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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.
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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
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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.

4.11.2014

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




Sily (interakce) v prirode

* Sily plsobi mezi ¢asticemi: zprostfedkovavaiji jejich
vzajemné plsobeni.

* Diky silam také mohou vznikat stabilni vazane
systemy, které sily drzi pohromade:

Alpha
article

* Slunecni soustava, galaxie...(gravitace). oA e
* Atom (jadro a elektronu, elektromagneticka interakce). )f

» Atomové jadro (vazany systém nukleond, silna sila) .».
* Nukleon (vazany systém kvarkl a gluond, silna sila).

Am-241 Np-237

* Sily ale také zpusobuji rozpady ¢astic: radioaktivita
(slaba interakce), “horeni” ve Slunci.

4.11.2014




Castice

* Pod pojmem elementarni ¢astice rozumime objekty bez vnitini struktury, tj.
takové, které se v experimentu jevi jako bodové a zatim nevime, ze by se
skladaly z dalSich: napriklad elektron, foton, neutrino...

« Casticové ZOO je plné &astic sloZenych: napf. proton a neutron jsou tvofeny
kvarky.

» Castice se mohou chovat jako kuli¢ky, ale i jako viny: umé&ji interferovat, ale také
tfeba z obalu atomu vyrazit elektron ¢i zplsobit zEernani zrna na fotopapire.

Mikrosveét je popsatelny kvantovou mechanikou, ktera s uspéchem predpovida
bézZnému zivotu podivuhodné véci: elektron v atomu muize mit jen urcité hodnoty
energie, nelze presne soucasne fici, kde elektron je a jakou ma hybnost
(Heisenbergovy relace neurcitosti).

4.11.2014



Jak castice vypadaji?

Snimek z bublinové komory: v prehraté kapaliné dochazi lokalné k varu
podél prolétavajicich Castic (ionizace). Drahy zakfiveny v magnetickém poli.
4.11.2014 10




Bublinova komora
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Takto by to ale dale dlouho neslo...
(rucni prohlizeni fotografii) 1



Sprsky mnoha castic

* Srazky tézkych iontli — spousta ¢astic. - Simulace atmosférické spriky

* ,Messy" heavy ion collisions:-) indukované kosmickym zarenim.

 Studium husté horké hmoty, termodynamiky
fazovych pfechodut v QCD.

* Kvark gluonové plasma?

4.11.2014 12



Vlastnosti ¢astic

* Stav v klasické fyzice je dan polohou a hybnosti objektu.
* V kvantové mechanice jde o paprsek v abstraktnim nekoneCnérozmérnem
vektorovem prostoru :0)

« Castice je charakterizovana svou hmotou, nabojem, spinem (vnitfnim
momentem hybnosti, jakymsi malym setrvacnikem), typem interakci, kterych se
ucastni...

* Vnitifni moment hybnosti ¢astice je kvantovan, mize nabyvat jen urcitych
nasobkl Planckovy konstanty. Celociselné nasobky nesou bosony (foton: 1),
polocelé definuji fermiony (elektron: 1/2). Spin urcuje kolektivni chovani Castic a
statistiku (Pauliho vylu¢ovaci princip) a ma dalekosahlé dusledky pro to, jak
vypada hmota kolem nas.

» Ke kazdé Castici existuje anticastice, ktera ma opacny naboj a dalSi kvantova
¢isla. Napriklad pocet nukleontl se zachovava: proton ma nukleonové ¢islo 1,
antiproton -1. Lze napt. p* p* — p*p* p p*, ale ne p* p* — p* p* p- (nikdy
nepozorovano).

4.11.2014
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Leptony

* Mezi leptony (fecky Aemrtoc - drobny) patfi napriklad elektron. VSechny leptony
jsou fermiony.

* Partnerem elektronu je neutrino, lehounka neutralni Castice, ktera interaguje
pouze slabé, a tak je velmi tézke ji spatfit.

