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AMARNUIN

AANUIN N BYNIAYAZIU (Elementary Paticles)

[ :’l’ v o/
aeAUsENaULUawUYaLTng
Tuana Usznoumessnay Jadumbheiugiunauaiivessis sxneuusznausiigayningey
adludn e Wsmau Thinseu wazdidnmseu wazlsmneuiuinsou Nwszneumeayniaiianadiy
a L) ! s LY = LY (- ¥ d’i’ 1 I s (%
9N 1371 AA3n (quark) gt WeiuiringusenausmigauniaiiugIu 2 8819 A AI15N Aulay
= a @ % a =t
nau (lepton) FevLaNATaU NUWAUABUIUARUS
Jagiudedn Memnsnuaziaunou uuseanilu 6 win usazaila Saliujoynin
(antiparticle) Falusunmawuuiieniu fuawiniu waluszqlii wazluwuduimvinassiuiu
Jagudalinuensniiludase ussznusiududu 2 e 3 oynia AU quark 1ise
. dl' I A a ' = 1% 1 a = a A o = =
antiquark du 1UupUNIATIIENIT hadrons FanuwaININNI 200 ¥ia 3 2 Naw] Mihwedanisi
aun1ANE 5 quark B3uNT pentaquark FEansardRTUlaLE TuiesuuRns deynia

aa o

Usenaume 4 uag 6 quark Ingufnvihneliguiu widelddnisesrany

| 1
AYy v =

lepton NgINAUNINTIER Ao BLannsau @1udn 5 via lewn muon, BUNA tau, LarlIng by
(neutrino) 8n 3 ¥a A electron neutrino, muon neutrino Wa¥ tau neutrino

quark 6 v ﬁmiéfﬁaﬁuﬁwaﬂﬂ Ao up, down, charm, strange, top (truth), uag
bottom (beauty)

top quark L‘fJua‘lgﬂmﬁﬁmamm’hamamawm wazdithmin 1INNINBUNIARIALN
Uszanai 35 win Beoraiduoymafiviiniian Aiflusssuwnd quark finuluingieg U fe quark fin
up way down Fudussdusenevvedlusneutuimseu lnslusneauuseneudie 2 up quark fu 1
down quark d@ufiinseulsenouniy 1 up quark Au 2 down quark pentaquark Useneunay 2
up quark 2 down quark iU 1 strange quark (quark fiuszau 1/3 ¥3e 2/3 209UsE9UAT UV

q ERCYREPs]

SannTau nIolUsnoau)




Charge o Charge
-1 whw~ & o § v B e
Mass: 80.2 ¢ Electron neutrino Muon neutrino Tau neutring
G Mass: 02 0? 07
¢ z°
91.2 ‘ N
P Photon Electran Muan Tau
a -1 511 105.7 1,777
Charge 0 —
< Tep
R Up Charm ~180,000
+ifz Mass: 5 1,500
¢ Gll&an
D . St
own range
-5 3 160

Mass in billiens of electran volts Mass in millians of electran valts

o/

A2deWIULIe (Carrier of the Basic Forces)

oymayaguneluingazifndunsisoriufoussiunnsetu 4 via Ao usslifuda
(gravitation) wsausindnludin (electromagnetism) ussiaadesydause (strong interaction) wag
wsslundesylingou (weak interaction)

useuneEaAnIInMsnIETreRueseynAnYiin YaILLsIUNSeE1sLAnfUBYN AL
il 1wy wssliudag (gravitational force) WuusanszviiiAnfueunannudna wsausimanliii
(electromagnetic force) agnsgyinamefuayn1aiusey 1wy Sidnaseu wag muon du strong
force aAntumelulasainosinndes wesinanziuoynaiivsenoudae quark oAl
U 1Wu Bidnasou muon kaz neutrino 3 v AwliinFATerTaedefuuuLss (strong nuclear
interaction) wiagiinU§A3eniandesiuuuseu (weak nuclear interaction) lunsguaunsaasda 1
Iioun1neeni (particle decay)

wsawsazyfinasiisinardlunisdeinunsy Wueyniayagiu lnewswiwdnluih & Inneu
(photon) Wusnans Fafumensduiiugiu vesssdutmdnluih strong force § gluon LHugnans
weak force fiaynia W wazoynia Z 1udinans uazainiudi usaliueedl graviton Wudinang
nuauumousil (quantum field theory) ldoSunsussutmanlvlih iSonin quantum
electrodynamics wagnguiildesune wssilnadesuiiause iSonin quantum chromodynamics
1ud 1979 Sheldon Glashow, Steven Weinberg wag Abdus Salam lasusieialutuagnan

