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EVENT DISPLAY

Event display with mouse interactions

/5 Belle Il Masterclass Event Display

=< [ R | 020 event data

Reconstructed particles of Event 1
N px{GeVic) py(GeVic) pz(GeVic) p{GeVic)Energy|GeV)ChargelD

1 0.0294573 -0.273614 0.194669 0.3370910.353262 1 muon
2 -0.229449 -0005590370.243925  0.3348340.362551 1 pion
3 0248353 0138971 0133726 0.3152340.34475 1 pion
4 0.617004 0147713 -0.01758%5 0.6345910.648856 -1 pion
3 -0.852546 -0.013353 0.58309 1.03321 1.04259 -1 pion
6 0.342409 000413217 -0.207596 0.5807930.597328 -1 pion
7 -0.0736903-0 0331519 -0.03263%94 0.12259 0.185764 1 pion
g -0.0337178-0.35194  -0.0835627 0.3544750.380284 1 pion
9 -0.269253 -0.33105% 0.736212 0.8509540.862324 1 pion
10-0.342041 0433614 0520643 0.7520020.771728 -1 pion
11-0.05393580.20194 0.351623 0.4151240.437838 -1 pion
120417001 0455205 0.280854 0.7007291.17106 1 proton
130180873 0.25858436 0716277 0.7930710.793071 0 photon
14-0.12108 -0.007555250.261905 0.25886370.288637 0 photon
15015715 0.128819 -0.007591610.2033420.203342 0 photon
16-0.211126 -0.125356 -0.0770802 0.2574490.257449 0 photon
17-0.134099 0.0615151 -0.140303 0.2035970.203597 0 photon

List of reconstructed particles

Helix track propagation from
Interaction point

IIK’ hands on particle physics
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EXERC'SE « Display missions

« Describe process
* Run

Mission 1
In the data you fill find a list of reconstructed particles with their properties stored for each event. Each particle is desribed by it

mamentum P = (P, Pys P),

energy E,

electric charge and

identity
List the particles in the data for several events and plot a frequency histogram of a number of reconstructed particles per event. This is done by using the “main
block™ and by pressing “Run Analy: utton”

Try to change the number of events and a data source file and observe how the distribution changes.

Blocks
Belle Il Masterciacs
MNumber of events:
First event: [
Data Source
Print particle list? (KIS
Particle List

\_I-iﬂngram Title |[IREELESS) Number of bins [T Min: [} M= [ Variable [GEESED

Same particle lists? [0
Set identity o EETI000E

Histograms ; NTERNATIONAL‘\’/‘( ‘i

ey e G oo G o v ) v G50 MASTERCLASSES

IIIU hands on particle physics




@@ Institut
”Jozef Stefan”

== Quick start to analyze the data

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

Blocks

The exercises are carried out by transferring blocks on the workspace and
connecting them together. That represents parts of the data analysis code:

Belle || Masterclass

Inside “Blocks" we find: Number of events: [ER)
First event: &)

A BLUE block that allows you to load events.  [ESaitis
You can choose between two data sources: ::::Ct’f;'f ist? GEND
Belle-1 Which contains 629,000 events
Belle-2 Which contains 5 600 000 events

Bellell Which contains 7 085 000 events T—

Y ou can select the number of events to analyze Title

Note: processing of 10.000 events takes about 1 second.  BUTLESSETE
A BROWN block that allows you to produce histograms L 0

Max:
Variable

— distributions of selected variables, you can define a range
and a variable to plot

Belle2Lab Manual

DD
/O
Belle T



- Quick start to analyze the data

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

s s
slecks - A GREEN block that allows you to combine two Sratins e
. -t e . 1. Particle
particles and to calculate their invariant mass S P
Same particle lists? [IIED
You can choose to combine different particles and New Particle @250

Min mass [GeV]
Max mass [GeV] :
Histogram

avoid considering the same particle twice.
The minimum and maximum of the invariant mass
can be specified for further analysis

A MUSTARD block that allows to select only certain ?E:’““'E
particles (electrons, muons, kaons, protons, photons) and SIS
also allows to choose the charge of the particle (-1, 0, +1, "7" muon -

any) _ Histogram

Belle2Lab Manual
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Basic blocks

Define main analysis

parameters
| Selectparticletype  Eialiiias O Number of events to
Particles for analysis and ;':;:Zi;::_egms" E process
Ez appe.nd histogram for = SSESSEEE O First event to process
Histogram plotting the Print particle list? [CTEB O Data Source
properties Particle List Q Print particle list for

first 100 events
O Particle list to process/
by default the list from

the file is used
Combine 2 pariicles Make a combination T——

i of particles from two Title

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

Plot a distribution

Min: [1)
Max: B Define a range and
Variable [[EEED a variable to plot

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

Belle2Lab Manual
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Particle list

