SEC-Kandy, Royal Academy-Puttalam & Science Projects-Mawanella, Welpothuwewa Fazil FM

N

Easy Way to Improve your Physics Level FazilFM_IPL Series_Easy way to Improve your Physics Level FazilFM_IPL Series_Easy way to Improve your|

PRystesevel FazilFM_IPL Series_Easy way,tg Improve your Physics Level iWFM_IPL Series_ Easy way to lgprove your Physics Level FazilFM_IPL
Sef 4 way to Improve your Physics ng ) W{Wtﬁ@ ( yse! Whﬁ@YﬁEFM_IPL Series_ Easy way to Improve
V@ Level FazilFM_IPL Series_ im mprove your &hyslics aZilFM”_IP 1eS_ way to Improve your Physics Level
Fazil ;IP Series_ Easy way to Improve your Physics Level FazilFM_IPL Series_ Easy way to Improve your Physics Level FazilFM_IPL Series_ Easy

Particle Physics-Notes.
(2019_June) grafB95 SWSBSUA

Flelbens OQuendsaiuisd Particle Physics

Matter
Par“(les LEPTONS “
All ordinary | Electron Electron neutrino up Down
particles |31 gacosnsible for slectriclty Particle with no electric Has an electrie charge of Has an elactric charge of minus
belong to 1; and chemical reactions; ° charge, and possibly no mass; 0 plus two-thirds; ° cne-third; protons contain coe, °
this group |5 It has & charge of -1 billions fly through your body protons contain two, nautrons contain two
g every second ngutrans contain one
|
These Z| Muon Muon neutrino Charm Strange
particles "g A heavier relative of the Created along with muons A heavier relative of the up; A heavier relative of the down;
existed just la| electran; it lives for two- when some particles decay 0 found in 1974 found in 1974
\&| millionths of a second
after the 8
Big Bang. [*
Now they are .| Tau Tau neutrino Top Bottom
found only 2| heavier stll, it is extramely Not yet discovered but Heavier still, Heavier still, measuri
in cosmic = unstable It was discoverad believed to exist Q feund in 1995 bottom quarks s an important
raysand g| 'n1975 test of electroweak theary
accelerators. £
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2 sudlen WaFdAPw HlembensmeT 6Temeu 618D DLUIS| Doltgn DT STV (PHe0 @M 6ued] BLBSH CEmeni(h
Amadaingl. alehepTen (PSIGEHMD euenFfwenLw glewibenssst LUpMw wellselsa ayd euenjhgh GomeamiGL
aupHmEdaimgl. Hewleureig gFoHullar ReTQeImh eugoud elaiugl semi(bligdalulL  Weteny SiHywy Foadenw
uweu(BSHS  Flelsasmssmen 2 HauThd SiGsENlsmasemen prTw  (WuDAdsiulLgl. SprbusHed & fluweilsd
Bmba uybomw GCnToHd eUHD WL HBHTH6NT (cosmic rays) aUEMERIL 60HHL  anmisEpLe  Gumgid Gumg)
Beggyar, @eosAre BuDPIGT 2 BTG SaGUgssILLLS. Hdiam) BFWESBIULL  proton SN
amiLar @am Gurs alBeuser cpsod e Fsemeure FHewldmaseT o HusHH CFUIWNLLG Diemel 2 _ewnflsel
apeuld  sMIGUgssILL L.  @sDaTe  Slolsmaesmer 2 WiFsHbG  JPHEESmQUW  DTW(HSE BT
LWSTL(HSHSLILIL L 6ot.
particle accelerator: an apparatus for accelerating subatomic particles to high velocities by
means of electric or electromagnetic fields. The accelerated particles are generally made to
collide with other particles, either as a research technique or for the generation of high-
energy X-rays and gamma rays
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Standard Model of Elementary Particles
three generations of matter interactions / force carriers
(fermions) (bosons)
| Il "
mass =2.2 MeV/c2 =1.28 GeV/c? =173.1 GeV/c? 0 =124.97 GeV/c?
charge @ %4 % E%) 0 ) 6]
spin | % u % C % t 1. & 0 H
up \ charm top | gluon higgs
— — —
=4.7 MeV/c? =96 MeV/c2 =4.18 GeV/c? 0
=¥ =5 =3 0
down | strange | bottom | L photon
i w4 - >
=0.511 MeV/c2 =105.66 MeV/c2 =1.7768 GeVi/c2 =91.19 GeV/c?
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Buysdyeisepnd, proton sepd Quarks sefleimsd oL &ESUULYHEGW. @M proton &b 2up HlewldbemnSdHEHLD
1down gieilesmaun steoiuGw. 1 BPuysHyellsd 1up semismsuyn 2 down glewissmubd STeoliuG. Up
geilsmawd down gewldmasud  (WwHeomd  semevwenm  Quark  elelu@BL.  @eSHATET  @H  SlglILenL
seilsmawns  QameTeniuGousiLel g lapton euems seilsms @aIDTGWL. Havloydbdngul  SyemiLTeyg
weapreugl smeowenm Quark and laptons @madeam Gurdad oemeu o miFHwupmenel. lapton &epw Quark

HEHD Qenewibg Fermions estemiupdaiper. RenauBuw Sigliuenl. FLUQUTHLEMET i, &HE 6T menT.

