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After studying this chaplar, the students will be able o
siata that nuckson numbersnd chargs are conserved in nudear processos e -

|‘_\‘-

describa the compostilon, mass and change of o, - and y-radiations [both Wmuﬁ] and
A+{positrora) ane indl uted] e .\ o

Explainthal an anti-paride haz ihe sama maas butopposits d'nruahmuﬁq]'mpmﬁmpwﬂda
[givathe examiple hata posiiron istheanti-peficle ofan electren]

etate that (electron) anf-neutrings are produced dufing p—muiﬂqﬁﬂulmw neutdnce ars
frcd ced duning B+dacay

Explein thet o-particles have discrete energiea but that B}pudﬂea hawe & conlinuous rengs of
enomics bocause (antineutdnes oro omitied in f

Desgcribe quarks mdrlr*quarhtnnrurﬂmm{iﬁrgmm thatthera ars six favors {types) of
guark: up, down, strange, charm, top and bunqn] et

dascribe protons ad nmmahtenmdwqmﬁmmﬁm

atate that & hadron may be either a baryan fmlﬂlmdﬂu&equ&h}ﬂmmm {consisting of
onaquark and sn antiquark) '® “

deecribathe changesin qwkmmpn#m:{nthﬂl taka placa during B- and G+ decsy

siata that alecrons arﬂnmtmi#e furdamantal particlse called laplons

Emp. W, & gluon, _Lhn_hm as funcamentsl particles callsd axchange perticlos or force
camiors N

State tha Higgs Bosgnias  fundamentsl particie which & responsible for the parfice's mass.

Explain that cuary Qj\ﬂm partigle has o comeaponding anti- partiolo [that has the samo mass
a B %za_n 1 lqﬂ?bl.rtnrppoﬁte gleciricormagnelc prepsrtes sccording (o the Standend Model of
i :
E:r.plt‘ﬁ this are varicus conbending theoriss about what 'mass' and fores’ ane genmnated
. that theee are generabed from quantum flelds whan thay are energlzed, or fooem raulll
dimansional ‘strings’ that vibrate In higher dl menslons bo glve dss o parcles (no furthar echnical
lvewiedge beyond thewe simple descrplionz iz expected 8t this leveal ]

Ilustrate that anti -partices usualy have the same weighl, butopposite charge, compared to their
matter Counterparts

State that most ofthe matierinthe cbservable unlversels matter
Drescribe (e asyrnemedry of rmistler and anli-risilerin e universeas enunsobed myslery

Drescrbe annihiletion reactons [e paide meets its comesponding ant particle, they undeme
annihilation neactions in which sither &1 tha mass = corvactad to haat and |ight anengy. or aoma
mass (¢ left over In the form of new sub-atomic particles. ]
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WE believe that all atoms are made up of neutrons, protons, and elecirons. The
L | antiparticles of these three particles are also known. The posifron {a positive
eleciron], the neutrino, and the photon are also known. By the end of 1960s, many new
typas of parlicles similar to the neutron and the proton ware discoverad, These were
c-alled mesons whose masses were mostly l2ss than nucleon masses but more than the
alaciron mass. Aftanwvards, ofher mescns were also foursd that have masses grester
than nuclecns. Physicists started to look for more fundamental particles which must
have svan emallar constituents which wae later confirmad by exparimants. These ware
named as guarks. Wewill discuss in this chapter, the basic building blocks of matter,

121 STRUCTURE AND PROPERTIES OF THE NUCLEUS

The atomic nudeus comprises bwo types of particles: protons and nsubons. Aprofon s
the nudeus of the simplest atom, hydrogen, called a protium. The profon has a positive
charpe of the same magnitude ax that of the electron (186107 C) and its rmass is
1.87 ¥ 107 kg, The neutron, whose exiglence was pointed out in 1932 by James
Chadwick, is skactrically nautral as its name suggestad-and ite mass is naarly the same
asthatof proton. Now we can say that the nucledshas two types of paricles (neutrons
and protans)called nucleons.

Besides hydrogen, the nuclei of all other elements consist of both neutrons and protons.
The different nudlei arz called nuclides. The number of protons in a nucleus is called the
atomic number reprasented by the symbol 2. The totl rumber of nudieons, the sum of
nautrons and protons, ks reprasented by the symbol A and (e called the atomic mass
number, or elmply mags numbser: |t lswrittan as

AsN%EZ  _......(121)

where N reprezenis the neutron number.

In order to spacify the givan nuclal, the symbel X Is commanly used as 12X, whera Xisthe
chemical symbol for the element To Indicate tha mass of atomic particies, Inslead of
kilogram, unified mass scale (u) iz generally used. By definition 1u ie axaclly one
twelvath the mass of carbon-12 atom (1u = 18808 x 10™ kg = 931 Ma¥}. Using this
value of u, the mass of aproton is 1.007276 v and thatof a neutronis 1.008665 uwhie
that ofan electron is 0.00055 u

For a parlicular atom (8.5., carbon), nuclai are found to confain differant numbers of
nautrona, although they &l have the same number of protons. For exampla, carbon
nuclei atwaya have & protona, but they may have different number of neutrons. Nuclai
that contain the same number of protons but different numbers of neutrons are called
isctopes. Isctopes of carbon are 'IC, ¢, end G, smongst thermn TC and C are stable
bul 1:0 is unstable and decsys into nitregen along with the emission of B end neutring
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12.2 FUNDAMENTAL FORCES OF NATURE

To undarstand the structure of the nudaus, it is important to know the nature of the
forces that bind the nuclson together. But before that, we should know the basicforces in
natura. Daspita the apparant complexity within the universa, all interactions in the
universe are govemad by the four basic forces, known as fundamenisl forces. Theses
forces control how objects move, inleract and behave at different scales from nudeons
in the atom to massive palaxies. The four fundamental forces asre gravity,
eleclromagnetism, weak nudlear foree, and strong nuclear force.

