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Fluktuace zareni kosmického pozadi
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Tvor

102 m 29.3. 2019 23.2.2024 Opticka fotografie listovnice nadherné, ifauna.cz



Tvor II
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10 m 29.3.2019 23.2.2024  Motyl elektronovym mikroskopem na DartmoutkCollege



Bunka

A

~

AP

bunka,Jan Schmeranzer

7

v/

mysi vazivova

23.2.2024

10 m 29.3 2019



Molekula DNA — model vs. fotografie
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Molekula pentacenu — oblacky elektronu

10° m, 2\s. 2019 23.2.2024 IBM,,Zurich



10719 myeV e1keV

Atom — stojaté viny elektront kolem jadra
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1014 mydMeVio

Jadro— protony a neutrony
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Jadro— objev

* Ernest Rutherford (1871-1937)

* Geiger-Marsdenuv experiment
* Hans Geiger (1882-1945)
* Ernest Marsden (1889-1970)

e ,Bombardovani” zlaté félie jadry
helia (alfa Cistice)

* Rozptylova experiment

e Zpétny odraz alfa castic mozny jen
kdyz je hmota koncentrovana do
malé oblasti, atomového jadral

* 1910

29. 3. 2019
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scintillations ___—___

beam of
alpha particles

movable
fluorescent
screen
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viewing
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lead screen
with slit

. radioactive
lead shield source

A transmitted beams
(little or no deflection)

B scattered beam
(small deflection)

C scattered beam
(large deflection)
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Proton — polévka kvarku a gluonu

.15
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Neutron
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Rozpad volného neutronu

Proton

' o Elektron

(0] Elektronové
antineutrino
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Rozpad atomu

Elektron v jadre predtim nebyl. Prosté \zlgg?zlélzhééstice vznikajia zanikaiji.

Elektron

(]
Elektronové
antineutrino
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Proton

Proton a neutron
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Neutron
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Posvitme si na atom!
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Rozpad neutronu

Neutron

29. 3. 2019
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_ Elektron
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Elektronové
antineutrino

Proton
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Elementarni ¢astice
Quarks

i Force
~ Carriers

-
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e Odpuzovani

* Pritahovani

29. 3. 2019

Interakce jako vymeéna ¢astic

23.2.2024
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Skaly energii

e Atomovy obal
* 10 nm, 10 eV — keV

1 elektronvolt: kinetické
energie, kterou ziska castice

 Atomové jadro naboje velikosti naboje

1 ¢
+ 100 fm, MeV — 10 MeV elektrony po urychleni AL
napéetim jednoho voltu. 0
»._'o -

leV =1,602 101° )
e Struktura protonu

e 1fm, GeV

29. 3. 2019 23.2.2024 27



Klidové energie castic 1

E:mc
R 51 MV
\/V\e(, 0.5 C mwct = QOL{ dt\/
M, ¢ = 1057 heV/ m et = G40 GV
m Y = 438 eV M e = 125 GV
v . 439 MV H
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Jak vidime Castice?

e soucashost

32

TLAS

EXPERIMENT

A

555555
111111

Run Number: 271298, Event Number: 403
Date: 2015-07-11 02:09:14 CEST
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Srazky ¢astic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©

* Proton:

29. 3. 2019 23.2.2024
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Srazky €astic
* Chceme-li néco nového vytvofit, musime nejprve néco rozbit ©
 Srazka dvou protonu:

pP.mom

29. 3. 2019 23.2.2024
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Srazky €astic

* Chceme-li néco nového vytvofit, musime nejprve néco rozbit ©

29. 3. 2019 23.2.2024
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Srazky €astic

* Chceme-li néco nového vytvofit, musime nejprve néco rozbit ©
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Srazky €astic

* Chceme-li néco nového vytvofit, musime nejprve néco rozbit ©

29. 3. 2019 23.2.2024
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Srazky €astic
* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.

° éaStO se ale nestane skoro nic...

29. 3. 2019 23.2.2024
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Srazky €astic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.
* Ve srazkach ale mohou vznikat ¢astice nové!

* E =mc?

29. 3. 2019 i 23.2.2024
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Srazky €astic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.

e \Ve srazkach ale mohou vznikat ¢astice nové!

