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Molekula pentacenu — oblacky elektronu

10° m IBM, Zurich
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Atom — stojaté viny elektront kolem jadra
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* Atomovy obal
* 10nm =103%m
e 10 eV -- keV

e Atomové jadro
e 100 fm =103m
10 keV -- 1 MeV

 Struktura protonu
e 1fm=10"m
* 1GeV

Skdly délek a energif

1 elektronvolt: kineticka
energie, kterou ziska castice
s naboje elektronu po
urychleni napétim 1 V.

leV =1,602 101



Elektron

* Elektron: ®
* Naboj-1 v jednotkach elementarniho naboje.
* Klidova energie 0,511 MeV.
* Bodova castice bez vnitrni struktury!

* ,Neciti“ silnou (jadernou) interakci.
* Spin 7.
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Proton a neutron

* Proton:
 Naboj+1 v jednotkach elementarniho naboje.
e Stredni polomér okolo 1 fm.
* Klidova energie 938 MeV.
* Spin 7.
* Kvarkovy obsah uud.

* Neutron:
* Nulovy nabo;.
Stredni polomér okolo 1 fm.

Klidova energie 939 MeV. | e |
Spin 7. -

Kvarkovy obsah udd.




Rutherfordiv experiment 1918
* Alfa castice: jadra hélia, ktera vyletuji z jinych tézkych jader, ¢imz vzikaji
stabilnéjsi jadra.
* Alfa Castice ve vzduchu uleti jen nékolik cm.

* Alfa rozpadem se premeénuji velmi tézke
prvky, napfr. uran, radon, polonium, radium...

* Bombardovanim zlaté folie alfa casticemi
objevil Ernest Rutherford atomové jadro!

 Alfa Castice se obcCas odrazily zpét, coz neslo
vysvetlit jinak, nez ze vétsina hmotnostiatomu je
v nejakém velmi malém hmotném centru. ~

P

thin
gold foil”7

detector
screen

source of
o particles

http://spalenkaletters.blogspot.cz/2014/04/science-cats-volume-2.html



Rutherfordiv experiment 1918

* Ernest Rutherford vedl a navrhoval experimenty
* Mérili Hans Geiger a Ernest Marsden

THOMSON MODEL RUTHERFORD MODEL



https://en.wikipedia.org/wiki/Geiger%E2%80%93Marsden_experiment

Rutherfordiv experiment 1918

e Bombardovani zlaté folie casticemi alfa.
* Energie alfa castic z radia okolo 5 MeV.

* Pravdépodobnost rozptylu alfa castice bodovym
téezkym objektem do uhlu vzhledem k
puvodnimu sméru je Umérna o™ | Vo

* Rutherfordiv vztah | sl v | sl

tions, NV sintg/2 tions, NV

Table II.
Variation of Scattering with Angle. (Collected results)

Qdm ntb*. Q . cosec! /2

Y= s = A w4 dx | 430 32
Hsing. G

- Dikaz existence velmi hmotného a malého wo | mr | omoms | ome
atomového jadra! ws | gm | o ms ue

* "It was quite the most incredible event that ever 25 | om | ome oo | s oo
happened to me in my life. It was as incredible [ | e om | oo

54650 1710 0.031 0.011

as if you fired a 15-inch shell at a piece of tissue 0 oo
paper and it came back and hit you."



http://web.ihep.su/dbserv/compas/src/geiger13/eng.pdf

Rutherfordiv experiment 1918

* Ernest Rutherford ved| a navrhoval experimenty
* Mérili Hans Geiger a Ernest Marsden




Velikost protonu
* Jak si posvitit na proton? — elektrony z urychlovace!

* Energie: 188 MeV!
* Robert Hofstadter, 1956, laborator SLAC, USA.

