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Ako nahrat data do programu

 Stiahnite si svoj dataset (.zip subor) a rozbalte si
subory z neho do nejakeho prieCinku

» Otvorte si v Hypatii prvy event (File -> Read Event
Locally -> v okne vyhladajte prvy event a otvorte ho)

* V Hypatii by ste mali vidiet zaznam z detektora pre
prvy event



~ Popis zakladnych Casti

File Name ETMis [GeV] Track P [Gev] +- Pt [GeV] 0 n M(2) [GeV] M(eeee) [GeV] M(eemm) [GeV] M(mmmm) [GeV] elmig

File & hd @ B X ()

Previous Event  Next Event Electron Muon Delete Track  Reset Canvas

ETHis: 21.302 GeV ¢: 1.872 rad Collection: MET RefFinal
[ /media/dubovsky/DATA/temp/2021 021 7_hypatiafevents/groupT/event001.xml @ o+ ofl ol
Tracks Physics Objects
Track +/- P [GeV] Pt [GeV] [] 3]

Tracks 166 + 44.42 4317 1.284 1.333
Tracks 198 - 47.67 47.23 -1.613 1.708
Tracks 304 4 + 66.58 42,93 0.400 0.701
Tracks 308 ) - 16.82 11.03 0.771 0.715
Tracks 325 - 8.51 5.54 0.859 2.432

Jednotlivé tracky zaznamenané
detektorom (Cislo tracku, naboj,
hybnost, priecna hybnost, uhol ¢ a
pseudorapidita 0)

Parameter Control | Interaction and Window Control | Output Display
Projection | Data [ Cuts | InDet | Calo [ MuonDet | Objects | Geometry
InDet

Name Value D
Calo — S *
Muonpet || IPE| > [5.0 Gev
Objects |Pt2| < |700.0 Mev
BULES v||do| < [2.5mm
v||2z0| < |20.0 cm
|d0 Loose| < |2.0cm
|z0-zVix| < |2.5 mm {{D
Layer > |0

Number Pixel Hits >= |2




File view Histograms Preferences Hel

Hadronovy kalorimeter. Sem sa elektrony ani fotony nedostanu
Elektromagneticky kalorimeter. Elektrony aj fotony tu nechaju
jasny signal

Vnutorny detektor. Nabité Castice tu nechaju stopu (Cize napr.
mioény a eletrény ano, fotony nie)

Name
v| |Pt|

|Pt2|

v||dO|
v| 20|

|d0 Loose|
|z0-zVix|
Layer

Number Pixel Hits

Minimalnu priecnu
hybnost’ nastavte na
5 GeV, ak mate v evente

vela trackov, zvySte to na

10 GeV, alebo 15 GeV

Parameter Control ‘teraction and Window Control | Output Display
Data | Cuts [ InDet | Calo | MuonDet | Objects | Geometry

Valus 6
A IR 24



File View Histograms Preferences Help

Popis zakladnych Casti

Pt [GeV] 0

File Name ETMis [GeV] P [GeV]

M(2) [GeV] M(eemm) [GeV] M(mmmm) [GeV] eim/g

File @ > @ [ X «

Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas

ETMis: 21.302 GeV e ction: MET_RefFinal
| /imediajdubovsky/DATAemp/2021021 7_hypatiafevents/groupT/event0ol.xml G| o= ot ol
Tracks Physics Objects
Track +/- P [GeV] Pt [GeV] ] ]

Tracks 166 + 44.42 43.17 1.284 1.333
Tracks 198 - 47.67 47.23 -1.613 1.708
Tracks 304 + 66.58 42.93 0.400 0.701
Tracks 308 - 16.82 11.03 0.771 0.715
Tracks 325 - 8.51 5.54 0.859 2.432

Rewe Priblizenie a oddialenie detektora.
Potiahnutie mysSou od stredu oddiall,
potiahnutie mySou k stredu priblizi

260) \
Parameter Control | Interaction and Window Control | Output Display

Projection | Data [ Cuts | InDet | Calo [ MuonDet | Objects | Geometry
b Value

M| VVyberanie jednotlivych trackov, alebo foténov.
8 Kliknutie na objekt v oknach s prierezmi ATLASu

{ ho oznacia aj v tabulke vpravo hore.




