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You Tube introduction:

Mstart: https://lyoutu.be/qg6M2_dnp3pl

Ararticle distribution: https://youtu.be/g6M2_dnp3pl
Allpsi to mumu: https://youtu.be/xUYmXoPfZOU
Allpsi to ee: https://youtu.be/3TGsHJI8|SpE

Ait: https://lyoutu.be/wWbjWwYHVaLU

B to J/psi K http://youtube.com/watch?v=e-

GErqzY3HM
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<o Quick start to analyze the data k==

Belle Il Masterclass: Describe process —Run analysis —Fit results —Save/load process locally

Blocks . The exercises are any carried out by transfetslogks onthe workspaceand
connecting them togethd@rhatrepresentparts of the data analysis code:

Belle |l Masterclass
Insiden B |1 o wekfisd® Number of events:

First event: [1)

A BLUE block that allows/ou to load events ReEeistEs

You can choosbetween twalata sources [Hikbkat i

hadron1 Which contains 629,000 events Siadss

hadron2 Which contains 5 600 000 events

You can select the number of events to analyze T—

Note: processingf 10.000events takes about 1 secor Bif muneg Mass

Number of bins

A BROWN block that allows you tproduce histograms Min: [

I distributions of selected variablegou can define range o M
i ENEL ] mass v
and a variable to plot EEE
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- Quick start to analyze the data

Belle Il Masterclass: Describe process —Run analysis —Fit results —Save/load process locally

= e
sleds - A GREEN block thagllows you to combine two Sratins e
; .o . 1. Particle
particles and to calculate their invariant mass > e
Same particle lists? [IIED
You can choose tcombinedifferentparticles and New Particle @250

avoidconsidering thsame particle twice. M"““" flass ::E
. . . . aX Mass .
The minimum and maximum of the invariant mas: FFIEEEs
can bespecified for further analysis

A MUSTARD block that allowso select only certain ?E:"i“'ﬁ
particles (electrons, muons, kaons, protons, photnd Charge EIED
also allows tachoose the charge of the particlgé, O, +1 757 muon -

any) _ Histogram
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Basic blocks

Define main analysis

_ parameters
Select Particles Se|ectpart|c|e type Belle || Masterclass (; Numberof eventsto
Particles for analysisand Number of events: process
Charge EIED append histogram for b b '
Type CITTED PPE g R C First event to process
lotting the

Histogram P g Print particle list? [{EIED C Data Source

properties Particle List C Print particle list for

first 100 events
C Particle list to process/

by default the list from
the file is used
rTireanE e Make a combination s
Lt of particles from two i

2. Particle lists Number of bins
Same particle lists? [IIED

Plot a distribution

Min: [1) _
Max: (B Definearangeand
Variable ([EE3ED avariableto plot

New Particle
Min mass [GeV] :
Max mass [GeV]:
Histogram
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Particle list

C Without any connected blocks the
particle list is listed if only a main block
is included in the sketch

Number of particles in the event

N events
(2]
o
o

Belle || Masterclass
Number of events: KL
First event: [

500
400

300

Data Source o
Print particle list?

100

Dﬁ‘\H|\I\I|IIII‘\HI‘IHI‘IH\‘I\I

Particle List o

N particles
Primary particle list for Event 1

N px(GeV/c) py(GeV/c) pz(GeVic) p(GeVic) Energy(GeV) Charge ID
1 -0.99205 0.255215 -0.298016 1.06682 1.06682 -1 electron
2 0.379417 0.416063 0.292391 0.634475 0.634475 -1 electron
3 0.448819 0.279332 0.857395 1.00727 1.01689 1 pion
4 -0.381274 0.317797 0.666425 0.830956 0.842596 -1 pion
5 -0.404262 0.0618774 0.419536 0.58589 0.602285 -1 pion
6 0.0363708 -0.337713 0.696636 0.775032 0.787499 1 pion
7 -0.125205 0.251112 0.201202 0.345276 0.372418 -1 pion
8 0.111522 0.10243 0.139017 0.205559 0.248464 1 pion
9 0.0599534 0.0198644 0.0726116 0.0962364 0.169532 -1 pion
10 -0.0335806 0.0421883 0.0666954 0.0857659 0.163816 1 pion
1 0.180846 -0.00941455 0.265317 0.321227 0.321227 0 photon
12 0.354789 0.0498766 0.227253 0.424272 0.424272 0 photon
13 0.393443 -0.310244 0.28901 0.578425 0.578425 0 photon
14 0.254512 -0.0893971 0.113315 0.29259 0.29259 0 photon
15 0.152624 -0.0325375 0.296991 0.335494 0.361627 0 pion
16 0.650451 -0.401558 0.403939 0.864582 0.875054 0 pion
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Combine the blocks

Plot different variables :

The particle lists for each event astoredin an ROOTree. & MAass,
¢C momentum,
- : : C energy,
By combining different blocks the event loop is generated. C charge
Inside the loop, new particle lists can be generated by C identity’
combining the existing lists. C px,py.pz,g
C cos(theta),
Distribution of different particle quantities can be plotted C theta
Belle Il Masterclass .
— Fixedblockconnectas Al particles
Firstevent. (3 minimize coding errors S0
E|ER1 0 (#=} hadron-1 ¥ | —
Print particle list? [EED 4000
Particle List [ Select Particles E
Particles 3000
Charge EXTED -
2 all particles -
Histogram . . Histogram 2000?
{1 Al particles;cos(polar angle) N -
Number of bins [§[i[) L
Min: B E
Max: 0_1"‘05‘I$I\05|\|w4|
Variable cospolar angle
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Decay to two particles