Gravitational force or gravity is one of the four fundamental forcss of nature. It is the
weekest of the four butitis a long-range force. Itis an attrective force and arises dues to
the gravitational interaction between the bodies. The gravitational force betwaen two
bodiss is proportional to the product of their masses and inversaly proporional to the
square of the distance between them. When considered for massie objects, such as
tha Sun, or glant planets, graviiaticnal force Is conglderad to be glgnificant as the
masses of these objacts are large. Howewer, on &n atemic leval, this force is considered
i be neglighly weak.

The electromagnetic force Is responsible for eleciric field and magnetic fleid
interactions. Lixe the grevitalional force, the eleciromagnetic force follows an inverse
square law but is much stronger than gravity: Itgovams a vast range of phanameana,
from atomic structure, chemical bonding, electricity, magnetism, and light propagation.
Jamas Clark Maoowell {136 1) formulated a sel ol four fundamental equations named as
“Maxwalls aquations” that unifiad aleciricity and magnetism into electromagnatiam.
These equations describe how electric and magnetic fields interact and how
eleclromagnetic waves propagate. These equalions showed that eleciric and magnetic
fialds are not saparste forcas bit ara two aspects of a single elsctromagnetic force.

Cui of the four fundamentel forces, nuclear forces are the strengest afiractive forces.
Electremagnetism holds the matter together, but inere was no explanation on how the
nucleus is held tagether in the atorn. IFwe only consider the farcas of electromagnetism
and gravity, thenicleus should fly off in differant directions. Tha stability of the nucleus
implies that another forea should exist within the nucieus which is stronger than the

gravitationalforce and electromagnetic Tabie 12.1

force. This is where nuclear forces Relst] Hm.‘t’m".".ﬂ th "'“’ range of four
coms Into piay. Strong nuclear forces 2

are responsible for holding the nuclei of e ﬂw;‘ aed M 2
atoms together. They only exist inside feotnparad to strong forcs}

the nucleus. So, we call them as short gravay R .

i‘EI‘QE forges, The EII‘IZ'II'EQ nuciear force Wesk nuclesr 1ot 240
acts as an altractive force betwean all forees 5
nucleons. Thus, profons attract sach Eleclamagnetic 10 =

other via the strong nucisar forces at pirong nuciear 1 <1075 m
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tha sama tima they repal each ofher via the alactric forca. A neutron, being alsctricaly
neutral, can attract other neutrons or protons via the strong nuclear force. Weak
nuclear forces are responsible for the radivaclive decay, particularly (he bela decay
and intaractions invalving neutrina. Unlike tha other fundamental ferces, the weak force
can change the identity of particles, making it essential for processes like nuclear
fusion in stars and the decay of unstable atomic nudlei. The relative strangth and range
of the above fourfarces are given inTable 12.1.

12.3 MATTER AND ANTI-MATTER B Fer your nfacmesion | I

It was predicted by Paul Dirac In 1828 that the LA parlck accsamtorls 2 hge
fundamental perticlas have their anti-particles. The rest  Maehine that aceslengies charged

5 : .. paricles, such gy electrons,
masses of the anti-particles are the same as that of their protons, GEiGhS. 1o exiremely figh

coresponding particies but with opposite charges ant  anergles and spasds, approaching
magnedic moments. For example, posiiron is the anti-  the spestdBTight

particle of an eleciran. It |a repressniad by 8, Tha rest zs_hm‘_ér Accelerators, Cyolotrans
mass of the pesitran is the eame &s that of an electron| &nd Betatrons are important
bul It carrias positive charge with magnitude the safe. | PEICE accaleiorn.
asthatof anslectron. Itis noted that the positron was tha

first discovered ant-pariicle by Anderson in 1932 in &

cloud chamber experiment. This was first Expﬂ-ril'nmial I irererting miormazio ]
discovery of an anti-particle. After that & lot of anti- . 1ot work oa this Aoy,
particles were discovered. Usually, theanli-particles 30 Diac and Andersen raceived tha
represented by a leler wilha bar over i e .g., anti-proton Nebwl Prizaln Physles-Déraciin 1833,

i ol . and Anderson in 19348, In 1365,
iz represanted by panti-neutring by v and sa on. Segre and Chambeslein diacovened

The quarks and leplons havs been recognlzed as the antlpraton uslng a partlcia
fundamental particles n[-a known as slementary aceelerabor and were ssarded the
particles among lha foo many discoverad particles. Nabel Priza in physics in 1858 for

Theseslomantary paricles hava also anti-particles, 0 @ ooovery ofantiprion.

(=] yums lcreoee T

(1) The casmic rays are Nigh-snangy partides coming Fom the cuter-space with unknewn sources, Thair
sourca mey boe e Sun orthe other stars, These parfices consist mosBy of protons, noutrons snd
heaviar nuchel, which &m continuaty bombarding the Earth. Yyhen thess partickss intsract wilh the
atomg of tha gases of ihe Earth's almosphars, thay produca showers of secondany particias which
rain Ao an L al | the lmea

(i) When nueled of uredable mdioastive elemend aay U undergo fasion rencliona in the nuclesr
reactors, they emit & varely of perticles, such as neutrons, newtrinos, a-perbicles, phoions,
ekctrons arsd positrone.

