OT KAKBO e uUsrpageH ceeTbT?

OpeBHUTE MbpUM
*x “Fundamental Elements” : air, earth, water, fire
% 400 B.C : Democritus : concept of matter comprised
of indivisible “atoms”.
Ucak HoToH

% 1704 : matter comprised of “primitive particles ... incomparably harder than
any porous Bodies compounded of them, even so very hard, as never to wear
out or break in pieces.”

% A good definition - e.g. kinetic theory of gases.
KakBo mucnun xummsnra:
* Fundamental particles : “elements”
* Patterns 1869 Mendeleev’s Periodic Table -+ sub-structure
* Explained by atomic shell model
KakBo mucnun atomHarta dmsmka:
* Bohr Model
* Fundamental particles: electrons orbiting the atomic nucleus
KakBo Mucnu cpusmkaTta Ha eneMeHTapHUTe YacTULM:

* Fundamental particles: six quarks, six leptons and twelve interaction
careers
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Crystal

Observables

1/10,000,000

t h;%.l:cTnle E%;:?Fﬂi'il;:
3 nuckar
J ot s, °0 @

.

1/10

10"%m

Atom Virus
Cell .

’ 1/10,000

10 "%m

Atomic nucleus
) 1/10 Earth radius

J Earth to Sun

10"°m

Proton

‘ 111,000
P29 -
Electron,

Quark

Galaxies

Radius of observable
Universe

Ckana Ha pa3cTogHudaTa
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http://scaleofuniverse.com/

OCHOBHU TEpMUHU, BESTUYUHU U
Pa3mepHOCTU B cybaToMHaTa
PU3UKa
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Ckana Ha pasmepuTte B
MUKPOCBETA

Gold
A outermost
tom electron
174 m {¢ -
Sun and gokd
nucleus are j_'_,- ’
scaled o a (=
radius of 1 cm m . Eah
Solar 215 cm outermost
; 7 planet
System m— " g
Pluto

AkKo npuemem 4Ye AbiKMHATaA Ha pyTOONneH ctaguoH (~100 m) e
paBHa Ha AMaMeTbpa Ha aToOMa, TO ANaMeTbPbT Ha AAPOTO €

KOJNIKOTO KOCTUSIKa OT 4YyepeLua (~6 Mm)
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1000™

10008
10007
1000°

1000°

1000*
1000°
10002
1000’
100073
10003
1000°
10003
1000723
1000”"
100072
100072
1000~

10007°
100078
100077

100078

10"

1024
102!

1015

i
10°
10°
10°
102
10
10°
107"
1072
103
1076
107°
10712

10715
1078
10—21

10724

Prefix Symbol Sincel’l Short scale | Long scale

yotta-
Zetta-
exa-

peta-
tera-
giga-
mega-
kilo-
hecto-

deca-

(none) (none)

deci-
centi-
milli-
micro-
nano-
pico-

femto-

atto-

zepto-

yocto-

Y

z

d

3| = 3

f

Y

S| prefixes

1991
1991
1975

1975

1960
1960
1960
1795
1795
1795
NA
1795
1795
1795
196012
1960
1960

1964
1964
1991

1991

Septillion Quadrillion
Sextillion Trilliard
Quintillion  Trillion
Quadrillion |Billiard
Trillion Billion
Billion Milliard
Million
Thousand
Hundred
Ten
One
Tenth
Hundredth
Thousandth
Millionth
Billionth Milliardth
Trillionth Billionth

Quadrillionth | Billiardth

Quintillionth | Trillionth

Sextillionth  Trilliardth

Septillionth | Quadrillionth
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Decimal

1 000 000 000 000
000 000 000 000

1 000 000 000 000
000 000 000

1 000 000 000 000
000 000

1 000 000 000 000
000

1 000 000 000 000
1 000 000 000
1 000 000

1 000

100

10

1

0.1

0.01

0.001

0.000 001
0.000 000 001

0.000 000 000 001

0.000 000 000 000
001

0.000 000 000 000
000 001

0.000 000 000 000
000 000 001

0.000 000 000 000
000 000 000 001

EavHuum

» EHeprus;