* Neutrino doprovazi elektron v interakcich, napf. pfi radioaktivnim B-rozpadu:
 Volny neutron se rozpada, stabilni je jen v atomovem jadre:

n—>p+e+v,

* Q. Proc se nerozpada proton? A kdyby se rozpadal, nebyl by vodik, ani hvézdy,
prvky, my...Silna interakce nerozeznava rozdil mezi protonem a neutronem,
odliSuje je az elmag. a slaba sila.

* Elektron a neutrino tvofi prvni rodinu leptond: pfiroda dosud z neznamého divody
vSechno zopakovala jeSté dvakrat:

* Tti rodiny leptonu: elektron, mion, tau; a k nim pfislusna neutrina.

* Mion a tauon jsou jakési tézsi elektrony, a jsou nestabilni.

4.11.2014 14




Hadrony z kvarku

* Hadrony jsou ¢astice slozené z kvarkd, které jsou fermiony.
« Ucastni se silné interakce.
e Kvarky u, ¢, t maji naboj +2/3, kvarky d, s, b -1/3.

* BEZné protony a neutrony tvoii atomove jadro, jehoz stabilitu Ize vysvétlit
vymeénou Castic zvanych piony — pouze jiny pohled na silnou interakci.

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

* Piony patfi mezi mezony (fecky p€ooc - stfedni), skladajice se z paru kvark-
antikvark, které maji celoCiselny spin (bosony).

4.11.2014 15



Hadrony z kvarku

* Kvarkoveé slozeni neurCuje Castici jednoznacneé.

 Pauliho vyluCovaci princip pro kvarky v hadronech!

* Exotické ¢astice Ize chapat jako excitace zakladnich stavi
* (podobneé jako vyssi stavy atomoveho obalu, jen jde o silnou
namisto elektromagnetickou interakci

4.11.2014
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Vymenneé castice sil
* V soucasném popisu mikrosvéta castice interaguji pomoci
vymeny kvant poli, které jsou bosony.

* Elektromagnetickou interakci zprostredkovavaji fotony.

* Silnou interakci mezi kvarky gluony.

Gluony jsou podobné jako fotony nehmotné, ale nesou naboj
vzhledem s silné interakci. Proto nejsou volné pozorovatelne,
stejné jako kvarky jsou uvéznény uvnitf hadronu.

* Slabou interakci, rozpady a novych ¢astic, zplsobuji jakési
tézke varianty fotonu: tzv. intermedialni bosony W a Z.

* Graviton je teoreticky zodpoveédny za gravitaci, ale
konzistentni kvantova teorie gravitace zatim neexistuje.

* Pozn.: elmag. a slabou interakci Ize spolecné popsat v
ramci tzv. elektroslabé teorie (1970s).

4.11.2014 17



Leptony, Kvarky, Kvanta poli

Castice: ELEMENTARY
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.
* Pfedpovézeny ale neobjeveny Higgstv boson,
zodpovédny za hmotnosti Castic.

Sily (interakce):
e Gravitacni H IH

» Slaba + Elektromagneticka = Elektroslaba lhm enerations of Matter
* Silna

4.11.2014 18



Interakce |

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

©
o

(_LLL;
4.11.2014 L_LLLQ
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Interakce ||

VT,V AN

interakci mezi nukleony.
« Castice zvané piony Ize pfipravit jednodu$e ostfelovanim ter&e napf.

protony:

* p+tp—opnwtTw

Svazkem piond pak mizeme zase stfilet na dalSi ter¢, mize vzniknou

kratce zijici Castice (rezonance) zvana Delta:

* MWN—oA+—> TN

Ale Delta se mize rozpadnou i na néco jiného!

* TN A+-STOP

Delta je vlastné jen excitovany nukleon!

4.11.2014 n A* p

Nukleony hraji stavebni roli, piony interak¢ni, vazebnou, analogicky atomu:
jadro a elektrony si vymeénuji fotony, a realné fotony mohou atom excitovat.