=
5
=3
=
@
o

29. 3. 2019 23.2.2024
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Interakce
* Energie se muze premeénit v hmotu nové tézké castice.
e Zde Z boson ~ tézky foton, nestabilni a rychle se rozpada.
* Jak zmérit hmotnost Z bosonu?

ET scale: 41 Gay h

o
antiproton
29. 3. 2019



















Interakce
* Energie se muze premeénit v hmotu nové tézké castice.

» Zde Z boson ~ tezky foton.

ET scale: 41 GaV

o

antiproton

29. 3. 2019



Interakce
* Energie se muze premeénit v hmotu nové tézké castice.

» Zde Z boson ~ tezky foton.

| Mass - Z Candidate |

ETscale: 41 GeV ¥ 2

antiproton

.; L T _A_‘ Ll 1 | J Ll L L Ll L
gO 60 70 80 90 100 110 120 130
invariant masg(GeV)

29. 3. 2019



Interakce

* Slozitéjsi pripad...

I'\I‘ITIIIIIIIIIIIIITI\I}IIIIIIIIIIIIIIIIIII

ATLAS * \s=7TeVdata .
B i m,-172.5 GeV R
- single top mmp=172.5 GeV i
N Z+jets

WW,ZZ WZ

Wijets
B QCD multijets
o Uncertainty

I L dt=1.04 "
| + jets

,
Z

w+ Y

Ea]|

Bins: 280 gO 100 150 200 250 300 350 400 450 500
ins: reco
Mean: 0.779 0 3 Miop [GeV]
Rms: 3.71

Min: 0.00966

Max: B3.9

mE_t:47.2
29. 3. 2019 23.2.2024 phi_t: 195 deg 49



lll

,Castice je kopecek

e ...kdyz zkoumam, jak Casto se néco déje pri ruzné energii.

-y
(=]
o

Events/(GeV/c?)
=)

CMS Preliminary

\s=7TeV, L_=3.1pb’

IIIII | IIIIIII 1 1 IIIIJII

1 10 102
29.3.2019 23.2.2024 u*u- mass (GeV/c®)
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VsSecky interakce svéta [zatim...]

Standard Model Interactions
(Forces Mediated by Gauge Bosons)

X X
X X X

X is any fermion in Xis electrically charged.  Xis any quark.
the Standard Model.
D v 9
w w g
L
U g
Uis a up-type quark; Lis a lepton andv is the

D is adown-type quark.  corresponding neutrino.

W W-
w+ w+

X Y
X
Xisa photon or Z-boson. XandY are any two
electroweak bosons such

that charge is conserved.

23.2.2024
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VsSecky interakce sveta [zatim...]

2 F;v i
P+ LY-‘/U)& +he

T4 Dig Yo P the
+Rel -V

23.2.2024
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CERN: laborator , E = mc2“
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e 27 km obvod.

e Supravodivé dipoélové magnety chlazeny na 1,9 K.
e Studenéjsinez Vesmir.

* Mikroskop s rozlisenim 0,01 fm.

* Srazky protonU: lokalni teplota 101° Kelvind.
e Misto s nejvyssi teplotou ve Slunecni soustave.

* Protony o energii 6,5 TeV obehnou za 90 ps.

* Protony jsou ve shlucich po 101° ¢astic.

* Shlukl je ~2000.

* Frekvence srazek je 40 MHz, tj. kazdych 25 ns.
* Spotieba energie jako kanton Zeneva.

23.2.2024
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CERN — Evropské centrum (sub)jaderného vyzkumu

29. 3. 2019 TR 23.2.2024
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Muon Detectors Electromagnetic Calorimeters ' @ Width: 44m
. % | Diameter: 22m

7 || | weight: 7000t

Solenoid CERN AC - ATLAS V1997
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Barrel Toroid

Muon Detectors

Inner Detector

Solenoid

Electromagnetic Calorimeters

Forward Calorimeters

Hadroniz3altvirheters

CERN AC - ATLAS V1997

End Cap Toroid

Shielding
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Barrel Toroid

Muon Detectors

A\

Electromagnetic Calorimeters

¥

Inner Detector ) )
Hadroniz3altvirheters

Detector characteristics

Width:
Diameter:
Weight:

