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CERM'deki bilim adamlar

maddenin en kigik pargalarin
aragtiriyorlar ve diream 21 nasi|

turduklarinn incelivorlar

Bu aragtirma eski Yunan filozofthrina kadar uzanr

19, viizylda, kimyagerler birgok elementin
atarm larinn tarimladilar

Simdi fizikeiler, atomlarin
iginde daha da kgl

pargaciklar

kg sfettiler
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106un kuvvet.

10712 0.000000000001 p (pico)
1077 0.000000001 n (nano)
10°° 0.000001 u (micro)
1073 0.001 m (milli)
1072 0.01

1071 0.1

10° 1

10? 10

10° 100

10° 1000 k (kilo)
10° 1 000 000 M (mega)
10° 1 000 000 000 G (giga)
1012 1 000 000 000 000 T (tera)
10%° 1 000 000 000 000 000 P (peta)
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Séradan Madde

‘ kuarklar elektron
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Structure within
the Atom

Quark

Size <107 "9m

Electron

Size < 1078 m

Nucleus
Size ~ 10714 m

e

Neutron
and
Proton

Atom Size ~ 107> m
Size=10710m
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.
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Erken evrende ve
laboratuarda olanlar

Kuarklar

Fermionlar
Kuarklar: u, c, t, d, s, b, é7?
Leptonlar: ne,n: nue, &, Ué?
Yemek tarifi:

Cekikdeklerdagoklbrgukardaldldrio m
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matter constituents
FERMIONS oin- 12 32 52, ...
Leptons spin = 1/2 Quarks spin =12

Approx.

Mass  Electric FIaver Macs

Flaver Electric

GeV/c2 charge Gev/c2 Ccharge

Vo electron | <1x10-8 U up
neutrino

€ electron |[0.000511 d down

SO, <0.0002 C charm
M neutrino

JL muon 0.106 S strange

p_tau <0.02 t top
7 neutrino

T tau 1.7771 b bottom
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Kuvvet Takeye
a C

(Aracée Par -
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Tem et kil eki mler madde ve kuvvet to
Ancak hen¢z yer-ekiminin takeéyeéeceéel .
Graviton arakteéermal aré devam edi

. istanbul
Serkant@k h  Yds hm 22 Ocak 2018 @ Bilgi University FACULTY OF ENGINEERING
LAUREATE INTERNATIONAL UNIVERSITIES AND NATURAL SCIENCES



, .
BOSONS in-o.1.2...

Unified Electroweak spin = 1 Strong (color) spin =1

Mass Electric Name Mass Electric
GeV/c2  charge GeV/c2  charge

Name
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zayéf Kkuvvet

elektromanyetik kuvvet

g¢é¢-1 ¢ kuvvet
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Et ki | ekme ©9rr

q(r) q(b) e~ e~ Ve Ve
v W-—
g (ba ?") s - 2
q(b) q(r) e e e et
Strong Electromagnetic Weak
Interaction Interaction Interaction

i istanbul
Serkant@k h Yds hm 22 Ocak 2018 @ ‘ Bilgi University FACULTY OF ENGINEERING
LAUREATE INTERNATIONAL UNIVERSITIES

uuuuuuuuuuuuuuuuuu



HADRONLAR

Kuar kl ar dan

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Quark Electric Mass

Symbol | Name ;. ont charge GeV/c

2 Spin

proton

anti-
proton

neutron
lambda

omega
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Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Quark Electric  Mass
content charge GeV/c?

Symbol Name Spin
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The Quark Idea

(up, down, strange) (bottom)
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Standart-Model

Elektrozayéf teor.

Foton ve i ki kuze:'
(CERN6de kekfedildi
Kuvvetli etkilexkim ¢
Proton ve n°tronl &
tuttujunu biliyoru
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

tt tit t force carriers
FERMIONS ::aain e=r1clt';':l$3/l2':le5r;; BOSONS spin=0,1, 2, ...

