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Primary Hadron Combinations from y (3 GeV) - csd/csd

DO + Lambda0 13.820%
Lambdabar0 + Dbar0 13.030%
Kbar0 + Sigma_c0 8.190%

Sigma_cbar0 + KO 7.700%
K- + Lambda_c+ 6.190%
Lambda_char- + K+ 6.170%
Xi_cbar- + pi+ 5.360%
pi- + Xi_c+ 4.850%
Xi* cbar- + pi+ 4.660%
pi- + Xi* c+ 4.560%
Xi_cbaro + pio 3.940%
pi0 + Xi_co 3.890%
Xi'_cbar- + pi+ 2.780%
pi0 + Xi* c0 2.260%
pi- + Xi' _c+ 2.200%
Xi*_cbar0 + pi0 2.110%

Sigma_char- + K+ 1.890%
K- + Sigma_c+ 1L770%

Xi'_cbar0 + pio 1.150%
pi0 + Xi'_c0 1.120%
Sigma*_cbar0 + KO 0.740%
Kbar0 + Sigma*_c0 0.620%

0.490%
0.450%

Sigma* _cbhar- + K+
K- + Sigma* c+
rho0 + Xi_c0

Xi* cbar- + rho+
rho0 + Xi' c0
Xi_cbar0 + rho0
Lambda_cbar- + K¥+
Xi_cbar- + rho+
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(Iterate down to N = 2)

2. Reconstruct & treeFit
N-Track Combinations

v 3. GlobalVertexSelector 5. Update Pool
6. Final Ntuples |____________ »| Sort valid fits by desc X Exclude USED tracks
No Double Counting Select non-overlapping Set N> N-1

« Construct final DV

candidates

« Ensure no double
counting 4. Tag Tracks
Mark daughters of select
DVs as USED

0 A A

Oo0 00000000 bot Lottoooibioioy oo Uobootio foodo
0o0ogooga

000 (0000000 OJooo 0o 000 Oioioobd Dottt Ompy U 00COCC 00 0000 0000 OO Doo 000000
0000000 0f 00ooooioo Oitooitibooo bbby boot botoboouoboo 00 Uoo toooito 0o bobiooo odooioo
00 000 00O00iooo 0O Doniooooo oo bod 0oo0oC 0o 0Cooono 0ot 0od 0ooodo [ooooitoo 0000 oo
0000 0O00D DoO 0o 0oooot 0ot O000 booooiooooo o Onobor 0boooo oo Oooboobooo boooooo

U0 000 000000 [000dmo oo 00 tboo0doto fodoot o too boddo O 0Odooor 4o oo Lo oo
00000 00 0O00otot bobOoiooDoon Doodo 0doiboihdr 4o boobotooooo boo 0Ooooot toodo 0 4ooo
(000000000 0 Doobood 0o 0ooo 0oooo Obooo DO oo Doooooo Cod bobodbooo boboo oo
(0000000 Uoooooo tooodbltd Ony K, p, e, i 40 0000 000od O 0ooiot 0od oooodoioo o oo
000000 0O D00oU 000 OO0 dodoC Oobot o O 0Odooot 0oo Oooot 0o Do Cooo 0ooo oodoode ooo
000000000000 000 Dooooo o COm;oooo ooo oo fodbooo oood 0oU fooooitoo Looo toftoidoooo
000 00 00000O00D 0ooooo boo boooo 0o 0oo hoo bodoboot Loo 0ooooo oooodo

000 0DU00000 00 0000 000 00iio0dooo 4o0ooo Doo oot 000io0dido booooo boobooonood



0oooooD 0f 0oobbiodoboiog 0d

0000 000 000000000 00000 0000000 BB 000 000 0000000 000 00000000 00 00000 020 000 000
00000000 = 0.6 DOO [0 D000 0io oo oo bOoooooobio = o.90 0o 000 DOooitooo boo Oooo
100000 [0O0O00I00 0o fo0ooo o O Uodooo oot 4U 4oitioroiid toooooootd Hodoooo Do 0 Diodo
Q000000000 00000 0= 1 0000000 00000000 diooibbbor bUoiobid oo 0oo 0ooo 00o 0ooo Joo
(00000000 D00 004 0totobood boboo 0o Ooiiolomo o toto todood o Dooooo dooidt Oooo
004000000 00 j00d0mooodn Ouooot uuo U 00U o000 oo 0ooo 00000 0o oo odoioo 0od OOodidodooo
Q0000 000 00 Dot 00oo oot