20



Rezonance

« Svazkem pionl pak mizZeme zase stfilet na dalSi ter¢, mize vzniknou kratce Zijici

Castice (rezonance) zvana Delta:
TP > A+ > X
Delta je vlastné jen excitovany nukleon!

V4

* Blizko rezonancni energie se Delta ,rada rodi*.

 Doba zivota: cca 10-23s!

e Souvisi inverzné se Sirkou
rezonance:

hz

(i) = 1O

27 (E — Eo)2 + (I'/2)?

(Breit—W.ignerovo rozdeleni)

(Fourierova transformace
rozpadoveho zdkona a Casového
vyvoje v kvantové mechanice)

‘q}(x)g—“l(Eg—lr}‘Z)i/filz — ‘l/,(x)lzg—rt/fi

[ (8)]* =
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FIG. 1. The cross section of T p elastic scattering is shown
in the vicinity of the A™7(1232) resonance, whose width is
I' = 120MeV. The maximum elastic cross section 8wA? is

reached above the peak of the resonance, where X = h/p is
the reduced de-Broglie wavelength.



Mezonova resonance J/y

Listopadova revoluce v Casticove fyzice —

1974 80 r |

. « , 242 Events = —
Objev ctvrteho kvarku — c-kvark, charm - = '
(puvabny) 70| SPECTROMETER
Dva nezavisle tymy, v komplementarnich 7 —
procesech O-10% i

v o S v ° 60 | - current
(srazky hadronu vs. srazky elektronu s
pozitrony) -

90

J/Psi “prekvapila” dlouhou dobou zivota, z
kinematickych dlvodu se totiz nemuze
rozpadat nejjednoduseji na D-mezony
obsahujici c-kvark, a tak silné rozpady
probihaji déle “zakazanym” zplsobem, a
konkuruji jim elektromagnetické rozpady
napr. Jy — et e-

EVENTS /25 MeV
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Mezonova resonance J/y

* Listopadova revoluce v Casticove fyzice — 1974.

* Samuel Ting (Brookhaven), Burton Richter (SLAC)

4.11.2014
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Mezonova resonance J/y

* Listopadova revoluce v Casticoveé fyzice — 1974

4.11.2014




experimentd

Rozptylovy experiment

* Rozhodujicim momentem byl objev atomového jadra, a to nejen vysledkem
(vétSina hmoty v atomu koncentrovana v nepatrném objemu), ale i konceptem.
« ,Ostrelovani“ atomu zlaté félie alfa ¢asticemi: jeden z prvnich rozptylovych

* Mikroskop bombarduje vzorek fotony o urcité vinove délce, ktera urCuje nasi
rozliSovaci schopnost. Chceme-li vidét jeSté mensSi véci, potfebujeme elektronovy

mikroskop.

* Chceme-li se podivat na stale jemnéjsi struktury, musime pro zkraceni
vinové délky zvySovat energii. Podle de Broglieovy hypotézy a Einsteina:

Detector

‘//Goldfoil
i J F
N

D

/

Alpha particles

E2 — p2c2 + m2c4.

Source

p=h/2A

The alpha particle

The alpha particle

Thomson's model of atom Rutherford’s model of atom

The models of the Thomson's atom and Rurtherford’s atom; and the expected
aberrations of alpha particle in both cases.




Rozptylovy experiment

* Objev struktury protonu:

* ostrelovani protonu jednoduchym bodovym objektem (elektron).
* Experimentalni data nesouhlasi s teorii bodového protonu.
* VetSi aparatura, ale jinak stale stejny princip rozptylového experimentu.
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Castice a jejich svazky

* Prirozena radioaktivita: limitovana hustota svazku a energie, jen prvni
objevy. Stale se vSak pouZziva pro zdroje neutronl (alfa zari¢ Stépi pfimeés,
napr. Am+Be).

* Kosmickeé zareni: doposud nejvysSi znameé energie, ale tézko opakovatelné
a vzacné udalosti. Vyznamné do cca 50. let pfi objevech pozitronu, piond,
kaond...