Structure within
the Atom

Quark

Size<107¥m

electron | <1x10-8

neutrino
electron |0.000511 Nucleus Electron Color Charge
Size ~ 104 m Size < 10~ m Each quark carries one of three types of
muon C charm 5 “strong charge,” also called “color charge.”
neutrino These charges have nothing to do with the
e colors of visible light. There are eight possible
muon S strange types of color charge for gluons. Just as electri-
Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
tau t top and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
neutrino Proton interactions and hence no color charge.
tau b bottom At Size = 10-15m Quarks Confined in Mesons and Baryons
Onl One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Size = 107"0m hadrons. This confinement (binding) results from multiple exchanges of gluons among the
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
quantum unit of angular momentum, where fi = h/2r = 6.58x1072° GeV s = 1.05x10734 J 5. If the protons and neutrons in this picture were 10 cm across, gy in the color-force field between them increases. This energy eventually is converted into addi-
then the quarks and electrons would be less than 0.1 mm in tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into

d the 1t e Id be about 10 km across. . o
R S R et e e gt hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in

nature: mesons gq and baryons gqq.

Electric charges are given in units of the proton’s charge. In SI units the electric charge of
the proton is 1.60x10~'? coulombs.

Residual Strong Interaction
The strong binding of color-neutral protons and neutrons to form nuclei is due to residual

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember

E = mc?), where 1 GeV = 109 eV = 1.60x10-'° joule. The mass of the proton is 0.938 GeV/c? strong interactions between their color-charged constituents. It is similar to the residual elec-
=1.67x107%7 kg. trical interaction that binds electrically neutral atoms to form molecules. It can also be

PROPERTIES OF THE INTERACTIONS

; See Residual Strong
Mass - Energy Flavor Electric Charge Color Charge interaction Note

viewed as the exchange of mesons between the hadrons.

Graviton
Gluons Mesons

10-41 4 25 Not applicable
10-41 60 to quarks

Not applicable

-36
10 to hadrons 20

ete— — BOBC pp—> 2070 + assorted hadrons The Particle Adventure

Matter and Antimatter

/11, v Visit the award-winning web feature The Particle Adventure at

For every particle type there is a corresponding antiparticle type, denot- / ZO http://ParticleAdventure.org
ed t{y a bar over theApamcle symbql (unless + or — gharge is shoyvn), ) hadron® / ) ’
Particle and antiparticle have identical mass and spin but opposite This chart has been made possible by the generous support of:
charges. Some electrically neutral bosons (e.g., Z°, v, and , = ¢, but not “\\ quarks & had U.S. Department of Energy
KO = ds) are their own antiparticles. ) ¢ sy _ gluons  NACIONS— U.S. National Science Foundation

] \ Lawrence Berkeley National Laboratory
Figures hadrons 0 Stanford Linear Accelerator Center )
These diagrams are an artist’s conception of physical processes. They are < \ Z Ameican Fhysical Society. Divislon of Particlssiand Flelds
not exact and have no meaningful scale. Green shaded areas represent W ~ BURLE INDUSTRIES, INC.

the cloud of gluons or the gluon field, and red lines thi ark paths.
oud ot gl gluon fie € quark p Two protons colliding at high energy can ©2000  Contemporary Physics Education Project. CPEP is a non-profit organiza-

An electron and positron 0 produce various hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
A neutron decays to a proton, an electron, (antielectron) colliding at high energy can particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) annihilate to produce B® and BY mesons one are rare but can yield vital clues to the materials, hands-on classroom activities, and workshops, see:

W boson. This is neutron  decay. via a virtual Z boson or a virtual photon structure of matter.
http://CPEPweb.org



Par-acék FiIziJind

A Enerji i elektron volt (eV) —%
1eV=1.6x101

A70 kg ke¢etleli birisinin

adéem) sahip ol dujJu kineit
K = 12~200

AYani vye¢rerken kineti k el

20J=1.25 x 1020 eV
=1.25x 108TeV(bu dejeri akl eneéz



The Evolution of the Universe

13.7 billion years

Today

Today, at CERN,

we are
back in time to

study the origins

of matter

@)

European Organization for Nuclear Research

www.cern.ch

10 billion years
Life on Earth

- :
25 3 3
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A soup of organic
molecules
appears on Earth,
a small blue planet
lost in the immense
Universe

