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Parcacik Flziginin Standard Modell

& LEPTONS
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SPE;M,/ Donu

o Bir pargacik bzelligidir (kitle, yuk gibi.)
o igset agtso& nmomeinbum
o Downu kuanbum sayist tle “Parame&réza" edilir

o Donu kuanbum so\vttm"t YAT I C Y veya Eam
( ) sayt dederleri alabilirler

o Yuklu Fmrgamwtarm donusu mawjeﬁw moment ile
iiigw’iiemdirilir

o Donunun 32&%& de§i§ebii.£r ama bajam@a cie§£§emez.
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Skern-CGrerlach ‘Bev\eji;

Classical
prediction What was

Silver atoms

actually observed /

Mty ©  Degigken manyekile
alanda sapma

o Otbto Stern - Walkther
CGrerlach (1922)

Inhomogeneous
magnetic field

k&&P://uptaad.mak‘ime_dia‘org/wik‘ipedm/@:ammons/&ramsaac&ed/ 9/%e/
Quam&ummsF.vE,nmamclmﬁhem%erw-@ertar:hmexperimen&.ogv/
Qu&m&umms[aE,V\mamdmﬁhemSEerh*GertathmexPerLmen&.agvﬁ?a F:».mebm
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Skern-CGrerlach ﬁev\eji;

Beam of
silver

Inhomogeneous
magnetic field

Spin can take
Zerofield on only two orientations
Photographic pattern @ Classical expectation

late S— ,
2 <> Experimental result After Beiser

o Mo\mv@iaw alan d@éi;mesevdi
ne olurdu?

Larmor Deviinmi

i .
kuvvel Rl

<

de§£§k‘en
mamje.&k alawn

21 Tenmuz 2018 Pargacike Fizigi - bora.akgun@cern.ch 5


mailto:bora.akgun@cern.ch

Larmor Deviaimi

u= mauv&iw movment
R = mav\veﬁiw* alan
| I=donu
‘T' ;izm,,’ 1= donme momenki

m = kutle
e = elelktril 3&%&

q = gvromage&w oran

Al Isin6AQ

do ge
T=—0 =—=

: e :
= UBsin@ = € IB sin® Ofrmor =—— =——B

At At 2m, dr 2mp

!

w = devinim &Stso& Wizt
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Donu~istabistile
lkeuranm|

o po\rgo\mwi&rm otu§&urdu§u bir siskemin dalga
fonksiyonu pargactklar yerdegigtirse de alir,
Yerdegistirme lkarsismda dalga nfc:-v\wsijom.am ayni kalan
pargaciklara denir

o ki pargactgm olusturdudu bir sistemin

dalga fonksiyonu pargactklar yerdegistirse
Yerdegistirme karsisinda dalga fonksiyonlart igaret degistiren
parcacikalara denir

bir veya daha gok pargaciktan
mevciana gelen sistemin kuantum durumunu tanmlar,
sistemle ilgili butin bilgiyl igerir
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Pauli dtgtama
tLieest

o Higbir ozdes nfermi,sjcm aynt kuantum durumunda bulunamaz

o ornedin, birden fazla elektronu olan bir atomda elektronlar
aynt kuantum sayilarmt alamazlar. Aynt orbitalde olan
elektronlarm bile donaleri farkli olmalk zorundadir

Periodic Table of the Elements
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Kararli mac&cie olufu,mu

S@.\/T‘amcz.d&
qordigiimuz
mo\c&devi 1. subun
oiug%urujcr

QUARKS

2. ve 3, subtun ne
yaptyor p@.m?
Ownlar nerede?

GAUGEBOSONS
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Hadrownlar

Baryon

3 lkuarikeli abomalky

‘ pargaciklar

Meson

1 kuarke ve 1 M‘argt*wu&ﬂfu
atonalks p&rgamktar
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Mesownlar

n P
du UU
d 0 d
\
/ \0 Q
“14dd 12 ud 12 fyunl
S S S
- YOIA >t 13
A 1 \ /
sd SU
S 2 S
== S =°

w, &, s - kuarikl: w, &, s - (w’arit*)wuarwu
barvontar mesonlar

Particle Daka Group
k&&g&://pdg&bhgov/

21 Tenmuz 2018 Pargacike Fizigi - bora.akgun@cern.ch 11



mailto:bora.akgun@cern.ch

RBazt ohemli
waiuﬂer

The Quark Idea
(up, down, strange)

(charm)
s-leuar 200 i 1980 1990

'_A_I_l_i_l_l_l_l_|_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_'
o L 111 AHE AL

(bottom)

...and many

more!
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Kuwvvek

QUARKS

E’lek*&c:: ma&\j@.&k
- Kuvvel

Ons

GAUGE BOS

21 Temanmuz 2018 Pargacike Fizigi - bora.akgun@cern.ch 13


mailto:bora.akgun@cern.ch

L
-
gy -
-

e

-
-~

Isaac Newtom

“ !‘ .
Albert Einstein

21 Tewmuz 2018

Kutle geifi;m

Klasile Meleanile

CGrenel Grorelilile
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Crravikon?

