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Nuclear and Particle Physics

Concepts of Nuclear Processes

e State that nucleon number and charge are conserved in nuclear processes
o Doescnbye the composition, mass, and charge of alpha (a). beta (1), and gamma (y) radiations, llltlndmr
i
both Ivta-munus (clectrons) and beta-plus (positrons)

Explain that alpha-particles have discrete energies, but beta-particles have a continuous range of
energies because (ant) neutninos are emitted in beta-decay

Matter and Antimatter

Explamn that an ant-particle has the same mass but the opposite charge to ats corresponding particle,
gving the example that a positron s the anti-particle of an electron

State that clectron anti-neutnines are produced dunng beta-minus decay and electron neutrinos are
produced during beta-plus decn

Mustrate that anb-particles usually have the same weight but opposite charge compared to their matter
counterparts

Desenibe anmibulation reactions where a particle meets its ant-particle, leading to mass conversion inta

Jheat and bight energy. or the tormation of new sub-atomic particles

State that most of the matter in the observable umiverse 1s matter.
Jescnbe the asymmetry of matter and anti-matter in the universe as an unsolved mystery

Fundamental Particles and Forces

Descnbe quarks and anbi-quarks as fundamental particles, notng that there are six flavors. up, down,
strange, charm, top, and bottom

Desenibe protons and neutrons in terms of thair quark composition

State that a hadron may be aither a barvon (consisting, of three quarks) or a meson (consisting of one
quark and an antixjuark)

Desenbe the changes to quark compaosibion that take place dunng beta-minus and beta-plus decay
State that electrons and neutnnos are tundamental particles called leptons

State W, Z, gluon. and photons as fundamental particles called exchange particles or torce carriers.
State the Fhggs Boson as a tundamental particle responsible for a particle's mass

Explain that every subatomic particle has a corresponding anti-particle that has the same mass but
opposite electne or m Apnenc properties, ace ording to the Standard Model of Particle Phvsics

Explamn that there are vanous theories about how 'mass’ and ‘force’ are generated, such as from
quantum helds when energized, or from multi-dimensional 'stnings’ that vibrate in lugher dimensions
to give nise to particles
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INTRODUCTION
What are the primary reasons physicists sought more fundamental particles beyond protons, ncutrons, and
electrons by the late 1960s?
All atoms are believed to be composed of neutrens, protons, and electrons. The antiparticles of these particles
are also known, such as the positron (a positive electron), the neutnno, and the photon. By the late 1960s, many
new particles similar to neutrons and protons, called mesons, were discovered. Some mesons had masses less
than nucleons but more than electrons, while others had masses greater than nucleons. Tlus led physicists to
scarch for even more fundamental constituents, wlhich were later contirmed as quarks. Tlus chapter will
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121 STRUCTURE AND PROPERTIES OF THE NUCLEUS

What is atomic Nucleus? Define its mass number and ¢ harge numbers?

,%uc NUCLEUS:
In 1911, from his expenments, I'rnest Rutherford |||.‘u‘l-l|\~d a nuclear model of the atom Acoording 1o this
qunlel an atom consists o a stall dense, positively charged nudeus with negative electrons orbating about it
yhout 99 9% of mass o atom s concentrated in the nucleus: The radios of the atom s 100 times the radius of
e nucleus
\nn‘.!l'l-l\ consists ol protons and neutrons called nucleon A prnlun has a positive charge u]u.ll to I )"
while neatron has no charge The mass of proton s 167310 7 kg wiule mass of neutron s 167500 kg i
(he mass of a neutron s almost 1';pml to mass o proton
Unified Mass Scale:
the mass of atomic particles cannot be expressed in terms of very large standard umits of imass such as
plogram. 1s expressed i terms of unified mass scale (), which may be stated as
1 uis exaclly equal to the one twelfth the mass carbon-12 atom.
iv 1u=16606x 10 “'ky m
Inunified mass scale: Some atomic masies
Mass of proton = 1 007276 u

Mass of neutron = 1 008665 u P 000055
Mass of electron = 000055 u o 1 008665
Atomic Number: Y 1007276
The number of protons inside a nucleus is called the atomic number or the ™ 2014102
charge number of an atom. L] 301605
jtis donated by Z He 301603
Thus, e 4 002603
The total charge of nucleus = Z¢ u 7016004
Where e indicates charge on one proton ::‘ ::;;:fu
1
Mass Number: "o 169991

The combined number of protons and neutrons in a nucleus is known as its
mass number.
1t1s usually denoted by A
Neutron Number:
The number of neutrons in a nucleus is called neutron number.
1t1s denoted by N and 1s given by,
N=A-/
Symbolic Representation of Nuclei:
Anucleus of an element X with mass number A and charge number Z 1s represented by the symbol,

* et g Anr
dwemma X OF X
For Example:
(0] For hydrogen A = 1and Z = 1 and is represented by the symbol | 11

(1) For helium, A = 4 and Z = 2 so it is represented by the symbol 11

(w)  Foruranum, A = 235 and Z = 92 soatis represented by the symbol 27U
Nucleons:

A nuclens consists of protons and neutrons, these parbicles are ¢ alled the nucleons
Proton:

Aproton has a positive charge equal to 16X 107 C and its mass i 1Lo73 < 105 hy



Neutron:

\ neutron has no charge, but its mass 1s 1673 x 1057 kg The mass of neutron is nearly equal o the may, ol
proton

UNIFIED MASS SCALE (u):

The unined mass scale based on the mass of the carbon atom 2C. which is taken exactly equal to 12u [hyg g i
1s equal to 1/12 of the mass of the carbon atom
lu= ll- * mass of carbon atom
Tu =1leolox 10" ky
In this unit the mass of proton 1s 1007276 u and that of neutron 1s 1 008665 u wlile that of electrop
000055 u
Charge on an atom:

- An atom on the whole is electneally neutral Number of proton inside the nucleus s equal 1o the

number of electrons outside the nucleus

The atomic nucleus consists of two types of particles: protons and neutrons. A proton s the nucleus of hy
simplest atom, hvdrogen (protium) It carries a positive charge equal in magnitude o that of an electron
(1ox10 7 Cy and has a mass of 1710 T kg The neutron. discovered by James Chadwick in 1932
clectncally neutral and has a mass nearly wlentical to that of a proton. Both neatrons and protons
collectively called nucleons

Isotopes

Nucler with the same number o protons but ditterent numbers of neutrons are called 1sotopes For a particulyy
clement, hike carbon, nuclel can have varving numbers of neutrons wlule mamnmtaiung the same numbyer al
protons For example. carbon nucler alwavs have o protons but may have dilferent neutron counts. Fxamples of

Or
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carbon isotopes are UC . L'CLand 'C Among these, Cand !'C. are stable, but ' C 1s unstable and decays

nto mitrogen with the enission ot a beta particle and a neutnno

SLO BASED SHORT QUESTIONS & ANSWERS
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| » Define a nucleon.

PAns: A nucleon s a collctive term for the particles that make up the atomic nucleus protons and neutrons

. What is the significance of the atomic number (Z) for an element?

Y Anss The atomic number (Z) determines the number of protons in an atom s nucleus, which uniquely defines
the chenncal identity of an element

i . Bricfly explain what isotopes are.
Ans: Isotopes are atoms ot the same element (meaning they have the same number of protons or atomig
number Z) but ditfer in the number of neutrons in there nucleus leading to difterent mass numbers (A)

How is the mass number (A) related to the number of protons (Z) and neutrons (N) in a nucleus?

| Ans: The mass number (A) 1s the sum of the number of protons (Z) and the number ot neutrons (N) in o

nucleus 1e . A=/Z+N

| What is lhcfippm\irmln mass of a proton in unified mass units (u)?

Y Ans:  The approvimate mass of a proton s 1 007276 u

|« What is unified mass scale?

Unified Mass Scale (U):
The uruficd mass scale based on the mass of the carbon atom “Co which 1s taken exactly equal
to 12u Thus 1 u s equal to 1/12 of the mass of the carbon atom

e o —— — — —

:
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' lu = 7 < Mmass of carbon alom

I Or 1u = 16606%107 kg

! In this unit the mass of proton is 1 007276 u and that of neutron is 1 008665 u while thal of

! clectron 1s 0 00055 v

I . What 1s the charge on an atom?

