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scientific discovery of*
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Stavebni kameny chem

PRODUCED BY THE FOUNDATION FOR EDUCATION, SCIENCE AND TECHNOLOGY FOR NATIONAL SET WEEK 2003
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DMITRI MENDELEYEV (1834 - 1907) xygen 8

16.00 Fluorme 9

ALKALI METALS

OTHER HET

The Russian chemist, Dmitri Mendeleyev, was the first to observe that if elements were listed in
order of atomic mass, they showed regular [periodicall repeating properties. He formulated his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.

Neon 10
20.18

The crowning achievement of Mendeleyev's periodic table lay in his prophecy of then, undiscovered
elements. In 1869, the year he published his periodic classification, the elements gallium,

NOBLE GASSE germanium and scandium were unknown. Mendeleyev left spaces for them in his table and even

predicted their atomic masses and other chemical properties. Six years later, gallium was

m discovered and his predictions were found to be accurate. Other discoveries followed and
Mroom temperaure the lementis:  Symbol their chemical behaviour matched that predicted by Mendeleyev. =
o Hement Silicon 14
™ . This remarkable man, the youngest in a family of 17 children, has left the scientific
Liguid Huomie community with a classification system so powerful that it became the cornerstane
B Nowral solid Momic In chemistry teaching and the prediction of new elements ever since.
B Wan-made solid [synthetic] mass In 1955, element 101 was named after him: Md, Mendelevium.
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Stavebni kameny fyziky

HIGGS BOSON gk

$10.49 .o

2000000000000 ool felt, fleece with gravel fill
H

LIGHT EAVY Sor mazximum mass.

HIGGS BOSON

EPARTICLLEZU0

electron :
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Sily (interakce) v prirode

* Gravitaéni — makroskopicka télesa, Vesmir.

* Elektromagneticka — stavba atomu, chemie, zZivot.

 Slaba — radioaktivita, procesy horeni ve Slunci. /

Alpha

article
Am-241 Np-237

* Silna — stavba atomoveho jadra, interakce mezi
nukleony, hloubgji mezi kvarky.

9.1.2015

(6 types of quarks: up, down,
charm, strange, top and bottom)




* fecky Aemrtoc - drobny

9.1.2015

Leptony
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Leptony

* fecky Aemrtoc - drobny

U (A nti-neutring)

@ —+ ﬁ (Electron)

]
Carbon
nucleus; I4N
1zotope-14 7
Mitrogen
nucleus
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Hadrony: ¢astice z kvarku

Q = +2/3 |e|

Q=-1/3 |e|

9.1.2015 13



Hadrony: ¢astice z kvarku

* Hadrony -- ¢astice slozené z kvarkad.
* UCastni se silné interakce — drzi pohromadé atomove jadro.

* Proton ¢&i neutron jsou pfikladem baryont (fecky Bapdc - téZky), Castic
slozenych ze tii kvarkl, které maji polocely spin (fermiony).

* Piony patfi mezi mezony (fecky ugooc - stiedni), skladajice se z paru kvark-
antikvark, které maji celoCiselny spin (bosony).

Q =+2/3 |e|

Q=-1/3 |e|

9.1.2015 14
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Vymenné castice sil
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Higgsuv boson

HIGGS BOSON

The HIGGS BOSON is
the particle of the Higgs
mechanism, believed by
physicists to reveal how
all matter in the
HRIVErse mets its mass
On July + 2012, the
CMS and Atlas
collaborations at
CERN announced a
S-sigma level of
-.--.-r“t;uint_'-.r that the
Higgs boson had
been detected with

a mass of arownd
N 125 GeV
$1 U = 4 9 PLUS SHIPPING

92000000 DOOOO0 I EJfJf‘f:_‘Jrlﬂffi“:‘{'{" with g."?!?.'!".l':fj'.frf

LIGHT HEAVY for maxrimun mass.

HIGGS BOSON

sPARTICLLEZ 10
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Leptony, Kvarky, Kvanta poli

ELEMENTARY
PARTICLES

2000000000000 If vol feli, fleece with gravel fill
LIGHT HEAVY  for maximuni mass

SPARTICLEZ: 0

I 11 III

Three Generations of Matter

9.1.2015 17
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Leptony, Kvarky, Kvanta poli

ELEMENTARY
Castice: PARTICLES

* Leptony: elektron a neutrino + dvé dalSi rodiny
. . tvorfi hadrony

- mezony: kvark+antikvark (piony)

- baryony: 3 kvarky (proton, neutron)

* Intermedialni bosony — W*, Z, ¥, 8 gluond.

[ | :
Higgstliv boson: zodpovédny za hmotnosti ¢astic. W
Sily (interakce):
* GraVitaéni Thlrc (_imlulagtms tll\IhIttu
 Slaba + Elektromagneticka = Elektroslaba
* Silna
* Interakce s Higgsovym bosonem.
9.1.2015
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Castice

* Elementarni ¢astice: bez vnitini struktury, bodové: elektron, foton, neutrino...