Typy eventov ktoré nas zaujimaju

Rozpady Z bozonu Rozpady Higgsovo bozénu
Z bozon sa moze rozpadat vela spésobmi, nas » Je vela sp6sobov ako sa moze
zaujimaju dva ktore vidite nizSie rozpadnut.
Z bozon je neutralny, takze sucet nabojov Castic na * Nas budu zaujimat’ dva, ktore
ktoré sa rozpadne musi byt nula su najlahsSie identifikovatelné a
Zachovava sa “lepton flavor”, rozpad Z— ep preto nie ktoré boli aj pouzité pri jeho
je povoleny, leptony musia byt rovnakého typu objave
- ee Z— pp
Vznikne par elektron- * Vznikne par mion- 1. spésob: Rozpad na 2 fotény
pozitron (ee") antimion (pp*) ’)/
+ + t
U
H
Zz 7 || At
H : Y
6




Typy eventov ktoré nas zaujimaju

2. sposob rozpadu Higgsa: Rozpad na 4 nabité leptény
* Higgsov bozon sa najprv rozpadne na dva Z bozony a tie nasledne na dva
pary elektron-pozitron, alebo midon-antimion
 VSetky moznosti rozpadov vidite nizSie.




Co budeme poditat’

* Majme Casticu s energiou E a hybnostou ; — (Pas Py D)
 Z teodrie relativity vieme spocitat’ jej kludovu (tzv. invariantnu)

hmotnost ako 1
mo = VB = CJp? = \[E? — 2(p2 + p3 + p?)

* Nech sa tato Castica rozpada na 2 Castice A a B, s energiami, resp.
hybnostami £, a E_, resp. p,a p,., pricom plati ze:
E=E,+E, a p=patps
* Potom pomocou tycho energii a hybnosti vieme zratat hmtnost

povodnej Castice ako 1 — —
mo = 0_2\/(EA + Ep)? — ¢*|pa + pBl°

* Program Hypatia zrata tuto veliCinu za vas a priravi vam subor s

tymito hodnotami a taktiez si vysledky mbzete pozriet ako histogram.
8



Invariantna hmotnost’

» Z relativity poznate rovnicu E = mc2 a viete, ze ked sa teleso
pohybuje rychlostou v , meni sa jeho hmotnost’ m oproti
kludovej (invariantnej) hmotnosti m, podla vztahu:

m — mo — m002 — = mov
1 — v2 dosadenim B »2  dosadenim v?
c2  do E=mc? l— = dop = 2

c op=mv c




Par slov k jednotkam hybnosti, energie a hmotnosti

Pravdepodobne ste zvyknuti na nasledovné jednotky:
[E] =J =kg m2s-2 [p] = kg m s
[m] = kg [V]=m s

V jadrovej a Casticovej fyzike sa Casto pouziva tzv. prirodzena sustava jednotiek, kde
rychlost svetla ¢ = 1, takze rychlost je bezrozmerna veliCina, vyjadrena v nasobkoch
rychlosti svetla

Zo vztahov E=m.c2 a p=m.vvidime, Ze v tejto sustave jednotiek maju energia,
hybnost’ a hmotnost rovnaku jednotku, napr. eV, MeV, GeV ...

1 eV je energia, ktoru ziska elektron ak ho urychli napatie 1 volt: 1 eV =1,6 x 10-19 J

Hybnost 1 eV zodpoveda v kg m s-1 hodnote
1eV/e=1,6 x 10719J/(3 x 10%m.s™1) ~ 5,3 x 10™**kg.m.s~"

 Hmotnost' 1 eV zodpoveda hodnote:

leV/c? =1,6 x 10793/(3 x 10®m.s™ )% ~ 1,8 x 10 3%kg 0



KIaS|f|kaC|a / — ee eventu

[ n M(2) [GeV] Meeee) [GeV] M(eemm) [GeV] M{mmmm) [GeV] e/mfg
File @ L4 @ [ X @
Previous Event  Next Event Electron Muon Delete Track  Reset Canvas
ETMis: 21.302 QeV @: 1.872 rad Collection: MET RefFinal

=J|/media/dubov:

DATA/temp/20210217_hypatia/events/groupT/event001.xml &9 o= ol ol

Tracks Physics Objects

Track +/- P [GeV] Pt [GeV] '] ;]
Tracks 166 4317 1284 1333
- 47.67 47.23 -1.613 1.708
+ 66.58 42.93 0.400 0.701
- 16.82 11.03 0.771 0.715
Tracks 325 - 8.51 5.54 0.859 2.432