Belle || Masterclass: Define process —Analyse data —Visualise
results —Save/load process locally

Interrupt | Switch between Diagram and Results Load Diagram

0
Particles
Analysis Belle Il Masterclass
I Variables Number of events: [ELIID

EERNTY hadron-2 * |
Particle List (. Combine 2 particles

New Particle (2158
Min mass [GeV] : [XLED
Max mass [GeV] : [}
Histogram | Histogram
Title
Number of bins [EI[)
Min: [}
Max: KB
Variable
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Combination of three particles

Belle Il Masterclass
Mumber of events:
bEERT =) hadron-2 « |
Particle List Combine 2 parficles
1. Particle Combine 2 particles
1. Particle

Mew Particle [X350
Min mass [GeV] : 5]
Max mass [GeV] : KT
Histogram Histogram Title Mumber of bins [E1]1) Min: [} Max: 2] Variable
" Select Parficles
Particles
Charge ({13
Type FINE
Histogram Histogram Title Mumber of bins {0 Min: [ Max: [ Variable [DE=E0

New Partice [T250
Min mass [GeV] : [1)
Max mass [GeV] : £}
Histogram Histogram Title Mumber of bins FE11) Min: [J Max: [E] Variable
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Different decays

Invariant mass plots for different decays

1o gamma gamma Mass - mumu Mass . KK Mass -
= uf Crs ® = ﬂ e
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Advanced level

A resulting panel offers the possibility to fit a resulting distribution with a
ROOT function and calculate width and number of events in the peaks

pipi Mass
x10°3 h1
< Entries 402
C Mean 0.3418
L Std Dev 0.2084
B A2 I ndf 658.0 / 54
~ rob 9.819e-105
10— p0 9677 + 76
- p1 0.1323 + 3.6e-5
8l p2 0.004799 + 0.000038
— p3 -871.8 £+65.9
e p4 55781 + 1241
— pS -137418 + 5061
4
]
O 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1

Function: gaus(0)+pol2(3)
Range: min=0.05 &max=.2
Initial parameters (separated by ,)10.0.13,0.015,0,100,0
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Exercises

Belle2Lab Manual



@@ Institut
”Jozef Stefan”
... Ljubljana, Slovenija

Worksheet

Exercise table with the list of decays to examine

Particle Quark content Process Mass Numberof Number of Decay
(GeVc?) processed detected width
events particles (GeV P
- o

A
»

p Ks-m+ -1

= i i ¢ - K+ K
| s
_ oq D° - K +-Tt
I -l
D* + °m+D
_ od B+-J/ ¢ K+
_ 66 B-J/ ¢y K
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Exercise 11 Particles in the data sample

Aln the data we have a list of reconstructed particles for
each event with the following information:

A momentum p=px,py,p3, energy E, charge and identity

AList the particles in the data and plot number of
reconstructed particles in each event

AThis is done by using the main block and pressing
Run Analysis button

Belle Il Masterclass
Number of events: R0l
First event: [1)

Data Source [[ERCIS KD
Print particle list?
Particle List

ATry to change number of events and a data source file
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Exercise 21 Mass distributions for different particles

A Mass of the particle defined as
Aad JO [ o
Aln the application it is already calculated
A Plot the distribution of particles according to their mas:

AChange particle identity and see how the distribution
changes in the following ranges:
AFrom 0 to3 GeV/é
AFom 0 to0.0005GeVLt?
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Exercise 31 Decay of a particle to two particles

A From the measured momentum and energy of two
particles {} , O) and(n] , O) the mass of the
mother particle can be calculated as

Ao JO O n 7 ®
ABy using a particle combiner block, the mass of the

particle can be calculated for each combination of
particles.

A Plot the mass distribution of neutral pior,
whi ch decay to two vy ph

m-yy

AYou will find a peak #&.135GeV/c2, which is
exactly the mass of the pion
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Exercise 41 Decay of a kaons to charged pions

A Plot the mass distribution of neutral kaon Ks
which decays to two charged pions:

KS_TT + - TI

AYou will find a peak #.498 GeV/c2 which is
exactly the mass of theeutral kaon Ks
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Exercise 51 Decay of a Phi to charged kaons

A Plot the mass distribution of neutral kaon Ks
which decays to two charged kaons:

¢ - K+ Kk

AYou will find a peak d@.02 GeV/c2which is exactly
the mass of thep
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Exercise 6 1 Decay of a J/y to leptons

A Plot the mass distribution of & / which decays
to two leptons:

J/ Yete or J/ ¢ = uy+
You will find a peak at
Probability for a produc

You will have to process at least 100.000 events.
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Exercise 71 Decay of a D° to charged kaons and leptons

A Plot the mass distribution of a neut@? which
decays to a combination & +-ar K-1t+:

DY - K+-11 or D’ - K+

You will find a peak at a mass®¥fat 1.86GeV/&
Probability for a production dif is very small.
You will have to process at least 100.000 events.
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Exercise 8 1 Decay of B+ > J/{ K+

A Plot the mass distribution of a charged B which
decays to a combination df / Kp

B+ - J/op K+B, JK @
You will find a peak at a mass of charged B at 5.28 &eV/c

Use the block Combir&particles and describe the
process in two stages.

Be sure to select only the particles with a correct
l nvari ant mass of J/ Y for
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Exercise 91 Decay of D*(2010) > Dm

A Plot the mass distribution of a charged ®hich
decays to a combination &P 1 or DP1T + :

D - K-+ 1101 Do K+
You will find a peak at a mass of D* at 2.01 G&V/c

Use the block Combinparticles and describe the
process in two stages.

Be sure to select only the particles with a correct
invariant mass of Ofor further analysis.