V soucasnosti uz ne jako zdroj individualnich Castic, ale jako fenomén ke
studiu jako takovy (odkud prichazi, jak vznika, jaké ma spektrum...).

* Reaktory (neutrony a neutrina).

* Urychlovace: svazky s vlastnostmi, jaké chceme: typ, mnoZztvi, hustota,
energie, divergence svazku...

4.11.2014 27



Co vlastné chceme meérit?

* Pravdépodobnost, Zze se néco zajimave stane: Ize srovnat s teoretickou
predpoveédi.

* Chceme znat hmotnosti a doby zivota Castic — teorie dokaze predpovedéet hmotu
slozenych ¢astic (mezonU), ale ne elektronu!

S jakou energii a hybnosti se Castice rodi — spektra.

* ZpUsoby rozpadl nestabilnich ¢astic (rozpadové kanaly).

 Hledani novych &astic, jevl, které soucasna teorie neumi popsat.

* Kvantova mechanika je pravdepodobnostni: nikdy nelze presné predpovedeét, co
se stane, a ze snimku dané udalosti nelze s jistotou identifikovat vzniklé produkty:
spousta zajimavych udalosti ma i velmi podobné (nezajimave) pozadi.

* Detailnim studiem srazkovych procestl ziskavame hluboké

znalosti o strukture Mikrosvéta, ale také podminek kratce
po vzniku Vesmiru: propojeni Casticove fyziky a astrofyziky.

4.11.2014 28



Urychlovace |

* Co mUzeme srazet?

* Co Ize urychlovat?

* ProC srazet? ProC urychlovat?
* Co méfime?

~Proton-proton collisions are like smashing to pocket watches together to see what
they are made of...

...aneb Co se stane pfi srazce dvou protonu?

Z kazdeho protonu se srazi jeden kvark nebo gluon (parton), kazdy nese

¢ast energie plvodniho protonu. Energie srazejicich se ¢astic se tak méni:
vyhodné pro hledani nové Castice s neznamou hmotou, nevyhodné pro
rekonstrukci dané srazky: nezname podeélnou hybnost. Alespon soucet pricnych
hybnosti vSak musi byt nula (zakon zachovani pricného impulsu:-)

Typicke typy kolizi: e*e, ep, pp, proton-antiproton.
(Q: proc proton-proton nebo proton-antiproton?)

4.11.2014 29



Urychlovace Il

Ostrelovani pevného terce

Fred

Froton narazi @

tdo pevneho terce

Fo srazce

J

se pohybujici
lehke castice

Srazeni svazku
Fred FPo srazce

~
- @
°%W o

Srazeni protonu Mozry wysledek:

a antiprotonu J Famalg, welmi
tezke castice

4.11.2014

YWysledelk: Fychle

* Experimenty s pevnym terCem:

* svazek a terC (kapalny vodik pro
experiment, nikl pro produkci sekundarnich
svazkdl).

W W "\ Y

systemu.

* V/stficné svazky:
technicky naroCné srazet, ale vyhody:
vysoka energie srazek.
Castice+anti¢astice: opacny naboj, mozno
urychlovat v jedne trubici, jde o jeden
urychlovac, jedno magnetické pole.

30



CERN, Fermilab, Brookhaven, DESY

4.11.2014 31



Spoleéné rysy experimentu

* Drahové detektory: hledani ,trackd,
meéreni hybnosti.

* Elektromagneticky kalorimetr: elektrony,
fotony, CasteCné hadronové sprsky (,jety").

* Hadronovy kalorimetr: jety (hadronova
sprSka, jaderné interakce).

* Mionove komory (miony malo ionizuiji,
neinteraguji silné: pronikaji daleko).