« Casticové ZOO je plné &astic sloZenych:
proton a neutron tvoreny kvarky.

Kuli€ky, ale i viny: uméji interferovat, ale take tfeba z obalu atomu vyrazit
elektron ¢i zplsobit zEernani zrna na fotopapire.

Mikrosvét je popsan kvantovou mechanikou.

Béznému Zivotu podivuhodné véci: elektron v atomu muze mit jen urcité hodnoty
energie, nelze presné soucasne fici, kde elektron je a jakou ma rychlost (relace
neurcitosti). WAY B A L

9.1.2015 19



Jak castice vypadaji?

Bublinova komora

9.1.2015




Bublinova komora

A
1

3 - ;’?“" J‘ 3 ‘ -y
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Takto by to ale dale dlouho neslo...
(rucni prohlizeni fotografii) 71



Interakce |

* Excitace atomu fotonem a opétovna emise.
 Castice vznikaji a zase zanikaji — na rozdil od objektl v b&Zném svété!

©
o

(_LLL;
9.1.2015 LLLL4
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Interakce ||

« Castice zvané piony lze pfipravit jednodu$e ostfelovanim terce:
* Svazkem pionl pak muzeme zase stfilet na dalSi ter¢, mize vzniknout kratce

Zijici Castice (rezonance) zvana Delta: T+ N — A+ —> T+ N
Delta se mize rozpadnou i na néco jiného: T*N>A+—>w0P
. 7O
n A* p

pion-proton mass, MeV —
1100 1150 1200 1250 1300 1350
| | | I |

I
250 \
Sl \, 87 X2
T Y
200 o, mb et
it Y
150 [ J i
¥ .
100 + TY N
i r =~
= ¥ !\1"'-{
>0 E/ H‘"“"--.r__ﬁ__
4
¥ l 1 | I
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kinetic pion energy, MeV —



Interakce |: qq —» Z — e'e

Mass - Z Candidate

P P B
0 60 70 80 90 100 110 120 130

invariant mass(GeV)

antiproton

ET scale: 41 Gav i

24
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Interakce Il
Top-antitop par, jak vidéno D@ Detektorem

Par top-anti top
rozpadajici se na WbWb a
hasledné na 4 jety,
elektron a neutrino.

Red: EM Calorimeter

Bins: 380 . .
Blue: Hadronic Calorimeter

Ilﬂqz‘lean: 0.779
ms: 3.71 . -
Min: 000966 Yellow: Missing Energy
B . (neutrino signature)
phi_t: 195 deg

9.1.2015
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Interakce castic
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Interakce castic
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CERN, Fermilab, Brookhaven, DESY
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Co se v CERNu studuje?

» Jaké jsou sily v pfirodé?
* Kolik mame rodin ¢astic?
* Pro€ tady jsme?

* Proc€ je Vesmir z hmoty a ne z antihmoty?
* Co je to temna hmota a temna energie?
» Jsou dalsi sily Ci Castice v prirodé?

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc

- c_“= -

AT e W ol S o

WAL G SR IR B s T, N
R Y
A;J‘&, ;}tg ¥ ! f o
1 cragrRaneEy
2d ‘ [
3 Ao NP
(e 2
3 = ,

about 400 million yrs.

Big Bang Expansion
13.77 billion years

9.1.2015 33




LHC

« Srazi protony pri velkych energiich s frekvenci 40MHz pro hledani
vzacnych procesu, zatim neznamych ¢astic, a vytvari podminky
jako tésne po Velkém tresku.

9.1.2015 34
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LHC

[nteractions of constituents of the colliding protons, the so called
partons (quarks, gluons)

proton 1 proton 2

Pe: ... momentum proton 1 Dparton: ... Momentum parton 1

pF"1 Frir mDmEHtum }'JI'DtUﬂ 2 ﬁFanu-nz — mnmentUm pa]-tﬂn 2
¢ interaction vertex

35



ATLAS Experiment

 Jeden ze dvou vicelcelovych experimentl na urychlovaci LHC

Muon Detectors Electromagnetic Calorimeters
AN \

.I '\M '.-
L Solenoid '. Forward (:alnrlmeurs

End Cap Toroid

- & ! 5
i Inner Detector i
Barrel Toroid Hadronic Calorimeters g

9.1.2015 36



Prichod ¢astic detektorem ATLAS

9.1.2015

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Proton

Tracking

Solenoid magnet

Transition
Radiation

Tracker

Pixel/SCT
detector

L]

