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LBAT

« KBaHTOBaTa xpomMoAMHaMuMKa € KBaHToBaTa TEOPMUS Ha CUNHUTE
B3aUMOOENCTBUA.

« 3apsaabT B QCD ce Hapuya “LBaT’.
« LlBeTbT e 3ana3Balyo ce KBaHTOBO YMCMNO C 3 Bb3MOXXHU CTOMHOCTH,

M«

Hapu4daHu “4epBeHO”, “3er1eH0” N “CUHBLO”.
« KBapkute umart “usar —r, g, b.
«  AHTU-KBaApKUTE UMAT “aHTu-usat” T, g, b.

* JlentoHute, ¥, W* n Z° HAMAT uBaT unu “umar uBeTeH 3apag Hyna“
=> HE YYACTBAT 8 CUJIHOTO B3anmoaeuncTeue.

* LlBeTbT e NpoCTO HanmMeHoBaHMe Ha cbCTodAHUATa B SU(3)

npeacTaBsAHETO
1 0 0
r=10 = 1 = |0
0 0 1
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EKkcnepumeHTanHu gokasaTerncrea 3a
CblLEeCTBYBAHETO Ha LBAT

« CobuwectByBaHeTo Ha Q (sss): Q e (L=0) spin-1/2 6apunoH
CbCTaBeH OT 3 CTpaHHU KBapka. BbriHoBaTa My pyHKUMSA
Yp=s5TsTsT

e HanbnHo CUMETPUYHA no npoctpaHCTBEHU KOOpAUHATW, CNUH
n apomart. Ho kBapkute ca PEPMUOHMN, koeTto nsncksa AHTU-
CUMETPUYHA BbnHoBa oyHKUMA => Heobxoauma e
AONbIIHUTENHA cTeneH Ha ceBoboaa

1,0 — (S T S T S T)wcoloufr
1

wcol our - =
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(rgb+gbr+brg-grb-rbg-bgr)
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e e'e aHuxXxunauus.

o(eTe~ — hadrons)

R —
. olete™ — ptpu~)

R =3 Z Q7 (3colours)

Energy Ratio R
4 1 1
Vs > 2m, ~1GeV 3(53+5+3) =2
u,d,s
Vs >2m.~4GeV | 3(2+:+2+35) =33
u,d,s,c
V8 > 2my ~10 GeV 3(.. + 2) =32
u,d,s,c,b
V3 > 2my; ~350 GeV 3(.. + 3) =5
u,d,s,c,b,t
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R in Light-Flavor, Charm, and Beauty Threshold Regions

102E T T T T — T T T 1 T T T T T T é R“ HapaCTBa CTbnaHOBMnHO.
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BepoATHOCT 3a T—YY pa3nagaHe:

Heobxoanm e UBAT, 3a Aa ce 00ACHM ekcnepuMeHTanHo
HabnogaBaHaTa LWMpUHa Ha pa3nagaHeTo.

u I'(1 quark loop) =0.87eV
T Tu (3 quark loop) = 3°x0.87eV =7.83eV
P =7.92+0.42¢eV
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SU(3) usetoBa cMMeTPUS

» [eHepaTopuTe Ha rpynaTta SU(3)
* A2 - maTtpuuym Ha ['en-MaH

f abC — crpykTYpHM KOHCTAHTU Ha rpynaTa
SU(3) (uenu uncna)
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« KAJIMBPOBBYEH NMPUHLUWUIT nokanHa cumeTtpusa -

KoBaprMaHTHU Npon3BOOHM D"q = (13 all + 1 ) |

u v @“U) U = (8,

« 8 HoBu nosieta GY - LUBETHU rMyOHU

q q T <
gluon rie
q q =£— —Tr
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(rb + bF) / V2
(rg + 97)/ V2
(bg + gb) /2

(ri — bb) /V/2
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—i(rb — bF) /2
—i(rg — g7)/ V2
—i(bg — gb)/ V2

(rT

bb — 247) / V6.



 Moxem nu ga gobaBum KbM narpaHxuaHa v gpyru
4yrieHoBe, MHBAPUaHTHN OTHOCHO Npeobpa3yBaHUETO Ha

cumeTpusa?
e KMHeTnYeH YneH :

G* = G’ — 8"G* -

2

1 v 1 v ~a
Le = 5 Tr(6"Gy,) =~ Gi* G,

NHeapuaHmMeH e.

