21 22 23 24 25 ?.6 1.7 18 1.9 2 21 22 23 24 25
my (GeV/c?) my, (GeV/c?) my, (GeV/c?)
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Secondary Vertex Reconstruction (Ac*)

Secondary Vertex A+ 5 - DCA,,=|pCa,—pca,|, DCA,,=|péa,—pca,|, DCA,,=|pla,— pca,
PpK DCA, = min {DCAux, DCAxe, DCA} Cut

K

Vertex position SV = (vy, vy, V)

Approach 1 (Shyam)

pca, +~ pca,+ pca,
JU

Secondary vertexing in ACTS %

considers tracking errors properly
Approach 2 (Shyam)

Ignored track errors Minimizing the distance

(at the moment)

Track ., =(7¥,p,q) _

Total parameters (6) = (v, Vy, V2, S1, S2, S3)
TraCkAt sl ( sl’p]- ql)

TraCkAt s2) ( 52’p2’q2)

Track ,,,=(7,,P,q) s: path length
Track y s =(r3;,P3,q3)

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

Minimize d=+(r7,—v ) +(r5,— v +(r;,— V)’
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/. Reconstruction

PYTHIA8 ep NC (10x100 Q2>1) A.* sample: by Rongrong few files for tesing

A>pK
Truth PID Real PID
Event statistics S ) Event statistics

«10° o x10°e QD 0 hEventStat

B hEventStat - - 2 - pr Entries 313121

B < Entries 531228 TS by Mean 1.606
120 & Mean 3.197 1001 StdDev  1.074

S 3 8 ® StdDev 2229 i

T 5 = 3 -
100—2 ] L & 80—
80— 60 B
60— 3 .

— ™

- $ B %0

- N : -
40— L -

L 20—
20| @ - &

L S B 10

- N~

= [(Je] [Te]
- T — — — 0 | PR +— % :e
e"en, “p * k‘# T+ e S{gna/ 1 7_,1 -eco S{gna/ . {Q’Pa/ - kg 4 S,/enf se *k * F o Signalzl A 0 S@na/ A o S’g"a//l - oo Bkg 4:’

Issue coming from proton PID, it looks not properly
assigned in reconstruction (loosing protons)
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o N © W
pnlin b b

Signal N:

Invariant mass of unlike-sign nK pairs

03/06/25

h3InvMass_signal_all

Entries 46039
Mean x 1.739
Meany 1.35
Mean z 2.289
Std Dev x 1.12
Std Devy 0.9782
Std Dev z 0.03373

BPT k@e\”dp

h3InvMass_bkg_all

Entries 132704

Mean y 1.485

: kg A _|_Meanx 1.3

Mean z 2.466
Std Dev x  0.8284
StdDevy 0.8185
StdDevz 0.2717

GPT k@e\l!d\’a

Results

Projection
—

4, %7 = Draw Option: -

[Egroot -

2] PROOF Sessions

(=4 ROOT Fies

-5 SignalLcp rool

18| resMLSig:1
d0_p

= Tree for
gy 00k ML

- Ry 40_pi
R doxy_p
- By d0xy_k
Ry d0xy_pi
gy sum_doxy
h dea_12
Yy dea_Lep
h pt_Lcp
Sy lep
~§y mass_Lep
iy decay_length
iy costheta
h costheta_xy
gy Sioma_vix

h mutt

Projection
S

h3lnvMass_signal_all_pz

14000 — Entries 46039
r . Mean 2.289
B +
12000 — Slgnal /\C Std Dev  0.03384
10000/ —
8000 —
6000
4000 —
2000—
07\\I\‘\ \I\‘\I\ \\‘\_L\\‘\\\I‘\\\\‘I\\I‘\\\\
2 2.1 2.2 2.3 2.4 2.5 2.9 3
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900 Entries 132704

850
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Mean 2466
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N
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Comparison (Results)
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Entries (a.u.)

10*

10°

10°

Entries (a.u.)

102
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Comparison (Results)

{ + oy i
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Comparison (Results)
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Summary and Future Plan

» Machine learning model studies performed for the D° reconstruction

> Implemented the first version of A.* reconstruction code (will commit soon)

> Future Steps:

¢ |Implement secondary vertexing to improve the performances

¢ Include chi2 of secondary vertex as one of the features once available

¢ Extract the final results in different y and pr bins after secondary vertexing

¢ Evaluate the efficiency of D-meson and A+ baryon using preselection efficiency and BDT cut efficiency
¢ Fix the reconstruction for the realistic PID of proton

¢ Implement similar ML model for A:* reconstruction (quicker)