, Ans: Anatom on the whole s electncally neutral. Number of protons inside the nucleus 1s equal to the
B BURNE G slochrons gulside Ienuiitnsvrithiounl and OUPOUIE SIMIRE: i i
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Objective and Conceptual Questions)
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__MULTIPLE CHOICE QUESTIONS

~ ~ Which of the

; following defines the chemical ident ity-o-l-.:; element?
| (2) Number of neutrons  (b) Mass number (<) Atomic number  (d) Total number of nucleons
! \nswer (c) Atomic number Explanation: The atomic number (7), which prosents the number of protons,
| uely deternunes an element’s chemical identity and its position in the periodic table
B An isotope of an element shares the same:
. (a) Mass number but different proton number (b) Neutron number but different proton number
(c) Atomic number but different neutron aumber  (d) Total nucleons but different proton number
wers (€) Atomic number but different neutron number Explanation: Isotopes of an element have the same

yunig

! Ans

| qumber of protons (same atomic number) but a different number of neutrons, leading to different mass numbers
' I: The unified mass scale (u) is defined as:

| () The mass of a proton (b) Exactly one-twelfth the mass of a carbon-12 atom
' (¢) The sum of masses of a proton and a neutron  (d) The mass of an electron

IAM‘“.-_ (b) Exactly one-twelfth the mass of a carbon-12 atom Explanation: The unitied atomic mass umit (u) 1s
d gefined precisely as 1/ 12th the mass of a neutral carbon-12 atom

! . A nuclide is denoted as  X. What does 'A' represent?

| (a) Atomic number (b) Number of protons

! (¢) Number of neutrons (d) Total number of nucleons

| Answer () Total number of nucleons

[.phmlion: 'A" 15 the mass number, which 1s the sum of protons (£) and neutrons (N) in the nucleus, hence the
s total number of nucleons

. If a carbon nucleus has 6 protons and 6 neutrons, its notation would be:

! (@) 'C (b) ,'C () :C «,C

!,\nswt'ﬂ (a)'C Explanation: The atomic number (Z) is 6 (for carbon), and the mass number (A) is the sum

| of protons and neutrons, 6+8=14 Soit's ,'C

o The nuclei «C'* and ;N"can be described as:

! (a) Isotones (b) Isobars

| Explanation: Isobars have same mass number

e Particles which can be added lo the nucleus of an atom without changing its chemical properties are
called:

! (3) Neutrons (b) Electrons (<) Protons

| Explanation: Chemical properties depend on number of protons

by Atoms having equal number of neutrons as well as equal number of protons but with nucleons in

| different energy states are called:

: (a) lsotopes (b) Isobars

! Explanation: It is definition of Isobars

(¢) Isotopes of carbon (d) Isotopes of nitrogen
(d) Alpha-particles

(c) isoloncs (d) Isomers

R kT I T T & e —

1* In stable nuclei, the number of neutrons (N) is related to the number of protons(Z) as:
i (QN<Z (BN=2Z (YN>Z (dN2Z

Explanation: For stable nuclei For light nuclel, the number of neutrons (N) is often equal to the number of |
1 protons (Z) (N = Z) '

| For heavier nuclei, the number of neutrons (N) must be greater than the number of protons (Z) (N > 7) to |
1 overcome increasing clectrostatic repulsion between protons. Therefore, the mest general and correct statement
ls(N2Z

o — ————— — —— — | — — — — " — i — " — ——— — —
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What are fundamental forces of nature? Describe tour tundamental forces in nature, g

————

@

FUNDAMIENTAL FORCES OF NATURY

Al interactions 10 the universe are governsd by four basic forces, known as tundamg nlal torces. Thes lorces
contrel how obpects move, interacl and behave at ditierent scales
1. Gravitational Foree (Gravity)
Nature: Weakest of the tour toroes. but long-range and alwavs attractive
Source: \rises trom gravitation Winteraction betwoen bodies due to thowr mass
Significance Significant for massive objevts (ke planets and stars) Neghgbly weak at the atomie level
Dependence: Proportional o the product of masses and iversely proportional to the square of gy,
distance
2. Electromagnetic Foree
Nature: Mudh stronger than gravin also lnn:-.-r nge Lan be attractive or rcpul-u .
source: Rosponsible tor elvtne and magnetic beld interactions
Significance: Governs atomie structure. chemucal bonding, - electoaty, magnetsm. - and - Jighy
Propag ifnn
= Formulation: lames Clerk Maxwell uined electnaty and magnetism wath. Maxwell s equations
3 Strong Nuclear Force:
Nature: Strongest of the tour tundamental torces [tis aveny short-range toree
Source: Responsible for holding the nucler ot atoms together, overconming the electrostatic repulson
betwoeen protons .
Range: Only evists insude the nucleus (range <1077 m)
Interaction \dts as anattrachive force between all nucleons (protons and nentrons)
4. Weak Nuclear Forge:
Nature: Short-range torce
Source: Responsible tor radioactive decay, particularly beta decay, and mteractions involving neutnings,
Significance: Can change the identity of particles. essential tor nuclear tusion in stars and the decay of

unstable atomue nucle

= 1967 Srewen Wemberg and Abdus Salam uved ther wdeas o
buld 2 model of electron Mmass and weak DOson Mass
= Alo earier deas by Sheidon Glashow

Nobel prue 0 1979 @ ﬁ
& AR ﬂ
Salam

X e aterg Glrhow
FORCE APPRONIMATE RELATIVE STRENGTH RANGE
(COMPARED TO STRONG FORCE)
Graviny U o (Inlinng)
Weak muchear force ' <10 " m
E lectromagnctic 10° < (Intimite)
Strong nuc lear forve 1 <10 "'m
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MULTIPLE CHOICE QUESTIONS
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.27 Which fundamental force is responsible tor holding the nucleus together®
" (A Gray ational torce  (B) Electromagnetic force [¢) Weak nuglear force
= () Strong nuclear torge

o) Strow

nuslear temy
Lanswe
ll“l"“'“it‘“ I he strong pucear toree overcomies the el trostaty w pulsion betwern protons to busd nuskeens
' thin the nuleus
Among the four fundamental forces. which one has an infinite range but is weakest at the subatomig
level?

() Strong, nuclear force
() Gravitational foree
srav ity s the weakest of the tour forces by far
the atomic and subatomic scales

(M) Electromagnetic terce (¢) Weak nuclear torce i) Grav itatonal tone

[} -
,\ns\\'t‘

MY Janation:

andd whale it has an inbimite ranee it eftects ang

L]

L]

L]

|

L]

L]

|

L]

| m-glu:tl‘]“ at . _ _ |
" The electromagnetic foree is mediated by which particle? '
(@) Gluen (1) Photon (<) W Ixwon |

| Apswer: (b Photon '
l ‘;“\L\n.ﬂioll Photons are the exg hange P.llhdc\ (gauge bosons) tor the el tromagnetis force l
1 ¢ ¥ . » . L]

'Y Which force is responsible for radioactive beta decay? |
| (a) Strong nuclear toree y
L]

1]

! Answers (€) Weak nuclear torce

dY Graviton

(1) Electromagnetic toree (<) Weak nuclear toree (J) Gravitatonal torce

ation: S LTS wlear fonoe is res S FOT prroveseses Dk It dovas . wihere par =~y gy AT wienibiy
If‘l“mt The weak nuclear foroe s responsible for ik beta o here partochs change therr sdend
] s .
| 1f you consider two protons, what two tundamental forces are acting between them simultancously

(1) Gravitational and weak nuclear (1) Strong nuclear and electromagnetic

() Flectromagnetic and weak nuclear () Gravitational and strong nudlear
v Answers (D) Strong nuclear and electromagnetic '
||.\pl.1n.lliun'. Protons have mass (gravitabional force), charge (eloctromagnetic repulsion) and are nucloons |
1 (strong nuclear torce attraction at short range) However at nuclear distances, gravity s meghipble amd weak !

| jorce 1s about identity change not primanly binding The twg domimant torees bebwoeen protens in a nulous are
L]

- —— " ——— — — — ]

SLO BASED SHORT QUESTIONS & ANSWERS

! the rt‘j‘ul\u'v clectromapgnetic torce and the attractive steong nuclear tone
‘__ — i — . — i — . — . — e — ——— - — -