PHYSICAL REVIEW VOLUME 102, NUMBER 3 MAY 1, 1956

Elastic Scattering of 188-Mev Electrons from the Proton and the Alpha Particle

R. W. McA1LLISTER AND R. HOFSTADTER
Dzpariment of Physics and High-Energy Physics Laboratory, Stanford University, Stanford, California
(Received January 25, 1956)

The elastic scattering {:rler..tmns from gaseous targets of hydrogen and helium has been studied.
Elastic profiles have been obtained at laboratory angles between 35° and 138°, The areas under such curves,
within energy limits of +=1.5 Mev of the peak, have been measured and the results plotted against angle.
In the case of hydrogen, a comparison has been made with the theoretical predictions of the Mott formula
for elastic scattering and also with a modified Mott formula (dun to Rosenbluth) taking into account both
the anomalous magnetic moment of the proton and a finite size effect. The comparison shows that a finite
size of the proton will account for the results and the present experiment fixes this size. The root-mean-
square radii of charge and magnetic moment are each (0.742:0.24) <1072 cm. In obtaining these results it is
assumed that the usual laws of electromagnetic interaction and the Coulomb law are valid at distances less
than 1072 ¢cm and that the charge and moment radii are equal. In helium, large effects of the finite size of
the alpha-particle are observed and the rms radius of the alpha particle is found to be (1,62:0.1) X107 ¢cm.

I. INTRODUCTION II. EXPERIMENTAL METHODS




Velikost protonu, 1956
* Robert Hofstadter, 1956, laborator SLAC, USA.
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Struktura protonu
* Friedman, Kendall, Taylor, Bjorken,
Feynman, SLAC, 1967 -- 1973.

* Elektrony o vyssi energii (20 GeV) uz proton
rozbijeme.

* Neelastické srazky, Deep inelastic scattering.

* Feynman nazval ¢astecky v protonu partony.
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Proton —silna ,polévka“ kvarku a gluont

10 m



MuUj neutron?




Rozpad volného neutronu

* Neutron je trochu tézsi nez proton.

* S polocasem rozpadu asi 15min se
volny neutron rozpada na proton,
elektron a elektricky neutralni
elektronové antineutrino.

Proton

I e Elektron

Neutron

e Primeérneé zije volny neutron ~15min.

e Ale pro Jedep konkrétni neutron ° Elektronové
nemuzeme cas, kdy se rozpadne,
predpovedét (nahodnost kvantové
mechaniky).

antineutrino



1014 m

Rozpad atomoveého jadra

Elektron v jadFe pfedtim nebyl. Prosté vznikl. Castice vznikaji a zanikaji.

Elektron

Elektronové
antineutrino



Proton a neutron

Proton Neutron

e Kvark u (up, nahoru): néboj+2/3 |e|
* Kvark d (down, doll): néboj -1/3 |e]



Elementarni ¢astice
Quarks

i Force
~ Carriers

-




Castice sloZené z kvark( -- baryony

Neutron m m Proton
Kvarky

(a ntiproto n, d ntineutro n). http://pprc.gmul.ac.uk/~still/wordpress/?page_id=874

Z antikvarkl jsou sloZzeny antibaryony



Céstice sloZzené z kvarku a antikvarku -- mezony

KO K*
Kvarky Antikvarky h ﬂ
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K je anticastice ke K* http://pprc.gmul.ac.uk/~still/wordpress/?page_id=874

gnon

Mezony zahrnuji castice i anticastice



Castice sloZzené
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Interakce jako vymeéna ¢astic

e Odpuzovani

* Pritahovani




Posvitme si na atom!