00000 0000 00000000 000000000000 000 40ttoD 00000000000000 0000000000 000000000 00 0000000
BB 00000000CD DO0 DIobon ooomor O 0ot ootobod 0o Dio 000 oooonoo 0ob Oo000 boooooot
uofoooooon

oobooo 00000000 0000000000 Oooobooo brpyD 0000 O OBooo 0bobo ©o0O0m;ooo
<500 0oloooiter O booooIooo gioooo
1o00oioo0o mnoooo 5—2000 0000000 O Dooitoo 0ioooo
> 2000 0000000 O 0Dooitca 0ioooo
<500 0000000 O bioboioto 0ioooo
0000000000 0BBO 000000 00 000000 00000000 5—2000 001000 0 00000 gioooo
> 2000 0oiooo O 0oiooo oioooo
<500 000000000 O 0ioooinoo 0i0ooo
100000 0= 1 O0ooooo 5—2000 001000 0 00000 0ioooo
> 2000 0oiooo O 00iooo 0ooooo
<500 000000 0 0omoo 0ioooo
1o00oioo0o mnoooo 5—2000 001000 0 00000 0ioooo
> 2000 0oiooo O 0oiooo oioooo
<500 000000 O 000ooo 0i0o0o
omooan (00000 OO0 0000t tooooooo 5—2000 0i0oo 0 0iooo 0ioooo
> 2000 0iooo O 00000 0ioooo
<500 000000 O 000ooo 0ioooo
000000 D= 1 Ommeoo 5—2000 0i0oo 0 oiooo 0ioooo

> 2000 0oioor O 00iooo 0ooooo




0oooooD 0f 0oobbiodoboiog

0d

00000 000l Doooitio doo0dooooito DOoo 0ofood dootdodoobofitt OodooonD booiboooo Lo oo
000 000000 BB 0000000000 0000t 4O 0bd 0-0bobood oo oo Goo bohood 0ot Oooo boooooodo

gooooooon

ooOono 0ooooooo 1000000000 OI0oo00o Oy CO00OC0 O CO000 00000 000iboog

<500 000000000 O 000000000 0ooooo

1000000000 Oooooo 5—2000 0000000 O Goooboo 0ioooo

> 2000 0000000 O Goooboo 0loooo

<500 000mooo 0 0oomoo aooooo

0000000000 0BBO - 00000 000 000000 00000000 5—2000 0oooo O boiboo 0loooo

> 2000 00l000 O boiboo 0ioooo

<500 0o0mooo 0 ooomoo aooooo

100000 = 1 O0iooa 5—2000 000000 0 0o0ooo 0ooooo

>2000 00l000 O ooiboo 0loooo

<500 000000 0 0oiooo aooooo

1000000000 Oooooo 5—2000 00iooo 0 0o1ooo aooooo

> 2000 00l000 O boiboo 0ioooo

<500 00ooo 0 0oiooo aooooo

Oiooo 100000 0O fohooo 0ooooooo 5—2000 00000 O Diooo 0loooo

>2000 0l000 O Oiboo 0loooo

<500 00i000 O boiboo 0ioooo

100000 0= 1 O0otood 5—2000 00000 O 0iooo 0ooooo

> 2000 00000 O Ciooo aooooo

U0 4 000 00000 000 Oiiooitdoion 0o 000 I00oooooo oo 0 oo 4dinitotiitooooo boooda
10 OO0 0000 0o 0o o0o0oo 0000 [oo0oo boo 0O. fooito 00 ooo 000 r=16 cm UDOI0 G000
(00000 00 000 LOC oo 0o 0Cootooo Dot bouobooobo booooootitl Lo thoodoot foooobooieo boo

00000 0O0DO00o0d 0oooioio Odooiodao



0oooooD 0f 0oobbiodoboiog 0d

DV2 Invariant Mass Comparison DV2 Invariant Mass Comparison (B8 MC)
10%
=71 Reco [n=56200] =21 Reco [n=9888]
[ TFuth [n=56200] 10° 1 1 Futh [n=9888]
0108 0
.E .g 10°
& g
107 1 10° 5