¢ Run on full stats once campaign files are available

¢ Estimate A:*/D° ratio using machine learning

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

THANK YOU !lI
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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

c>D(cu)>K n'

c>A(udc)>pK '

Mpo = 1.86484 GeV/c?
Mac+ = 2.28646 GeV/c? p/A p'/A*

Virtual photon (v*) 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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Data Sample for ML (Q? = 100 GeV?)
> ML Algorithm: BDT (Boosted Decision Tree) Binary Classifier

consist one D°- k-n+ known as Signal taken from

Simulation of DO and Lc samples
- DP°enriched same created filtering PYTHIA8 ep, NC, 10X100, Q? >100 GeV? events (~493M) such that each event

24.12.0/epic_craterlake/SIDIS/DO_ABCONV/pythia8.306-1.1/10x100/q2_100): Total files 1869 and Events = 984589

- Background from 24.12.0/epic_craterlake/DIS/NC/10x100/minQ2=100: Total files 7430 and

Event statistics

x10° 3
60007 hEventStat &
B Entries 9173211 3
- Mean 4.33 g
5000(— StdDev  2.389 0
L <
B ePIC 24.12.0 (DO Sample)
4000
- © ~500M DIS Events
3000 =3
- +
L (]
B o
[+e)
H N
2000 12 5 %
13 2 3
N n
1000H—2 o N 3 0
i 2 2 2
. 2 &
i \ \ \ | |
Oe”ents Dgp Dp . N Piyge /?eoo 5 /?eco 8’:9/7\3/ o Heco ngna/ DOb/?eco Bfrg o
ar
03/06/25

9000
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7000

6000

5000

4000
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2000

1000

Event statistics

3
x10° ¥
E hEventStat I
~ Entries 1.269875e+07 5
L Mean 4.049 <<
- Std Dev 2.931 r~
s
-1 3 ePIC 24.12.0 (DIS Sample)

s
-1 ™
C N~
@
Ll |
= ~5M DIS Events
- ©
C e}
7 N~
L < [32] [=1] [e0] -
— < [L=] [T=] N <
= o s | * & &
C 1
D, O, R R, R,
Ce"eﬁts 0 (2SN Piese Reco o0 eco S@najoo eco S’Qh‘afoo eco 8['900
ar
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https://docs.google.com/presentation/d/1S8AH_DhQQy0wKp6bhQ2W5HUNmZX2JX-X2Yze6fMOoOg/edit#slide=id.p

Phase Space (Q? = 100 GeV?)

Invariant mass of unlike-sign K pairs yx projection Invariant mass of unlike-sign ©tK pairs yx projection

Signal -3

(D° sample) Background 1000
p & (D° sample)
_5 k3 ‘ 2 ‘ S ‘ : I | i I ‘ s I . ‘ Lk 4 i ‘ I S | O | ‘ |2 | 0 _5 it | - \ L Ll ‘ | ] 1111 \ | [ | ‘ L il J 8 T | I T | \ 1111
0 1 2 3 4 o 6 7 9 10 0 1 2 3 4 5 6 7 8 9 10
P, (GeV/c) P, (GeV/c)
Invariant mass ot unlike-sign K pairs yx projection 8 Hivariai it 1ad> Ul UTIIRE-SIYT T AN Palld YA PIUJSLUUL
5 >

0 0
—1 -1
i -2
E Signal -
E Igna Background
A (DIS sample) 4 (DIS sample)
Eo b b b b b b b Lo Lo o v b b b b b b L Ly
0 1 2 3 4 5 6 7 8 9 10 ° 0 1 2 3 4 5 6 7 8 9 10 °
p, (GeVic) p, (GeVic)
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Sample After Preselection (Q* = 100 GeV?)

mass_DO
x10° htemp
| Entries 372072
B Mean 1.867 12000
- Std Dev 0.0412
; 10000
I . 8000
B Preselection
- . I 6000
- Signa mDO > 1.6 && mDO < 2.5
- (D° sample) dOXypi>0.02 && dOXypi<10. o0
i dOxyk>0.02 && dOxyk<10.
~ decay length <100. 2000
B 1 | 1 ‘ 1 1 ‘ 1 1 1 O
1.6 1.8 2 2.2 2.4
mass_DO
htemp

C Entries 3267
- Signal St bev 00436 14000
— (DIS sample) 12000
; moTTTTTTT T 1 10000
a I Signal for ML: Signal i
= i (D° sample) +Signal 1 8000
E i (DIS) I
:_ : : 6000
= | Background for ML: P 000
= i Background (DIS) I
— b e ] 2000
- 2.1‘ - I2ﬁ2I - ‘2!3‘ - I2ﬁ4I 0

mass_DO0

mass_DO

Background
(D° sample)

