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CrangaprHasi MOAeJIb —
TEOPETUYCCKAs KOHCTPYKIIUS B (DPU3HUKE
3JIEMEHTAPHBIX YaCTHI] ,0NHCHIBAIOIIAS
ICKTPOMArHuTHOE, CJIa00€ U CUJILHOE
B3aMMOJIEHCTBUE BCEX DIIEMEHTAPHBIX
YaCTHII



CrangaptHasgs MOZCIb HE SBISICTCS TEOPHUEHU
BCEro, TaK KaK HE OIMCHIBACT TEMHYIO MaTECPHIO,
TEMHYIO DHEPrMI0 M HE BKIHOYAeT B CeO0s
TPaBUTALIUIO.

DKCIIEPUMEHTAJIBHOE ITOJITBEPKICHUE
CYLIECTBOBAHUS  IPOMEXKYTOUYHBIX  BEKTOPHBIX
0030HOB B cepeanHe 80-bIX TOJI0OB 3aBEPIIUIIO
nocrpoeHre CTaHIapTHOU MOJEIHU U €€ MPUHITUE

KaK OCHOBHOU.



Heo0xoamMOCTh HE3HAUUTEIHHOI'O
pacmupeHus Moaenu Bo3Huka B 2002 romay
OCJIe OOHAPYKCHUSI HEUTPUHHBIX
OCILIMJIIALIMU, a TOATBEPKIACHHUE
CylIecTBOBaHUs 0030Ha Xurrca B 2012 roay
3aBEPILMIIO SKCICPUMEHTAIBHOE
OOHapY>KCHHUE MPEICKA3bIBACMBIX

CTaHaapTHOM MOJIEIIBIO SJIEMEHTAPHBIX
YaCTHII.



Bce BEILIECTBO COCTOMUT 3 24
(yHIaMEHTaJIbHbIX KBAHTOBBIX IIOJICH CIHMHA 75,
KBAHTAMM KOTOPBIX SBIISIIOTCS (PyHIAMEHTAIbHBIC
YaCTHULbI-()EPMUOHHI, KOTOPBIEC MOKHO
OOBCIMHUTh B TPH IIOKOJCHMS (PEPMHUOHOB: 6
JIEOTOHOB  (RJIEGKTPOH, MIOOH,  Tay-JICHTOH,
3JIEKTPOHHOE HEUTPHUHO, MIOOHHOE€ HEUTPUHO U
Tay-HEUTpHUHO), 6 KBapkoB (u, d, s, ¢, b, t) u 12
COOTBETCTBYIOIIMX UM AHTHUYACTHII.



KBapku y4acTBYIOT B CHJILHBIX, CJ1a0BIX
1 DJICKTPOMArHUTHBIX B3aMMOACHUCTBUSIX;
3apsKEHHBIC JICOTOHBI (DJIEKTPOH, MIOOH,
Tay-JICOTOH) — B CJIA0BIX U
3JICKTPOMATrHUTHBIX; HEUTPHUHO — TOJBKO

B CJIA0BIX B3ANMOJICUCTBUAX.



Bce Tpu Trma B3anMOIEUCTBUN
BO3HUKAIOT KaK CJIEJICTBUE IMOCTYJIaTa,
YTO HAIll MUP CUMMETPHUYECH
OTHOCHUTEIBHO TPEX THUIIOB

KaJIUOPOBOYHBIX IIPEOOpa3OBaHUM.



YacTuaMu-1epeHO CYnKaMy B3aUMOICUCTBUA
SIBJISIFOTCSI O030HBI:

8 TIIFOOHOB JJISI CUJIBHOTO B3aMMOACHUCTBUSL;
3 TKEIBIX KAIMOpoBOYHBIX 0030Ha (W', W™, Z°) s

cJ1a00r0 B3aNMOIECHCTBUSI

OAHH (pOTOH A QJICKTPOMAI'HUTHOT'O BBaHMOI[GﬁCTBHH.

B otinyune oT 3J1eKTPOMAarHUTHOTO U CHJIBHOIO, C1aboe
B3aUMOJCUCTBUE MOXKET CMEIIMBATh (PEPMHUOHBI U3 Pa3HBIX
MIOKOJICHHUI, YTO IPHUBOJUT K HECTAOMJIBHOCTH BCEX
YaCTHII, 32 UCKIIOUCHHUEM JIETYalllInX, U K TAKUM
a(dekram, Kak HapymieHue CP-nHBapHaHTHOCTHU U
HEUTPUHHBIC OCIIIISAINHN.



matter constituents

FERMIONS spin = 12, 312, 512,
Loptons s =+

Mass Electric
FI
e 0013109 0
@ electron 0.000511 -1
Yy madle . 10.009-0.13)x10-9| 0
muon 0.106 —1

heaviest, | (0.04-0.14)x100 0

tau _{77 —1




force carriers

BOSONS spin =0, 1, 2, ...

mnified Electroweak spin =“ / Strong (color) spin =1 \

Mass Electric '
Mass Electric
GeV/c? | charge Name GeV/c? | charge
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Structure within
the Atom

Quark

Size <107 19m

Nucleus N Electron
Size =~ 10-"%m Size <1078 m

Neutron
and

Proton
Size ~ 10~15

——

Size =107 10m

If the proton 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,




Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances.