- ———— e = — ——— — —— — = = = e = e m e e W = e . —
le List the four fundamental forces of nature.
tAns:  The tour lundamental torces are gravitational, elestromagnenc, weak nuclear and strong nudlear

L]
. Why is the strong nuclear force essential for the stability of atomic nuclei? |
Ans; It |‘““|‘I“‘ a powerhul attractive force etwaeen nucloons (protons and peufrons) over veny ‘!‘-\'!li
! distances, overcoming the clectrostatic repulsion between positively charged protons that would |
| otherwise cause the nucleus to break apart \
' What phenomena are governed by the electromagnetic foree? '
|.-\ns-: Ihe elctromagnetic force govems phenomena such as atomie structure, chomecal bonding. elvmany |
N magnelism. and light propagation '
|* Bricfly describe the range of the strong nuclear force. |
1 Ans:  The strong nuclear force has an extremely short range. actmg only within the atonie nudlous Joss than
| 105 m), and s strength rapidly drops to zero beyond this distance |
Yo Which force can change the identity of particles, and why is it important in stars? :
I Ans:  The weak nuclear force can change the wdentity of particles (¢ v . transtorming a preton mto a neatren o |
! vice-versa) Tt as cruaal for nuclear tusion processes in stars, where it facilitates the pevessan parti e .l
! transtormations .
| What are Maxwell Equations? What is their significance? 1
N Tames Clerk Maxwell (1801) formulated a set of tour fumdamental aquations namad as “NMaswell sy
| equations” that unitied electnicity and magnetism into electromagnetism. These cauations desenise
' how electric and magnetic helds mteract and how elevtromagneti ¢ sopNagat s
| equations showed that elecine and magnetic ields are ot separate tones bat are e aspaads ot 2 \
. _l e ——

-
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4 Chapter 12 [Nuclear and Particle Physics)
. Energy equation of photon = [energy required for pair production] + [Kinetic encrgy of the particles)
ht e * KE () KE(e*)
N 3g xRN0 Woaaoty! W
Here 2muc —____huld 10 Ml

2mact =102 M eV
Condition for pair production

. The par production can only take palace it the energy of photon must be greater than or equal to the
sum of rest mass energy of electron and positron according the law of mass energy equivalence

. Ihe presence of heavy nucleus must be there so that the hinear momentum remains conserved

. This phenomenon is also known as matenalization of energy

. According to Einstein relation (E = me?), the mass and energy are inter-convertible

Ltility of its principle in the medical field.
Pair annihulation s used in Positron Emission Tomography (PET) scans, a medical imaging techimgue

Ina PET scan

L A patient s mpected waith a radiotracer contaning a positron-cnnting isotope

2 When a positron trom the tracer mects an electron i the body, they annihilate, producing two gamm,
ravs

3 These gamma ravs are detected by the PET scanner, allowing doctors o create 3D images of metabolic

activity in the body

I Apsn

. Cancer detection and monitening (e g, tinding tumors and checking treatment effectivencess)
. Diagnosing brain disorders Iike Alzheimer's and Parkinson's

. Assessing heart disease by showing blood low and tissue damage

Do you Know?
roducton cannot take place ina vacuum or emmpty space; it requires the presence of an external object like
i atonue nucleus o ensure the consenvation of energy and momentum during the collision

11 TR e W Y ey (eriOes ey o P s
BT may b P S 3 P e et T paiciet coreal moaly of greoed. w-ﬂ
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I e e
T haCarded v T arpet T wesl B et Pase SCCmeeryimd O] Garhoel Sy
B CEOE Nemon w Gach ofer Al B e, T SaDra YO Pess eI T Larvone
e pore Lo Swors 80 e aSOrTors.

‘Do you know?

I‘atl:dc Accelerators: Huge maclunes that accelerate charged partbicles (electrons, protons, ions) to
extremely high energies and speeds, approaclung the speed of hght Examples include Linear
\ceelerators, Cvclotrons, and Betatrons

. Cosmic Rayvs High-energy particles from outer space (Sun or other stars), mostly protons, neutrons,
and heavier nucles, that continually bombard Earth. They produce showers of secondary particles upon
interacting with atmosphenc atoms

. Nuchear Reactions: Unstable radicactve elements (ke Uramum-235) in nuclear reactors undergo
fission. emutting various particles (neutrons, neutnnos, alpha-particles, photons, electrons, positrons)
. High-Energy Collisions: When accelerated charged particles (protons, electrons) collide with target

matenals or each other in accelerators, the debns can contain new particles like pions, kaons, muons,
and anti-protons

‘ INTERESTING INFORMATION:

Quarks and leptons are fundamental particles that also have anti-particles

m Physics 11 (Subjective, Objective and Conceplual Questions) 455
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What do you mean by .mml'nl.\hnn nl' malter? l\plaln or Explain the law of conservation

of energy and momentum in |:lvclmn -positron pair-annihilation.
—

___..-—----"-——_"__ -
\\:NllllL:\TION OF MATTER:

\|\I\Ih1|dhﬂl\ 15 the opposite process of pair production It occurs when a particle

meets s corre spumill\h anti-particle, and they mutually destroy cach other, :'»'Io
“nu'lml their entire mass into ene ey (v ally ]\lmlun-] <
[‘_““P[c When an electron and a positron ainteract, they annihulate into two . Y :: ¢ -

}-‘ul‘ll'l\;\-l-“ photons

SAAAM

g rel—3yy+y
Energy Release: Each gamma-ray photon typically has an encrgy equal to th
rest mass  energy of one ol 051 MeV for an
electron/ positron)
o Conservation Laws: Energy and momentum are conserved m annibulation reac tions

Fig 111 Avrdowe o wter

the particles (eg.

o The two photons are emitted in opposite directtons i order to conserve momentum

o Other Examples: Annihilation can occur for other particle-antiparticle pairs, such as proton-anti-proton,
lepton-anti-lepton, and quark-anti-quark

o LHC and Annihilation: Experiments at particle accelerators like the Large Hadron Collider (LHC) at CERN
have shown that dunng high-energy collisions, some mass of collidhing particles 1s changed into
clectromagnetic radiation, and any leftover mass appears in the form of new sub-atomic particles higure

12.3 .
Collision with i
(hydrogen nucisus) '
Path of neutral lambda particie (£ )
Flg. 12.3: A high energetic pp collision producing 18 new
particles.
~ MULTIPLE CHOICE QUESTIONS
¢ 7 TAnanti- partlrlehnslhcum-c'_-_-_—_-_-_-_-_.“—-—— SiFSaEE a
. (a) Charge but opposite mass (b) Mass but opposite charge
! (c) Spin but opposite mass (d) Mass and same charge

L]
|
Answer (b) Mass but opposite charge .l
y Explanation: An antiparticle has the identical mass as its corresponding, particle, but its ¢lectnie charge (and other
| quantum numbers like magnetic moment) is opposite \
Ve The first anti-particle to be discovered was the: '
| (a) Anti-proton )
1 Answer: (¢) Positron
| Explanation; The positron (c+), the antiparticle of thy: electron, was discovered by Carl D_Anderson n 1932