Podle tohoto schématu navrZzena vétSina ,vicelcelovych* detektoru:
CDF, DO (Fermilab)

H1, Zeus (Desy)

OPAL, Delphi, Aleph, L2 (byly na urychlovacCi LEP, CERN)

ATLAS, CMS (buduji se v Cernu)

Star, Phenix...(RHIC, Brookhaven)

4.11.2014
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Run 188298 Evt 58551412
E scale: 47 GeV

JEvent Display“

Run 188298 Evt 58551412

Triggers:
1 MET M ev

7 1cp

Wymu particle

55
ET
(Ge
360
< 4.7
S
Bins: 200 §
Mean: 0.822 0 3
Sms: 2,27 4.7 mu particle et: 50.4

V' Run 188298 Evt 58551412
ET scale; 29 GeV
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Spole¢né rysy experimentU

* Stale jde v principu o rozptylovy experiment: srazime castice nebo
bombardujeme terCiky a sledujeme vzniklé produkty, jejich energie, zmény Uhlu...a
usuzujeme tak vnitini strukturu, nové objekty...

* Pro velkou statistiku Casto vysoka Cetnost srazek: nutnost rychle se rozhodnout,
zda udalost je zajimava a chceme ji zaznamenat, vSechny zapsat nemuzeme
(,trigger” - spoust).

* Frekvence zapisu dat limitovana moznostmi zapisu na magnetické pasky (kolem
100 HZ) Hardd|Sk dlouhodobé neSpO|eh|IV)'/) Run 134723 Evt 52074455 Fri Jul 2 22:50:18 2004

ET scale: B GeV ]

» Rekonstrukce udalosti ze signald v
elektronice: od svételnych impulsl ¢i
,zasahU" v kfemiku a sesbiraného naboje
az k mérene energii Ci zrekonstruované
draze.

* Detektor je pouze slozity fotoaparat!

» Zakon zachovani pricné hybnosti.
4.11.2014




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

35

4.11.2014



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

4.11.2014
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Standard Model Interactions
(Forces Mediated by Gauge Bosons)

T T

X is any fermion in X is electrically charged.  Xis any quark.
the Standard Model.
D v g
" M a
L
v g
Uis a up-type quark; Lis alepton andv is the

D is adown-type quark.  corresponding neutrino.

W- W~
X Y
X

Xis a photon or Z-boson. X andY are any two
electroweak bosons such
that charge is conserved.

4.11.2014
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Standard Model Interactions
(Forces Mediated by Gauge Bosons)

SR

Xisanyfe ny quark.

the Stand

W

Uis a up-ty
Disadown

W+

Y

Xisaphotonor Z-boson. X andY are any two
electroweak bosons such
that charge is conserved.
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Particles Interactions
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Particle Physics

* The key probe to understand the subnuclear world is the
scattering experiment: colliding proton on protons, electrons on
positrons, electrons on protons, heavy ion collisions...

 “Scattering protons on protons is like colliding Swiss watches to
find out how they are built” (R.P.Feynman)
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Particle Physics




Ex-particle-physicists make the

4.11.2014

worst biologists....
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CERN

« European Organization for Nuclear Research

» Celebrating 60 years of peaceful research.

« Home of the accelerator complex topped by the Large Hadron
Collider (LHC).

* Place where students meet experts, where ideas are shared.

* Melting pot of engineers, physicists, IT experts, mathematicians,
technitians, professors, students, teachers, science and
outreach.

 Priviledged to participate to Czech contributions to research at

CERN.
A .
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LHC

 Colliding protons at high energy at 40MHz rate to search for rare
processes, yet unseen particles, measure precisely properties of
matter at conditions close to Big Bang densities.

. mp/c2 = 1GeV while beam energy up to 7TeV!
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LHC

 Colliding protons at high energy at 4A0MHz rate to search for rare
processes, yet unseen particles, measure precisely properties of
matter at conditions close to Big Bang densities.

. mp/c2 = 1GeV while beam energy up to 7TeV!