(i} Whenihe chamed paricios, such ac slactions and prefions aro socaierated by an cocolarator and
thsn bombarded on thetargat materal, which (s hydrogen, thase accelaraled charged particles may
abko colide head-on with each cthar, A= a rexult, the dabris from thaas reactions contain particlas
koA plors; Kaons, mMLGns andeven anti-proions.
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Palr Production

Pair production geours when a yray (high energy pholon) passes nearby an alomic
nuclaus. As a rasult, an elactron-posilron pair is amitted as shown in Fig. 12.1. The
prezenca of a third particle, such sz a nucisus, iz necessary to conserve linear
momentum. According to the lavw of mass-energy equivalznce, the minimum enargy of a
photon for pair production must be squal to the sum of the rast mass anergies of the
crested parlicles. The rest mass energy of the electron-positron pair is
2m,¢" = 1.02 MeV which has been verified experimentally. A gamma ray photon with
energy less than 1.02 MeV cannot produce an ¢ T

glectron-positron pair wheraas & pholon with : =

energy greater than 1.02 MeV creates an The pair production cannet take plsce in
eleciron-positron pair and the excess energy YE0ud Of space. The pair producion can

; s . : ' happen only in ﬂ:_n;\pfﬂaqml of an extamal
goes into tha kingtic anargies of tha particles. object like an-gtamic nucleus which can

The process of pair production satiefies the experfence w@a“mﬂl durng tha collislon
laws of consenvatian of charge, momentum and me-_"t,-“.&“:‘m :ﬁ' enargy and e
enargy. It can occur for any particle and antl- MeTEMWMmEthesamelme.

particle. \

Annihilation of Matter

It is the opposite procsss of pair production, For axample, when an slactron and a
posiiron interact to each other, they annihilate imto two gamma ray photons as shown in
Fig. 12.2. The reaction can be wrillenas

e te 5 vy
The energy of each gamma @y photon is 0.61 MeV which is equal to the rest mass
energy of an slectron or a positron, 8. E=m.c”. In an annihilation reaction, energy and
momentum are conserved. Besides the electron and positron annihilation, the

annihilation reactions of other partigies and thair anti-particlss can also be camisd out
6.4., proton and anti-proton, lapton and anti-lepion, quarkand anti-quark, atc,

Pﬁﬁll?ﬁffK.E+ ]
bro = 1 12 MmAT / o T
o O LA 2 _‘:“p -
WO N id P 2 > & s
Insidan] phasan v -
Huclsuz
(r-rey) . T
& KE J
Elecion

Flg. 12.1: A hlgh energelie photon (rrav)
imtaracineg with & nucleus and results into an Fig. 12.2: Annihilation of matier
skCtran and 3 pogitmn par
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A particle accelerstor, named as Hogative

pierain Tl

Largs Hadron Collider (LHC) at
CERN have revealed that same ;
mass of coliding particlas ia S R
changed to electromagnetic
radiatizn according to Einstein's A B
aquation and laft over mass 425
: Callaian with prelon
appears in the form of new REEEESETEERT
sub-atomic particles (Fig. 12.3}. 5
Path of pewtral lmmbda parkicle 53

Flg. 12.5: A high enargeile pf m!lsimfp!hdmhu 18 new
particles. \ /\_\.__.-

124 RADIOACTIVITY _;-1;3‘

It has been cbaerved that the nucial whoes atomic numbsres are greater than 82 are
found naturally unstable, and thesa nudwei spmtanwuslrwt radiations. Such nuclai
are called radioactive and the emission of radisfion is-Known g5 netural radinactivity.
Theseradlations are ofthree types, «, B andy-radiations. Unstable !sotopes can alsobe
preduced artificially in the laboratory by nuclear reaclions. This occurs when a stable
alament ls bombarded with high-energy particlas, such as nautrong, protons, alpha
particles, or gamma rays, causing it to become unstable and emit radiation, This Is
called adificial radioactivity and radban!lue isolopes are named radicisotopes or
radlonuclides.

The u-particles, B-particles and v-radiations sre lraverzed differently when passed
through the elechic field as :mm in Fig. 12.4. It is seen that o-parlicles deflest towards
tha nagativa tarminal ofﬂ]qﬂncmcﬁn}d showing that they have a positive charga, The
a-particles are emitted-at high speeds, typically a few percent of the speed of light.
However, c-parlicles ‘can travel only several centimetrss in the air dus to their large
mass. The p—pa;ﬂalu deflect fowards the posifive terminal of the sleciric field, showing

Laad block
o
+ Iﬂlm!'l
' ctmniatet o
/ y F  rays
/ A
Radisctiva Elusctrizally kel
B ODELAN chrgud putas

Fig. 12.4; The three mdonclive edialions, nmmely alphs, bele snd gunema s
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they have a negative charge. The deflection of B-particles is more than the c-pariiclas,
proving that they are lighter particles than a-particles, The B-particles are fast-moving
glectrons and move with speeds up fo 0.9995 of the speed of light. The y-radiations
passed through the alsciric fiald withou! deflection, shewing that they have no charga.
The y-raciations are electromagnetic rediations which consist of photons. They move
with the speed of light with the highest penetrating power but the lowesticnization power.
The process of amiting a-parfides, B-particlss and y-radiations from the nucleus is
called o-decay, B-decay and y-decay, respectively, and are discussed below.
wu-Decay