(b) Anti-neutnno (¢) Posiron (¢) Anti-muon
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Pair pmdudlon occurs when a high-energy photon transforms into:
: (a) Two photons (b) A single parucle
I (¢) A particle and its anti particle (d)A proton and an clectron
Answer: () A particle and ats anti-particle
l Explanation: Pair production s the process where a high-encrgy photon converts its energy into a particle
I antiparticle pair (v g anelectronspositron pair)
NG What is the minimum energy required for a photon to create an electron-positron pair?
() 051 MeV (b) 102 MeV (€) 1 60 MeV () 204 MeV
1 Answer: (b) 102 Mel
| Explanation: The rest mass energy of an clectron s 051 MeV For pair production, the photon must have at least
v enough energy o create both an electron and a positron, so 2«0 51 MeV=1 02 Me\
|« Ihe annihilation of an electron and a positron typically results in the emission of:
. (a) One gamma ray photon (b) Two gamma ray photons
| (<) Three gamma ray photons () Alpha particles
' Answer (b) Two gamma ray photons
I splanation: To conserve both energy and momentum. an electron positron annihilation usually produces two
I gamma ray |iulnm |l.l\.\‘|lnh_lll opposite d ahrulmm

e e — e e — — — i —
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. Define an anti-particle. '
| Ans:  Ananti-particle 18 a subatomic particle that has the same mass as a corresponding particle but opposite |

clectnie charge and other quantum numbers 1
| » Briefly explain the process of pair production. |
tAnss Par production s the phenomenon where a high-energy photon (gamma ray) passing near an atomig
| nucleus converts its energy into a particle-antiparticle paire (e g . an electron and a positron) |
‘e Why is an external object (like a nucleus) necessary for pair production to occur? g
| Ans:  An esternal object (ke a nucleus) s nevessary for pair preduction o conserve both energy and |
i momentum duning the transtormation of a photon inte a particle-antiparticle pair, as the pucleus can 4
- abworb some recorl momentum .l
i Describe the process of matter-antimatter annihilation with an example. |
g Anse  AMatter-antmatter annibilation s when a particle and its corresponding anti-particle collide ln-l convert |
| their entire mass inte energy. typically in the form of photons For example. an electron (v=) and a |
I positron (=) anmhilate to produce two gamma-ray photons (y=y) '
| = What conservation laws are satisfied during pair production and annihilation? |
" AN Both pare production and anmihilation reactions sabisiy the tundamental laws of conservation of energy, 1
!___llilll\;l!lllﬂ_!lﬂ(_h.ll ______________________________!

12.4 RADIOACTIVITY

What is meant by the term -r.:dio.ncu\-ily.’ Give an account of the radiations emitted by
radioactive substance. Or What is meant by radioactivity? Compare the properties and
behaviour of three types of radiations.

LAns]
RADIOACTIVITY:
The elements having atomic number Z greater than 82 are unstable and emiat three types of radiations. Such
clements are called radioactive elements and the phenomenon s called radioactivaty
& Natural Radioactivity: Occurs for nucler with atomic numbers greater than 82 (e g,
wluch are naturally unstable
e Artificial Radicactivity: Unstable isotopes ‘I‘J\’I;!l\\!h\“\'ﬁ or radionuchides) can be [‘fl‘\lllu Jd artitioally in

Uranium, Radium),
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laboratories by bombarding st |l le elements mlll high-energy partic - (neutrons. protons, alpha particles
pamma rays)
Discovery of Radioactive Elements:
e In 1896, Henry Becquerel found that uranium (/7
photographic plate after penctrating through it
o Alter Becquerel's discovery, Mane Cune and Pierre Curie discovered two new radicactive elements named
as Pl}lnnllln\ ;Ill(’ (-Idll.ll'l'l
The radiations coming out of the radioactive elements are called alpha (a), beta () and gamma (y) radiation
Analysis of The Radiations:
To study the nature of the radiatons, radioactive matenal such as radium s placed at the center of a lead block
Ihe emitied radiations pass through a hole in the lead block and enter a vacuum chamber passing between the
two parallel plates. Then these radiations strike a photographuc plate at three different points
Conclusions:
From this experiment, we conclude that all radiations emitted from radioactive matenial are not alike
Iypes of Radiastions (from naturally radioactive substances) These radiations behave diflerently in an electnic
field
L Alpha (a) particles
Nature: Hlelium nucler (He ). consisting of fwo protons and two neutrons

92) enuts an invisible radiation and affects the

Charge: Positive charpe (2¢) Deflect towards the negatve termunal inan electmc held
Mass Relatively large mass
Speed =10 m s
lonization Power Highest (about 10¢ jon pairs per mmoin air) This means they cause signalicant
tonization when passing through matter
Penetrating Power Lowest Can be absorbed by o sheet of paper
> Range in air Several contimeters
2 Deta () particles
Nature: Fast-moving electrons (¢7) or positrons (¢°) created wathin the nuclens dunng decay They are
indistinguishable from orbital electrons
Charge: Negative charge (¢7) or positive charge (¢7) |1 particles deflect towards the positive terminal in
an electne held
Mass: Much lighter than alpha particles
Speed: Up to 09995 ¢ (close to the spevd of Light)
lonization Power Medium (about 107 1on pairs per mm in air)
Penetrating Power Medium Can be absorbed by 1-5 mm of alununum shect
Range in air Several meters
3. Camma (y) radiations:
Nature: Electromagnene radiatbions (photons) emiatted trom exated nuclet
o Charge: No charge Pass through an electnic tield wathout deflection
o Mass: Massless (photons)
Speed: Travel at the speed of hght (31" m s ')
lonization Power: Lowest (about Lion pair per mm an air)
Penetrating Power Highest Can be absorbed by 1-10 em of lead sheet
Range in air Obeys the inverse square law (can travel very lar)

———
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What is nuclear transmutation and how parent nuclei changes after emission of alpha, beta and
gamma radiation? Explain. or Elaborate the phenomenen of beta-positive decay and beta-

negative decay with examples.

NUCLEAR TRANSMUTATION:

Radicacuvity is a nuclear phenomenon and is not atfected by any physical or

| Py |

The neutnno was Arst proposesd by
Woitgang Pauli i 1830 1o obey he
energy conservalion In the bels-
menus and bola-plus docays Laler
In 1953, neutnno was delected by
F Rewos and C L Cowan n a
high-power nuclear reactor On

<henucal reaction

When any particle/ radiation 1s enutted from some radicactive element,
then this element changes into a new element called daughter element
The ongnal element is called the parent element. The phenomenon of
change of nucleus is called nuclear transmutation of radicactive decay

During the nuclear changes, the laws of conservation of mass, energy, i v F R
momentum and charge remain apphicable o Nobel paze in 1995
Emission Of Alpha Particles: (Alpha Decay)

It the nucleus has more protons than the number of neutrons, the *Ra

clectrostatic torce of repulsion becomes greater than the strong nuclear Parent nucieus a-particle

force of attraction In this case, the nucleus becomes unstable and enuts o

alpha particles in radicactive decay '

When a nucleus of radhioactive element emuts an @-particle, then due to

law of conservabion of charge its charge number decreases by 2 and due to

law of conservation of mass, the mass number decreases by 4 The

emission of @ -partcle is represented by the following equation
*X—2: Y +1 He

T wmessedpensneas st Hg

R

. © For your information

The neutrino was frst proposad by
Woltgang Paull in 1830 10 obey the
enargy conservabon in the bete-
menus and bela-plus decays Later
in 1953, neulnino was detected by
F Remes and C. L Cowan in a .
high-power nuclear reactor. On
ha dascovery. F. Reines recerved
tha Nobel pnze in 1995

Where , X represents the parent nucleus and [ JY the daughter nucleus
and ‘Heas alpha particle

For Example:

A radium-226( “ Ra) isotope after emithng an alpha particle decav into

radon-222(

~Rn) gas and s represents as

»Ra—>m Rn+' He

ENT INFORMATION

In the above nuclear reaction, the daughter nucleus (o A neutnno s s iy, neutral subatomic particle
with vers hittle mass I ofien called o “ghost
particle” Bevause 1 barely anteracts with anything
pasung through most matler Jue 1 having no
elecinic charge and onh anlermting via the weak
ouclear force and graviy  Ihore are three types
(Mavers). and thes wan change between these types
(oscillate) a phenomenon that prosed they have
mass Nouinnos are eviremely abundant o the
wniverse, prisduced by stars and other Cosmic ¢yvenis

‘Rn) 15

different from the parent nucleus (5" Ra ). This transition of one

¢lement into another is called the transmutation of the elements
It 1s expenimentally found that the mass of the parent nucleus is
greater than the total mass of the daughter nucleus and the mass
of the a-particle. Thus, the total mass-energy (E=mc?) of the
decay products 1s less than the mass-energy of the onginal
nuchde  This  difference  in mass-energy  1s  called  the
disintegration energy Q, or the Q-value of the decay

Emission of Beta Particles: (Beta Decay)