Proton a neutron

Neutron Proton

Neutron
Proton




Rozpad neutronu o Elektron

Neutron Elektronové Proton
antineutrino




Jak vidime Castice

* MIzna komora

e I

CHARLES T. R. WIiLsON

el tracks of ionizing particles
https://www.nasa.gov/multimedia/imagegallery/image_feature 928.html Nobel: Lectsrn Deyember 121927

On the cloud method of making visible ions and the




Jak vidime Castice

* MIzna komora

Alfa c¢astice

https://physicsopenlab.org/2017/05/18/particles-in-the-mist/



Jak vidime castice
* Bublinova komora Gargamelle 1970 1979
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https://en.wikipedia.org/wiki/Gargamelle



Jak vidime castice
e Bublinova komora Gargamelle 1970- 1979
=1 | el

https://en.wikipedia.org/wiki/Gargamelle



Jak vidime Castice

 Soucasnhost




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

 Srazka dvou protonu: pri velkych energiich nejcastéji srazka dvou castecek
protonu (partonu: kvarku a gluonu), protony se sebe rozbiji.




hzbit ©
ka dvou castecek

* Chceme-li néco nd

 Srazka dvou proto
protonu (partonu:



Srazky €astic
* Aneb je to jako srazet dva budiky...




Srazky €astic

...abychom zjistili, z ceho se skladaiji.




Srazky €astic

* Neaplikovat v biologii...

RIBBIT

FUN FACT: Ex-particle-physicisis
make the worst biologists.




Srazky €astic

* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.




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

* éaStO se ale nestane skoro nic...




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

* Ve srazkach ale mohou vznikat ¢astice noveé!

* E =mc?



Srazky €astic
* Chceme-li néco nového vytvorit, musime nejprve neco rozbit.
* Ve srazkach ale mohou vznikat castice nové!

* E =mc?




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? Jak vlastné vime, ze existuje?

Min: 0.00295

ET scale: 41 GaV hax: 40.9
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Interakce

pad vzniku paru top kvarku.

100 150

200 250

* \s=7TeVdata
B it m,,=172.5 GeV
- single top mmp=1 72.5 GeV
Z+jets
WW.ZZ WZ
Wjets
B QCD multijets

v Uncertainty

J- L dt=1.04 fb"
u + jets
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,Castice je kopecek

...kdyZz zkoumame, jak ¢asto se néco déje pri ruzné energii.
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CMS Preliminary

\s=7TeV, L_=3.1pb’

u*u- mass (GeV/c?)




VsSecky interakce svéta



VsSecky interakce svéta

1 E S
Lo T

* V\yznamnou roli hraji symetrie.
* Ma-li byt teorie neménna vici néjakd symetrii/zméné, vede to na interakci.
* Analogie kalibrace potencialt elmag. pole: ,Kalibra¢ni interakce, kalibra¢ni bosony.”



VSecky interakce svéta kompaktné
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Higgs :: Peter Higgs

* Problém: interakce zavedené kalibracnim principem funguji jen pro
nehmotné Castice...

e Jak casticim v teorii dodat hmotnost, a zachovat symetrii teorie?

1964
We’ll be back soon...




Laborator CERN

Science for peace

CERN'’s convention states: “The Organization shall have no concern with work for military requirements and the results of its experimental
and theoretical work shall be published or otherwise made generally available.”

YEARS /ANS CERN -

11954-2024 = .

Play



Laborator CERN
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Laborator CERN

% CERN

Large Hadron Collider (LHC)



Laborator CERN
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Laborator CERN
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Mezitim v laboratori CERN, kde , E = mc2“




Mezitim v laboratori CERN, kde , E
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CERN: laborator , E = mc2“

e Urychlovac LHC (Large Hadron Collider): 27 km obvod.

e Supravodive dipolové magnety chlazeny na 1,9 K.
e Studenéjsi nez Vesmir.
» Elektricky proud v supravodici je 13 kA.

* Mikroskop s rozlisenim 0,01 fm.

 Srazky protonu: lokdlni teplota 101° Kelvind.
* Misto s nejvyssi teplotou ve Slunecni soustave.

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

* Protony jsou ve shlucich po 10*° ¢astic.
 Shlukt je 2000.

e Frekvence srazek je 40 MHgz, tj. kazdych 25 ns.
» Spotieba energie jako kanton Zeneva.