If tha nuclsus has more protons than the number of neutrons, the electrostatic force of
repulsicn becomes greater than the strong nuclear force of attraction. In this case, the
nucleus becomes unstable and emits alpha particles in radlosctive decay. An o-particle
is equivalent to & helium (He) nucleus which consists of two protafis and two neutrons.
This means tha nuclaus losas two protons and neultrons in tha c-decay. Hanca, the
atomic number Z decreases by 2 while ite mass number Aldecreazes by 4. Alpha decay
can bewritten in general as:

X oo DX +iHe gL (122)

Here ;X is the parent nucleus which decays into the daughter nucleus 5. and ;He is
the alpha paricle. In the a-cecay, it & exparimentally cbserved that the number of

nuclecns (A) and electric change are conserved. An aa

example of p-decay isgiven below: Pavent nucleus s-puricn
A radlum-226 Isotope ( “3,Ra ) amits an alpha particle st et et sl
and decaysinto a daughier nucleus radon-222 ( “4Rn). "’k-.““

Ra s ZRn + He e (12.3) L Rn

In the above nuclearreaction, the daughter nucleus {5, Rn)is different from the parent
nucleus { “%,Ra . This transition of one elementinto ancther is called the transmutation
of the slements! Itis experimentally found that tha mass of the parent nucleus is greater
than the totsl masa of the daughter nudeus snd the mess of the e-particle. Thus, the
total mass-anergy (E=m¢’) of the decay products is less than the mass-anergy of the
orginal nuclida. Thie difference in mass-anergy is called the disintegration energy Q,
orthe Q-value of the decay,

pf-Decay

Thara ara two types of f-decay; f-decay and B -decay.

() p-Decay

Some nuclides have neutron-to-proton ratio {N/P) too large and are the source of

B -daecay. The B-particles are not tha orbital electrons but they ara creatad within the
nucleus at the momentol emission. In this process, a neutron in the nucleus decays into
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a proten and an electron, plus another particle called anti-neutrine which is the anti-
particle of neufrine. The neutrino is denoted by a Greek symbal v {nu) and anti-neutrine
is denotad by a bar over the v, The decay process is given by the following relation:
= lp et N

Gne of the neyltrens ¢changes (o a proton and in order fo consenve charge it emils an
&laciron. Thesa elactrons ara caliad bata particles. Howevar, they arg indistinguizhable
from orbital elecirons, Both the neutrine and the anti-neutrino have zero charge and
very small mass, that is why they are very difficult to observe when passing through the
mattar. Mo nucleons are lost when a B-particle is emitted, and the totel number af
nucleons A remaing the same butthe mass number Z changes. Beta decay process can

bewritten as:

oo AX +0+ T .._Fntfq:;l-r___l';mﬂun_-.
From the above eguation, it is clear that the parent wmrm“ﬁ:g&mdﬂ
element of atomic number Z is transmuted to another  ensrgy consarvation In the beta-
element of atomic number (Z+1). An example is the . minus and bete-ples decays, Later
isotiopa of thorsum, which is unstable and ﬁeoayﬂ_inib' i 1953, nautring was dstacted by

i . F Reines and C. L. Cowan in a
protactinlum by beta emission. The reactionls high-power nuckar reacir. On

represented as: this dinsovery, F. Reines receved
the Mobel prize in 19835,

iTh— FPa+ e+ ¥
(i) p'-Decay b 4
There arg also nuclides that have neutron-to-proton ratin (NP) too small for stability and
decay by smitling a positran instaad of an electron. The poaftron (e+) has the same
mass as the electron but it hes a positive charge. The positron is the anti-pariide of the
etechren, In this process, a-proton in the nucleus decays into a neutron and a positron,
plusaneutrino. The generalized decay is given below:

B AN + ety

An example of ddecay of Neon inta Flourine by emifing positron and neutring is:
ENoo> ¥ o+ v

Energy ofAlpha and Beta Particles in Radiaactivi Decay

In both a-decay =nd p-decay, for a particular
radionuclide, the same amount of energy is
released. In a-decay of a particular radionuclide,
avary emitied c-parficle has the same sharply
defined kinetic energy. When the number of

a-particlas is plottad against kinetic anargy, thena

are distinct spikes that appear on the graph as l

shown in Fig. 12.5, This demonstrates that Kinatio Erotgy (eV) >
a-particies have discrate energles.

Hou of n-parthckes (M}

Fig. 12 & Discrats énergy valuss of a-partides
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However, in the case of B-particle emission,
energy is shared between B-particle and anti-
nautring In varying proportlons. The sum of
alaclron (or positron) energy and the anti-
neutring's {or neutring’s) energy, however, in
avery cace remalns tha same. Thus, In B-dacay,
the energy of an electron or a positron may
tange from zero toa maximum value, YWhen the
number of f-particles k& plotted against kinetlc
enemngy, the graph shows a curve as shown in

Ko, of [partiches (H)

1_.1 Mudiear and Partidie Physa™

Flg. 12.8. This damonatratas that bats particles
{elactrons or positrons) have a confinuous ranga of anergies. The principle of
conservation of momentum and energy applies in beth alphaand beta emission.

(i

vRadlation

Kanetic enengy (V)
Flg. 12.6: Confinuge speckum

of B-paricies |

The emiasion of y-radiation from anucleusis generally raprasentad by thiz equation:
* 4

. P gkosy

whera ;X represenis an excited nucleuswhile 3¢ shows ground state of the nucleus.