Ihere are two types of pdecay; [ -decay and pr-decay

(i) P-minus decay

Some nuchides have neutron-to-proton ratio (N/P) too large and are the source of f-decay. The p-partcles are
not the orbital electrons but they are created wiathin the nucleus at the moment of emission. In this process, a
neutron in the nucleus decays into a proton and an electron, plus another particle called anti-neutrino which s
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the antiparticle of neutnne. The neutnno is denoted by o Greek symbol v (nu) and anti-ncutrino is denoted by

a bar over the v The decay process is given by the following relation

N ps een
One of the neutrons changes to a proton and in order o conserve charge it emits an electron. These electrons
are called beta particles. However, they are indistinguishable from ortatal electrons Both the neutnino and the
nt-neatnne have zero charge and very small mass, that 1s why they
are very dithicult to observe when passing through the matter No .
nucleons are lost when a fepartcle 1s enutted, and the total number of
nucleons A remains the same but the mass number Z changes Bota
decay process can be wntten as

¢

_.‘Xh» 2Y 4 lesd
From the above equation, 1t s clear that the parent clement of atomic
number Z1s transmuted to another element of atomic number (7+1)
An example is the isotope of thonum, which 1s unstable and decays into ot
protactinium by beta

o Tho UPa+le+v
(i1) p-plus decay
There are also nuchdes that have neutron-to-proton ratie (N/ %) too small
for stabibity and decay by emitting a positron instead of an electron The
positron (e+) has the same mass as the electron but it has a posibve
charge The positron s the ant-particle of the electron In this process, a ==
proton an the nucleus decavs into a neutren and a positron, plus a neutnine The gencralized decay s piven

below

X =LY Jesw
An example of a decay of Neon into Flounine by emitting positron and neutrino is

B
Emission Of Gamma Particles: (Gamma Decay)
Alter the emiussion of @ and B-particles, the daughter nucleus becomes in an excaited state So, the nucleus comes
back to the ground state (un-excaited state) after the enussion of y-ravs. Both mass number and charge number
of the parent nucleus remain unchanged, as the y-ravs photon 1s mass less and charge less. The emission of -
radiation from a nucleus 1s represented by the following equation,

Ans*
P

v »
»; X+ y-radiation

Ayt ’
Here [ X represents an exated nucleus whale [ X shows ground state of the nucleus
e

How energy associated with alpha and beta particles in case of alpha and beta emission in
radioactive decay?

a»

Encrgy of Alpha and Beta Particles in Radivactive Decay
In both alpha-decay and beta-decay, the same amount of energy 1s released for a particular radionuchide

*  Alpha-decay: For a given radionuchide, every emitted alpha particle has the
same sharply debined kinetic energy. When the number ot alpha particles s
plotted aganst hinetic energy, distinct spikes appear on the graph (Figure
125), demonstrating that alpha particles have discrete energies
Beta-decay: In beta-particle emussion, energy 1s shared among the beta
particle and the ant-neutnno (or neutnno) in varving  proportions
However, the sum of the electron’s (or positron's) energy and the anb-

o o o e ()

neutrino’s (or neuatnine's) energy remains constant in every case. Theretore,
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i betacdesay, the energy ol an electiron or a positron can range rom zero W oa

mastmum value When the number of bota |'I||u|-\ 15 plotted aganst ki hi

COergy the By h shoses a continmuous ¢urv il 1 1263, den II\“.\"II}‘I that

- —

bt particles have a continuous range ol eneniies 1w promaple o conscrvation

ot momentum and cocrgy apphes o both alphor and beta cnnssion

Here s o summary of the nature ot alpha, beta, aod goomma radiations

AP ———
Characteristics w-particlos particles erans
1. Nature Helwm  nucler  of Flectrons or positrons M waves  from
charge e from  the  pucleus ol exctted nucler with no

charge *¢ charge

2 Typical sources Radon-222 Strontium-94 Cobalt-ni

X loniration About 10 About 10 About |

(lon paies mm " an air)

4. Range in air Several centimeters Several meters Obeys  IVEse  syuate

law

S Absorbed by

A paper

1-8 mm ol Al sheet

L0 wm ol lead sheet

Fmitted with the same

Vanable cncres

Varable energy

6. Encrgy spectrum
cnCrey

7. Speed 10 m/s 110" m /s 0 m /s

Table 12.2: The summary of nature of Jlnlu. beta and gamma radiations

How -particle comes from nucleus?

|

ad

The emission of B-particle from any clement Nos represented by the following cquation
A
:\ —pa Y 4 W &
Lhe emission of clectron from the nucleus is considerad as a neatron converts into o proton emitting an electron
and s represented by the following equation

| ' !
n—anll+ ¢

MULTIPLE CHOICE QUESTIONS

-— S S W S W S e S S S G S T NS S EEm W S W e s e w e =

I Which type of radiation is equivalent to a helium nucleus? .
; (a) Alpha () Beta-munus (<) Beta-plus () Gamma |

{ Answer: (a) Alpha s
| Explanation: Analpha particle s a helum nucleus. consisting of two protons and two neutrons |
. * A radioactive decay process in which the atomic number increases by one while the mass number
| remains constant is: |
i () Alpha decan (1) Beta-manus devay (<) Beta-plus dicay () Gamma desay '
, Answer (B) Detammus doany ' |
[ ]
I I

Explanation: In [ devay a ncatron converts to a proton increasing 2 by Tand kecping a constant
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e ———————————— R
['s Which radiation has the highest penctrating power? !
! fa) \H"il‘]'ll'ﬂll muanus (o) Beta plus (d) Gamma !
I Answer () Gamma l
i Explanation Camma ravs are highenergy photons with no charge o mass alloswing them to penctrate matter i
" much more casily than charged alpha or beta particles \
I . IThe continuous energy spectrum of beta p-lﬂil.'r'\ indicates that l
i () Beta particles lose encrpy o the mediom (1) The decay encrgy s shared among three particles
| (¢) The parent nucleus has vanable encegy levels () Beta decay does not conserve energy |
v Answer (B) The decay energy as shared among thre frartales !
I[\Iularuliun Ihie contimuous spectrum s evidence for the emssion of g thied, unseen particle (the |
1 pentrino Cantimcutring) that carres asway varable amounts of ene gy !
. If a nucleus undergoes alpha decay, its mass number will decrease by |
! (@) (b)Y 2(c) V()4 :
! Answer: (d) 4 Explanation: An alpha particle consists of 4 nucleons (2 protons and 2 neatrons) so its emission !
T ooy b iy b o U O S S Sy S —

_SLO BASED SHORT QUESTIONS & ANSWERS
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botween only two fimal partcles the enntted alpha particle and the recothing daughter nucleus .nl
fyuire d by e

. Define natural radioactivity, ]
P Ans:  Natural radioactivaty s the spontancous emission of radiation (alpha beta, or gamma) from naturally !
| unstable atomic nuclen typically those with atomic numbers greater than 82 |
i . How do alpha, beta, and gamma radiations differ in their response to an electrie field? i
) Ans: Alpha particles (positive) deflect towards the negative plate. beta particles (negative | or positive () p
I deflect towards the positive/ negative plate, and gamma radiations (neutral) pass through |II|qu|
N dothi tion '
| * Bricfly describe the process of gamma radlation, |
VAN Gamma radiation occurs when an esated atomice nucleus (often after an alpha or beta decay ) transitions 1
| oo lower encrgy state by eomtting; a higheenergy photon called a gamma ray, without changing its |
1 At or mass numbxer '
| What is “transmultation® in the context of radioactive decay? |
' Ans Fransmutation s the process in which an unstable parent pucleus transforms into a difterent element (a !
| daughter nuclous) theough radioactive decay by cdhanging its number of protons |
i . Why does alpha decay resultin discrete energy levels for the emitted particles? i
; Ans Alpha decay results in discrete cocegy lovels because the avarlable decay energy s uniquely shared i
|
1

IR S AR OGN, e e omme 6 g o st S s o]
125 FUNDAMENTAL PARTICLES

What do you means by fundamental particle and how new particles discovered and discuss the

classification of different particles on the basis of different properties.