Wand Tunasufiuanslsiifiuin electromagnetic force ffu weak force Hu ANasans@anULTY




o w A

LALRET 158N electroweak force Yauptl MAIIANUNIBIUNILNING 1Y) NILOTUIUNITIINLS

nanuadunsaien F958n31 unified theory

39

-

gﬂLLuuﬁungaeWanéagmﬂ (Standard Model of Particle Physics)

anwazveseynannvilangluesnau awnsaesuiglalegldngusfies Sendn Standard
Model &3 Model 4 {unssau quark Wag lepton ST INTEY UL strong force, weak force
wag electromagnetic force anLIUANIE gravity force ﬁgﬂlﬂa‘zyﬂu Standard Model

-dl Y1 1 a 1 d! dy ¥ 1
aun1ANlYE RS 58N gauge boson FlAENUFIULAD HANEIAIN quark kae lepton

A [y 1

TuingUnA wsIagINIzRARILIINTEYIRIEaN YL NA19Y usl Standard Model wandlyiiiug
MaueiiugunaseiuluaneAnganug
W17 Standard Model AZ@119085UIULIINTZYINTENIN quark lepton Wag boson Wl
adh My a = vado v ' P & P A =
o lilaesunesiuluia AuaudindAydneg1milaveteunia fie ¥3a aunIANUINER Ao
a o 4:1' v 4:4' d'* dl' 1 I~ = ] ¥ 1 a &
Aidnnsau uazeynAvinyian Fuveinlu top quark Hudaeg1atiey 200,000 WinuadBianmsou
1ud 1964 Peter W. Higgs inf@ndunianens 3nun1inede Edinburg latausnalnluniseSuiei
a LY a . 1 1 ) & A [ = v A |
aunayagIuiiialaeg1els ngud Higgs na1vdn Mnniunaquaigauy delagiuisenin au
8nr (Higgs field) adnaiunsdlvesaunuusiwantulily (electromagnetic field) Weosynaiinas
wAeuT azimdeuNuaWLT waznUfRseduauy viliuTngluinasenun Nugiuvemgud
AIBUAY (quantum theory) ABAN1IEAYDY AFU-BUATA (wave-particle duality) NNAWINALTAIUN

a

Juoyniasie syn1aves Higgs filed @e Higgs boson ueyniafilifialu wieuszqlui wiiiay

(%
o

Sen boson usldladuinalsreuseegratu boson ¥indu veurdl Falsifinnsmsaanu Higes
boson n1sAuNy Higgs boson Feazilun1sBudiugia Higgs field wazauufignuves Higg 13osuiatiy

gnies wagyilvl Standard Model andldagle

nsiuunvilaveseun1Ayagu (Classification of Elementary Particles)
auNALagIU wusUssnmlagld nouin1eada 2 ngul) lawn Fermi-Dirac Statistic @y

dusuaunailulumu Pauli exclusion principle ayna#ild Fermi-Dirac Statistic 1380131




fermion lauA lepton way quark ?jm’quwaﬁ 2 fermion %agjﬁ quantum state wgnAulula 9n
afifnils i Bose-Einstein statistics 19fiusyniannwuen sniiusynieioganels exclusion
principle 19 boson Mauijidlaiiinssiiasiuan boson flazeglu quantum state ey Taoyhly
fermion az1dussAUsznauvesezmenfuTalAdua il boson iufhasuusasEming fermion
aumﬂ‘ﬁ'Lﬂu boson léka photon, gluon kaTOUNIA W v Z

finmsuvsssnvveseyna nglddnunrveamainufiteideii wu synieiiAnufize)
sofugs loun meson vise baryon Uagdumsuiuil meson Uszneume Auas quark fiu
antiquark @31 baryon Usznaunay 3 quark aymﬂﬁ%’mﬂu meson @ulnegiisiaiinni lepton
usiinatiosndn proton AU neutron sniiuunriiafienadinnaiinniy symafidaiiu baryon i
watfesiian Ae proton U neutron ayAIA baryon Aifknawnnia #e hyperon

