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Rozmery



Rozmery
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Rozmery

~0.1 nm

proton

neutron

IO

elektrony,
kvarky a
dalsi
elementarni
Castice

mensi nez 10718
m




Rozmery

polomér Zemeé [ polomértenisaku = polomértenisaku [ polomér atomu




Rozmery

polomér tenisaku /| polomératomu = polomératomu / velikost elektronu

(Pokud néjakou velikost viibec ma!
10" m je hranice naseho poznani...)




Rozmery

Elektron je s jistotou

mensi nez tenisak!



Rozmery

Elektron je s jistotou
10 000 000 000 000 000 krat
mensi nez tenisak!



Prochazka po CERN
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Jiri Kvita 2011




CERN =

= Spickova veéda

nove technologie

vzdélavani

7 )y
[

= mezinarodni spoluprace
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CERN - misto, kde se zrodil web




Elementarni Castice a jejich interakce



CERN - Cim se zabyva
electron
<10"'%cm

proton
(neutron)

nucleus
~10""%cm

atom~102cm
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Mikroskopovani Castic Casticemi (objev atomového jadra)

%/-3;: |
A

T




I 4 a4

Mikroskopovani Castic Casticemi (struktura protonu)




Mikroskopovani Castic Casticemi (LHC...)

Prostorové rozliseni LHC: 10°"° m!




Elementarni castice

mass - =2.3 MeV/c? =1.275 GeV/c* =173.07 GeV/c? 0 =126 GeV/c?

charge - 2/3 2/3 2/3 0
spin > 1/2 w 1/2 9 1/2 A 1

up charm top gluon Higgs
=4.8 MeV/c? ~95 MeV/c? ~4.18 GeV/c? 0
-1/3 -1/3 Y -1/3 0 ’
112 @ 112 % 112 b 1
down strange bottom photon
0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c? 91.2 GeVic?
A e A 1 T 0 g
112 4 112 -It]'/ 112 b 4 1 (£
electron muon tau Z boson 8
. . . . o
‘£ <2.2 eVic <0.17 MeVI/c’ <15.5 MeV/c’ 80.4 GeV/c V m
0 0 0 +1 w
E 12 ]?9: 112 ]@ 112 -l?} 1 ” g
Q. electron muon tau
% neutrino neutrino neutrino W boson g
Castice hmoty Castice interakci



Vymenny charakter sil
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Vymenny charakter sil




Forces of nature

SANDRABULLOCK  BENAFFLECK

- Elektromagneticka IQCESOF l ‘URE.
- Slaba " ~

- Silna

- Gravitacni

“Simply Irresistible”
- Jack Mathews, NEW YORKDAIY NEWS



Elektromagneticka sila




Slaba sila




Silna sila

proton




Higgsuv boson

POZOR: nesouvisi s gravitaci!



Setrvacna hmotnost

- Odpor ¢astice k urychlovani




Jak to Higgs dela?

POZOR: nesouvisi se

trenim!




Jak to Higgs dela?

Higgsovo pole

POZOR: nesouvisi se

trenim!




Higgsuv boson - excitace Higgsova pole




Large Hadron Collider



Large
Hadron

%%




Large
Hadron
Collider
(LHC)




Large
Hadron
Collider
(LHC)




LHC v Cislech

- 27 km obvod

- 1232 magnetu
- 1.9 Kteplota
- 11 000 Acel. proud

- 120 MW prikon

— "
- jtj [

& sodictia Oipore Magnet.”




Protony v LHC

- 3000 shluku
- 100 miliard protonu / shluk

- 7 TeV energie
- 99.9999991% rychlosti svétla
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Srazky Castic

€MS Experiment at the LHC, CERN
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ATLAS
v Cislech

3000 fyziku

7000 tun

25m x 46m x 25m
100M senzorl
40M fotek / s

Desitky PB dat rocné




LHC
Computing
Grid

170
vypocetnich
center




Higgs na LHC

V roce 2017:

- 1 Higgs na 2 mid
srazek
1 Higgs /s
- 2M vyrobenych

Higgsu




Objev Higgsova bosonu



OBIEV HI1GGS50VA BOSOM
HIGGS B ZUE Pouze cea D002 - 9F3

" V DETEKTORU V/D /'/“/Lf POUZE L
PRODUKTY JEHD  RO2FA DM @

@ @
2/\24}15-1/ et
HINLEME SFPOCITAT
HM OTNOST
HATEZSKE
CASTICE




OBJEV  HIG450VA BOSpoMU
- PozoeovAT 1 Peipap v DETELVE Né_smzf

- S‘IQJN;I EASTICE MOHOU Varll khouT | TIMAK
NEF  @orPADER  MIGSDVA B, (T2V PozApI )




ORJEY HIGGS0VA BOSpM( |
_ pozpeoyar 1 Peipap v DETELTVEA NESTALI

- STEJNg’ EASTICE MOHOU VAL KMo UT ) jMWf
NEF  @orpADen  MIGGSDVA B, (T2V PozAD[ )
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OBIEY HIG450VA BOSoMU |
_ pozpeoyar 1 Peipap v DETELTVEA NESTAL

- S‘IEJNg’ EASTICE MOHOU VAl LKMo T ) jMWf
NEF  @ozpADen  MIGGSDVA B, (T2V PozAD[ )
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OBIEV HIGGSOVA BOSoMu
_ pozoeopar 1 Peipap v DETELTVEA NESTALI

-STEJNE/ éA’SﬂC(:' roHon VIMIKHOUT )j//f//J/f
NEF  @ozpADen  HIGGEDVA B, (T2V PozAp[ )
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OBIEY HIGGS0VA BOSpM( |
_ pozoeovar 1 Peipap v DETELTVEA MESTALI

- S‘IEJNg’ éA'sﬂcg rodou V2MIKHOuT | j//ﬁ/A/f
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OBJEY HIGGS0VA BOSpM( |
_ pozoeoyar 1 Pelpap v DETELTVEA NESTAL

- STEJN/;/ EASTICE MOHOU VAL KMo UT ) j//m/f
NEF  RoiPADE  MILGSDVA B (T2V PozADI" )
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OBIEY HIGGS0VA BOSpM |
_ pozoeopar 1 Pelpap v DETELTVEA NESTAL

- STEJN/;’ EASTICE MOHOU VAl KMo T ) j//i/A/f
NEF  @oipADen  MIGGSDVA B, (T2V PozAD[ )
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OBJEY HIGGS0VA BOSpM( |

_ pozpeovar 1 Peipap v DETELTVEA NESTALI
_ sTEINE EA'STICE FoHon VamlkhpuT | IR
NEF  RoZpADEM  MHIGGOOVA B (T2V PoZAPI )

SIGNAL L JE TREBA ANALYZOVAT

v A i
'C | MILIDNY SRALEK

Tb Ay DiL SiGNAL
N To6TATECMNE DDLISN Y
z OD PozADJ'
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Objev
Higgse
V roce
2012!

Events / 2 GeV

Events - Bkg

3500
3000
2500
2000
1500
1000

500

ATLAS ¢ Dan

\s=7 TeV, JLdt:4.8fb"
(5=8 TeV, [Ldt=59b” H-yy

T T T T T T T T T T T T T

—— Sig+Bkg Fit (m =126.5 GeV)
-------- Bkg (4th order polynomial)
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Objev
Higgse
V roce
2012!







Standardni model

- Extrémné uspésna teorie!
- Magneticky moment elektronu: 2.00231930436182 + 0.00000000000026




Problemy Standardniho
modelu

- Nepopisuje:
- gravitaci
- temnou hmotu
- temnou energii
- asymetrii mezi hmotou a
antihmotou z doby Velkého
tresku
- Kosmetické problemy
- Cca 20 volnych parametru
- Dalsi

Composition of the Universe

Dark Matter

27 %

i Ordinary Matter
68% o

5%



Temna hmota

-

THE UNIVERSE .