@

FUNDAMENTAL PARTICLES

A tundamental particle s a particle that has no internal structure, meaning it is indivisible

Current Understanding of Fundamental Particles:

Presently, the tundamental constituents of matter are considered to be

L Quarks Make up composite particles like protons. neutrons. and mesons

2 Leptons: Include particles ke electrons, positrons. and neutnines

These are considered the basie bulding Plocks of matter. When nuclen are smashed i particle accelerators, new
Apes of particles are created, whuch are cutcomes ot violent collisions
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Strange Particles:
More than a hundred new particles have beenadentitied to be classitied into families with similar properties
Many ot these were accounted well with the scheme ot theorehical physiast while the rest were named stranpe
particle” They are always created i pairs, ¢ g, whenoa pron (1) collides with a proton, two strange particles k°
(Kaon), and A (Lamda) are created. The nuclear reaction s

Roapok H AT
Spin of Particles:
M particles have anaintnnsic property called spin

o  Fernions: Parhcles wath haltanteger spin (e g 172 3/2) They obey the Pauli Exclusion Prinaple (only one

[CEMION CAN Gy given quantum state). Examples: electrons, protons, neatrons, quarks, leptons They
obey Fermi-Dirag statisties
¢ Bosons Pachicles wath coro or wholesnumber spin (e 0, 1, 2) They do not obey the Paul Exclusion
Prinaple They are otten torce carniers. Examples: photons (spin 1), pions (spin 0), Higgs boson (spin 0)
pluons (span 1) Woand Z bosons (spin 1) They obey Bose-Finstein statistics
Classitication by Interactionborces) (Hadrons and Leptons):
®  Hadrons
Partcles that expenence the strong nuclear force
Lhey are composite particles (not tundamental)
Categones:
® Baryons: Made ot an odd number of quarks (usually three quarks). They are fermions Examples
protons, neutrons
m Mesonss Made up ot aneven number of quarks (usually two quarks: one quark and one anti-quark)
They are bosons. Examples: prons, Kaons
Historical Note: The discovery of many such particles led to the idea that they must be made of smaller
constitucnts (quarks)
®  Leptons:
Particles that do not interact via the strong force. They imteract only through weak or electromapnetic
ll.[-\.“
They appear o be truly fundamental particles soath no intemal structure
AMERknown leptons have span 172 (so they are termions)
The Lepton Family (six known leptons, grouped in three pairs):
1. Electron (¢ ) and Electron neutrine (v,)
2. Muon (p) and Muon neutrine ()
3 Tau () and Fau neutrine (v)
tach parr includes a charped particle (electron, muon, tau) and ats associated neutral neutrino. All have
corresponding anti-particles

Charged leptons can torm composite particles (like atoms) Newtrimos rarely imteract with anvthing, The

boest-know lepton s the electron

.:. How can you say that nucleons are not fundamental particles?

s

Nudleons (protons and neutrons) are not considered fundamental particles because they are composed ol
smaller. more lundamental particles called quarks. Both beta-decav processes (- and ) provide evidence that
protonsand neutrons are not tundamental parhicles

This was shown by expenments in 1900 where ligh-cnergy electrons scattered off “pomnt-like” structures inside
protns. Acconding to the standard model of particle physics, protons are made of fwo “up® quarks and one
down” quark. while neutrons are made of one "up” quark and two "down™ quarks. These quarks are held
together by gluons. and quarks themselves are cumrently considered tundamental The abality 1o “break down”
protons and neatrons mto quarks, as obsenved i high-energy scattening experiments and desenbed by the
standard model s the detinitive reason why nucleons are not considered fundamental particles

What are the classifications of particles on the basis of fundamental forces? Explain

[Ane]

Particles can also be classined based on how they interact via the four fundamental forces Although
gravitational force attects all particles, ats impact at the subatonue level s so mimmal that it s generally
disregarded. The electromagnetic torce, which acts on all electrically charged particles, s well understood and
constdered when necessary, butats effects are largely ignored
Particles are broadly classitied based on whether they eapenence the strong force
e Hadrons: These particles expenence the strong torce. Examiples include protons, neutrons, and pions
Hadrons are composite subatomic particles
Mesons: These are bosons and consist of an even number of quarks, speatically a quark-antiquark
par Examples include pions
o Baryons: These are fermions and consist of an odd number of quarks, usually three quarks Protons
and neutrons are kev examples _
o Leptons: These particles do not expenence the strong force and anteract only through weak or
clectromagnetic interachons. No expenments have vet revealed any internal structure for ll-pt.nm. they

appear to be truly tundamental E.\rlul.-\ All known I\-l\lom have a spinof 1/2, making them fermions

e
How are new types of particles created and identified in particle accelerators, and what are
“strange particles™?

Ans

New Particle Discoveries

When a nucleus is smashed inan ultra-hugh energy parhicle accelerator, or whep two high-energy parhicles
collide. entirely new tvpes of particles are created that do not ordinanly exist wathin the atoms of evervday
matter. These particles are the result of the violent collisions required to probe the basic structure of matter
More than a hundred new particles have been adentibied and classified into famulies with similar propertics

Many ol these were well-accounted tor by theoretical physiasts schemes, whale others were named strange
partcles” Strange parhicles are always created in pairs; tor example, when a pion (n0) collides with a proton
(p) two strange particles. K (Raon) and A (Lambda). are created. The nuclear reaction s

T apok s N

Differentiate between fermions and bosons based on their spin characteristics and
adherence to the Pauli Exclusion Principle. Provide examples.

\\nsd

Particle Spin: Fermions and Bosons
All particles possess spin on their axes. and the spin ot charged particles makes them act as iny magnets. The
charactenshc spin of electrons, protons, and neutrons is 172, while the spin of a photon 1s 1, and pions have a
Spin ot zero :
¢ Fermions: Halt-spin particies obey Pauli's exclusion principle, which states that no two wdentcal termions
can occupy the same quantum state simultancously. These particles are called “fermuons
¢ Bosons: Partcles with zero or whole number spin do not obey Pauli's exclusion prinaiple. Thev are called
bosons as they obey Bose-Einstemn statistics

Beyond spin, what are the tbwo major classifications of particles based on their mass and
decay products, and what led to the idea that some of these particles are not fundamental?

a»

Major Classifications ot Particles

Further major classihications include
1 Banvons theavy): This category includes nucleons (protons and neutrons) and heavier particles such as N
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and K’ that dixay into nucleons
2 Leptons (small): These particles do not interact strongly with nucleons and include electrons, muons, tay
particles, and neutninos
Both Invta-decay processes (° and 1) provide evidence that protons and neutrons are not fundamental
particles By the 19Us, many new particles similar to neutrons and protons were discovered, as well as
midsized” particles called mesons Mesons typically had masses less than nucleons but more than electrons
(though later-discoverad mesons had masses greater than nucleons) Strongly interacting particles were called
mesons or pons, while weakly interacting particles were named p (mu) mesons or muons
Thus led to the conclusion that these particles could not be fundamental and must be composed of even smaller
constituents, whuch were named quarks

Table 12.3: The lepton family

Table 12.3: The lepton family
Family | Particle Symbol | Mass (MeV/c?) | Charge q | Antiparticle
Electron e! 0511 -1 et
Electron - 2
neutrino Ve >>1 = 107 0 Ve
a M - “
— Muon B 105 1 E
Muon neutrino | va >>1x 107 0 Vi
Tau ! 1777 -1 !
Tau 5 i
Tau neutrino Vi >>1 =107 0 Vy

I TALENT INFORMATION : |

: Bose-Einstein and Fermi-Dirac statistics are two tundamental ways o descnbe the distnbution of wlentical :
" lml!\llll;',ul\h-ll‘lt‘ partig les AmMong av atlable energy states in quantum mex hanics The key difference hies i the '
| typeof particles they apply to and whether these particles obey the Pauli Exclusion Principle |
y Bose-Einstein Slalistics '
| ® Particles: Applies to bosons, which are particles with integer spin (0. 1, 2, ¢tc ) Examples include photons, |
phonons, and hehum-1 atoms '
o Pauli Exclusion Principle: Bosons do not obey the Pauli Exclusion Prnciple: This means that an unlimited |
number of bosons can occupy the same quantum state at the same ime .
®  Pehavior at Low Temperatures: At very low temperatures, a sigraficant fraction of bosons can “condense”
it the lowest available energy state, formung a state of matter known as a Dose-Linstein Condensate
(BEC) This phenomenon accounts for properties hike the cohesnve streaning of laser hight and the
frictionless flow of supertlud helium
*  Developed by: Satyendra Nath Bose (for photons) and Albert Einstein (generalized to atoms)
Fermi-Dirac Statistics
*  Tarticles: Apphies to fermions which are particles with half-integer spin (1/2 3/2 oic ) Examples include s
clectrons, protons, neutrons. and peutrines
¢  Pauli Exclusion Principle: Fernmions obey the Pauli Exclusion Principle: This principle states that no two !
identical fermions can occupy the same quantum state simultancously Each available discrete ene q'\ state

- — i — e —— —— — i —
—— o —— —

can be occupicd by only one fermion !