Not used due to peak

(Still peak there with updated code)
‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 ‘ 1 1 ‘ 1

htemp

Entries
Mean
Std Dev

708107
1.984
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1.6

18 2 2.2

mass_DO0

mass_DO0

Background
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htemp

Entries
Mean
Std Dev

788334
1.974
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mass_DO0
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Method for Merging Signal and Background

DIS Sample (DIS Events~5M): p_vsy DO Sample: p_vsy

= 10
s 1% 10° = 10°
% = [0}
¢ % 5]
= = H Q'_
Q8- 1. Reference Bin
=y 10:(Max statistics) 10f
6? 2. Fraction from D° sample
5 (fraction = 5767/138820) =
C - 10°
i 10 3. Expected D° (6.5 M)= =
3 ReferenceBin*fraction*6.5M
= =74.81 E
2 —
E 52 - 5767 102
1_ . l 2 - : : 1 : 1 L 1 | | 1 1
-3 -2 -1 0 1 2 3 1, 5 1 0 1 2 3
y
Signal DIS Sample (Normalized to DIS Events~5M) DIS Sample (Normalized to Expected Events): p_vs y
5 10¢ ‘ & 10
= E > 10°
(0] —
2 9; 1074 e
o 8~ <
s 107
6? 107°
50 E
n= = 10
C 1.56825€-05 =
35— 1078 E
25 0.000277*%(5767./11388 = resisr 1
E L 20)*6.5e+6 ~ 74.81 = A
13 B -1 0 1 2 3 -3 -2 -1 0 1 2 f
y
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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)

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

— hData_DO0 H h_DoSample - —_ = svg ossanpe 100 || N_BKg_DISSample |
1 | Enties Entri 43935
L:“., 104 L —e- Signal_DO, Sample Entries 1801 ;;a" 7‘3;2: L:;, | —e Bkg_DIS_Sample Enties 57417 M?::s 5 65
» E e Expected_DO_DIS Mean 1866 | | stdDev 0.02832 » 5| —% Bkg_DIS_Sample Resampled Most) 2003 | | std Dev 0.2593
“:’ = StdDev 003657 | | %*/ndf 1340/ 139 q:) 10 E SdDev 02555 | | X2/ ndf 261.3/198
£ = Norm 327312 z = po 529 + 8.5
w B Mean 1.865 + 0.000 A8} — p1 -151.5+4.0 -
3 i .007467 % 0. -
10°F o B Resampling
C ~B
L o. 10* E Vi
2 2 ®e ~BE0O0N/ C
10° s 500NV g ~6.5M
g PR ~6.5M A
10 E- % T+ 10 E
; ) -
- 5t [ |
BT T Do T
g ™ 107 |
1.6 1.7 1.8 2 2.1 2.2 23 2.4 2.5 1.6 1.8 21 2.2 24 2.5
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%) = T
C 0 : = 2 !
900 * " Envise o380 g 10°¢ E
— Total Fit ~ —
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800 EventS - 6. 5 M g;ﬂ?fga}cig;ﬂnd [ B
B B (20) - 215465 10 5
o By 208 E _ E
700— gzi/%fi:)fzigazng% =:222.51 r _—— n ( é ) _( i ) X €Signal
- 1/NDF 0. = €
600 1 E E B BDT Cut B No ML Background
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£900 59218 107 =
T £ T 3
400 C ]
10—2 L — Signal Efficiency o g B SNO ML X 651gnal
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- B — Signal/Background ]
200 : 1073 = . g =|
C E — Significance 3
100~ r \ :
E\ Ll ‘ I L 4 \ L1 J!‘ ool ‘ Lol ‘ - ‘ Ll .l ‘ Lol | Lol 1074 ; ] ] ] L L L L L L | ;
9.6 1.7 18 1.9 2 21 22 23 24 25 0 0.2 0.4 0.6 0.8 1
my (GeV/c?) BDT Threshold
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Merging Signal and Background (DO Sample and DIS Events)