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

Belle Il Masterclass
Number of events: [EDI[)
First event: (&)

B -Ralell(+=8 Belle-1.root
Print particle list? (Y358
Particle List

Primary particle list for Event 1

N px(GeV/c)
1 -0.99205
2 0.379417
3 0.448819
4 -0.381274
5 -0.404262
6 0.0363708
7 -0.125205
8 0.111522
9 0.0599534
10 -0.0335806
1 0.180846
12 0.354789
13 0.393443
14 0.254512
15 0.152624
16 0.650451

Number of particles in the event

Particle properties

* momentum (px.py.pz) = (-0.49183 , -0.486732, 0.167347)

GeV/c
energy = 0.866329 GeV/c2
charge = 1
identity = kaon

momentum = 0.712 GeV/c

transverse momentum = 0.69 GeV/c

polar angle theta = 76.40 deg.

cos(theta) = 0.235

invariant mass = (.494 GeV/c2

5 F

3 600—

z :

500—

400;

300;

200;

1oof_

ot

0

py(GeV/c) pz(GeVic) p(GeV/c)

0.255215 -0.298016 1.06682
0.416063 0.292391 0. 0.634475
0.279332 0.857395 1.00727 1.01689
0.317797 0.666425 0.830956 0.842596
0.0618774 0.419536 0.58589 0.602285
-0.337713 0.696636 0.775032 0.787499
0.251112 0.201202 0.345276 0.372418
0.10243 0.139017 0.205559 0.248464
0.0198644 0.0726116 0.0962364 0.169532
0.0421883 0.0666954 0.0857659 0.163816
-0.00941455 0.265317 0.321227 0.321227
0.0498766 0.227253 0.424272 0.424272
-0.310244 0.28901 0.578425 0.578425
-0.0893971 0.113315 0.29259 0.29259
-0.0325375 0.296991 0.335494 0.361627
-0.401558 0.403939 0.864582 0.875054

Belle2Lab Manual
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INVARIANT MASS &
COMBINATION OF PARTICLES

=\ (B + B)* — (; + pa)c)

Particle properties

«  momentum [px py,pz) = (-0.543176 , 0375449 | -0.307604)
GeVic

Ctrl+Click on a single row errsy =0 G

charge =0

momentum = 0,849 GeVic

- - transverse momentum = 0,79 GeV/c
Click on two different rows o e ot
cos(theta) = -0.362
invariant mass = MaM GeV/c2

Particle properties combined from two
particles

px [GeV/c] |py [GeV/] |pz [GeV/c] E [GeV/c2]
-03431TE (0573440 [L030Te0d  (0.B49
0.35006 -0.41357  [1.45082 1.54877
-0.1931 01616 1.1432 12,3978

Invariant mass = 20926 Ge\yc2 1 /" J“
TERNATIONAL \

MASTERCLASSES

hands on particle physics
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Combine the blocks

Plot different variables :
The particle lists for each event are stored in an ROOT tree, = Mass,
O momentum,
. : . O energy,
By combining different blocks the event loop is generated. 0 charggz
Inside the loop, new particle lists can be generated by 0 identit;/
combining the existing lists. Q px,py,pz,pT
[ cos(theta),
Distribution of different particle quantities can be plotted O theta
3"3.31M ftlt Fixed block connectors Al particles

Fist event. (€3 minimize coding errors S
E|ER1 0 (#=} hadron-1 ¥ | —
Print particle list? [EED 4000
Particle List | Select Particles -
Particles s000C_
Charge —
Type -
Histogram . . Histogram 2000?
Titie -
Number of bins [E[) e
Min: —
Max: ol ' o : —
Variable cospolar angle

Belle2Lab Manual
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Decay to two particles

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

@ Switch between Diagram and Results Load Diagram

Particle properties combined from two
particles

px [GeV/c] |py [GeV/c] pz [GeV/c] E [GeV/c2] charge|ID

| | 0.0529848 0.380323 |0.300759  0.693993 |1 kaon
0.0501458 [0.103633 |0.0817934 [0.141226 | -1 felectron
0 0.1031  0.4840  0.3826  [0.8352 |

Particles Invariant mass = 0.5535 GeV/c2

Analysis Belle Il Masterclass
I Variables Number of events: ELNNIID
pEiER T :Y hadron-2 * |