L 250

=250

T T T T T
o 2 4 & 8 10
Invariant Mass (GeV)

Difference (Reco - Truth)
(=]
Difference (Reco - Truth)
|
= =1
[EEE=E=]
3

Invariant Mass (GeV)

000 OO0 0oooo 000 OO0 Doo00ooooo 0BBO
DV3 Invariant Mass Comparison DV3 Invariant Mass Comparison (B8 MC)
10° 4 Z7Z1 Reco [n=13546] T2 Reco [n=3329]
1 Tuth [n=13545] 1 Tuth [n=3329]
1%
k] H
5 107 E
w [NEETI

,_.
b

Difference (Reco - Truth)
by
mos A
J -
[
L
[
Difference (Reco - Truth)
th
= o
1

Invariant Mass (GeV) Invariant Mass (GeV)

000 OO0 Oioooo 000 OO0 Dooooooooo 08B0
DV4 Invariant Mass Comparison DV4 Invariant Mass Comparison (B8 MC)
T Reco [n=546] =21 Reco [n=224]
£ Tuth [n=546] T Futh [n=224]
w 10 100
.E _g
& &
n -
i 'I
g il g :
£ 1 ]
'gluﬂ | : B ow falrel
s 51 ¢ 25 _
5.1 I.-'.'.'—I-'-'- R PP, £ o0
g 0 2 4 6 8 10 g 0 2 4 6 8 10
E Invariant Mass (GeV) E Invariant Mass (GeV)

000 OO0 Doooar 000 000 0000000000 0B BO

000000 oot 00O0000o0 Lo 0000I0t0 Uhot Lotoiooow oo 0O 00oie00on 0o 00w 0hoooo oo I0to0oao
0000 00iboooooo 0oioo Coobo 0do 00 oo bod 000000 000 000 jtobotooooooo Coooidoot Dot bdoooooo
000000 fOoboodr ooob fooOoo OootUobott UsBOD DOOOO o0 OOobodbor fOoo0otood 0o oooo
0oooomm



0oooooD 0f 0oobbiodoboiog 0d

DVS Invariant Mass Comparisen DV5 Invariant Mass Comparison (B8 MC)

Z71 Reco [n=37]
1 Futh [n=97]

LRI

|
254

10t 1 T2 Reco [n=47]

1 Futh [n=47]

Entries
Entries

H

—Tnao — i1 el

Mo owm

Difference (Reco - Truth)
Difference (Reco - Truth)

o 2 4 é 8 10
Invariant Mass (GeV) Invariant Mass (GeV)
000 000 DIoooo 000 OO0 DOoCooooooo 0BBO
DV6 Invariant Mass Comparison
10 4 =1 Reco [n=3]
[ Tuth [n=3]
£ 107 !
& 1
1
1
1
. 1
i@u—l g 1
2 T T T T T
1
=]
£ o0 l
g 0 2 4 6 B 10
-’é Invariant Mass (GeV)

000 000 Dooo

0fbo00 DI00 0DODC0oooon 0bOo0oobo 0o iooooibto OO000 000000o0o0 boooo 00 00oio0ioo o0 000
000000 OO0 00000iboo 000 000t00i0o0o Doio0 0pnood 0004 00 0o 000 000000 000 000 0000000000000

0 1 == R
00000 000 0ooo 104 000oioooo o 0OO Docoodo

Qoooomoo

(0000000 D000 0oiooootoo Doioo 0000 0O booibolo oo Ooooodo 0ooo 0dJoootoo boo boodo oo
0000000000 bObOoo o 00 000 oo Doioo O0e COoo0oo 0oobottototot oooonoodl Oocooooomd
(000 000 I0CC0 OOii0roooo 0oooo Ooooloooo boooooo o0 0oo boCo Dooibdiobo o Oico Oooo
00000 00 0 DOO 0 booon Loooiodoo boe oo Lo Uoddotooo Qoo 0ooooo bobooot Doooo ootoioo
000000 O00i00oton Oooboo Do 0o0ooioo oo boODbooeto Ot 0boboooooo oo oooon boooooo