44m
22m
7000t

CERN AC - ATLAS V1997
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Experiment ATLAS
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Experiment ATLAS

23.2.2024
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Experiment ATLAS
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Experiment ATLAS
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Experiment
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Muon

Spectrometer

Hadronic
Calorimeter

Electromagnetic

Calorimeter

Solenoid magnet o
Transition 't 3
Radiation o
Tracking € Tracker g
detector
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Jak ATLAS vidi Castice

3
LT

Pixel/SCT

» Castice vétdinou nejsou
takto idealné izolované.

* \/ praxi se definuje jejich
,ID“ Ci kvalita napr. na
zakladé toho, jak moc
dalsich drah Ci energie je
okolo mionu ci elektronu.

The dashed tracks
are invisible to
the detector

23.2.2024 67
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ATLAS Inner Detector

23.2.2024
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ATLAS Tile Calorimeter

29. 3. 2019



castice

V4

ku z detektoru p

d

Jak ATLAS v

dnom pruchodu shluku

fi je

Im

V4

* Az 100 interakci na jednom sn

up)
boson produkov

* (nékde v atmosf

pile

castic (tzv.

° H

tj cca kazdych 5 min.

10 miliard,

azce z

V4

e Sr

jedn

dNn CCa Vv

V4

iggsuv

)

h 8s

kazdyc

ére

VY
_N/,/ ,///,,/,,

T
,_.,_,, X
/? w& _
AW o

-

D

7 7
17 ]

-
- i

5l N
7

0\

4
W\

AR IR AN
V‘/.... }//. w.,‘_ B\ A I

ALY

o AN ‘
Y V,M_

70

23.2.2024

29. 3. 2019



* Vidéno experimentem ATLAS:

Events/5 GeV

29. 3. 2019

e Data 2011+ 2012
B sM Higgs Boson
m,=124.3 GeV (it
[ ] Background Z, ZZ*
B Background Z+jets, ft
72 Syst.Unc.

ATLAS

H—ZZ*—4|
\s=7TeV |Ldt=461fb"
\s=8TeV |Ldt=20.7fb"

Events / 2 GeV

Events - Fitted bkg

23.2.2024

Data 2011+2012
SM Higgs boson mH=1 26.8 GeV (fit)

Bkg (4th order polynomial)

H-yy

{s=7TeV JLdt =481

Is=8TeV .[Ldt =20.71b"
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e ...mezitim u konkurence (experiment CMS):

Events / 3 GeV

29. 3. 2019

CMS Preliminary
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19.7 fb™ (8 TeV) + 5.1 b (7 TeV)

S/(S+B) weighted sum
Data

S+B fits (weighted sum)
B component

+1o

+20

io=11420%

i, = 124.70 = 0.34 GeV

B component subtracted

i

130 135 140 145 150

m,., (GeV)
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e ...ase zahrnutim dat z let 2015—2016:
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B o ¢ Data ]
- ATLAS Prellmlnary: Signal (m 125 GeV) __
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= * I Background ZZ* .
i H— 27 %14| [_] Background tt+V, VVV 7
13 TeV, 36.1 fb’ I Background Z+jets, tt

77z Uncertainty

e Data 2011+ 2012 ATLAS
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H—oZZ* > eepp
QATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 @7:54:29 CEST
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H—o ZZ* > 4e

QATLAS

EXPERIMENT

http://atlas.ch
Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

25 ET (GeV)

23.2.2024
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EXPERIMENT

SPATLAS

Run Number: 327265, Event Number: 117236869

19 19:59:16 CEST

Date: 2017-06-

TLAS

EXPERIMENT

On

Run Number: 304431, Event Number: 2206548301

Date: 2016-07-25 05:01:07 UTC

I
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Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST
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Srazky jader olova ©

23.2.2024

ATLAS

EXPERIMENT

Run Number: 365512, Event Number: 110420355

Date: 2018-11-09 06:27:05 CET
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Zdroje

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplaysFromHi

gosSearches
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Ph
ysicsHW candidate event decaying to on

29. 3. 2019 23.2.2024
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