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

—~ 10%E hData_DO0 H h_D0Sample -
=3 E —e— Signal_D0_Sample, enrios 1013 | | TS 2738
LU/ = Mean 1.868
» [T —e— Expected_DO_DI Mean 1.868 | | Std Dev 0.04297
GC) StdDev 004g02 | | ¥/ ndf 478.8/165
= 3 lorm 1.
] 10 E ;ean 1.8652 i1o.o:)c:
= Width ~ 0.01962 +0.00011
- nDOF 2.105 +0.026
102 E ? @
= (] % ~
r Ly \ ® 500 IVI
10 r e 6 B5M
E % pmn @ P19 \')
g ! ! p
nogt i
% 3 1
1H
: i id 18y
: | - IR 11| - L 1 1111 0 O 0 ‘ I L1 111 N
1.6 1.7 1.8 1.9 2 21 2.2 23 24 2.5
Invmass m_, (GeV/c?)
10<y<3.08&20<p_(GeV/c) <5.0
(2]
— — e D° Candidates §
1200 e 8 1
L Events ~ 6.5 M g sorar
S (20) = 1533.10
B (20) = 35089.57
1000 S/§3 (2)5) -0.04 1
Significance = 8.01
= X%/NDF = 0.89
800—
%) [ 1 071
.2 [
5600 — ,
B 10
400— .
- Entries = 139199+1013 = 1078
i 140212
200—
i 107
7\ oo, { 4. J--(--r'r“;‘;‘;‘r\ ‘T-T'-}- Ll I ‘ 1 ‘ Ll .l ‘ Lol | Lol
9.6 1.7 18 1.9 2 21 22 23 24 25

my (GeV/c?)
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(y_D0>1.0 && y_D0<3.0) && (pt_D0>2.

0 && pt D0<5.0)

Resampling

% Esignal

eBackground

W

|

Snomr X Esignal

)BDT Cut )No ML

— = 5o oissampie 100 - N_Bkg_DISSample |
(:é E —e- Bkg_DIS_Sampl Entries 139199 fﬂr:::s 10615;2
T/; [~ —s— Bkg_DIS_Sample Resampled Most) 199111 Std Dev 0.2552
“:’ — SdDev 02525 [ X2/ ndf 217.6/198
- pO 1480 =132
w 10 p1 -462.6 +6.2
=N
\V4
104 L. | R. (A
10° o
!I\\\\II\I\\I\\I\[IIIII!IJIIl\III‘II\\l
1.6 1.8 1 25
Invmass m_, (GeV/c?)
E ' =
C - ]
= R / = S
A ]
E — Signal Efficiency S],gnifica h ei T Cut
— Background Efficiency
E — Signal/Background 3
C — Significance ]
E L L L L L L 1 L E
0 0.2 0.4 0.6 0.8 1
BDT Threshold
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Number of Signal and Background

Keep the number of signal and background same for ML

There is also minor issue (std::map issue even in D°) with associations if one reco track matches with two MC tracks, the
code always considers last one, | can see print messages of two associations after changing a bit code
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Track Parametrization (Local to Global)

; Vector3 LineSurface::localToGlobal(const GeometryContext& gctx, const Vector2&
Helical Track model; <IO s ll s ¢, 8, Q/p> Iposition, const Vector3& direction) const
x=—I,sin¢, y=I,cos¢, z=I, {

Vector3 unitZ0 = lineDirection(gctx);

p,=pcos¢sinf, p,=psingsiné, p,=pcosb

/I get the vector perpendicular to the momentum direction and the straw axis

charge=sign(ql/p) y

Vector3 radiusAxisGlobal = unitZ0.cross(direction);
Vector3 locZinGlobal = transform(gctx) * Vector3(0., 0., Iposition[1]);

/I add locO * radiusAxis
do = |o
Zo

return Vector3(locZinGlobal + Iposition[0] * radiusAxisGlobal.normalized());

}

. UnitZ0: is (0,0,1) vector along the z-axis for cylinder and disks.
At Point of closest approach (0.0.1) g y

(perigee surface) direction: (p Cos(phi) Sin(theta), p Sin(phi) Sin(theta), p Cos(theta))

radiusAxisGlobal = UnitZ0 Cross product direction = (-p Sin(phi) Sin(theta), p Cos(phi)
Sin(theta), 0)

(IO , ll , ¢, 9, q / p) rzildti)uslsAxisGlobal.Normalized = (-Sin(phi), Cos(phi), 0)locZinGlobal = (0,0,1) (is same as
globa
Global (Lab frame) Global position = locZinGlobal + Iposition[0] * radiusAxisGlobal.normalized() = (0,0,11) +

[0(-Sin(phi), Cos(phi), 0)Global Position = (-I0 Sin(phi), 10 Cos(phi), 11)

Returns the components, which we are using in HF analysis.

(X’y’z’px’py’pz’q> X=-|oSin¢,y=|oCOS¢,Z=|1
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Event display (First two tracks)

Green trackl reference

All three methods (track 1 reference, track2
White (fitting) reference, and distance minimization) are
compatible

Minor difference is due to analytical approach

Distance minimization returns the unique point
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Event display (First two tracks)

Green trackl reference White (fitting)
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Event display (First two tracks)

Green trackl reference

All three methods (track 1 reference, track2
White (fitting) reference, and distance minimization) are
compatible

Minor difference is due to analytical approach

Distance minimization returns the unique point
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