Table 12.2: The summary of nsture 6 aipha, beta and gamma radlations

Characteristics a-particles . p-particles yrays

1. Nature Hedwi o nuc|si | Elactrans or poslirens from | E. WL wavas from sxclbed
of cheaps 26 “ihe nudeus of chamge = | nuclei with no charpe

2, Typical sourase Fladm»ﬂﬂ_ [ ) Stromum-Bd Cobalt-60

3. lonization W“P’ > About 10" About 1

flen peire mm” in a@ir}

| EMI cafiimalnas

4. Fange In alr Bawaral meines Dhmys Invirse S0 s Ly
6. Absorbed by 'Apaper 16 mm ol Al sheet 1-10 cm of lead sheel
. Energy !p;l:trum Emited wilhihe  Variable ensrgy Variabla erargy:
SEME ANEy
7. Bpead =10 m &” =1 210 ma" ~3x10"mx"

12.5 FUNDAMENTAL PARTICLES

By tha tarm fundemental particle, we maan a particla that has no intarnal siructura,
which means that it is indivisible. Presently, the fundamental constituents of matier are
considered to be quarks (proions, neutrons and masons are made up of quarks) and
leptons {including electrons, positrons, and neutrinas). They are considered the basic
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building bloaksof matter.

When a2 nucleus ks emashed In an ultra high enargy particle accelerator, or two high
engrgy particles are collided, enlirgly new fypes of parlicles are crealed which
apparantly do not exl st within the atoma of the ardibary matter. Thay ara the outeoma of
the violent collisions needed to probe the basic structure of matter. More than a hundred
n=w particles have been identified to be classified intc families with similar properties.
Many of thesas ware accounted wall with tha acheme of thecratical physicist whila tha
resl were named "strange particle”. They are always created in pairs, 2.9.. when & pion
{= ) collides with a proton, two strange particles k* (Kaon), and A*{Lamda) are created,
The nuclear raaction ia:

T+p s KFE N
All particles spin on their axes and the spin of charged paricles makes them tiny
magnets. The characteristic spin of electrons, protons, neuirens’is 172 and the spin of
photon is 1 and of pions i taken as zero. Half spin particles obey the Paull’s exclusion
principle which says that only ona particle of a kind occuples a given guantum state.
These parlicles are called “fermions”. The particles with zero or whole number spin do
not abay thiz principle. They are called "besonsg"” as ey obay Boso-Einstain statistics,
Further major classifications are:
1. The nuclecns and the heavier particles such as A" and k" which decay to nucleons are
called "baryons” (heavy).
2. The paricles that do not interact strongly with nucleons, and are called leptons
{small} along with the electrons, lauand neutrino.

Bath of tha B-decay {bata-minus end bata-plus) processes provide evidencs thal tha
protons and neutrons gre not the fundamental partidas. By the 1860% many new types
of particles similar to the neutron and proton ware discovered, a5 well as many
“midsized” particles called mesons whose masses wers mostly less than nucleon
masses but mora than the elscron mass (other masons, found later, have massos
greater than nuclecns). The strongly aftractive paticles are called n meson or pions
while tha weakly interacling particles were named p. masons.or muons.

Thie diseavery led to tha conclusion that these particles could not ba fundamentsal
particles, ard must ba mads up of even smaller constituents , which were givan the
NAME GLarks.

Hadrons and Leptons

Farticlas can also ba classified hassd on the four fundamental forces that act on them.
While the gravitational force affects all parficles. lls impact at the subatomic level is so
minimal that it is generally disregarded at the sub-stomic level. The electromagnetic
force, which acts on all elaclrically chergad particles, is well understiood and can be
considared when necassary; howaver, in this chapter, we will largely ignore its effacts.

Farticles can be broadly classified besed on whether they interact via the strong force ar
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do not. Those that experience the strong farce are known as hadrons, while those that
donat, are called leptons. Examples of hadmns include prolans, neutrons, and pions,
whareas electrons and neutrinos arae classified as laptonz.

Hadrons ere composite subatlomic particles that can be further divided into two broed
catagories: some are boeons, raferrad to as mesons euch as plon, while others are
fermicns, known as baryons, with protons and newtrons being the key examplea.
Baryons are made of an odd number of quarks {usually three querks), and mesons are
madse up of an evan number of quarks (usually byvo quarks: one quark and one antl-
quank]).

The leptons intaract only through weak or e lectromagnetic inferactions. No experiments
have vet been able ta reveal any Intermnal structure for ihe leptons; they appear to be
fruly fundamental particles that cannol be splt into smalle:; particles. Al known
laptone have spin . 8o they all are fermions. Tha alx known leptana are grouped
as three pairs of pariclas as zhown in Table 12.3. Each pairincludes a charged particle
(e, w, v} its assodated neulrine and comresponding anti-particles, Charged lepltons can
combine with other particlas to form various composite: parficles such as atoma and
positronium, while neuftrinos rarely interact with anything, and are consequently rarely
obsenved. Tha best-known of all leptons is the electiron.

Table 1:&{1% family

H]
Family Parfiglp m ' (Me\cT) Charga @ Antipartiols
Ejection ) el 511 =1 a’
BB | Eactron neuling | . » 1107 o =
ki N 1057 - pt
R Muon nsulring, - ¥ ¥ 1107 Q T,
T o ™ . el 1777 -1 w1
a Tau Neutrino % » 1107 2 w
126 QUARKS

In 1864, M. Gell-Mann and George Zwaig proposed thal none of the hadrons, nol even
the proton and neutron, ere truly fundamental, but instesd are made up of combinations
of three more fundamental entities celled quarks or quark flavours. Quarks arg
coneldered to be tuly fundamental paricles, ke lepions. Three quarke originally
proposed were named up, down, and strange, with sbbreviations u, d and s,
razpactivaly. Prasantly, we ara aware of sl¥ quarks, |ust aa thara are slx keptons-based on
a prasumed syrmmedry in nature, The cthar three quarks are called charm, bottam, and
fop (c, b, ). These new quarks can be distinguished from the 3 odginal guarks (Table
12.4}. All guarks hava a apin and an elecine charge (2 frection of tha previously thought
smalisst charge @ on an slectron). Quarks are invizible. They never appear ontheir own.
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All hadrons are conslderad to be Table 12.4: Quark Navowrs.