4 Gravitational Weak Electromagnetic Strong
Property Interaction InteraCtIOn(EleCtroweak) Interaction Interaction
Acts on: Mass - Energy Flavor Electric Charge Color Charge
Particles experiencing: Al Quarks, Leptons Electrically Charged Quarks, Gluons

- . Graviton .
Particles mediating: (ot yet observed) wt w- 20 Gluons
107 m -41
Strength at { L b8 =
N 3107 m 10-41 10-4 60




Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.

These are a few of the many types of baryons.
content| charge | GeV/c?

p proton | uud 1 0938 | 1/2

p |antiproton| tud -1 0938 | 1/2

n neutron | udd 0 0.940 | 1/2

A

lambda | wuds 0 1.116 | 1/2
Q™ | omega SSS —] 1.672 | 3/2




Mesons qq

Mesons are bosonic hadrons

These are a few of the many types of mesons.

Name | Quark | Electric | Mass
content charge GeV/c?

| pion 0.140 | O
K~ kaon su -1 0494 | 0O
p* rho ud +1 0.776 | 1
B° | B-zero db 0 5279 | 0
LIRS eta-c cC 0 2980 | O




Particle Processes

These diagrams are an artist's conception. Blue-green shaded areas represent the cloud of gluons.

A free neutron (udd) decays to a proton An electron and positron

(uud), an electron, and an antineutrino (antielectron) colliding at high
via a virtual (mediating) W boson. This energy can annihilate to produce
is neutron B (beta) decay. B? and B® mesons via a virtual Z

boson or a virtual photon.




Unsolved Mysteries

Driven by new puzzles in our understanding of the physical world, particle physicists are following paths to new wonders and
startling discoveries. Experiments may even find extra dimensions of space, mini-black holes, and/or evidence of string theory.
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Universe Accelerating? Why No Antimatter? Dark Matter? Origin of Mass?
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The expansion of the universe appears to be Matter and antimatter were created in the Big Invisible forms of matter make up much of the In the Standard Model, for fundamental particles
accelerating. Is this due to Einstein's Cosmo- Bang. Why do we now see only matter except mass observed in galaxies and clusters of to have masses, there must exist a particle
logical Constant? If not, will experiments for the tiny amounts of antimatter that we make galaxies. Does this dark matter consist of new called the Higgs boson. Will it be discovered
reveal a new force of nature or even extra in the lab and observe in cosmic rays? types of particles that interact very weakly soon? s supersymmetry theory correct in
(hidden) dimensions of space? with ordinary matter? predicting more than one type of Higgs?
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[Io cocTossHHMIO Ha KOHEIl XX BEKa BCE
[IpEICKA3aHUs CraHgapTHOU MOJIEIN
ITOATBEPKIAJINCH 3KCIICPUMEHTAJILHO,
MHOTIa C OYE€Hb BBICOKOM TOYHOCTBHIO B
MUJUIMOHHBIE JIONW HOpolieHTa. ToJbKO B
2000-e roasl cTajiv NOSABIATHCSA PE3YJIbTATHhI,
B KOTOPBIX IIpeiackazaHusa (CraHaapTHOU
MOJICIIHN clIerka PACXOOATCA C
SKCIIEPUMEHTOM, WU JAXKE SBIICHUSI, KpauHE
TPYAHO TMOQIAOIIHAECST UHTEPIPETAIIUU B €€
paMKax.




CraHgapTHass MOJEJIb HE MOXKET SBJIATHCI MOCIECIHUM
CJIOBOM B (DMBHKE DIEMEHTAPHBIX YACTHUIL, KOO OHA COACPIKHUT
CJIUIIKOM MHOTO BHEIIHUX MAapaMETPOB, a TAKKE HE BKJIKOYACT
rpaBuTanuio. IloaToMy mouck OTkiaoHeHMH OT CTraHaapTHOM
MOJIeId (TaK Ha3bIBAEMOM «HOBOM (DM3BHUKH»)— OHOHO U3
CaMbIX AaKTUBHBIX HampasiicHUU wucciaenoBanus B 2010-x
rogax. (OXuUAaloOCh, YTO HSKCIECPUMEHTHI Ha KOJUIAWAEPE
CMOT'YT 3apETrUCTPHUPOBATH MHOXECTBO OTKJIOHEHUH OT
CrapgaptHon  momenud (¢ J00aBICHHEM  MAaCCHBHBIX
HEUTPHUHO), OJHAKO 110 COCTOAHMIO Ha KoHel 2011 roga mocne
JABYX JIET SKCIIEPUMEHTOB TAKUX OTKJIOHEHHH OOHAPYKEHO HE
OBLIO.