Kliknutim na stopu v jednom z obrazkov sa
oznaci (zmeni farbu na bielu) aj stopa v druhom
obrazku a oznaci sa aj v tabulke s trackmi

Parameter Control | Interaction and Window Control | Output Display
[ Projection | Data [ Cuts [ InDet | Calo | MuonDet | Objects | Geometry
InDet S
Name Value m
Calo — = LY
Muonpet | ¥ PE| > [5.0 Gev
Objects Pt2| < |700.0 MeV
AILAS v] |do| < 2.5 mm
v] |z0| < [20.0 cm
|d0 Loose| < |20 cm
|20-zVitx| < (2.5 mm ‘{b
Layer > |0
Number Pixel Hits == |2
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KIaS|f|kaC|a / — ee eventu

) n M(2) [GeV] Mleeee) [GeV] M(eemm) [GeV] M{mmmm) [GeV] eimig

File - > e n X e
Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas
ETMis: 21.302 GeV @: 1.872 rad Collection: MET RefFinal
[=|/media/dubovsky/DATAtemp/2021 0217 _hypatia/events/groupT/event001.xml “« 2 o= ofl o"-‘.fa’s.
Tracks Physics Objects

+- P [Gev] Pt [GeV] ® ]
n 42 43 17 1.284 1 333
2
+ 66.58 . 42 a3 400 0 701
- 16.82 - 11.03 . 0771 0.715
8.51 5.5% - 0.859 2.432

_a+)

k vyraznému signalu v elmag. kalorimetri

(Parameter Control | Interaction and Window Control | Output Display

LProje(tinn Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry

IEDIet Name Value avl
Sln = A
Muonpet | ¥ [Pt > [5.0 GeV
Objects Pt2| < |700.0 MeV
L v |do| < [2.5mm

[}
o

Number Pixel Hits >

12




Klasifikacia Z — ee eventu

HYbrid Pupils’ Analysis Tool for Interactions in ATLAS - version 7.4 - Invariant Mass Window
File View Histograms Preferences Help
File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] ] n M(2) [GeV] Mleeee) [GeV] M{eemm) [GeV] M(mmmm) [GeV] e/m/g

event001 xml 21.302 Tracks 166 24.4 + 43.2 1.284 0.240 91.259 e
Tracks 198 47.7 472  -1.613 -0.137 I N N

File M > & n X —

Previous Event  Next Eve ectron  Muon Delete Track  Reset Canvas

we” 217302 Gev @: 1.872 rad Collection: MET RefFinal
/mediardubovskypaiitemp/20210217_hypatiafevents/groupT/eventool xml <P o+ o) o2
Tra Physics Objects
Track +/- P [GeV] Pt [GeV] 0 ]
Tracks 166 + 44.42 43,17 1.284 1.333
| racks 198 47.23 -1.613 1.708

Tracks 304 42,93 0.400 0.701
Wacks 308 11.03 0.771 0.715
Trawks 325 5.54 0.859 2.432

Oba tracky spinajékritérie pre Z - ee event. Oznagime teda\nqlprv jeden tr\ack, klikneme
hore na “electron” a potom to isté pre druhy. To ich prida do tabulky s vysledkami.

Parameter Control | Interaction and Window Control | Output Display

Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry

f JELER MName Value m
Calo — = W
MuonDet || IPt] > [5.0 GeV
Objects Pt2| < |700.0 MeV [
AILRS v] |do| < |25 mm
v| [z0] < |20.0cm
|d0 Loose| < |2.0em
|z0-zVtx| < (2.5 mm Qp 13
Layer > |0
Number Pixel Hits == |2




(eeee) [GeV] | M(eemm) [GeV] | M(mmmm ) [GeV] e/mig

V evente V|d|me 3 tracky ktore smeruju k S|gnalu
z elmag. Kalorimetra (Cize mame 3 elektrony) o

Tracks | Physics Objects

Track +/- P [GeV] Pt [GeV] '] a
acks 14 + 42,97 34.70 1.4398 0.940

acks 20 63.95 48.89 1 525 0.870
s 41,93 5.66 2 982

acks 279 _EEEEE—
acks 282 22,49 14.45 0.948 2 444

EIEIE] - EIEIE]
HEE - BEE
a

acks 284 - 13.48 10.85 0.182 2,206
acks 285 + 12.89 8.80 2.434 2.389

//) Ked si oznacime tracky a pozrieme sa na pozdiZzny rez ATLASu,
/ Z|st|me ze |ba dva z nich pochadzaju z toho isteho vertexu