made up of combinations of guarks
{plus ihpe gluons that hnldqmam ETpicine Gy c';" mf} P::;. n";r"
together), and thelr properties are
described by locking at their quark & 2 5 = _2
content. Mesans consist of @ v 3 3
querk-antiquark pair. For exampie. pown O T [l 3 5o
an mesonisaudcombination. A o 3 3
<an be mada of uu). L2 1500 5, 2
Each baryon, on the other hand, ™™ | °© 3 I
consistsof three quarks, suchas:  gyapoe | 5 | 1 | %% I~% P
The proton has & quark composition # NO) 3
of uud and so its charge quantum +2 |0l | - _z
number i ; " . 108 : N '“m ! E
£ £ i o Bertmm B 5 = 1
goudy= gk 3 wlgd=st by B3

Neutror has a quark composition of
udd and Itz charge quantum
number is:

Metlren Freion
2. .1 1 o o
dhj= =+(—) +{-=)=10
Mesons are quark-aniiquark pairs. Consider the meson =*, which consisis of an up-
quark u znd an antidown quark d. We see that the eharge quantun number of the up

quark |3 +273 and that of the antidown quark i3 +1/3. This edds nicely 1o 8 cherge
quantumn numbear of +1 for the m° meson; that is, giul =23+ 1/3=+1.

Notlong after the quark theory was proposad, il wae suggested that quarks have another
property (or quality) called enlour, or “colour charge” (analogous o electric charge).
According to this thaory, each fiavour of quark can have ong of thres colours, usually
designated red, green, and biue. Nole that the namas “colour” and *flavour” have nothing
to do with oiir senses, but are purely whimsical—as are other names, such as charm, in
this new fiald. The anti-quarks are colourad antired, antigreen, and antiblue. Barnyons are
made up of ihree quarks, ona of ach colour. Mesons consist of & guark—anti-quark pair

Meutron Proten Al =prekon

Flg. 12T (mn): Colourlass haryons: Flg. 12T (B): A colourless anti-baryons:
blue + red + grean = whils ant-blue + anti-red + anti-green = whita
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of a particular colour srd its anti-colour. Both baryons and mesons are thus colourless or

white. Each quarkis sasumed to canty a colour charge, analogous to an electric charge,
and the etrong forco batwean quarks |8 refarmad to as the calour foarea. This theory of the

strong force is called quantum chromodynamles or QCD, toindicate that the force acts
between colour chames (and not between, say, eledric charges). The strang force
batwean two hadrons le consldered to ba aforce betwean tha quarke that make tham up.
BetaDecay in Terms of Quarks 7 ]

Whena nevtron inthe nucleus decaysinto a prolanandan 5 o e il skl
eiectron (beta particie), an anti-neutrino is alsa preduced nudeus. Free nedrons decay
in the reaction and the decay process isgiven as: wiiha liaifite of 960 4.

No>iptile+ ¥

Mow, we can ideniify that a neutron with compositien udd ‘) * Ni
: ©

¥

Cimap

can convert infg a proton with composition uud By
changing a down quarkinto an up quark. The fundamental .
decay process can now be expressed as k8

d > u+a+y
Thus, as our understarding of the fundamental nature of malter despens, we can
analyza familiar processes al increasingly Iniricate kevels. The quark model not only

anhances ocur comprehanelon of particle siructures but also provides Insight into thelr
interections.

12.7 HIGGS BOSON &

Fundamentsl perlicies ars considared to be the six quarks, Ihe six leptens and the
gauge bosons (Higgs boscns), which are the carders of the fundarnantal forces.
Leptons and quaries interact with each other by sending and receiving bosons. For
example, eleciromagnetic Interactons occur when two positively charged particles
sand and receive (exchange) photons. The photons are said to “carry” the force
betwaen chﬂrgﬂﬂ pericdles. Likewise, attrection between two guars in an atomic
nucleus ocelrs whan bwo quarks sand and recslve gluons. Simllarly, tha W', Wand Z
are the besons that ara the carrers of weak nuclear foree ard gravitons are the carriers
of gravitational force. The Higgs boson s a special padicle discovered in 2012 at large
hadron collider at CERN. It Is assoclated with the Higg's field that permeates all of the
space. = crucial role is that it provides explanation for how the other particles get mass
by interacting with it.

The parides that interact strongly with Higg's field get more maes such as carriers of
alaciroweak interaction .., W', W and Z besons whereas the particles like phoions do
nct Intaract with Higg's fisld and hencs, thair rest mass is considarad zaro, Higgs boson
has a mass of around 125 giga-electron-volts (GeVic™ and decays rapidly into other
particles.Here are some key facts:
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1.  The Higas bosen gets its mass fromits interactions withits associated Higg's fiekd.

2. Itcan be a unique portal to find tha cord itions of universe shortly after tha Big Bang
and signs of dark metier due toils distinclive cheracteristics and properiies.