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

proton 1 proton 2

P, ... momentum proton 1 Pparton: ... MOmMentum parton 1

pP'I T mDﬂ]EI}tllm DFGTGI’I 2 pl"ﬂl".ﬂﬂz = mﬂmentun] pa]'tﬂn 2

interaction vertex
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ATLAS Experiment

e One of the two multipurpose experiments at CERN's 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
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Passage of Particles through ATLAS

Muon
Spectrometer

The dashed tracks
are invisible to
the detector

Hadronic
Calorimeter

E
[}
]
[}
L]
]
n

Proton
Neq_tron

> ATI AC

1
X
=i Al Bl A
T EYVDEDIAMEMT

Electromagnetic
Solenoid magnet
http://atlas.ch

Calorimeter

Transition
Radiation
Tracker
Pixel/SCT

Tracking
detector
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Data Flow

LHC provides proton-proton collisions;

ATLAS does/deals with:
 Fast decision whether to write to tape/disk (trigger)
* Event digitization
» Detector calibration
e Event reconstruction
* Objects selection
* Objects calibration
e Physics analysis: GRID
 Effect of additional events
* Physics background: signal separation
» Detector resolution
« Comparison to full detector simulation
* Measure/Discover/Set limits

4.11.2014
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Data Flow

LHC provides proton-proton collisions;

ATLAS does/deals with:
 Fast decision whether to write to tape/disk (trigger)

RIS
.-.._‘_‘- ; __-I‘-
A ) L
= il A
= Ll
=l

e Physics background: signal separation
e Detector resolution

« Comparison to full detector simulation
* Measure/Discover/Set limits
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Physicist does...

 x_A[6]=x_LHC_Corr[BestTrackCand[6]11[6],y_A[6]=y_LHC_Corr[BestTrackCand[6]1[5];

if(tr_rec[o] & axo(x Ale],

x A[7]) && axi(x A[2] [51)) x_acceptlol=true, nx[o]++;
if(tr_rec[1] && axo(x_A[1],x_A

_A[6]) && axi(x_A[3],x_Al[4])) x_acceptlll=true, nx[1]++;

if(x_accept[o] && ayy(y Alo]l,y A[7]) && ayy(y Al2],y AlS])) y acceptl[ol=true, ny[0]++;
if(x_accept[1] && ayy(y al1],y Al6]) && ayy(y Al=2],y _Al2])) y acceptlll=true, nyl[1]++;

1f(y_acceptl[o] && axx(x_ al[2], “(x Al

-x_Al2])/dz1) && axx(x A[S], 3 -x_Al5])/dz2)) t_acceptlol=true, ntlo]++;
1f(y acceptl[l] && axx(x Al[Z], *(x_A[1]-

]
A[2])/dz1) && axx(x A[4], x_ -x_A[4])/dz2)) t_acceptll]l=true, nt[1]++;

1f(t_accept[o] && (y_Alo]l<ybs[o] && y Al2]< ybs[2] && y A[S]> ybs[5] && y Al7]=ybs[7])) ybs_acceptlo]l=true, nybs[o]++;
111

if(t_accept[1] && (y_A[1]>ybs[1] && y_A[3]>ybs[3] && y_a[4]< ybs[4] && y_Al6]<ybs[6])) ybs_accept[1]l=true, nybs[1]++;

1f(ybs_acceptlo] && (y_Al[o]= e = e l<yel[5] && y_A[7]<yel[7])) yed_acceptlol=true, nyed[o]++

if(ybs_acceptl[1] && (y Alll=< e < e l=yel4] && y Al6]l=yel[6])) yed accept[l]l=true, nyed[1]++;

1f(tr_recl[o] && x accept[0] && y_accept[0] && t_acceptl[o] && ybs_accept[0] && yed acceptl

- _ | . f_accept(o]l=true;
if(tr_rec[1] && x_ accept[l] && y_accept[l] && t_acceptl[l] && ybs_accept[l] && yed_acceptl

f_accept[1]=true;

]
]
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Higgs — Proc?

« Standardni model matematicky funguje pro nehmotné castice.