o Kuramsal bir pargacil

o Madde ile ebiilesim tesir lesiti gole lkugulk -
qozlemlenmesti gok zor

@ kger varsa,
o Kuktlesiz olmali - Kutle 3ew*£mimm ebieist Limiksiz

o Donusu 2 olmali - Stres-Eherqy tensori ikinct dereceden

o LIGO, VIRGO - Kitle gelkimi dalgalar:
arayan deneji.er
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Kuvvetler 5

QUARKS

) Etek‘&c; manyetik
- Kuwvvetb

GAUGE BOSONS

LEPTONS
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Elektromanyetik
Kuvvek

A

Crauss Am[pere ﬁ‘aradav

eleietrile alan

B mamve&w alan

akim yogunlugu

yik yogunlugu
elektriksel gegirgenlik
manyetik gegirimlik

James Clerlke Maxwell
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Kuanbum
Elelketrodinami LGl

o Elektrik yuku tagiyan
bukun pargaciklarm fokon
araciligiyla nasil
ebiilegtigint agiclar

Richard
F‘-‘»’evumam

o Kuantum melkanigi ile 6zel
goreliligi birlegtirmigtir
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Kuawnbum
Elektrodinamigi

ﬁevmmam divagrammn

fokon

elelekrile %ma
po\rgo«:m

eleletrile jéiki.éi,
Lmrft“pmgamw
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Kuanbum
»i.@.i&rmdnmam L9l

o KED pertirbatif
bir kuramdir

A = CA + CA + CA,+...

o KED'in ebkisi Limiksiz - foton kutlesiz
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Kuvvetler "

QUARKS

GAUGE BOSONS

LEPTONS
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Kuantum Kenle

-V-

Dinamigi
o Hadronlarm kendi iglerinde ve birbi,rterivi.e

olan @.Ewde;mm& agtwtar

o Renk yuku Eagtvam Fargacﬂdm, kuariclar,
arast bu ebkilesim gluonlar tarafmdan
vavdtr

> Etlilesim kisa-menzillidir (16 m)

o Kenle 3&%&
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21 Tewmuz 2018

Astmwptotile O’«Z-QMT‘LM

Pargacike Fizigi - bora.akgun@cern.ch

3minutes 0.01millsecond 102 seconds
Light nuclei Protons
and neutrons
<
@ .
e
Quarks
andneutrons  |¢ andgluons
bind to form bindtoform | , w
atomic nuclei protonsand _ |, * -
- ;neutrons | z
‘ ; P w
PR The Universe
continuously absorbed |~ hasthesize of the
s solarsystem
the Universe is opaque
1012°C l

2protons + @ Proton
2neutrons = Helium nucleus 2

Neutron
1proton = Hydrogen nucleus @ Meson

LHC exploration range
10%seconds

102seconds 103 seconds

Quark-gluon plasma

The Universe. The Universe
‘has aradius of hasthe size of
300million km anapple
1015 'Cl 1027 'Cl
© Quark
Electron
Neutrino

ropuclearforce

-Superforce

The Universe
isan infinitely
small point
107
= Photon

w Weak force
# Strong force
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Kuantum Renle

OVO

ﬁ&v\&mcg;
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Kuanbum Renle
B&mam&§£

o KED'In tagyicist foton elektrik yiki tagimaz

o KRD\in tagmyicist gluon renk yuku tagir

Grluonlar kendileri ile de

ek wi;i.éii;r )@(
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QUARKS

LEPTONS

21 Terwvinauz 2018

Kuvvetler "

GAUGE BOSD
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Kuankum i@f&»\&
Dinamigl
o Kuarklarm gesnilerini KD ile dedisir
o Etkilesim kisa-menzillidir (16 )

o Tagyict pargactielart kitle sahibidir

@ Mz = 90 Gﬁ\f/ﬁz

@ Mw = ¥1 Gﬁ\f/ﬂz
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Kuanlbum %efm;
ﬁimamigji
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Parcaciklar ve
uvvelbler

Elementary Particles

Matter Force Carriers

,—'—‘ /—'—'—'— e
virtual photon

Quarks 2 Leptons Gluons W & Z bosons Photons Gravitons
RS S

Quark-Lepton ’ ‘ ’ ’
comp lementarity

Hadrons Strong Weak Electromagnetism Gravity Electromagnetic
| | | wealk

Quantum Quantum Quantum

Mesons Baryons Chromodynamics Electrodynamics Gravity

Nuclei Electroweak Theory green-
green antiblue p

gluon

Atoms Grand Unified Theory
between quarks between nucleons

Molecules Theory of Everything Strong Interaction

Composite Particles Forces

.v.

21 Tenmuz 2018 Pargacike Fizigi - bora.akgun@cern.ch 29


mailto:bora.akgun@cern.ch




Grenel Gorelilik

Einskein Alan Denkelemlert

Ricel egrilike tensoru Einstein tensora
v Mebrilke Tensor
Skalar egrilik
Kosmolojik sabik
Newton'un kiitle gekeimi sabiki
Itk Wizt
S&rﬁs~ﬁv\erj£ Tensoru
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