


29. 3. 2019

Od Velkého tresku po soucasnost

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern

375,000 yrs.

Development of

Dark Ages
Galaxies, Planets, etc.
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Fluktuace zareni kosmického pozadi

Atoms
4.6%

Dark
Matter
23%

Neutrinos
10%

Photons ( IV ‘
15 % |
|

Atoms D
12%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)

OPEN FLAT CLOSED

Fluctuations largest on half-degree scale Fluctuations largest on Fluctuations largest on
1-degree scale reater than 1-degree scale
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The sun:
864,938
miles

Milky Way:
100,000
light years
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Skély délek

Blue whale:

79 ft

Ci,'\)b
Atom:
Ant: 0.5 nanometers
PSVR cable:
Planck length

Red Blood cells:
8 micrometers Q\
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10’ m 29.3.2019 by Apollo 17



Tvor

102 m 29.3.2019 Opticka fotografie listovnice nadherné, ifauna.cz
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103 m 29.3.2019 Motyl elektronovym mikroskopem na Dartmouth College
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Molekula DNA — model vs. fotografie

108 m 29.3. 2019 Britannica



Molekula pentacenu — oblacky elektroni

10° m, 2\ 2019 IBM, Zurich



Atom — stojaté viny elektronu kolem jadra

1010 mye¥ ss1keV



Jadro — protony a neutrony

1014 mydMeNio



Proton — polévka kvarku a gluont

-15
10> m, 2@.%\/2019



Rozpad volného neutronu

Proton

' © Elektron

Neutron

(o} Elektronoveé
antineutrino
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102 mag. 3. 2019

Rozpad atomu

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

Elektron

s

Elektronové
antineutrino



Proton a neutron

Proton Neutron
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Posvitme si na atom!
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Rozpad neutronu Elektron

Neutron Elektronové Proton
antineutrino
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Elementarni ¢astice
Quarks

Force
- Carriers

H

Hi cgs b 0SOn

L2 bosoll phiotenl
<
| W boson | glwon




Interakce jako vymeéna ¢astic

e Odpuzovani

* Pritahovani
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Skaly energii

* Atomovy obal
e 10 nm, 10 eV — keV

1 elektronvolt: kineticke
energie, kterou ziska castice

 Atomové jadro naboje velikosti naboje

. 100 fm, MeV — 10 MeV eIek:crE)nY po urychleni ° fﬁ
hapéetim jednoho voltu. 2 Yo~
AN

leV =1,602 101° )
e Struktura protonu

e 1fm, GeV
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Klidové energie €astic 1

E:mc
T2 0.5M MV
\/V\e(, Ob C mwct ) goq (‘e\/
m,. ¢" = 1057 heV/ m et = G40 GV
m et 2 438 eV M ¢" 2 125 GV
T . 439 MV H



Prechody mezi hladinami
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id

Jak v
komora, 1960s-1970s

inova

* bubl
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1964

4

ice ()

Objev Cast
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Jak vidime c¢astice?

t

e soucasnos
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©

* Proton:
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
* Srazka dvou protonu:
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Srazky castic

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

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




Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.
» Casto se ale nestane skoro nic...
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.

e \Ve srazkach ale mohou vznikat castice nové!
e E =mc?
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.
* Ve srazkach ale mohou vznikat castice nové!

29. 3. 2019




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

ET scale: 41 GaVv i

o
antiproton
29.3.2019



















Interakce

* Energie se muze premeénit v hmotu noveé tézké castice.

e Zde Z boson ~ tézky foton.

antiproton



Interakce
* Energie se muze premeénit v hmotu noveé tézkeé castice.
* Zde Z boson ~ tézky foton.

| Mass - Z Candidate |

ET scale: 41 Gav i

antiproton

X 1 I JJ Ll i | { Ll 1 1 L L1
go 60 70 80 90 100 110 120 130
invariant mass(GeV)
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* Slozitéjsi pripad...
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Interakce

Bins: 380
Mean: 0.779
Rms: 3.71
Min: 0.00966
Max: 63.9

N
(&)
o

Events / 10 GeV
S
o

—y
[$)]
o

ATLAS

vy
7

g

IIII\I\I‘IIIIIIII\IIIIIIIIII
* \s=7TeVdata 4
B i m,-172.5 GeV .
[ ] single top mmp=172.5 GeV ]
0 Zijets
WW,ZZWZ
Wijets
B QCD multijets
57 Uncertainty

j L dt=1.04 "
n + jets

0 100 150 200 250 300 350 400 450 500

mics” [GeV]



o
!

,Castice je kopedek

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

-y
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w' Y(1 ,2,38)

Events/(GeV/c?)
=)

CMS Preliminary

\s=7TeV, L_=3.1pb’

IIIII | IIIIIII 1 | IIIIIII
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VSecky interakce svéta [zatim...]

Standard Model Interactions
(Forces Mediated by Gauge Bosons)

T

Xis any fermion in X is electrically charged. X is any quark.
the Standard Model.
D v g
N MEVM< J
L
U g
Uis a up-type quark; Lis a lepton and v is the

D is adown-type quark.  corresponding neutrino.

W- W-
w+ w+

X Y
X

Xis a photon or Z-boson. X andY are any two
electroweak bosons such
that charge is conserved.
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VSecky interakce svéta [zatim...]
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VSecky interakce svéta [zatim ve skuteénosti...
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CERN: laborator




e 27 km obvod.

e Supravodivé dipolové magnety chlazeny na 1,9 K.
e Studenéjsi nez Vesmir.

* Mikroskop s rozlisenim 0,01 fm.