Parameter Control | Interaction and Window Control | Output Display
Data [ Cuts | InDet | Calo | MuonDet [ Objects | Geometry

‘ Name Walue o
3\ / ! Muonbet | & IPt] > 5.0 Gev
T e | kt V4 Y ‘] jects |Pt2| < |700.0 Mav L
retl e e ron N ATLAS |07 do| < [2.5mm
7 . .\"-\ v 20| < [20.0 cm
pochadza Z A |d0 Loose| < [2.0cm
- Ve |20-zVix| = [2.5 mm Qp
iného vertexu - 14
Number Pixel Hits >= |2




KIaS|f|kaC|a Z- pp eventu

Ca s Window - File: t005.xml Run: 100001 Event: 153
n M(2) [GeV] (eeee) [GeV] M{eemm) [GeV] M(mmmm) [GeV] e/mig
0.240 91.259 E
0.137
File <« > @ " X =
Previous Event  Next Event Electron Muon Delete Track  Reset Canvas
ETMis: 103.455 GeV @: -0.646 rad  Collection: MET " RefFinal

[|/media/dubovsky/DATAtemp/20210217_hypatia/events/groupT/event00S.xml <[ o= oty o

Physics Objects

P [Gev] Pt [GeV] [ 6

229.83 51.01 0.287 0.224

568.02 434.57 -0.782 2,433

56.13 12.07 0.312 0.217

227.40 47.18 -0.290 0.209
- 27.92 s 14 0.218 0.222

25.25 0.252 0.258
—m—

M Mame dva tracky veduce az do miénoveho
spektrometra. Toto mozu byt len miony (p).

H|t 0b| | Pt2| < 700.0 MeV




Klasifikacia Z - pp eventu

Mame dva tracky veduce ktoré prechadzaju cez
Oba kalorimetre, ale v prieChom reze ATLASu
nezasiahli midnovy spektrometer

TTacRs 10 17920 4" L TaY) —_—
Tracks 494 + 751.67 590.98 -0.086 2.237
Tracks 499 + 51.47 48.55 0.246 1.909
Tracks 501 + 30.55 24.40 2.669 2.216
Tracks 502 + 24.19 17.42 0.139 2,338
Tracks 503 - 21.80 20.56 -1.445 1.910
Tracks 505 + 16.93 13.27 -2.713 2,241
Tracks 506 + 18.83 17.78 1.703 1.906
Tracks 508 - 24.51 9.17 1.820 0.384
Tracks 513 - 11.66 9.29 1.549 2.220

T PR T oo

i Z pozdiZneho rezu vidime, Ze miény leteli prili$ blizko
{] K 0si zvazku, takze nezasiahli centralnu Cast

A4 midnového spektrometra (zobrazenl na prieCnom
reze), ale iba tzv. doprednu Cast, ktora na prieCnom
reze nie je ukazana. lde teda naozaj o miony.

Parameter Control | Interaction and Window Control | Output Display

Projection | Data | Cuts | InDet | Calo [ MuonDet | Objects | Geometry

InDet N
Name Value
Calo E——
Muonpet || & IPEL > 7.0 GeV
Objects Pt2| < [700.0 MeV

ALEAS v| [dO| < |25 mm
v| [z0| < |20.0 cm
|d0 Loose| < |2.0cm

|z0-zVtx| < |2.5 mm s 1 6
Layer > |0

Number Pixel Hits >= |2



V 4
riklad H — y eventu

+/- Pt [GeV] ]
+ 43.2 1.284
- 47.2 -1.613

M{eemm) [GeV] M{mmmm) [GeV] eim/g
0.240 91.259 e
-0.137

HYPATIA - Track Mementa Window

File ] L4 ] [ b4 &
Previous Event  Next Event Electron  Muon Delete Track  Reset Canvas
ETMis: 34.720 CeV @i 2.278 rad Collection: MET_RefFinal
H|[/media/dubovsky/DATAemp/2021 021 7_hypatia/events/groupTievent006. xml G| e= ot ol
Tracks Physics Objects
Track +/- P [GeV] Pt [GeV] 1) i]
Tracks 221 - 10.25 5.41 1.932 0.675
Tracks 273 - 23.82 17.36 3.133 2.325