TunnyHnte v n B pasnagaHua ca ~ 1 MeV

100 W en. kpyLlka, 3a 1 4ac e n3nbyu:

P.t = 100W (60 x 60) s = 360000 J
= (3.6x10°J) / (1.602x107° T/ eV) = 2.25x10%* eV

E =

1eV=1.602x10%J

U=1V

[

o—>

»

E=eU

2.25 YeV



Large Hadron Collider
NpoToHU go 7 TeV.

e/ TeV/u

Pbp- :{_-:f;:_FE_:J

# (C) =

Na = 6.022x10%> mol/g

#(p) + # (n) =

EavHuum

MpaBka Texalla 1 g ce ABMXN CbC CKOPOCT 5 cm/s

m v (103 kg) (5%x102m/s)?
E = =

2 2

1.25x10°°

- = 0.78 x 10* eV = 7.8 TeV
1.602x10-12°3/ eV

= 1.25x10°% g

Kornko HykneoHa nma B egHa mpaska (o1 C)?

1
1—: 6.022x10> mol/g = 5x10%

E /uHyk=1.6 X 10°°
5x10%° u

eV/u
(6 +6) x# (C)

« 45 GeV — cpeaHa eHeprusi Ha NpoaykTMTe Ha pasnag Ha Z%-6030Ha

« 210 MeV — cpegHaTa eHeprusa otaensaHa npu AeneHeTo egHo sapo 239Pu

« 200 MeV — cpegHaTa eHeprusa otaensaHa npu aeneHeTo egHo sapo 23°U

* 13.6 eV — oHM3aumMoHHaTa eHeprus Ha BoOAOPOOHNSA aToM

« 25 meV — cpegHa eHeprMﬂ Ha TONNMWHHOTO ABWMXXEHWE NMpu CTanHa Temneparypa

Cyb6aromHa dm3unka/2015 -



E=m¢? =3.10°mfs speed of light
E=kT k=104 e¥ K- Bolzmann'’s constant
E=hcfx h=4 10-15eV¥ s Planck’s constant

kMass of electron 0.5 million eV (MeV)
Mass of profon 1 Giga eV (GeV)

1e¥~10,000K 1 GeV ~ 1 femtometre (fm) = 10-*m

General Relativity depends on ¢ and G (Newton's constant), QM depends on
#. Natural unit of length is given by is called Planck length ~ 10-¥* m

JrGiet
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PyHAAMEHTANHU YacTULUN U
B3AUMOAEUCTBUS

Cyb6artomHa chm3nka/2015 - 1



Pusunkarta Ha efNneMeHTapHuTe 4Yactuum n3yvaBa.

» cdbyHOamMeHTanHUTe cbeTaBsAWM (constituents),
KOUTO uU3rpaxagart BeLlecTBoTO (matter);

» chyHOamMeHTanHUTe B3ammMmogencTemsa (cunure),
KOUTO AeUCTBaT MexXxAay TAX

HaweTo 3HaHuMe 3a T9X e 00eaANnHEeHO B KOHUenuus
(Teopusa, moaen), Hape4veHa

CTAHOAPTEH MOOEN HA HACTULUUTE U
B3AUMOOEUCTBUATA

Tol ob6sicHsiea 8CUYKU U38eCmHU 00 ce2a eKcriepuMeHmarsiHu ghakmu.
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CtaHAapTeH moaer

* BeuIeCTBOTO € u3rpageHo or ®PEPMHUOHU
(4JacTUIY ChC COHH 72), KOUTO Ca ABa THUIIA:

« JIEIITOHM: namp. €7, v,;

 KBAPKM: nanp. ropen (U) kBapk u gojeH (d) kBapk
[mpoTon: (uud)];

* BCEKH (pyHIaMEHTaICH (PEPMHOH UMa CBOS aHTH-
gacTHIa: Hamp. €*, antu-npotoH (uud).