12.8 CONSERVATION LAWS

Al nudear processess such s nudear -'Z?F“frwr'"fwm"“w"---
reactions and nuclear decays obsy consarvation

Hadrons
lewssuchas: Masons, =.g. plons, kaans
1. congarvation of anangy, momantum and  baryone, a.g. protons, nmp. omesa,
charge. |tincludes the nuclecn number N Slmaand 'mﬂﬂpﬂﬁﬂs
and charge numher 2. Non-hedrons
3 baryon number :::;:n: mr.-l.ud!ﬂg Selagtrons, muen,
3. lepton numbear pheieng, graviiens
12,9 THE ASYMMETRY OF MATTER ANEAHTI-HA.TTER ]
THE UNIVERSE ,---""

F i

Many observations show that there is the asymmeiny belween matter and anti-matter.
Thisis the most remarkable fealures of our universe. A number of hypothesis are existed
which show that the universe consists slmost entirely of matter rather than anti-matter.
&.0., the universe is assumed to ke composed up 5% of ordinary matter (slecirons,
protens and neutrons), 1% of hydrogen atoms and 24% of helium atoms, there are no
any contibution of anti-hydrogen or anti-helium etoms in the composition of the
universa.

Tha axparimental results mnpigm that the matber and anti-matier asymmety is indeed
due tothe violation of congarvation of baryon number. i.e., thers is imbalance number of
haryons and its anti-baryons. Mow if the particia-antiparticle symmetry is also violated,
then there wil ba a machanism for making mora guarks than anti-guarks, more leplons
than anti-leptons and eventually more matter than anfi-matter. Hence, il is conduded
that the pmlq}am:aaﬁrmmntry of matier and anti-matter is siill mystary.

12.10 MOST OF THE MATTER IN THE OBSERVABLE UNIVERSE
IS PLASMA

Qur universe is more vast than our thinking, because we siill know about its 5% part but
we slill do notknow abaut its ramaining 85% part. Foraxampls, our universe consists of
about 27% of unlmown matter called dark metter and about 68% a mysterous
anfigravity material known as dark energy. By adding 27% and 88% we have B5%. It
maans 95% universe is out of cur thinking, i.e., we know nathing about 85% of the
universe,

On tha aothar hard, the 5% of the universse that we know aboul I, Is an ardinary
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matter, where hydrogen and helium sre aimost in the plasma state. Therefors, these
figures indicate that 95% of the 5% of the observable universe is the plasma state, while
tha ramaining 5% is in the form of matier. Henca, itis concluded that most of the mattarin

the observable universe is pleama.

12,11 THETHEORIES ABOUT THE FORCES BETWEEN THE

MASSES OF PARTICLES

To axplain tha interactions betwasn tha masses of the [ For your infarmation | [

particles through different mediators, wa have the
following two theones, the quantum field theory and

the string theory.
1. The Quantum Field Theory
Acoording to this theory, each parfide is represented

by a field called quantum field and #tis responsible to

transmit & force from one parlidle to another by &

mediator. For example, let a positively nhnrge:_‘.l._ﬂ__'r:

particle produces an electric field in the apace arpund
it. This chargad panicie exerts an attractive force gna
nearby negalively changed particle through its-fiald.
Moreover, the field can also carry epergy and
momantum from ocne particls to ancther. Where the
energy and momentum cf all fields are quantized. The
quanta that exchange momenum and energy from
one type of particle to another o thelr fisld are called
field particles. Thus, we can'say that the interactions
between particies are describad In terms of the
exchange of field parlicle or gquanta which are al
bosons, For example, the electromagnetic force is
madiated by photons called quanta of the
electromagnetic field, Similarly, the strong nuclear
force & medialed by field paricles called gluons, the
electro-weak force is mediated by the fisld particles
called Bosons (W and Z) and the gravitational forces
is mediated by field particies called gravitons,

2.  String Theory

String Theory is an advancad concept in
theoretical phyeles proposing that the fundamenial
particles of the universe, instead of being point-like,
are actually tiny, vibrating strings. These strings can
be open or cloged locps, and their vibrations

Teacule
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determine the properlies of parficles, including mass and force, String Theory
framework. offering a potential theory of evar:.rthlng, still remains unproved
experimantally. :

12,12 THE STANDARD MODEL

The standard model is the collaction of
theories that describe ths smallast
expedmentally chserved particles of matler
and Interactlon batween anergy and matier.
Three categories of particles form the
standard model are shown in Fig. 128
Matter, which makes up only 5% of the
universe is compased of quarks and leplons.
The fundamental bosans provide thres
farces: electromagnetiem, the zirong
nuclear forge and the weak nuclear force.

Tha Higy's boson provides an explanation =F
for how the other particles get mass. . /mﬁwmr perlinles i e

This model is still considered incomplete: curvently, it is unable to explain many
imporiant features of the krnown unlwsa;uch as (Y gravity (i) dark mattar (27% of
the universe (iii} dark energy (E8% of the universe).

T Gosrion: DI
@ Wanipie Cholce Questions |
Tick {+) the correct answer.