E
[}
]
[}
L]
]
n

Neq_tron

The dashed tracks
are invisible to
the detector

> ATl AC

X
=i Al Bl A
T EYVDEDIAMEMT

http://atlas.ch




Kazdodenni realita

MMLepton rc_lepton;
rc_lepton.pt = ed->leptons.pT.at(@®) / Gev;
rc_lepton.eta =
rc_lepton.eta = fabs( rc_lepton.eta );
double hthad = 8.}
double drR_1j_min = 1e10; // distance between the electron and the closest jet
double pTdR_1j_min = 8.; //pT/dR (lepton-closest jet)
for{ size_t j =0 ; j < ed->jets.n ; ++j ) {

const double jet pT = ed->jets.pT.at(j) / GeV;

hthad += jet_pT;

double dR_1j = PhysicsHelperFunctions::DeltaR( ed->leptons, 6, ed->jets, j );

flcout << "Nj = " << ed->jJets.n << " j ind = " << j << " dR_1j = " << dR_1j =<4

if( dR_1j < dR_Lj_min ) {

drR_1j_min = dR_1j;
pTdR_1j_min = jet_pT / dR_1j;
1
rc_event.hthad = hthad;
rc_lepton.dr = drR_1j_min;

rc_lepton.dRpt = pTdR_1j_min;
const double lep_phi =
const double met_phi =
double drhi =
rc_lepton.dPhi =

ed->leptons.phi.at(e);

ed->MET.phi;

PhysicsHelperFunctions: :Phi_mphi_phi( lep_phi - met_phi );
fabs( dPhi );

int trigger = ed->leptons.property["trigMatch"].at(@e); // which trigger the lepton 1
€be (use lep_trigMatch in MinisL)

rc_lepton.trigger = trigger; J/ 1,2 or 3, or even adding the info on the prescale

bool tight = ( rc_channel == FakesWeights::EJETS ) ? ed->electrons.property["tight"]
<.at(e):

/[ Finally..

qcd_weight = m_moma->GetFakesWeight( rc_channel, rc_event, rc_lepton, tight );

I/ gcd_weight = m_moma->GetFakesWeight( rc_channel, tight, rc_lepton.pt, rc_lepton.et
%, rc_lepton.dRpt, rc_event.jetpt, rc_event.njets, rc_event.ntag, rc_lepton.trigger )

1! cout << "ch: " << rc_channel << " tight = << tight << pT .= << rc_lepton.pt <
§" dR_1lj_min = " << rc_lepton.dR << " dPhi_1_MET = " << rc_lepton.dPhi << " trigger = " <
CutFlowTTbarResolved.cxx 51% L613  (C++/1 Abbrev)

63 Jan 6 13:56 histograms_data_mu.root
1.7M Jan 6 13:56 histograms_data_el.root
6.0K Jan 6 13:56

1 ditek zb
1 qitek zp
5 qitek zp

STW-r-=T=-.

SFW-T--F--.
drwxr-xr-x.

Tue Jan 6, 14:57

( rc_channel == FakesWeights::EJETS ) ? ed->electrons.property["el_cl_eta"].at(®) :

File Edit

#! fusr/bin/python

import os, sys

ed->muor from ROOT import *

from array import array

from MAMboPlottingToolkit import *
_cans = []
L files = []

COCLS. =

File State| [Page| [Portrait|[1.000] [BBox| | ing/eps/el_reco_4,j?b_topH_n.eps: Data/Prediction | Tue Jan & 00:10:06 2015]

'reco_and_particle

[tariable Size tched',
e E 4000 ATLAS | | esets ||
ES%:"IEj :‘5 350; (s=7TeV | Ldt=46b" é lDt_aEIaJrjets] é
% 300 [ 1T (dilepton) 3
u:j o Il Single top 3
e 250F B Weers =
N 200F Dlore 4
150 ]
1001 -
50}~ = =
C L . L e
§ 1.5F ' ' // ]
sl (). ES T T ————— ——
% 0 50 100 150 200 250 300
S m¥ [GeV]

[lxplus@142] /fafs/cern.ch/user/q/qitek/qitek/TopResolved_8TeV_MAMbo/MAMbo/run/s m
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Higgs

9.1.2015

THEOLOGY V5. PHYSICS



Higgs — ProcC?
« Standardni model funguje pro nehmotné castice.
e Ale nas svet je evidentné hmotny:)

 Bylo tfeba najit mechanizmus, ktery “doda” casticim hmotu, a
pritom nerozbije dosavadni teorii a interakce.

 Higgsuv boson byl dokonce nutny i pro “zachranu” predpovédi
teorie na vysokych energiich.

» Teorie nepredpovidala, jakou ma mit hmotnost.

"\ N " \s /

 Exoti¢téjSi teorie prfedpovidaji vice Higgsovych bosonU (stale ve
hre).

9.1.2015
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Higgs — Jak?