* MacoB 4neH:

He e uHeapuaHmeH => m;=0 (rnyoHuTe ca 6e3macosn).
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NarpaHxXnaH Ha KBaHTOBaTa
XpomMoanHamMumKa

gs Aos Yu gs fabc g52 f
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« B3anmoOoenctBMeTo Ha [MNyoHUTEe MoMexay CU MPOMEHS KOPEHHO
MEXaHM3Ma Ha CUNHUTe B3ammMopencTBus. [TyOHUTE B3aMMHO ce
npuBnuyaTt, B pesyntar Ha KOETO LUBETOBUTE CUMNOBU JIMHUK Ce
cbCpenoToyaBaT eaANHCTBEHO B ThbHKa Tpbba (CTpyHa) mexay asata
KBapkKa.

 Tasu CTPYHa NMa eJfTaCTU4HOCT U Tpyna noteHunasiHa eHeprud,
KOoraTo KBapKuTe ce pasaane4asar.
Vr) <r

 Heobxoanma e 6e3kpaniHa eHeprus, 3a ga 6baart pasgenenn aea
KBapkKa.
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QCD noTeHunanbT Mexay KBapkuTe uMma iB€ KOMMOHEHTH:

4a h,-"""\ :III|||||||||III|III
« KynoHoB uneH ——3 - 1 K
r &
=0 ===
* JInHeeH uneH +Kr =, .
> -1 =
) —
:|:III|III|III|III|III:

0 02040608 1
1(fm)

« 3apauva: Ja ce npecMeTHe cunaTa, AencTBalla Mexay
[1Ba KBapKa, ako ObaaT pasganedyeHn Ha pas3cTossHue

1mnpn k=1GeV / fm.
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barawa KoHCTaHTa Ha

B3aMMOOENCTBUETO
+ + +
eKpaHnpoBKa aHTN-eKpaHMPOBKa

Nopagu camodencTBNETO Ha FMYOHUTE LIBETOBUAT 3apsi €
eKpaHupaH KakTo OT KBapKOBW, Taka U OT FMYOHHW NPUMKMN.
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* [lpwu ronemun npegageHn MnNyricn (Mankm pascTosaHUS)
KOHCTaHTaTa Ha B3auMo4eNUCTBNE HamMmansaa.
AcnMmnToTnyHa cBOoOOAa HA KBapKUTe.

 [lpun manku npegageHn nmnyncu (ronemu pascTosaHus)
KOHCTaHTaTa Ha B3anMo4eucTBmne pacre.

KBapkoBoO 3aTo4yeHue.
* AOpoHUTE ca “6enn’ CbCTOSHUSA

3
Me3oH M(g'q®) = qulqu
a=1
BapuoH B(a'q°q’) = Zgabcq;qsqf
ab

€ pc — HaMbIHO aHTUCUMETPUYEH TEH3O0P.
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Unification of the Coupling Constants
in the SM and the minimal MSSM
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CTpyu

« PaxxgaHe Ha ABOMKa (g Npu e+ e- aHMxMnauums.

n _ +—00—
¢ q qq
Y « —¢ >
9 q
_ «— &—00—"=209 —
e q q ada 9

as energy decreases... hadrons freeze out

aaaaa L am =y

006 86 96 96 96—
« C HapacTBaHeTO Ha pPa3CTOAHMETO MEXAY KBapKuTe
pacTe 1 noTeHUuanHaTa eHeprusa Ha cTpyHaTa.

KoraTto E,, >2m, HOBa ABOWKa KBapK N aHTU-KBapPK
MOXe Oa bbae cb3gaaeHa.

Cyb6artomHa chm3unka/2014 - 6

17



 AppoHusauusa: npouec Ha opMupaHe Ha OBOUKU KBapK

N aHTN-KBAPK OT NMoTeHunariHata eHeprmd Ha UuBeToBOTO

none. lNpouecsbT 3ano4vBa C KBApK/ U 3aBbpLLBaA C
KONIMMMPaH CHOM OT agpoHu (CTpyA).

SPACE
=
\
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e*e” —>qQG
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MIamepBaHe Ha a.

>M< + W +....

o(eTe~ — hadrons)

R, = _ —
J(e+e — )

p =33 Q3 s )

o [NOMbMAHUTENHUAT BPBX 3a N3NbYBaHe Ha MyoH
nobaeg 4vneH, nponopuuoHarneH Ha d..
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I3amepBaHe Ha d

A BARasammas e
T-decays (N3LO) .:.{_H
Quarkonia (lattice) K‘!ﬂ

Y decays (NLO) : I:: |

DIS F, (N3LO) —O— i

DIS jets (NLO) ,_=_0_|

ete™ jets & shps (NNLO) | GE

electroweak fits (N3LO) |—:o—|
eTe™ jets & shapes (NNLO) Il—o—u
0.11 0.12 0.13
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= QCD

July 2009

a & Deep Inelastic Scattering
oe ¢'e Annihilation
o® Heavy Quarkonia

05 (My) = 0.1184 +0.0007

1 100

" Q[GeV]
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