12.9.2022

Urychlovac LHC

LHC Pagel Fill: 7547 E: 450 GeV 25-04-22 10:21:44

BEAM SETUP: PREPARE RAMP

450 GeV | B1: 8.20e+09 6.68e+09

Beta™ |IP1: [NEeIsNnY Beta™ |[P5: NMONN] Beta™ |[P2: REOKesENn] Beta™ IPS: EREREEN

BIS status and SMP flags Bl B2
Comments (25-Apr-2022 10:13:34) Link Status of Beam Permits
Beam commissioning Global Beam Permit
First ramp to 6.8 TeV with pilots Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: MD_MKI_13inj_both PM 5tatus B1 ENABLED  [JUBSIE]dTI-N:p) ENABLED

https://jointlab.upol.cz/kvita/LHC.html
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CERN Control Centre

e Hlavni kontrolni mistnost vSech urychlovacu v CERN
« 24/7

https://home.cern/resources/image/accelerators/cern-control-centre-images-gallery

12.9.2022 61



CERN — Evropské centrum (sub)jaderného vyzkumu




Experiment ATLAS

Muon Detectors Electromagnetic Calorimeters ' @ Width: 44m
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Experiment ATLAS

Detector characteristics

Muon Detectors Electromagnetic Calorimeters % | Width: 44m
A ‘ ' Diameter: 22m
"\ \ : Weight: 7000t

CERN AC - ATLAS V1997

¥

Barrel Toroid Inner Detector _ _ s e i
Hadronic Calorimeters Shielding




Experiment ATLAS
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Polovodicové drahové detektory
* Méreni polohy a hybnosti €astic

* Smysl zakriveni drah v magnetickém poli: naboj.
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ATLAS Internal Data 13 TeV (Period B1)
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https://atlas.cern/Discover/Detector/Inner-Detector
12.9.2022 Jiff Kvita :: Urychlovade a detektory ¢&stic :: 30 let CSFR v CERN 67




29. 3. 2019

Experiment ATLAS
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tu ATLAS

| experimen

Interakce v srdc
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30 let CSFR v CERN

Urychlovace a detektory castic ::

Jifi Kvita ::

12.9.2022



Jak ATLAS vidi Castice

» Castice vétdinou nejsou

SpeTt takto idedlné izolované.
* V praxi se definuje jejich
,ID“ Ci kvalita napr. na
uiing) zakladé toho, jak moc
dalsich drah Ci energie je
. okolo mionu Ci elektronu.
Calorimeter
The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter

Solenoid magnet esssss.s: :
Transition 't 3
Radiation o
Tracking { Tracker X A
Pixel/SCT
detector
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Jak ATLAS vidi Castice

"Beam Splash" from LHC Beam 2: from C to A side

Event: 8748
2024-03-08 12:




Higgsuv boson
* Rozpad Higgsova bosonu na dva fotony.

‘ - Run: 191426 %ATLAS
\"I.‘F" | B et o0 EXPERIMENT

2011-10-22 17:30:29 cesT  http://atlas.ch




Higgslv boson
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Higgslv boson

* Cekani na Higgse.
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Higgslv boson

* BEH boson (Brout, Englert, Higgs).

(a také Gerald Guralnik, C. R. Hagen, a Tom Kibble )

Fabiola Gianottia Peter Higgs, 2012

-{ The Nobel Prize in Physics 2013
“4Y Francois Englert, Peter Higgs

Share this: il 3 2K

The Nobel Prize in Physics
2013

Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

Frangéis Englert

Robert Brout
(1928 -- 2011)



Rozptylovy experiment
* Aneb od E. Rutherforda k R. Hofstadterovi a P. Higgsowvi.
* Od alfa castic a elektronl ke srazkam protonu na urychlovaci LHC.




Nebojte se badat!

* Projekty pro vas!



https://badatel.upol.cz/
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