 Bylo tfeba najit mechanizmus, ktery “doda” casticim hmotu, a
pfitom nerozbije dosavadni teorii a interakce (transformace vUci
specialni grupé symetrii).

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

* Trik: potencial, ktery nema minimum v nule, nema primocarou
casticovou interpretaci:

&L = 0,p0t " — V(p)
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Higgs — Jak?

e Prfeparametrizovani pole na uhlovou a radialni Cast:

_ 1
—%ﬂgg? - EF,LWF#V {d il ngl#) (d'u : 3 EJA#) V(o)
.E,Q .
_ Ailepa®
(PP~ i
_TT(;E)) 1 % | ] Res

wlxr) = plx)exXp | ? — T+ 4 R, 1o
ola) = pla)exp (i p=slo+0 w

« Lagrangian popisujici interakci skalarniho a vektoroveho pole:

1
ld oo — v?o? — —GWG‘“’ 59 EEB#B”

1 :
Lo t.-:rBuB —|— 29 U)'B B’u vo® —1/\54

(U)
"‘nghggs o 9

Hmotovy Clen pro pole B
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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.
« BUT. LHC is a gluon collider!
« “Rad” se rozpada na tézke Castice.
« Higgs muze interagovat sam se sebou.

| H | H | H
I I I
I I I
I\ II; - |~If| R
/‘/ T ] Pl - 3 g
/// \_‘\ [\J\w I/'I'/?/. -\J\J\w I/]L/] .
\\\ r\lﬂ\“'u— LA ) /IfI/'
Sl i i S w W Z zZ
| H
~ - R - |
~ - ~ e
H s - H H ~ rd H
~ = ~ I
s N
! /f'/?, ) ||_I-~._. |/i/ E )\.
hr‘“x. //_' _ el III/._/" -~ b P
W s ) W Z 5 L o s
= L r~d L - H H ™
™ -
H ~ < it
T Flat
S -~
b4
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Higgs — Jak vytvorit?

e Srazet — elektrony a pozitrony? (LEP, CERN, do r. 2000)
* Protony a antiprotony? (Tevatron, Fermilab, USA, do r. 2011)
 Protony s protony (LHC)

q ZW
ZW

8706000
H
> _______
870060600

Sl
-
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Higgs — Jak videt?

 Dle toho, na co se rozpada:

VH VH

___.H

(.1
o

0.01 |

0.001 |

4.11.2014 0.0001

BR(H)

L0 130 L6l

2010

S00 500 700 LO00
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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
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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 — objev

 Oznamen 4.7. 2012 (ale nadznaky jiz prosinec 2011)
» Posledni chybéjici kousek Standardniho modelu.
 Triumf teorie stare 50 let.
 http://www.atlas.ch/HiggsResources/

The Nobel Prize in Physics
2013

-
i .
i BTN
5 o
. e

' BEREAKTHROUGH "'."
YEAR "

e HIGG

1l ',
Photo: A. Mahmoud Photo: A. Mahmoud W
Francois Englert Peter W. Higgs % : E; [} Q’ U N '
Prize share: 1/2 Prize share: 1/2
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http://www.atlas.ch/HiggsResources/

Higgs — objev
[

_&Jr’ 3y

e

cgﬁﬂ/
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Higgs search \ Higgs search
update 04.07.2012 | update 04.07.2012
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Higgs — Jak byl objeven?

« Kvalitni data z roku 2011 (energie srazek 7TeV) a 2012 (8TeV).

10000— 1

ATLAS

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

--------- Bkg (4th order polynomial)

8000

6000

Eventis / 2 GeV

H—yy

L]
..'
]

4000

2000

\s=8TeV |Ldt=2071b"

\s=7TeV JLdt 481"

500 &=
400 -
300 E-
200 E-
=

100

-100
-200

100 110 120 130 140 150 ¢ 60 63
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Higgs — Jak byl objeven?

» Kvalitni data z roku 2011 (energie srazek 7TeV) a 2012 (8TeV).