* Srazky protonu: lokalni teplota 10® Kelvin0.
* Misto s nejvyssi teplotou ve Slunecni soustave.

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

* Protony jsou ve shlucich po 100 ¢astic.
 Shlukt je ~2000.

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

29. 3. 2019



ho vyzkumu

é

trum (sub)jadern

CERN — Evropskeé cen
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Muon Detectors Electromagnetic Calorimeters ' @ \[’)V_idth:t ggg
\ » iameter:
< || | Weight: 7000t

CERN AC - ATLAS V1997

Forward Calorimeters
End Cap Toroid

Barrel Toroid Inner Detector ' ' S X
Hadronic Calorimeters Shielding




Muon Detectors Electromagnetic Calorimeters

Solenoid CERN AC - ATLAS V1997
\ \ Forward Calorimeters

End Cap Toroid

i Inner Detector ieldi
Barrel Toroid Hadronic Calorimeters Shigiding




Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Muon Detectors

Electromagnetic Calorimeters

: Inner Detector
Barre| Toroid Hadronic Calorimeters




Experiment ATLAS

Q/ o ? - ST S TN
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Experiment ATLAS
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29.3.201

Experiment ATLAS

- ‘!
N
i
)
X
i
‘ gl
| i

x)
Y - * .
\ ~. ol
i =
»r
ol
a7 A
.
s: A b
SN
gt Wiz
-
o
% o .
> '
()
".
N Y
!' *
als .
:‘- . " -
S ‘QF"‘
y el
" - !
% ‘
D
-
, e 05
—— .
' 1
v LT



Jak ATLAS vidi castice
~ « Castice vétginou nejsou
takto idedlné izolovane.

Muon

Spectrometer
* \V praxi se definuje jejich
,ID“ Ci kvalita napf. na
zakladé toho, jak moc
dalSich drah Ci energie je
- okolo mionu ci elektronu.
Calorimeter
The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter

u;ﬁ i
3

Solenoid magnet o 3
Transition 't 3
Radiation
Tracking € Tracker )
Pixel/SCT
detector
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Jak ATLAS vidi ¢astice

dnom pruchodu shluku

je

ku z detektoru pfri
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* Vidéno experimentem ATLAS:

Events/5 GeV

29. 3. 2019

e Data 2011+ 2012
B SM Higgs Boson
m,=124.3 GeV (fit
[ ] Background Z, ZZ*
B Background Z+jets, ff
7%+ Syst.Unc.

ATLAS

H—-/ZZ*—4|
\s=7TeV |Ldt=4.61fb"
Is=8TeV |Ldt=20.7fb"

Events / 2 GeV

Events - Fitted bkg

Data 2011+2012
SM Higgs boson mH:126.8 GeV (fit)

Bkg (4th order polynomial)

H-yy

ls=7TeV ILdt =481

ls=8TeV [Ldt =207 1"




.mezitim u konkurence (experiment CMS):

CMS Preliminary (s=7TeV,L=511";ys=8TeV,L=196 1" 19.7 b’ (8 TeV) + 5.1 o (7 TeV)

S/(S+B) weighted sum
Data

S+B fits (weighted sum)
B component
+1o

Events / 3 GeV

| |m,=126 Gev

+20

N

—
(3

—

B o=1.1470%

m, = 124.70 = 0.34 GeV

o
(4

>
0]
Q)
-~
b,
C
(1)
>
(0]
©
D
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2
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+
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~
n

o

|
|
] B component subtracted
i
|

|
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140 160 180 i

m4| [GeV] 130 135 140 145 150
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100
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e ...ase zahrnutim dat z let 2015—2016:

T T | | | TTTTI | T 1T | I T T | T TT | T T T | T 1T ‘ I T T
B . ® Data 7]
- ATLAS Prellmlnary: Signal (m -125 GeV) _]

H
- * I Background ZZ* —
L H— 27 _>14| [ Background ti+V, VVV -
- 13 TeV, 36.1 fb I Background Z+jets, tt

772 Uncertainty

e Data 2011+ 2012 ATLAS

H—oZ/Z"—4l
\s=7TeV [Ldt=46fb"
\s=8TeV [Ldt=20.7fb"

I
w
<
L
Q
Q
w
3]
0
7]
0
3

m,=124.3 GeV (fit)
[ | Background Z, ZZ*
I Background Z+iets, ff
7 Syst.Unc.

Events/5 GeV
Events /2.5 GeV

IIIII

X

& H——
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IIIIIIIII

NN
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X

T
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90 100110120130 140 150 160 170
my, [GeV]
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Ho>ZZ* >eepp
QATLAS X

EXPERIMENT
http://atlas.ch
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= o | ~ Run: 182796
) ‘ X 'S ‘. P 2 Event: 74566644
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2011-05-30 07:54:29 CEST



H— ZZ* > 4e

203602

EXPERIMENT

http://atlas.ch
Event: 82614360

Date: 2012-05-18
Time: 20:28:11 CEST

Run:

25 ET (GeV)

\
360

27

180

\
i VN WA N V. DA Y W 1
T T T T
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pp>ZLZ—>pp

pp—>H—>eepupu

Run Number: 327265, Event Number: 117236869

19 19:59:16 CEST

Date: 2017-06-

Run Number: 304431, Event Number: 2206548301

Date: 2016-07-25 05:01:07 UTC
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Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST
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Srazky jader olova ©

ATLAS

EXPERIMENT

Run Number: 365512, Event Number: 110420355

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

29. 3. 2019




Zdroje

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

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

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Ph
ysicsHW candidate event decaying to on
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplaysFromHiggsSearches
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Physics#W_candidate_event_decaying_to_on
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