Cyb6artomHa chm3nka/2015 - 1



Cunute mexay KBapKuTe n JNIeNTOHUTE
ce AbJKaT HA OOMeH Ha

YacTULM CbC CNUH 1 — T.HaAp KanMbpoBBLYHU BO30HM

Mass Force
Photon vy 0 Electromagnetic
W-boson W~ 803GeV  Weak (CC) | € €
0 .
Z-boson Z 91.2 Gev  Weak (NC) )
Gluon g 0 Strong (QCD) 1
P P
Time/
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NMpumep: cnabo B3aumogencreme

(B-pa3napaHe Ha HeyTpoOHa)

n — p+e —+ Ug
d — u-+e + v,

nﬂ—A—\E
u

d—>Wu __
[ sevV

P

<o, s e

€
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BelwecTBOTO OKOJIO HaAcC

(u Hue camume) € CbCTaBeHO caMO OT

YyeTUpU B3auMogeMncTBaLLU CU

dyHpameHTanHu oepMMOHHU NoseTa

(1-BO noKoneHue)

particle symbol | type | charge
Electron e lepton -1
Neutrino vV, lepton 0
Up Quark u quark +2/3
Down Quark d quark -1/3

% Proton = (uud)
% Neutron = (udd)

Cyb6artomHa chm3nka/2015 - 1
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CobuwecTBYyBaT TP NnokoneHus pyHaamMmeHTanH1M ¢pepMmMoHuU

First Generation Second Generation Third Generation
Electron e | Muon [ | Tau T
Electron Neutrino 7. | Muon Neutrino v,, | Tau Neutrino V.,
Up Quark u | Charm Quark C Top Quark t
Down Quark d | Strange Quark s | BottomQuark b

¢ BCAAKO NOKOJIeHMe € TOYHO Konue Ha APYyroTo,
X pa3jfinkata € CaMO B MaCuUTe Ha YaCctTuumnTe — B NbPBOTO NOKOJIeHUue

Te ca HaW-NeKn, B NOCNeaHOTO — HAN-TEXKKU;
HabniopaBa ce oueBnaHa cumempusi.

3awo uMmame TpU NOKoseHun"?
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®yHAaMeHTanHu Yactmum (nonera)
Leptons

Elsctric Electric
Chargs Charge

Tau ‘
. Neutrino ‘ 0
Muon o Muon

Neutrino ‘ 0
Electron e

Electron
Neutrino

Quarks

Elsctric Electric
Chamge

v Charge

Bottom o -1/3 Top cﬂ 2/3
Strange o -1/3 Charm e 2/3
Down e -1/3 Up e 2/3

each quark: ®F, @B, ®G 3 colors

The particle drawings are simple artistic regresentations
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NENTOHU

* CNUH -

% 6 pasnuyHu TMNa (“apomartu, flavours™)

* 3 3apeneHu;

“ 3 HeyTparHu;

** + CbOTBETHUTE AHTU-JIENTOHMN,

** He U3NUTBaT CUJTHO B3anmMmogeuncrTeme

Gen. | flavour qg | Approx. Mass
15t Electron e~ | -1 | 0.511 MeV/c?
15t Electron neutrino | 1/, 0 massless ?
27% | Muon @~ | -1 | 105.7 MeV/c?
274 | Muon neutrino Uy, 0 massless ?
37% | Tau T -1 | 1777.0 MeV/c?
grd Tau neutrino U, 0 massless ?
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KBAPKW
% CNUH V>
% 6 pasnuyHu TMNa (“apomartum, flavours)”
“* OpobeH 3apsaa
% + CbOTBETHUTE aHTU-KBaPKW;

X y4yacTBaT BbB BCUYKU B3aI/IMO,E|,eI7ICTBVIFI

Generation | flavour charge | Approx. Mass
15 down |d|-1/3 0.35 GeV/c”
15t up u | +2/3 0.35 GeV/c?
2nd strange | s | -1/3 0.5 GeV/c?
gnd charm | c | +2/3 1.5 GeV/c?
3re bottom | b | -1/3 4.5 GeV/c?
3rd top t | +2/3 175 GeV/c?