0d

0oooooD 0f 0oobbiodoboiog

Entries

Invariant Mass Distribution for DV3

Invariant Mass Distribution for DV2
107 4
107 1 DV2 (3 GeY) [n=56200] [ DV3 (3 GeV) [n=13546]
1 Dv2 (BB MC) [n=9888] 1 DV3 (BB MC) [n=3329]
lu—l 4
1071 4
& 1072
1072 1
107
0 2 4 5 B 10 0 2 4 5 B 10
Invariant Mass (GeV/c™2) Invariant Mass (GeV/c™2)
000 OO0 00000000 OOo0 Oootoooeo 000 OO0 DO000oo0 oot Oitotiooooo
Invariant Mass Distribution for DV4 Invariant Mass Distribution for DV5
107 4 I DV4 (3 GeV) [n=545] y 1 DVS (3 GeV) [n=97]
1079 1 DS (B8 MC) [n=47]

Entries

1 DV4 (BB MC) [n=224]

Entries

107!
N m H‘\ H
1072 1 ’_‘ L
T T T T T T '_| T T T T |_| T T |_I |_|
o 2 4 5] B 10 0 2 4 & ] 10
Invariant Mass (GeV/c™2)

Invariant Mass (GeV/c ™2}

000 OO0 000000000 CJ000 Oonooiooomoo 000 OO0 DO000oo0 COooo Ototmooooo
Invariant Mass Distribution for DVe

10" A T DV6 (3 GeV) [n=3]
1 DV6 [BE MC) [n=0]

Entries

I 1 |

] 2 4 6 ] 10
Invariant Mass (GeV/c™2)

000 OO0 10000000 Ohoo Oooiooooo

000000 0000 0000000000 00 (0000000 D000 000000000000 000 00000 00 0000 000 0000000000 0BB
0 o

000 O0000000000000 00 KE 000 A 00 00000000 000000

00 000 00000 DOOooCoo Doo 0000 Doooo dotobodtio DeooCooo tOoordoo footooo Oeoooooo
00000 K2 000 A DOIOD 00000 0000 0000000 000000 00 000000000 0000000000 00000 00000
00000000 0Ooooo0 bo 000 0ooidboo Oiooooio oobd boo ooidooo Oditidooo bodooo Dooo bo



0oooooD 0f 0oobbiodoboiog 0d

000 U00O0000mooo foobodootodbo Loo oo tooto oboibot boooinoo 0ooooioh 000 Doooiooe bo
(00000 000000000 foodoom

(0 000000000 0000 00000000 00 0000 00000000 00000000000 K& 000 A 0000000000 00 000
(0000000000000 otoo Didhoo 0bOooioobooo 0oo booooo oo oooo Ooot O 0ooo toodooomoo 0booto
(0000 4OTD 0boooo0uuy foddidbooo 0o (uod totlot B 0oooob iU oood 4ot irdoitonoodo
000 00000 00 0000004oo foo 0 DoLo00Dbot Uikoitod 00 m =4 000 000 et =7 O 0000
000 0000 000000 foCoooooto 0od boodoooo

0oooiD  O0hitt oitdbboioboobt oo bobobootooo

000 000ootioo 0 0ooitodoo 0o OOt rpy OOOIORO OOC 0O 00obOon 0oodoooood oo Ooooo
000000 00O00Deto boo booboooo bobobooo Lo fiooimoodooo

O<rpy <5000 5<rpy<1600] 16<rpy<24000 24<rpy <50 001
rpy = 50 00

000 OO0 footiriooobo dootoioo ooiooao

O drmin! 00000 0000000000 100000 000000000 Oo 0bOoboooo tooooo

00 vOOpocaUipl 0000000 00 OI00O00 bOODCORO 0o OO 0ooobooooo 0o oo

[0 del 0000000000 0000000 DOoooo 0oboobb O00ooobd 0oo binbiotooboo
[0 cos 60 U0 DOIOIIOD 0000 0000000 DDOB0o0D Lo 0ooobU Oibooootoo

O flypl 0000000000 00000 00000

00000 O0000JI000 0000botod Doioooio

000 000000000 DOD0 OO0 0doifoott DOoito 0o Oouon 0ooot o 000 pob

(6]