V evente mame len dva tracky, ktoré nevedu k ‘

ziadnemu signalu v kalorimetri

Mame tiez dva vyrazné signaly z elmag. kalorimetra, ku ktorym nevedie Ziaden
track. Boli teda sp6sobené Casticou bez elektrickeho naboja, ktora ale
pravdepodobne nie je hadronom (ziadny signal v hadrénovom kalorimetri).
Takato Castica je len jedna — foton (oznacovany tiez ako )

= Name Value -
Calo — " +#
Muonpet | ¥/ Pt = [5.0 GeV
Objects |Pt2| < |700.0 MeV
AIEAS! v] |dO| < (2.5 mm
v| 20| < |20.0 cm
|d0 Loose| < [2.0cm

|z0-2Vitx| < [2.5 mm

&
Layer = |0 17
Number Pixel Hits >= |2




Priklad H - ¥ v eventu

P Ti == B8 Lal - 8y L |l -

30 ET (GeV)
= .\ HYPATIA - Track Momenta Window

File = = Y X had
ious E xt Photon  Del lete Trad k Reset Canvas
ETMis: 34.720 GeV @: 2.278 rad Collection: MEL RefFinal
I=l|/media/dubovsky/DATAtemp/2021021 7 _hypatia/events/groupT/event006.xm| <5 o= of) o"-%
Tracks Physics Objects
Track P [GeV] GeV] '] ]
Object 0 80.95 5788 1608 0.797
Object 1 64.22 45.88 -1.494 2.346

Kliknutim na “Physics
Objects” sa nam

\ zobrazi zoznam fotonov
z daného eventu

Ked klikneme v tabulke na foton,
zvyrazni sa v priecnom reze ATLASuU

Event ma dva fotony. Ide teda o kandidata na
H- v v event. Klikneme teda najprv na jeden,
potom na druhy foton a oznaCime (y photon)




File View Histograms Preferences Help
File Name ETMis [GeW]

Track

P [GeV]

-

Pt [GeV]

'] n M(2) [GeV]

Mleeee) [GeV]

Priklad H — 7y ¥ eventu

M(eemm) [GeV]

M(mmmm) [GeV] e/m/g

< LS
Previous Event Next Event
ETMis: 4.311 GeV

File

¥

X

&

Photon Delete Track Reset Canvas

: 0.180 rad

Collection: MET RefFinal

H|/media/dubovsky/DATA/temp/2021 0217 _hypatia/events/groupT/event032.xml

Tracks Physics Objects
Track P [GeV]
Object 0 76.56
Object 1 74.81
Object 2 30.47
Object 3 6.61

Pt
74.13
58.34
7.89
5.64

[Gev]
0.528
-2.814
0.021
2.665

<[] o+ on o

1.823
2.247
0.262
2118

V evente su 4 fotony. Dva z nich maju velmi nizku prieCnu
hybnost' (Pt < 10 GeV). Takéto fotony mézeme ignorovat.
OznacCime teda len prveé dva a event zaradime ako H— vy vy

Parameter Control | Interaction and Window

Projection | Data [ Cuts | InDet | Calo | MuonDet

InDet

Name
Calo
Muonpet | ¥/ IPtl
Objects Pt2|
ATLAS V] [doj
v| |z0|
|d0 Loose|
|z0-2Vitx|
Layer

Number Pixel Hits

Control | Output Display

1

v A A A A AV

v

7

0
2

Objects | Geometry

Value
5.0 GeV

00.0 MeV

2.5 mm
20.0 cm
2.0 cm

2.5 mm



Priklad H — £//¢/ eventu

File View HistFo”c:r::nje Preferences Help — n . - —
Mame 2 tracky ktoré vedu az do mionového
N spektrometra, CiZze ide o midny. Po kliknuti na ne vidime
Ze maju opacné znamienko elektrického naboja 5] o+ on o8
= T

Okrem mionov mame dva elektrony (tracky veduce k vyraznej stope

v elmag. kalorimetri). Opéat maju opacné znamienko naboja.

|de teda o kandidatana H — ZZ* — (¢0¢ event. oznaCime najprv
8 oba miony a klineme na “Muon” a nasledne oznacCime elektrony a

klikneme na “Electron”