Bceku KBapk OT onpegeneH TMn MoXxe ga uma

3 pasnuyHu uBATa: RED, GREEN, BLUE (= “cuneH, uBeTeH” 3apsaa)
Cyb6artomHa chm3nka/2015 - 1



OCHOBHU XAapakTEpUCTUKU Ha
KBAHTOBUTE MUKPObEeKTU

% Maca = eHeprus Ha [TOKOH = MC?;
eounuyu. eV, keV, MeV, GeV

** cIMH (BBTPEIICH MOMEHT Ha MMITYJICA);
eounuyu: (nony) ysano yucio h [MeV.s]

** BpeM¢ Ha JXUBOT;
eounuyu: S,y (eoounu)

¢ BLTPCIIHH aJUTUBHH KBAHTOBH YHCIa (3apsan).

eouHuyu. oe3pazmepru (C U3KJL. Ha €. 3apsn)

Cyb6artomHa chm3nka/2015 - 1



HanomHsaHe oT KBaHTORATA
MeXaHUKa

Ha Bcska pu3nyHa BennymHa ce CbnocTaBs NIMHEEH epMUTOB
onepatop. CTOMHOCTUTE, KOUTO PUINYHUTE BENUYUHWU Morat
nMmaT, ca CODCTBEHUTE CTOMHOCTM Ha CbOTBETHUTE WM
onepatopun. Mexay Te3n onepaTtopuTe CbLUECTBYBaT CbLUUTE
CbOTHOLLEHMA W TbXAOECTBA, KaKTO Mexay dusndeckmnte
BENIMYMHN B Kflacndeckata MexaHuKa.

Aw(rt) = aw(rt); a— KBaHTOBO YMCIO
A=rp,L,SSH Q, B8 L, ...
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Keapkosu 3apaau

(6vmpenwtHu a0UmMuUBHU K6AHMOBU YUCA)

Property \Quark 4 . : ‘ b
Q — electric charge —é —|—§ —é -l—% —é
| — isospin é é 0 0 0
|. — isospin z-component —é 4+1 0 0 0
S — strangeness 0 0 —1 0 0
C — charm 0 0 0 +1 0
B — bottomness 0 0 0 0 —1
T — topness 0 0 0 0 0

_B—I—S—I—{:—I—B—I—T
2

QZI;:
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AOPOHN

* KBAPKHU B CBOOOJHO ChCTOSTHME HE Ce
Ha0JI101aBaT;

* HMe HaOJIrJaBaMe caMO CBbP3aHU
O0e3uBeTHH (“0€In”) ChCTOSITHUSA, HAPEUYEHHU
AIPOHM;

* AJI[POHUTE €A CBbP3aHU CHCTOSITHUS HA
KBAPK U AHTU-KBApPK — Me30HU WJIH HA TPH
KBapKa — 0apuoOHMN.
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Me3oHu = qq

“*CBBP3aHU ChCTOSHUS Ha KBAPK M aHTH-KBAPK;
enuMmar na1 cimu 0, 1, 2.....
“*rapumep t* (ud)

Qe+ =Qu+Qz=2+ 3 = +1

(140 MeV) e ocHoBHO cbcTosiHMe (J=0) Ha ud.

NMpumep 3a BL30yaeHo cubetosiHue (J=1) e p* (770 MeV).
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bapuoHu = qqq Qo
9

*¢ CBBbp3aHU ChCTOSHUS HA TPU KBapKa

** WUIM TPU aHTH-KBapKa,

¢ mMat noay-1sur coud 1/2 |, 3/2 ...