Particle List [, Combine 2 particles

Select two particles by
mouse click and display
properties of the
combuined ,particle”

Energy(GeV) Charge 1D

. 1.06682 -1 electron

:T::T&% 0.634475 -1 electron

: 1.01689 1 pion

Max mass [GeV] - ED 0.842596 -1 pion

Histogram | Histogram 0.602285 -1 pion

Title 0.787499 1 pion

Number of bins (£} ) 0.372418 -1 pion

Min: (1) 0.248464 1 pion

Mec € 0163816 1 =

. : ion

R 0.321227 0 phopton

0.424272 0 photon

0.578425 0 photon

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

DClITZLaV 1vidliual
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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

Belle2Lab Manual
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Different decays

Invariant mass plots for different decays
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Advanced features

0.5874
0.1832
45211203
5.124e-21
450.4
0.5015
0.02452
2347
-478.7
-1186
-284.9

Eniries 300766
z [ Mean
— Sid Dev
2500— w21 ndf
— Prob
2000f—
1500+—
1000+—
500[—
0 [ L Il Il I L
0 02
Range: min = [0.397 max =[0.923 | x¥ndf = 1.051e+5/205 = 512.7
T\

Function: [Gaus = Poly v N - € 20 ) + pO + p]. -
Name Value Min Set Max Step
LTS 0.5015 0 1 0.0001
. o 0.0245 0 0.1 0.0001
o N 490.3655 0 10000 0.0001

Polynomial order:[1 | (]

Name Value Min Set Max Step
+ po: 2347.1938 -10 5000 0.0001
« pl: -479.67778 -493.746783424 10 0.0001
+ p2: -1186.242474364 |-1186.242474364 10 0.0001
+ p3: 2948651832681 |-294.865183268: 10 0.0001
.« pd 0 -10 10 0.0001

ShowHide Fit Panel

Belle2Lab Manual

On the way to a B meson
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COLLECT & SUBMIT THE RESULTS

mumu Mass
.
Enfr 6084
= = e 2905
450F— d Dev 02639
= Underflow 44381
E Overow 1470
400 Integral 10233
= 42 [ ndf 1421/95
= rob. 0.001251
350 N 4432
= u 3.090
E 0005437
300(— K 4662
E b1 1251
250F—
200F—
150
100
CUSS
E. 1. TR N RS S RS S A B
26 2.8 3 3.2 34
mass (GeV/c2)
Click to fi |

Range: min = 2.5

max = 3.5 X¥ndf=1422/95 = 1.497 Nbackground = 9093
7( T—p )2
Function: [ Gaus + Polynomial ~| [N - €\ 3=/ 4+ p0 + pl - x

Name Value Min Set Max Step
o 3.08985 2.304752489¢ 35 0.0001
ea 0.0094 o 0.629469602" |0.0001
*N: 1443.2165 o 938 10.0001

Polynomial order: 1
Name
° po:
o pt:

=1

/= Belle Il Masterclass Student worksheet

Send results to server Clear worksheet

80—
mission: 0 50 -
particle: K o
charge: + oF
mass: 314 F
width: 0.0083 s
events: 122 =

rmumu Mass

Subrmit your result

Show diagram

Delete this mission

Wb, ]

]

Iy,

?d‘

n

) .
A

28

3

3z 4
mass %-Sa\f-'cﬂ}

ShowHide Fit Panel Show/Hide Send res

Particle name:

Mass [GeV/c2):

ult
|3.14 |
|o.0083 |
122 |

Collect results on the student worksheet
Send the worksheet to server

Mmogran T ETFT T Worster of bine (173 e () Max- EXT varists £



TWO | EVELS Switch the level via menu tab Settings
BEGGINER ADVANCED

Same particle lists? [IEED
Set identity to
Min mass [GeVic2] : [ )
Max mass [Gevic?] - [
Histograms
I\_I-istc-gram Title MNumber of bins [E[T) Min: Max ‘Wariahle

o Qi « Blocks enable stacking of cut
Simple blocks variables
* Onlytwo fitting functions - _Wider range of fitting functions
N (=
INTERNATIONAL‘\ﬂ'( ‘i

MASTERCLASSES

hands on particle physics




TUTOR PANEL

Get the results submitted by your students

(B Belle Il Masterclass Administrator panel - User moderator

mass

- Hist

8 M Entries 36

. Mean 1.245

E Std Dev 1.369

6— - Underflow 0

E Overflow 1

S Integral 35

€

o

£ <:I Click on variable to get statistics

=

ob \I\.\.|_||_‘|\.\I\.\I..\.\|T

0 1 2 3 4 5
R "R =R LSRR ERAR = . . o v | corcaon | o

\/
id ip user group mission particle charge mass masswidth events histogram code time
mumu Mass
1 93.103.224.8 abcde external 0 mu 0 1 1 Z | Diagram 2021-02-04 21:13:10
2 93.103.224.8 abcde s 1 pi + 3.14 0.0082 100 | Diagram 2021-02-08 08:24:32
ELI T B F UMYy
= INTERNATIONAL‘\‘ ‘ ‘.