SiglilenL QML HBITHHBIHEN6N gmuUBSHHIBTm 1601 60 B B 61T boson X TeuTLILI(HLD. eupmieT
PusHefiBuneaisens@ 261G gemismasamen sl gmadb@Gd eusdemwwrer eleng (strong force) gluon senmed
gMUBHSIL(HSeIm 6. Bluys HefGuwim sl e s @ @emLulevment eusYleUMM eleng (weak force)
Z bason, +W,—W bason &enmed gouBsHsLILGSaner. susvsuTer  almasEbleal  @UiBL Burgs @ewsu  FAmlw
elengsentes @pbaTeDd Fjly elmssepLal Uik Gurg wWsiuflw elmssemen 2 HouTd@w. WSISTHS
elengsel photon sefleimed gHuUBhSSILGL CHCeusmen ALY elengFosemen gOUBSHID HlWNHENDBDH6T 6Tem6U 6160
@i glemeflwons  seupUlgssiiuLaieoemev. FIUY elemasmen gnUBSHIISTS SHBSULBLD —Hiewilloen s s EHsH G
graviton e een  Gametenswenailed (hyprothytical) GuwflLiu(Getenesr. 2012 @60 sewi(bUlighsILLL

higgs boson my(led QFaudasHId umiseiiy umn oLFTWiLL (HEOSTENIY(HESBIDSI.

0o 60
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Proton Neutron

Proton Neutron

Quark composition of a proton and a neutron (diagrams from Wikipedia) 3.5 g @4 3

Fundamental forces:

- Gravitational forces.
< Electromagnetic forces.
« Nuclear forces.

- Weak forces.

Gravity Electromagnetism

4 Fundamental Forces

Beta decay

eak Nuclear Force
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@iuurs f  Gauleyds@d Bbsd almasBen &TIRILTS E(hHHHETme.

VaiaThs almaser gnmd Qupp sHemismaseisd wISHATL CsTIHDUBSIDET. BenauBu STeWILToug  6u6dlenLOWITeT
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2 _60L UI6m6M.
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FORCE PARTICLE STRENGTH SPIN
Strong Nuclear Gluons: g Strongest 1
Electromagnetic Photons: y 102 imes weaker 1
Weak Nuclear Bosons: W+, W-, Z°  105tmes weaker 0,1, or 2

Gravity Gravitons: G 103¢ times weaker 2

@iy :

FLUQUTBLB6T @@mUug BumeuBeu e1dlj FLUQUTHLBEBL @QHEISMeT. Spemme0 proton seflel LWILSMT @55
LMD Wewm goo QaTewiL e1dy proton senmed Bluddyells vewiysmen @HdH JpeEITe0 61HT  Hemauled
alemgemw  guBGSHIL aFJ PuysSsHremend  BeosHreier  usmiysemen  @HFH  pemed  CrBrmmpenLw
QUTHSHTEHEMTEVID  SLSHBUULIGHSBGWD. FLUOUTHEHD 61HJ FLUQUTHEBD FhHsGWw Burgk Semeu (LPHOMTH
Nbg FeEFemw CaprmmeldE@Ld.
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**Fundamental Forces of Nature

* Gravity
— Attraction between any two bodies (mass)

* Electromagnetic

— Forces between two bodies , attractive or repulsive
* Weak nuclear force — responsible for radioactive decay

= Strong nuclear force — holds quarks together (constituents of
protons and neutrons)

.The Four Fundamental Interactions
0 4 3
. @ '

ravity

—

.

—7

Electromagnetic
‘

All forces in the world can be
artributed to these four Interactions!

Fermions Gauge hosons

Force carriers

Matter particles
Matter is made up of fermions, a combination
of six quarks and six leptons.

Force carriers

Three of the four fundamental
forces are carried by elementary
particles called bosons.

Quarks
e Photon
. e - ’ The electro-
Since we have to change our definition of 1 & i
. . & i hotons.
force, we have a new impression of how e
: : al
forces cause particles to interact. ) £ rh:f_u';ear_stmng
Each force has its own type of force carrier. r & ! e
These are particles that are exchanged due a Leptons
certain interaction and the type of particle ‘ '0
depends on the interaction. A VA 1 J Z and W bosons
» Gravity has the Electromagnetic has Ll
graviton. the photon. Y, b b and W bosons
[ A4 [
Weak has the Z° and Strong has gluons. 7/ g/ %/ |
W partlcles. = Gravity Gravity is missing from the Standard Model of particle physics. W
e-
probing
quark sum (T+d)
e- probing probing e-
U quark d quark
=
polarized unpolarized
beam beam
proton proton
collision zone
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FUNDAMENTAL BOSONS
(In 1924, Indian physicist Satyendra Nath Bose, with Einstein developed Bose-Einstein
statistics that defined properties of Boson particles)

Unlike fermions, two identical bosons can occupy the same space.

Fermions have odd half-integer spin (1/2, 3/2,...);:but bosons have whole integer spin
(0.1,...).

4 Elementary/Fundamental bosons (called mediators):
Photon=carry EM force/energy which control interactions between charged particles.

Gluon=carry Strong force which (by creating color charge) holds quarks together
(which form hadrons-i.e. baryons=by triplet of quarks/antiquarks & mesons=by pair of
quark-antiquark).

W+, W-, and Z bosons=carry weak force which controls decay (i.e. way unstable
particles change into stable particles) of unstable particles.

Graviton=carry gravitational force which is the attraction between any mass-bearing
objects.

Fundamental force= that govern the interaction between particles and energy in the universe
Gravitational force is the weakest-on the scale of elementary particles and atoms.
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