12.1 Which one_of the Tollowing is the fundamsntal particla?

{a) Proton— (b} Neutron {c) Electron (d) Mesen
12.2 The fifét tcovered anti-particle is:
&) aﬁ’ﬁipmtﬂn (&) anti-neutrino {e) anti-phaton {d} anti-alactron

12 3 Which one of the following pair of particles creates annihilation?
ia) proton-proton (k] preton-neutron
{g] neuron-photon {d) electron-positron

12.4 The strong nuclear force between the two particles is mediated by:

{a} gluons {(b) photan (¢} mesons {d} gravitons
12.5 Which ona of the following forces infaracts betwean two particles through photons?
{a) Btrong nuclear forca {EYWeak force

{c) Electromagnstic force {d) Gravitaticnalforca
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128 Whananautron changas Into a proton, then wawill observa:

(a)p-decay  (b)p'-decay (c}ydecay  (d)o-decay

12.7 Baryon iz formad by combination of:
(a)2 quarks (b} 3quarks
{c)4 quarks {d}Aquark and an anb-quark

128 Which cne of the following forces has neglgible effect between the elementary
particles?
(8) Strong nuclear force (b)Weak forea
{c) Gravitational force [d}Etadmmagnnunfum j

12.9 Whichparticles are producad by strong intaraction? \, ~~
(a)Graviton  (b)Leptons (c) Hadrons {d}mmna

12.10 Astrong nuclear force exists between the nugieons ofy, ()
(a)p—p (BYyn—n ©p-n {@allofthese

12.11 Which one of lhe following radiation/particles arﬁ;tim highest ionization power?
(a)ex (b) B~ @F. @

12.12 Which one of the following rmilzdiunfpm:hu'ﬁ has the highssl penetrating power?
(8)e (b) B’ IR {d)y

12.13 Achange occurs In atomic nmarurl' @ nucleus but its mass number ramains the
same by decay ol &
(&) OIS (c)y {dyaandy

12.14 I a nucleus, & neutmrl changes into a proton, the atomic number changes by
e, the mass numbsarwill:

(a)decrease .x{b}lncrease {cyremainthesame (d)none of thase
12.15 The electrowsak theory was introduced by:

{a)Dirag> - > () Einstein fo}Anderson  {diDr.Abdul Salam

12.18 Th_e ﬂs}_m-:rnetrr of matter and anti-matter Is dug o imbalance number of:
(2)hadron  (5)lepton (c)baryon  {d)photons

12.17 Whichone of the folicwing particle is responsibie forthe mass of the fundamanial
particle?
(g)Quarks  (b)Anti-quark {c)Lepton  {d)Higgsboson

12.18 Aprotonis compased of up and down quarks, the order of guarks is:
{a) udd () udu {cluud {d}dud

12.18 The number of quarks that composed of a neutron is;
(8)2 (B)3 (c)4 (d)5
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127
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1239
12.10
121

12.12
1213
12.14

12.15

12.1
122

12.3
124

125

Short Answer Questions ]

What do difterant isotopes of a given element have in common? How are
they different?
ldentify the element that has 87 nucleons and 50 neutrans.

What are the simil=rities and differences beiwean the sirong nuclkaar forcs and
the electromagnetic farca?

Fill intha missing particle ornucleus:
(a) 7Ca—s?7+e+ Vv
{(b) 2Cu' = ?+y
Why neuiring must be released in the poaitron emission?
Distinguish between fermions and bosons.
How does strong force hold the nudleus?
Can thera be pair production for photons having energy 20 kaV'? Explain briefly.
Whatisthe difference batween betaparticle and électron?
How do a proton and a neutron convert toeach other?
Why does batz-decay have a confinuous anergy spactrum and alpha-dacay
have adiscrats energy spactium?
Diftarantiata batwaan hadron and Bptons with axamples.
Why electron-positron pair canrot decay into a single photon?
State the role of Higgs Boson in the generation of mass in mcdem physice
thegrias. '
Whatare Mesons? Give examples.

{ Conttructed Response Questions |

|s mesen, aboson or fermion? Give reasen.

Why does an alpha emitter emit alpha particles instead of four separate
necleons?

Which is mora energeticalpha decay or beta decay? Justify your answer.

A nudleus undergosas gamma decay, emitting gamma ray photon with energy
1.5 MaY¥. Calculate.

{i) frequency of gemma ray
{iii} wavelsngth of gamma ray
iy momantum of gamma ray

Why docs the a-particles not make physical contact with the nuclkeus when
headad diractly towards it7
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[@ Comprehensive Questions B

121 What is meani by radioaciivity? Compare the properties and behaviour of threa
typas of radiations.

12.2  Elaborate tha phanomanon of beta-positive decay and bata-nagative decaywith
examples.

12.3  What is the difference between matter and ant-matier? Discuss reasons why
our universeis almost entirely composed of matier.

12.4  Explain the phenomenon of pair annihilation with an example. Explain the utility
afits principle inthe medical firld.

12.5  Evplain the law of consarvatieon of enangy and momenium n alectron-positon
pair annihlaton.

128 Describe protons and neutrons in terms of their quark compasition.

12.7 Descrbafour fundamental forcas Innaturs. .

12,8 Descrbathe dassification of slemantary parfices,

@ Numerical Problems
12.1 Uranium-238 is an alphe emitler. In the process, itis ransmutated into a daughter

nuclaus. Whal is the mass numbar A and change numbar 7 of the daughter
nucleus? What s its chemical symbol? [Ans: A=234, Z=80, Thorium(Th)]

12.2 Polonium “Po is a beta minus.emitter. What will be the mass number A and
charge number Z of the daughter nucleus? (Ans:A=218,Z=8E5}
123 Nitrogen ;N bombarded by alpha particle results into ;0. What is the product
particle in this nuclear reaction™ (Ans: H proton)
12,4 Show that nucleon namber N and charge number £ are conserved in the numerical
question 12.3,
12.5 Datarminge the rest-mass anergy of electron ineV. lisresl-massis 0.000555 u?
(An=s: 0517 MeaV)

12.8 Calculats the Q-value for the reaction taking place in Rutherford's experiment on
artificial disintegration of nitrogen by bombardment with alpha particles. Raelative
Maseas are:

"N=14.007515u , He=4.003837u, '|0=17.0045633uand H=1.008142u
(Ans: -1.23 MeV}
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