>
® e Data 2011+ 2012

(Lc% 40 [ ] SI?/IE:—Iiggs ;oson ﬁTLZAZ§ 4]

@ m,=124.3 GeV (fit) 1= — y
5 35 ) paskground 2, 27 Vs=7TeV [Ldt=4.61b
i ? | Vs =8TeV |Ldt=20.7fo

B Background Z+jets, ft
30— 77+ Syst.Unc.

25
[ ]
[ ]

20 4

7%
15}
10H }’
5 L | } 'I
X |

100 150 200 250
m,, [GeV]
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Higgs

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

* Discovered In 1995 at the Tevatron Collider in the USA.

“Yesterday's sensation is today's calibration and tomorrow's
background”, R.P.Feynman.

TOP QUARK {

Discovered at Fermilab in
1985, the TOP QUARK

is as short=lived as it is

@ monn
Jet 1(b) |

W

neutrino

massive. Weighing in at
a hefty 175 Gel,its
lifetime, a mere 10624
second, is the briefest of

the six quarks. Top
Quarks are an emgmatic
particle whose personal
lifi: is soughr after by
thousands of physicists,

Aerylic felt with
gravel fill for
IMATINENT Iass.

Ve w @ 9 eecceeeee0ee0 $10.49
.. -

LIGHT HEAVY 5 SHIPPING

f N 2
3 '; - TOP QUARK
electron Jet 2 (b)

sPARTICLLEZ 10




Why Top Quark?

« Heaviest elementary particle (yes, heavier than the Higgs!)
m =172GeV m, =126 GeV

* Weights as a gold atom, yet without inner structure!
* The only elementary fermion heavy as expected.
» Possible connection to new physic?

4.11.2014
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Why Top Quark?

« Heaviest elementary particle (yes, heavier than the Higgs!)
m =172GeV m, =126 GeV

* Weights as a gold atom, yet without inner structure!
* The only elementary fermion heavy as expected.
» Possible connection to new physic?
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Top Quark Produced In Pairs
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How does one see" the top quark?

4.11.2014

Tevatron, 1995

= 1F
5 F f“.: :
— 0 F
i ﬁd S W] i B Bt B
i 160 170 180 1913
75 Top Mass (GeV/c™)
L
= |
cd::; | -
= 3
= i i
5 |
m 2r —
1 | i 3
________________ T
[' I I i | el i ----- II-I“fm"l-‘'-i"'f"r'-l:..a..-l. i

80 100 120 140 160 180 200 220 240 260 280
Reconstructed Mass (GeV/c™)

FIG. 3. Reconstructed mass distribution for the b-tagged
W+ =4-jet events (solid). Also shown are the background
shape (dotted) and the sum of background plus ¢r Monte
Carlo simulations for M,,, = 175 GeV/c¢? (dashed), with the
background constrained to the calculated value, ﬁ.@if;g events.
The inset shows the likelihood fit used to determine the top

mass.
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How does one see" the top quark?

Tevatron, 1995
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How does one see" the top quark?

hadronic top
candidate

feptonic top
candidate

Run Number: 180144, Event Mumber: 435671503

Date: 2011-04-22 09:46:15 EDT




Top Quarks Production at LHC
ATEY . L S
s Py =
SRR T E E
LO

» At the Leading-order (LO) of the perturbation theory of the
Quantum Chromodynamic (pQCD:)

gt

 Dominant mechanism of the top quarks pair production is the
gluon-gluon fusion (LHC = gluon collider:)
e Second-dominant is quark-antiquark annihilation.

* LO level of precision is totally insufficient to predict the rate of the
ttbar production nor the shape of scpectra.
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Top Quarks Production at LHC

C

NLO = Next-to-leading order pQCD




Top Quarks Production at LHC

NLO
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Measuring Top Spectra

» Detalled spectra of the kinematics in the top-enriched final state
» Potential to see new physics or constrain current theory and
modelling.
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Correcting for Detector Effects

Events / GeV
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Efficiency [%]

Correcting for Detector Effects
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