®  Behavior at Low Temperatures: Due to the Pauli Exclusion Prnaiple, fermions at low temperatures hill up I
avalable energy states from the Towest energy level upwards. much libe stacking items in distinet slots, |
rather than all collapsing into the lowest state This principle a5 crucal for understanding the electron |
structure of atoms, why clectrons remain in separate states rather than collapsing, and aspects of clectnical i
conductivity i matenals [
Dev rlugcd by Foveico Tormi and Paul Dirac
— - — — o — i — i — i — - — - — -
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Ky I)II I l{l \( S SUMM \RIZI I)

FEATURE BOSE-FINSTHIN STATISTICS TERNMI-DIRAC STATISTICS
L]
Type of Particles Bosons Fuormions
Spin Value Integerspinn 1.2 Hall-mteger span (1, 2 L )
I"auli Exclusion Not obeyed (multiple partichs por Obeyed (only one partiche” per
staly) sbatv)

Low Temp. Behavior Bose-linstein - Condensation  (particles Partscles W statis from lowiest

gather in low ost stated CIWE TS upwards caih

LUPYING a distinet sbats

hese statistical trameworks are essenbal lor discribineg the Behavior ol partiches in guantum ssystems. from the

pundamental budding blocks of matter ko phenomena t.L. supen onduc iy unl supvr Hu--lnf

j
i
|
;
i
}
;
i
|
a
i

l

MULTIPLE CHOICE QUESTIONS

,_.—-—-—-—..—-—-—-—-_-—-—-—-—-—-—-—---—n—--—-—-—-.—‘

Which of the following particles is classificd as a lepton? .
(a) Proton (b) Neutron ic) Men () Muon r

Answer: (J) Muon

Explanation: Protons, ncutrons and puons are hadrons (made o yuarks) NMuons are fundamental particles that
donotexperience the strang force. classity ing them as leplons
. Particles with half-integer spin that ub\-y the Pauli Exclusion Principle are called:

(a) Bosons (b Hadrons () Fermons (d) Mesaons

Answer (c) bormions

Explanation: Fermions are mattoe parti lis with balbanto sor spim that cannot occupy the same quantum stale
Hadrons are composed of
lay Leptons (b) Photons 1) Quarks {3y Neutrinos

Answer (0 Quarks

l‘]"llh.“ll\f\ Hadrons (hik Protons, neutrons, mesone) are ¢ rmpesite parhicles made up or Guarks ;

. \ meson is an example of a .
(a) Barnvon (b Lepron i¢) Boson (d) Fundamental partcle

Answer (o) loson

Explanation: Mesons are hadrons (composite particls made ¢ quark anti quark pair) and have integer spin

classitving them as bosons
. Which fundamental force do leptons NOT expenence® .
tal Gravitabonal (d) Strong nuclear

b Elhxtromapmety () Weak nuclcar

e o e e e e e

Answer () Strong nuclear
I.\Lhn.lllun I J tons an: ds Tined as '-.__I..r- ental particie 24[_.}._-:-__ I'ilt_--l'.:_‘l_\ 1 the strong nuchear force
il e Sy it ———
SI.O BASED SHORT QUESTIONS & ANSWERS
e M B A A e A g g s o - ) . i W g g - ) il it
. Detine a fundamental particle : !
Ans v tundamontal partic ko as o partabe that s boliesod ta bave moomtormal structun 1 canmaot e broken !
down ainto smaller comparmg nis !
. Distinguish between hadrons and leplons, giving one example for cach i
Ans: Hadrons are caomposite partin ks gmade of guarks that expaerienie tha strong nuc lear tore (v g . proton)
Leptoms are tundamental particlos that do mat e poecin e the stromg nudlear force ey, elecitron) \
. Whalt are the two sub-categories of hadrons® '
_\_\: = _I-h: h\.:\ﬂt: &-._nn_.-\:l_i- '.'“_“: an l AEA WV 4 ; -I-'... .“_luullk\ |1h '\r.l- ™) 8 mJ n -\;~-I"_|.'- __'.1
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[-—-_J:JT»—-T.|,u-;-T.'--T._;_(-._---— _._._.._.._._..._.—.._.__._,1
‘e Why electrons are considered fundamental particles? y
l,\ﬂ‘ I lestron r sitdyriad | vl pant w bm AU 1] basat i at frenl kne 1 r -l
; experima ot tus, they havee r feory Fu b fca b ol o v ' viley !
5 How du fermions and bosans differin terms of spinand th Pauhi Exelusion Principle? |

Ans Formn o halil e r spun and olsy 1) i & . " " ¥ ' fenit ot :
e [
' ufs the sar guantyry sbale s Hosorsy hasy Voo T 8 ot ) Ao '
I 'rr-uil_-i Je bsrsaonns Cam i Py the sam Ju.-.l,--- i l

126  QUARKS

What are quarks and how are they classified and give the composition of portun and
neutron in terms of quarks? or Describe protons and ncutrons in terms of their quark
composition

[Ans

QUARKS

In 1u6d. Murraw Gell-Mann and Gavrpe Zwo proposed that hadron

|
!
i
|
L

(protons, routtons mosonsy are not fundamental but sre inst o up "-_o::‘:-_ﬂ-', p._H n::.
vombaraatyoer t o o dainent ntities called guarks Qu i 3 ~ = 71y
considired truby fumdar tal particlos fike Topons - o 3 = "3
' " N
QUARK TTAVORS (IYPES) Bot | @ 2 T
I here ar b | { quarks, basd y prosumed symmelr M 3
ratur =l ' ' . ~
T Lpiw e : | ' .:
& Aot - ¥ W i»m 3 -_‘1_
3 E I ]
3 Strange (s N TR
4 (harm i ) M
5  Bottom i
6 Tn;)un
Particles svimbol Charge ty) Mo Anbi-poartale € hargety )
(Med oy
I3
[ 2l 1
|
N
b
I
1 I J

PROPLRITES OF QUARKS

o AN grarks have aspinof

m:m;--m 11 (Subjective, Objective and © uneeptusl Questions; “

s It | - r P P
Leaitioiy il 4 iy '
o Quarks ar f ! ] >
il v (11} { wait
Quark Composition of Hadraun: —
o Muoesuns ( Lol g quark-antiquark pair v onar ’ 1 fugs ar o
& F° Ireetar s i) a s ratvsn A tan bs P ’
e Baryun t o three quarks
Peeroany: puare 1 rois wud s chiary 4
Sewtron (Juars et TL wdd s ary

Fig V17 (8} Comosmes Larpra
Lasn * 1wt * e = wtvia

Fig 127 16 A vassmns wisar pra
WLh ¢ WAV S W ¢ e A

abd

Colour or Colour Charge thenr

@ (Quarks poasass are e pr ‘ ' 1 enslur r o bt 81 vl it tre. chargs
. | el juark tavor ik . ihe s re=} rewfi . 1 Hlu Nl =JuAres ave ghty o ! ariti-g
Yot am
o Colotless Hadrons: Bas fo* { thr " § ol ¢ (e yrisen b i
Flems , ' ¥ Lath pair ar r arvd sty 2 T i i =
. v bt . . bus rien it g v ’ o=
o Color boreer [The stromny tor bacty 1 ouarks 1y called the calor furce The t) ry Gescnibung Bus '
fior s call A Quantum Chromaodynamics (O 1))
. TALENT INFORMATION
Quariam  aromodyname s Q1)) o 8 t ot aong foree whah mnds quarths Logether o 1o protons
ate
-
" j
e  Quarks ri Lk foark %) are i hat ' Fren biu
. Coluwims arc the 10 reuing partic b for thes strang 108 ¢ and also tert t chaty
¢ Color Confinement: Quares ane alvas corfined withare mponit partsbes (b protons et obmers
slation Puy ause th ’ ; et with o J
o Asymptone Preedons s cen (hiph encrgaes), the strong [orce betw et srhs b

w Ak

.:. Ixplain beta decay in terms of Quarks

\Ans

Beta Decay in Terms of Quarks

W can understand bt de

*  Beta-Minus Decav In <pse = up 4 neuty gdd e erts 1L g proeton (uwd ) by chanpan drrwm o guar