MASTERCLASSES
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SUPPORT MATERIALS FOR
INSTRUCTORS & TUTORS

https://confluence.desy.de/display/Bl/IMC+2021

http://belle2.ijs.si/public

http://belle2.ijs.si/masterclass

https://physicsmasterclasses.org/index.php?cat=local organisation&page=organisation

https://indico.cern.ch/event/882471/

https://belle2.ijs.si/video/2020-12-01-IPPOG-HandsOn-Bellell-IMC.mp4

-
O oo WU

MASTERCLASSES

hands on particle physics
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Exercises
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Worksheet

Exercise table with the list of decays to examine

Quark content [\ ET Number of Number of Decay
(GeV/c?) processed detected width

events particles (GeV/c?)

% ar—aay VY
- —(ds_+_s) Ks >+t -
V2
cC I/ > e+e-
— >
_ cu D% > K+m-
D*+ - DO+
_ de D*- > D -
ub B+ > J/U K+
_ ub B- > I/ K-

Belle2Lab Manual
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Exercise 1 — Particles in the data sample

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

 momentum p=(px,py,pz), energy E, charge and identity

* List the particles in the data and plot number of
reconstructed particles in each event

* This 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

* Try to change number of events and a data source file

Belle2Lab Manual
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Exercise 2 — Mass distributions for different particles

* Mass of the particle defined as
e mc2 = \/Ez — p2¢?

* In the application it is already calculated

* Plot the distribution of particles according to their mass

* Change particle identity and see how the distribution
changes in the following ranges:
 From 0 to 3 GeV/c?
* From 0 to 0.0005 GeV/c?
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Exercise 3 — Decay of a particle to two particles

* From the measured momentum and energy of two
particles (p1, E1) and (p,, E,) the mass of the
mother particle can be calculated as

* mct = \/(E1 + E)%—(p1 + p3)%c?

* By using a particle combiner block, the mass of the
particle can be calculated for each combination of
particles.

* Plot the mass distribution of neutral pion
which decay to two y photons:

ml>vyy

* You will find a peak at 0.135 GeV/c2, which is
exactly the mass of the pion
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Exercise 4 — Decay of a kaons to charged pions

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

Ks >+ 1 -

* You will find a peak at 0.498 GeV/c2 , which is
exactly the mass of the neutral kaon Ks



Exercise 5 — Decay of a Phi to charged kaons

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

¢ >K+K-

* You will find a peak at 1.02 GeV/c2, which is exactly
the mass of the ¢
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Exercise 6 — Decay of a J/y to leptons

* Plot the mass distribution of a J/y which decays
to two leptons:

I/ = ete- or J/O = p+ p-
You will find a peak at a mass of J/ at 3.10 GeV/c2

Probability for a production of J/{ is very small.
You will have to process at least 100.000 events.
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Exercise 7 — Decay of a D° to charged kaons and leptons

* Plot the mass distribution of a neutral D® which
decays to a combination of K+m- or K-mt+:

DO > K+mt-  or DO > K-m+
You will find a peak at a mass of D° at 1.86 GeV/c?

Probability for a production of D? is very small.
You will have to process at least 100.000 events.
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Exercise 8 — Decay of B+ > J/{ K+

* Plot the mass distribution of a charged B which
decays to a combination of J/ K

B+ > J/U K+ or B- 2> J/Y K-
You will find a peak at a mass of charged B at 5.28 GeV/c?

Use the block Combine 2 particles and describe the
process in two stages.

Be sure to select only the particles with a correct
invariant mass of J/ for further analysis.
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Exercise 9 — Decay of D*(2010) > D%m

* Plot the mass distribution of a charged D* which
decays to a combination of D°rmt- or DO rt+:

D? > K+m-  or DO > K-+
You will find a peak at a mass of D* at 2.01 GeV/c?

Use the block Combine 2 particles and describe the
process in two stages.

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