9.2 billion years
Solar system

200 million years

Stars
and galaxies

TR

Gravity
gathers clouds
of atomsinto ..
stars

o

Heavy atoms,

the building blocks o
of life, are synthesized

in the hearts of stars

380 000 years

Light atoms

Electrons bind to
atomic nuclei to

Photons no longer
interact with electrons:
the Universe becomes
transparent and
illuminates

¢ e /)| Atome d’hélium

» /| Atome d’hydrogéne



3 minutes

Light nuclei

o *

Q &
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Protons ™
- and neutrons
bind to form
atomic nuclei

o

£

e

Photons are
continuously absorbed
and reemitted:

the Universe is opaque

2 protons +

0.01 millisecond

Protons
and neutrons

& & -

< and gluons

bind to form

protons and S
;neutrons

ﬁ-:

The Universe
has the size of the
solar system

1012 |

2 neutrons = Helium nucleus

1 proton = Hydrogen nucleus

Quaﬁ(s e

102 seconds

Quark-gluon plasma

@ Pproton
@ Neutron
@ Meson

LHC exploration range
10%° seconds

1035seconds

102° seconds
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i Par-acékl|l aré -arpeéecxKkteéerer
Ayeni par-aceéeklar ¢ret mek
AD¢zenlerini g°zlemleyip te
| - yapélaréné ve etkil ekme

I Par-acéklaré ye¢ksek enerji |
AB¢ey ek ketleli par-aceéekl ar
AK¢ - ¢k mesafelerdeki yapeéel a
I -1 n

I K¢g-¢k cisimlerin yapél ar
AK¢ - ¢k dalgaboyl ar eyl
dal gaboyu el de et m
par-acéklar kull an
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AAma-maddenin dojaséné en teme

anlamak . Mevcut anl ayékeémez Haadar-ta
Modelol ntberaraya gel mi k dur umda

APar-acéek fiziji ya da y¢ksek
Ifmaddeni n en Kkg¢- ¢ kve apreltarkd m i
ar as é nt@melkuavvetleri ar akt ér ér ;

I Ama-t anémé en az sayeéeda par -
cinsinden yapabilmektir.
I Belli bir skalada maddeyi temel olarak nitelendirilen

bi |l exkenl erden olukuyor gi bi

mesafelerde bu temel bi |l exker

késémlarda ol ukt upkampdzg © ) n ¢ |
A19. vye¢zyélda en k¢-¢k yapeéetake
edllmekteydl

A20. y¢zyél én elbkaron] peotoré m dodron;

Aki mdi n¢kl eonl aréen da alt yapeés:
A¥1 - ek merdiveninde gi tti k-e akaj
atomlar -- - ek i r-dm¢kk | e-o kuark lar -- preon lar ?...?27?
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Parcaciklar elektrik

yilkleri sayesinde
hizlanirlar

ci@%

Orredin 1.5 valtluk pilin uglarna

bagl alan metalik pargalarin
=0

- ) {1
1@" 8=
an indar qegen el;‘lﬁ}jn

Jheqatit ugtan pozitif uca

e -

itili

B kuguk “tekme” ile
elektronun enerjisi 1.5
elektron val j('EWJ

CERMR
hizlandiricilamnda
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- elektrik alanlar, ‘\ ‘ﬁ _ miknatizlar bizi
her turda, enerjimizi defwesel bir yoringede tuta
yukzeltmeb, igin bizi ki tekpar tekmelenmek igin

\\__ tekmeler ___/J dénip gelebilelim
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PARCACI K
HIZLANDIRICILARI

APar -acékl ar hava mol ek
daj él masén diye vakumli
tutulurlar

APar -acéklarén birbirle
| t mel eri nden dol ayeé uz
engel l emek ve onl areée c
kutuplu méknat ésl ar kul |l ar
AKki temel tip heéezl andH§é

ve dairesel

L | istanbul
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DOJRUSAL

HIZLANDIRICILAR

APar -acéklar d¢gz bir hat b
AYi;ksek enerjili heéezlandér
ener i |1 al anl arén uygul a
pl akal ar kull aneérl ar
AYi;ksek enerjili lineer he
Al i nako denir
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DAKRESEL HIZLANDI RI CI
AHézl andérél an par-aceéekl ar
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