4
- -

. 1’1 Matter

shuttersteck

_COMPOSITIONOF %

oy r
o park Matte,.é\ Regular

(km/s]

rotational velocity

50000 100000
distance from center (light years)




Supersymetrie

- ke kazdému bosonu existuje fermion a naopak

Standard particles SUSY particles

P 7 P
)

Higgsino

Higgs

. Quarks . Leptons . Force particles Squarks 0 Sleptons 0 SUSY force
particles




Supersymetrie

- obsahuje kandidata na temnou hmotu
- Lightest Supersymmetric Particle
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MASTERCLASSES

hands on particle physics

Dates for Masterclasses in the Czech Republic in 2022

11.2.2022
ATLAS Higgs
This event is organized at the occasion of the International Day of Women and Girls in Science
Registration and more info here
Organized by the Czech Technical University

15.3.2022
ATLAS Z
Registration and more info here
Organized by the Charles University and Gymnazium J. K. Tyla in Hradec Kralové

16.3.2022
Belle Il
Registration and more info here
Organized by the Charles University and Gymnézium Zikmunda Wintra in Rakovnik

17.3.2022
ATLAS Z
Registration and more info here

Organized by the Silesian University in Opava I nte I"n atlonal Day Of Women a nd
1832022 Girls in Science

ATLAS Z
Registration and more info here
Organized by the Palacky University Olomouc

25.3.2022
ATLAS Higgs / ALICE strange particles
Registration and more info here
Organized by the Czech Technical University

8.4.2022
Particle Therapy
Registration and more info here
Organized by the Charles University and the Proton Therapy Center
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Conclusion

-  CERN vyznamné prispél k
vybudovani Standardniho
modelu!

-V CERN bézi nejvykonngjsi
urychlovac Castic na svétée!

- Program CERN je fascinuijici!
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Feynmanovy diagramy

Electromagneticka interakce = vyména fotonu

e e- o -
¥
5
q q e e

Silna interakce = vyména gluonu Slaba interakce = vyména W nebo Z
1 t Ve Ve Vg l
VA W
q t
v v v Vi



Pb Pb(*)

Light-by-light scattering

- Cisté kvantovy jev!

AT LAS Candidate Event: Pb Pb(*)
Light-by-Light Scattering

EXPERIMENT

> 18_ T | T T T T ] T T T T | T T T T ‘ T T T T | T T T T
& M ATLAS Preliminary ]
2 f Pb+Pb (s =5.02TeV ]
o 14F -
> = -
L r ]
12 -e- Data 2018, 1.7 nb’ -
E [_]signal (yy — vv) ]
10~ [ CEP gg — vy e
8:— By - ee B
r E Sys. unc.
6 -
4 -
2F -
L q [ ]
o ! ! o i ]
5 10 15 20 25 30

m,, [GeV]




Jet quenching: existence kvarkovo-gluonoveho plazmatu

- Karlova univerzita hrala v tomto objevu dulezitou roli!

Diky M. Spoustovi a M. Rybarovi

p+p A+A

ATLAS, 2010 data

s, =2.76 TeV 0-10% ]
\0 b ATLAS |
s Pb+Pb 1

++ L=1.7 b




Produkce hmotnych Castic ze svétla!

- 1 takova srazka ze 30 bilionu!

21200 _ ' ' imi '
= —e— Data ATLAS Preliminary
i L) e Vs =13 TeV, 139 o
1000 B q0-WW p:_“ >30GeV iz 4

I Other qq initiated
B Non-prompt
B Drell-Yan
44444« Total uncertainty

800

600

----- - %
a7 ]

I]IIIIIII’II[IIIII

400

200

- 14

(9} o 2l

i 12__ .................................................................................................................................. __

s 1 * . - 7

S o8t .
0.6 1 I 1 1 1

- Number of reconstructed tracks, N



Hledani temné hmoty

- Jediny jet a velka

v oy r L] T T T I
chybéjici energie 3 107f ATLAS b ous
O] V\s=13 TeV, 139 fb"1 SO0\ Standard Model w. unc.
4\9 1 06 Sig'nal Region - \Z/EB_I: ;X:II]?:/SV) + jets
= s F P.(i)>150GeV I Wi v) + jets
u>J 10 VBF W(— Iv) + jets

tt + single top

Diboson
[ Muttjet + NCB
== m{, %) = (600, 580) GeV
= = = m(x, ZA) =(1,2000) GeV
==== DE,M,= 1486 GeV

9dq 9x 10 SO . .

Q
<
Data/SM