Fooom = %S#—,
+ B

Nl

Q000 Uooldooboob bolooood thobood 4ddd idoot 10 000l rpy 0000040

000 0000booboo 000 bibooo Oobooooooo booo oo booooo Dootoooodboo Oooodooooo poo
0UiiQiooo U fuditofot DoUo0oooit 0 OOoodd rpy U000 00 000 0oor 0o ooo dooo odo
0000 0000 0000 [0 doodito Do Uooooobboo Doioooitu bo 0omoooo oodituol foodo 00d Ddooo
0000l 00000 00 Oo0or boo 0oolCoo boo Dot boto Dootitood OO0t oot Do

L0000 00000 00000 0U00ooion 0ooooo bobmmddino 0 $0 boo tboooooudd Ododoooon Doodo ooo
000000000 10 Uoood oo



0oooooD 0f 0oobbiodoboiog 0d

00000 0000 0000000 00 000100000 000000000 00000000000 000 K2 000 A 0000000000 000000 00000000
rpv 00000000 000 000000 0o

K2 N

Fov HUEHH s 000 Do DEIIjs B ood | ¢ 000 0orood B OO0
<500 0oooo goed 0000 0ooboo | boooo 000 000 Dooooo

5—16 000 | 0OIOO goied 0oo  Diboot | 0oioo 0aiod 000 Doodoo

16 —24 00 | DOIOC goied 0o [00oooo | ooood 0aioo 00 0ooodd

24 —50 00 | 00000 goied 0o [ooooo | oooodg 0ood 00 0ooodd
> 50 00 0oooo goed 0  000coo | boooo 0oomog 0 0ibooo

000 0000000 tOoOoooo O Ooodo Dooooo 0o 0oo Joooofooo 0odoodo dodoobdotoo 0o 0oo bodo
0000 d0oUO0 0oidtoboon oooto bUoibdo 0o botooboot ood fditofOoooot Doboodt Doooto
00010100 DI000I00000000000 00000000000 0000 000000 00000000 000000000 85% 100 K2 00000
000000 40 [00000 OitoiboboUooon boo 0hoboobooo o Dotooooo boooootool boo 0o tbodoooo
000 0i00Q00n 0oooittotoot 0oooodo foo Lioo Oodoo ioditood U todooitotod oioboo
00i0oOioo oobomotdooooo






	Abstract
	Introduction and Motivation
	Supersymmetry and Minimal SUSY Standard Model
	Limitations of the Standard Model
	Supersymmetry and the Hierarchy Problem
	Particle Content of the MSSM

	Theoretical Framework
	Light Neutralino in R-parity Violating Supersymmetry
	Neutralino Production and Decay Dynamics
	Production in B-meson Decays
	Neutralino Decay Channels and Lifetimes


	The Belle II Detector
	Overview of the Belle II Experiment
	The Pixel and Silicon Vertex Detectors
	Pixel Detector (PXD)
	Silicon Vertex Detector (SVD)

	The Central Drift Chamber
	Design and Geometry
	Track Reconstruction and Momentum Resolution
	Specific Ionisation and Hadron Identification

	Particle Identification Systems
	The Time-Of-Propagation Counter
	The ARICH Detector
	Combined PID Likelihood and Proton Performance

	Other Detector Components
	Electromagnetic Calorimeter (ECL)
	The K0L and Muon Identification System (KLM)


	Experimental Signature and Search Strategies
	Exclusive Search Strategy
	Inclusive Search Strategy

	Data Sample Generation
	Form Factor Calculation for Exclusive Decays
	Pythia8: The Lund String Fragmentation
	Junction Fragmentation for Baryonic RPV

	Herwig: Cluster Hadronization
	General Workflow for Signal Generation

	Reconstruction
	Displaced Vertex Reconstruction Algorithms
	TreeFitter Algorithm
	Top-Down Track Exclusion Logic

	Invariant Mass Reconstruction and Particle Identification
	Reconstruction of KS0 and  as Effective Tracks
	Radial Categorization and Observables
	Optimized Selection Criteria

	Association with Prompt  and Protons

	Background Studies
	Material Interactions and Antinucleon Annihilation
	Cut based Analysis on Daughter-Track Variables
	Two-Track Vertices (DV2)
	Three-Track Vertices (DV3)
	Higher Track Multiplicity Vertices (DV4-DV6)

	Data-Driven Estimation of Combinatorial Background
	Coincidental Crossing Probability
	Background Estimation and Validation
	Extension to Higher Multiplicities


	Conclusions and Future Work
	Acknowledgements