** MPUMEPH

npoToH: P (uud);

HeyTpoH N (udd);

aHTH-11poToH P (uud);

nam6aa A (uds)

nenra-pesonancu A** (uuu) A* (uud) A° (udd) A- (ddd)
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B3zaumoaemcrteus

Kiacnuecka kapTuHa Ha €JIEKTPOMArHUTHOTO
B3aUMOJICUCTBUE IIPU PA3CENBAHE Hanp. Ha
CJIEKMPOHU oM NPpOMOHU.

CJICKTPOHUTE CE€ Pa3CEUBAT OT €JIECKTPOCTATUYECH

MOTEHLIHAI 1
Vr) < ——
r

NEWTON : “...that one body can act upon another at a
distance, through a vacuum, without the mediation of
anything else,..., is to me a great absurdity”
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CbBpemeHHO pasbupaHe: YacTULUTe
B3AMMOAEUCTBAT Ype3 0bMeH Ha Apyri
4YacTULU, HapevyeHU nNpeHoCUTesu Ha
B3AUMOAEUCTBUETO

(KaJIMOPOBBHYHU 0030HM)

Space

Cy6aTtomHa ¢hm3nka/2015 - Time



Bcuukn nssectHu npouecu (peakumm, pasnagaHus U T.H.)

MoraT Aa ce o6siICHAT ¢ 4 hyHAAMEeHTaNnHu B3aMMOAEeNCTBUS:

“*CUIHO
“*eJIeKTPOMarHuTHO
“*cnabo
‘*rpaBMTaLlMOHHO
@ @
OXOVANOXO
OTHOCUTenHa roneMmHa Ha cunarta
B KOHTaKT eAuH ¢ apyr (1 fm) Electromagnetic 10—2
Weak 10~7
Gravity 1039
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KoHcTaHTa Ha Bpb3KaTta
(e3aumopevucTeueTo)

“* @NeKTPOMArHUTHO: a = e?/(4meyhic)=1/137
cunHo: g¥/4r =1
“»cnabo: Gp = 1.4x10%2 J.m3 = 9x10-° MeV.fm3 =
1.166x107 (7c)® GeV-2
“* rpaBuTaUUoHHO: Gy ~ 6.67x101t m3/(kg.s?) =
6.71x10-3(%c) (GeV/c?)2
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Force (GeV/fm)

Strong Force
... (quarksk

Strong For

Photon vy
W-boson W~
Z-boson 7'
Gluon o
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(hadrons

1 10 100 10
Distance (fm)

3

Range
Force (m)
Electromagnetic .9
Weak (CC) .
, 10~ 17
Weak (NC)

— 15
Strong (QCD) o0/10 7



TUNUYHU CTOUHOCTU Ha
usmepsemuTte BesIUUUHU

ceyeHus BpemMeHa Ha XUBOT
& CUAHO: 10 mb 10~ %% s
< enektpomarHutHo: 10~ ?mb 10~2%s
< cnabo: 10 ~ 13 mb 10~ 8s
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danHMaHOBU anarpamm

STRONG EM WEAK CC : WEAK NC
|
|
q 8s q LU e u* d W u | g 8z q
I
|
|
|
Only quarks All charged All fermions : All fermions
Never changes fermions Always changes |, Never changes
flavour Never changes flavour l  flavour
flavour
os ~ 1 o~ 1/137 Oy /z ~ 1/40
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Pe3rome

Three Generations
of Matter (Fermions)

mass—
charge

spin—

name-

n

x

| -

©

-]

O
<2.2eV <0.17 MeV | |<15.5 MeV
>Vell.Vy L.V
15 e ||¥% |J 5 T
electron muon tau
neutrino neutrino neutrino
0.511 MeV 105.7 MeV 1.777 GeV

wn

S he © |5 s T

2 v Y, 1

o

El) electron muon tau
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Bosons (Forces)