Tumsutsuszinnidu meson AU baryon sfleunaunawila hiaunsonmainldlagnss

\eanniiengduinn liviaseslily cloud chamber %38 bubble chamber sun1AmA NI

resonance 3@ resonance states Li999MNANTAATURUULAEITUNIS resonance U9 19950

N N1IUSNYLALN1TANIAT (Conservation Laws and Symmetry)

fimsldngniseusndvaneng dwusuniayagiu 1w NYNTeRSNYNIa-NaNY
(conservation of mass-energy) NNFEUSNELULUANTREY NNI1ToYSNYILUANTIYY Wasng)
nseufnilseq uenindudsiingniseydnudu AlddwsuiEndveseyniadn wu ngmseusng 3
pUNIATBIAUADU (three conservation laws for lepton) Faldidmsu electron muon uas tau
wazngnseysndlddmsueynaidu baryon

fnsidnnilvdg unldlunsesuisauaudfivessynia feg1aau nsaanefiegneg
94 kaon, lambda hyperon uazeyn1aduq dnuswila ilihidndaguin ngnseusndunang
lvieunialdaanediluviuit Tuiuy strong interaction walin1saanefuy weak interaction
Usnasdelvaldl Sondn strangeness %ﬂﬁmiau%ﬂﬁﬁgﬂ strong interaction tag electromagnetic
interaction usilsiou¥nulu weak interaction fstfu msaaneivateyma strange luiluaynia
nonstrange LU lambda luidu proton AU pion Azdn1StAR@NIE weak interaction 9819114 1oy
lai1in strong interaction

Uinadnuianils Aldeduednuazvesoymaiinsifaidungy Bondn multiplet Tnedu
ounANTnawiniy uAlluszgeneiu feg multiplet liuA TWsneu fuilmsou

Unalmidnvianils Aldedurenanmsivaeu mnlusneuliiduianseu niethnsouliidu
Wsneu lumeadamans Son isotopic spin n3sl4deil ioswn nasiuvessauldsnouiu

Tansou luthiedvg uansdertavodlolelnUvotezneu wavadinAansildeduian1ves ordinary




spin (intrinsic angular momentum Ya%UN1ALAFIY) TANAEITU AINAI isotopic spin Lilua
fiu spin weKaA9 vector NTN1svLUlY imaginary space &4 isotopic spin Haveysnanizly

strong interaction N NMFEUINY danuduiusiunannisauuns 3 ¥ila (three symmetry

'
=

principles) @slgAvanneidnsUasuntas ve3UTuaveIRILUTNADIENNRTAY LAUA charge

A A

conjunction (C) AeliAiwindy Wein1siwasuann particle fu antiparticleparity (P) Fadu mirror
image symmetry Watinsivdsuluanuasuesdiaoiuu time-reversal (T) @9 order azAUazATY

iaiAnmAN1saiT

aaa

pandnnsanaasi Wellduuslaveseynedinsdeunas ashliAnujAsenfiaesiu

=

me wilul 1956 In15MAaeeinudl weak interaction liloysny parity fiaegnaty In1saaneda

vosaunAwallAlAndued mirror image wiiinavduviensaiflieusndaungll uiilosiunnsinys

a7 ﬂgﬁﬁé’ﬂﬂﬁ@&i Im’ﬁﬂﬂgmiamﬂwﬂﬂu%a CPT theorem

Particles

/l N
O?\

. %Supersvnunemc
. "shadow " particles:

ANTUANIAMENURVIDUNIAYAFIY
aunN1AkAazYta eniiu photon, gluon wag Z-bosondl antiparticle afiuravinfu widl