1 . | P .
ZLHiggs = — EF;WF“ + (G — igAp) (9 +igA¥)p

i U
2 )‘(999’-"' = ?)2
=z 1
©(z) = p(z) exp (1 FU )) _ VT(Z(J i
s = 3 22 _ Lo om (Toap o)
inggs — E #Jau{j’ — Avéo® — EGIEVG” Q\g v Bﬂi%

1 N
T QEUG’B!{LB# £ 592523”3# - 1}‘54

Hmotovy Clen pro pole B
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Higgs — Jak?




Higgs — Co?

PREDICT WILL COME OUT 16 THE W6ss 1 T
GVING MAGS TO
PARTICLES.

=]
L&}

' . . PARTICLES WAVE MASS SOME HAVE (T,
WHEN YOU THINK OF TUINGS o oy

HAVING MASS, T MEANS (T SOME DONT

HAS "STUFF" TO (T, RIGHT? -

# -"-'-‘ 0."'" o = .
‘ ‘ (THEYRE PONT PARTICLES) i
T .
3 MASS 1S A

ms Ncrr ACTUALLY CHARACTERIETIC OF A [T JWST A DIFFERENT
"STUFF” PARTICLE, LIKE CHARGE. KIND OF CHARGE...

IMAGINE A FIELD THAT
PERMEATES THE
ENTIRE UNIVERSE.

EVERY PARTICLE "\
FEELS THIS FELD,
BUT 1& AFFECTED N

9.1.2015
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caglecartocons.com

Wkeofak. w

K.Com 7612
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Higgs — Jak?

 Coctalil party analogy:

e Hosté: Higgsovo pole.

» Osobnost: Castice, obalenim obdivovateli se pohybuje pomaleji:
ziskala hmotnost.

9.1.2015 47



Higgs — Jak objevit?

e Srazet a Cekat:)

A hledat vSude — teorie nepredpovida jeho hmotnost.

* Higgs interaguje s casticemi “silou” tmernou jejich hmotnosti.
* Nevaze se tedy primo na foton ani gluon.

« “Rad” se rozpada na tézke Castice.

Interactions of constituents of the colliding protons, the so called
partons (quarks, gluons) q
proton 1 proton 2 Z%

£ £ 9 o0 £ o
(e } ) : i t b — - }L

P, ... momentum proton 1 Dparton: ... momentum parton 1

Pe; ... momentum proton 2 Prarton: .., momentum parton 2

* interaction vertex 48




Higgs — Jak uvidet?

 Dle toho, na co se rozpada: a to uz teorie predpovida!

g

e Tel el a ol
Hﬂ
q t
0000000

S ww =t
t' 1%
o) =
O i
5 :
-1 =
10 zz 3"

2 ]

+ 1

'

m 1072 =

w .

(@)] _

D N

I =

107° -

/ "
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Higgs — Jak vypada?

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

H - ZZ - 4 leptony

9.1.2015 50



Higgs — Jak vypada?

Run: 191426 }'\‘3‘% &PIRI'TMAS
Event: 86694500 L1 ENT
2011-10-22 17:30:29 CEST  http://atlas.ch

pu—
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Higgs — Jak byl objeven?

THEN You WAVE 2 THEORES THAT PREDICT THE DATA:

52



Higgs — Jak byl objeven?

» Data z roku 2011 (energie srazek 7TeV) a 2012 (8TeV).
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Higgs — Jak byl objeven?

e Data z roku 2011 (energie srazek 7TeV) a 2012 (8TeV).

= [
@ | e Data 2011+ 2012
Eg 40 - B SI?/IE:—Iiggs ;oson ﬁTLZAZ§ Al
a ¢ m,=124.3 GeV (fit) 1= — y
5 35 ) paskground 2, 27 V\s=7TeV JLdt=4.61f0
= — ? — — -1
H B - Background Z+jets, tt Vs=8TeV J-Ldt 20.7 fb
30— 722 Syst.Unc.
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Higgs — objev

 Oznamen 4.7.2012 (ale naznaky jiz prosinec 2011).
» Posledni chybéjici kousek Standardniho modelu.
 Triumf teorie stare 50 let.
 http://www.atlas.ch/HiggsResources/

The Nobel Prize in Physics
2013
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' BEREAKTHROUGH "'."
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Photo: A. Mahmoud Photo: A. Mahmoud W
Francois Englert Peter W. Higgs % : E; [} Q’ U N '
Prize share: 1/2 Prize share: 1/2

9.1.2015



http://www.atlas.ch/HiggsResources/

FABIOLA
GIANOTTH

Higgs — objev

Higgs search
update 04.07.2012
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Higgs search
update 04.07.2012




Higgs — objev

9.1.2015




Higs — objev






http://www.cern.ch/
http://www.atlas.ch/
http://particlefever.com/
https://www.facebook.com/ParticleOlomouc
http://www.phdcomics.com/comics.php?f=1489
http://www.atlas.ch/HiggsResources/
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