-i Calo e e }
k MuonbDet | [PE| > [5.0 GeV =
Objects |Pt2| < |700.0 MeV
LI v| |do| < [2.5mm
v |z0| < |20.0 cm
|d0 Loose| < [2.0cm
|20-zVix| < |25 mm {b
Layer = |0
Number Pixel Hits == |2




Priklad pozad ového eventu

File View Histograms Preferences Help

File Name ETMis [Gev] | Track P [GeV] Pt [GeV] | ® | n | M(2) [GeV] | Mleeee) [Gev] [  M(eemm) [Gev] M(mmmm) [Gev] | e/m/g

File * > e B X iJ

Previous Event  Next Event Electron  Muon Delete Track Reset Canvas

ETMiz: 8.967 GeV @: -1.016 rad Collection: MEI_RefFinal

H|fmediafdubovsky/DATAemp/20210217_hypatia/events/groupT/event023.xml G| o= ofy ol

Tracks |/ Physics Objects |

Track S15 P [GeV] Pt [GeV] ] ]
Tracks 301 - 36.79 34.63 1.347 1.915
Tracks 302 + 115.29 33.34 -1.801 2.848
Tracks 463 + 35.90 34.25 1.290 1.875
Tracks 481 - 40.23 28.32 -2.113 0.818
_ — 0.382

V evente mame len jeden elektron. Ziadne miony
ani fotony neboli rekonstruované. Event teda
nepatri do ziadnej z kategorii ktoré hladame. Ide
0 pozadie. Event preskoCime.

Parameter Control | Interaction and Window Control | Output Display |

[ Projection | Data | Cuts | InDet | Calo | MuonDet | Objects | Geometry |

InDet

= Name Value ®
MuonDet |Pt]| > [15.0 GeV =
Objects | ] |pt2| < |700.0 Mev =
AL |do| < [2.5mm
|20| < [20.0 cm
[]|d0 Loose| < [2.0em
[] |z20-zvix| < |2.5mm &
[ILayer > |o
[ Number Pixel Hits >= |2
— - B
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Co s vysledkami?

* V kazdom datasete je 50 eventov. Niektoré
z nich su pozadie, zvysok je jedna z
kategorii:

Z-ee, Z-pyH-> vy H—ZZ* — 0000

* Vysledky (histogram s hodnotami hmotnosti
ee, u, Y v a frry si mdzete pozriet cez
Histograms - M(ee), M(mumu) ... ————»

* Po tom Co prejdete cez vSetky eventy,
vyexportujte vysledky ako .txt subor (File -
Export Invariant Masses).

1 Z bOZén |VL¢\-Hismgram

10

Lol o N I R A ) B &

M{mm) [GeW]
\ Entries

Mean
Rms :

: 17
204,83
388,32

200 0 200 400 600 800 0001200

01600

//

I Toto by mohli byt hové Castice

22




Co s vysledkami?

e Subor s vysledkami (Invariant_Masses.txt) treba uploadnut na
stranku https://cernmasterclass.uio.no/OPloT/index.php
e Treba prihlasit ako Student.
Meno: ippog
Heslo: imc
* Po prihlaseni treba vyplnit dnesny datum, Institute (Slovakia) a vase
Cislo a skupinu (zo zoznamu v ktorom vam boli pridelené datasety)
* Nasledne treba cez “Browse” moznost najst subor v pocitacCi a
nahrat’ ho.

23


https://cernmasterclass.uio.no/OPloT/index.php

UZitoéné linky
e Stiahnutie datasetov:

https://cernmasterclass.uio.no/datasets/

* V tomto linku najdete vasu skupinu a cislo:
https://indico.cern.ch/event/1005454/attachments/2184827/3722511/datove _sady.pdf

e Student’s cheat sheet (pomocka na zaradovanie eventov):
https://cernmasterclass.uio.no/material/cheat-sheet_en.pdf

* InStruktazne videa z minulého roku:
https://www.youtube.com/watch?v=nEbTBEmg4Gg&feature=youtu.be
https://www.youtube.com/watch?v=gQXVjCdoc7A&feature=youtu.be

24


https://cernmasterclass.uio.no/datasets/
https://indico.cern.ch/event/1005454/attachments/2184827/3722511/datove_sady.pdf
https://cernmasterclass.uio.no/material/cheat-sheet_en.pdf
https://www.youtube.com/watch?v=nEbTBEmg4Gg&feature=youtu.be
https://www.youtube.com/watch?v=gQXVjCdoc7A&feature=youtu.be
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