Usgansatuiiu diulvgjaglddydnualiviloudu lag antiparticle #nagiuuu

Leptons
YA Hyanwal 18 (MeV/c) Uszqlnila
electron e 0.511 -1
muon mu 105.7 -1
tau T 1784.1 -1
electron neutrino nu-e <7.3x10° 0
muon neutrino nu-mu <0.27 0
tau neutrino nu-T <35 0




Quarks

ayn1A Toyeinwel 1@ (MeV/c) Uszalnia
down d 5-15 -1/3
up u 2-8 2/3
strange S 100-300 -1/3
charm C 1300-1700 2/3
bottom b 4700-5300 -1/3
top t <91,000 2/3

Gauge Bosons
YA Hoyanwal w8 (MeV/c) Uszaluii
photon gamma 0 0
gluon ¢ 0 0
W-boson W 80,200 1
Z-boson Z 91,170 0
Hadrons
aynA Hoyanwal 1A (MeV/c) Uszglnila IUIUAINEN

positive pion T 139.6 1 ud
positive kaon K" 493.7 1 us
proton P 938.3 1 uud
neutron n 939.6 0 udd
lambda lambda 1115.6 0 uds




AAKUIN U ANUTUYDINTZUILNINISINENANERNS (Scienctific method)
SduduvasnszUIUNSINGINenmand Taduduiidn el

Fuiit 1 fauuntlemn (Definition of problem) LHugnEufumasiimamdingmans
Hapmifnazldannsdang (Observation) egsazidenseunsy msdunnieiluguandafidfiyuos
nsAnEINeIAEns Msiuadamidesmuualadaiau Gialﬂﬁlﬂuﬁaasiwuaamsﬁmumﬂaym

- MlufRadaan sasaing

- sz laaulunanziuesndeuniieduinezulsareveenen

- unUrnvsauuunslunisenenwlaegnls

- azlsiluanmguosnisialsauzisilulen

ansdupuindanauazaueeniosniiuoraidudumieiviiliifatam nsdann
segliduanufinunidaduvefnvestym fegraweinstdunnvessininemansuag it
Aadaywn wu wes adnyumes walls (Sir Alexander Flaming) tingadainennidenguld dune
71 dfsnlBEey (Penicillium sp.) agﬂummwwﬁmwﬂﬁGw’hfa wuafiseazldiasesenau 3
ﬁwiﬁml,ﬁm{jcym%udﬂ wluFaduuiy wanfuumahlfunaeatnasnidauvansnidddon

= v O a a A a Yo & d'
sZNa’]ll']ﬁﬂf;lUEJ\Tﬂ']iL"i]iiyL@UIGIGUENLLUﬂVILiﬂlﬂﬂ’]ﬁﬁﬂum?j@

i 2 59usIndaya (Collect information) Uunissausaudeyasieg 7 ieadesriv
Jymainsins wiennsans wisewnasdus wuldgmivhluiivdadoinisuasaing neududesdny
| A vaee 4 & ] - |t o = % % 1% v - P =i
MignAnwTesinneunselil ZwoavhlalaenisfinuAuaimdeyaainviedaynnseuangeg 7
aunsavinla

Yudl 3 AsENNRFIU (Statement of hypothesis) LunisyueiguaeInIsLin
Usngnisad duq laglddoyaanndui 2 1wy vasInsIuTINdeyansAny naveuasainsisidoney

91ILAIFUNAFIUIT NYADINITHAIATNNBNITANTITIN

Y & . . A a ¢ a A Sy Y ) |
Uil 4 M5NAAY (Experimenting) ieiiaauauuigiuiasliingndemsaly Tunis
NAGDIALADIINITINY MTUATULUULAZIENTNARBIBENTBUABY LardzRodin1sAIuaNAiILs
719 MNeIves dmSunsaimImaaeUANLRZIUTI HUADINITLANAINNNBNISANTITIN xR
& ! P~ oA =] « Aaa ! oA ] [ Ay X7 ! v
aaendu 2 nau Aengui 1 Weglunliuasaing ngui 2 Wegluiila wsivs 2 ngulzfaAIUAY

\Neatuviinvesiiy Yu1Avesity YunveIn1vueildlgn winvessiu Mmsauasnw w8 Iinileuriu
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