R
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r & hweld and heng
olts (GeV /e ) and dis l\\'lll”\ it othe rrm\l 5

ptiches Bk photons o

st luas o mvass of around 12 ,l--l.l

SLO BASED SHORT QUESTIONS & ANSWERS

not anteract with Hyg therr rest mass is o r--lF nd zero |||,.\

—— — —— — i — i — i — — — e — e — e — —

'e What is the primary role of the Higgs field? 1
!\n. Ehe poaars rode ot the Hhiges Bold s 1o give muss to fuoedamental partcles that interact with !
R List thiee fundamental forces and their respectine mediating parhicles (gauge bosons) I
s Ans Fhocteomag et (phaoton) Stroog, ouclear (eluen) Weak nuclear (W and 2 Bosons) 1Gras itational "y
I l-.l e Tie ad gzran ot '
V. Hoetly descnibe how a particle acguires mass through interaction sath the Hhiges Gicld '
| Ans Particles acguire avass by poteracting soath the pervasive 1 Do bl Fhose that ante st more strongly |
' woalh o the Bl espserienee preater  resistanc r ura manifost s A Laopor antnm e whinhe thowe 1
| Pt Bon L anteras ik llll-|.|||-|I(II||II|Illn-\l.\. |

S . S S . S S . S S S S S S — - - —

MULTIPLE CHOICE QUESTIONS

The Higgs boson s primarily re Hl"llﬂ\l"ll for
ta) mcdiating th

I

L R AN S S U S ———

strong nue lear force (B pivang mass o other fundamental particls

(o) detecting sravitabional waves I proventing radicactive desay

Answer () piving moss woother foodan

Explanation: The liges Ioson is assos il

bl pariinles

Ewith the Dhiges ekt o b imteracts soath other parti ks to give them

ass

Which fundamental force s NOT directly mediated by a gavpe boson within the Standard Model fas
of ils onginal formulation)?

- e - - ——
—— - — =y

ta) Flectromagmetn () Strong nucdear Weak nuclear (A Carav itational
Answer (J) Gravitational
Explanation; The Standard Model mcludes paupe Bosons tor the ohootams e mets prhotonm streng (gluon) and
waak (W /2 Bosons) torces, But not Lo gras iy e v is By pothotical amd net pant of the Standard Misdel)
. A particle that interacts strongly sath the Niges treld sall typically have

(] 2000 FOst mass by)oavery small vt myass (o) a Larger rest fiugas vl a nepatinve charg
Answer (o) a barper rest mass
o Explanation: \cconding to the Hliges mochamsm th e strong iy o partic ke interacts woith e Plagges tield thy

llll-l. Massive it Inwomus

-— - —— e e W e mmm e e = e

¥ 128  CONSERVATION LAWS

———
What are the laws of conservation which are obeved by nuclear processes or reactions?

[Ans] = =

Al I||I\||'.'f[‘h\q'\n~l|lu. lear reactions and decavs) olvy vanous ey ateen biws — —
- L ]
1. Conservation of energy, momentum, and charge These mundamontal Lins a0 sy 55 s . =
always obeyved Thas also includes the conservation of nucleon number (A) and .__.:...‘
alonie number (£) i et B
———

[

Barvon number conservation: The total number of ban —— i —
minus the total number of antiban o
V' Lepton number conservation: [he total numbsr of lep

numbxer of .1I'II.1|\]"IUF‘I\ remains constant lor cach b pron tamuly

ns (profons, neutrons i)
ns remaims constant in any antorag on

tens (clestrons, muons pealnnes etc ) minus the otal

For your information:
Hadrons: Mesons (pions, kaons). Banvons (protons, neutrons, omeya, sipma. Limbda particles)
wi Mhatons. Gravitons

Non-hadrons: Leptons (elictrons, mucns. neutnin

m "h\_‘-l-{\ 1T (Subjective, OF | cthive and Conceptual Questions) in
SLO BASED SHORT QUESTIONS & ANSWERS

B

ettt e —

‘e In nuclear processes, what doi- the conservation of nucleon number imply? 4
| Ans he comservation of pudleon miner imphies that the total numise of protons and peutr A r‘n'
’ rematns the same Invdore and roanudear reaction o d .
! What is lepton number conscryvation? !
| Ans Lepton number consersaty tates that the total number of leptons (counting antileptons as negative) |
1 B N e YO O I i s i

! oo = e =

MULTIPLE CHOICE QUESTIONS

- e o e = e - —

.- —- - - — — =

|* Which of the Iullnmm;, I+ NOT a consenved quantity in all nuclear processes? |
. ta) Lowrpy ) Momentum i) lemperature idy Charg, ]
| Answer (o) Temperatug |
" ]\phl!lllllll Encrpy . momentc e and charge talong wath pucteon nunidse sty on pumber and lepton numiser)
| are conserved in nuclear proc sses, but temperatine s a macroscopic propeety related o averagy Kimetie energy
P oot tundbamental comsereod Guantity i i ual particle interactions 2
| . Baryon number is _onserved in nuclear processes. What does this impl_\ aboul the total number of I
: baryons and antibanons? !
! i I must s gen T T st ine reass (o) It remains constant (d) I must decrcas !
Answer (o) 1 remains it l
f Fxplanation: Consorvatoo o Barvon number means the net numiser of barvons (mumbsor of arcons minus &
| mumbser of antilbar mains 1t pmc Defore and alter a nuclear progess l
. I

129 THE ASYMMETRY OF MATTER AND ANTI-MATTER

IN THE UNIVERSE

M\\ hat 1+ the concept of asymmetry of matter and antimatter in the universe? Txplain.

ASYMMETRY

wavmmetey me o imbalance in matter and antimattor of the uninve s

Explanation

Observations show a siemhicant asvmmetry between matter and anti-matter in the observable universe The

uriverse consists almostentiee Iy of matter rather than anti-matter

[vidence

& Fhe umiverse s assumed G e composaed of alvat 30 erdimary matter (clectrons protons pd neultrons)

o About 710 s Bvadeoeen atodes codd 28 2 Bebioam atonis, with saetially ne contnibution irom ant-hvdrogen
roante-bheliam atoms

&  [Thore s o sienibieant amvosunt of antimatt VRIS OF sbirs, o ‘\“Illl‘T\

The Unsolved Mysteny

T U tal results sugetest that this matter-antimalter asammelny s due toa vielation of the

b barven nombr fan ambabinge otween Banvons and antisbanvens) 11 partich antipartich
mon

VOISO AN

sunteimy s als olated it would provade a maes hamisme for creating, morn L]ll.\!k\ than .!l’\||«ill-ll’k’~.
loptons than aih e 1 eventually merne nattor than ant-matter Howeser, the exact reason for thus
NI IR AL LRI ' sthy o v abory i prhases

-
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M Physics 11 (Subjective, Objective and Conceptual Questions) a7

210 MOST OF THE MATTER IN'THE OBSERVABLE UNIVERSE IS

PLASMA

——
Which form of observable matter the universe has in greater amount?

J

THE UNKNOWN UNIVERSE:
We currently understand only about 5 - of the umiverse The remainimg 9570 1s composed ol

o Dark Matter approx. 2700 A unknown form of matter that mteracts gravitationally but does not emit or
absorb light makimg itundetectable by conventional means

e Dark Energy fapprox, 6870 Ly sterions antigravity material Believed to be responsible for the a u'lrl.nhnl-_
expransion of the umverses »

The "Known™ 5.

Of the 57 of the unverse that we know about (ordinary matter), most of it s i the plasma state

o Hydrogen and helium, swhich make up the vast majortty or ordinary matter, are almost entirely in the

plasma statean staes and iterstellar medinm

I reforeatis concluded that most o the matter i the observable unverse s plasma

12.11 THETHEORIES ABOUT THE FORCES,BETWEEN

THE MASSES OF PARTICLES

Explain the theories that explam the interaction between the particles through different
mediators,
S

@
Two main theories attempt o explain the interachions between particles through
difterent maediators
1 The Quantum Field Theory (QFT):
Core Idea: Fach particle s represented by a “quantum field " Interactions

between particles are desenbed in terms of the exchange of field particles (or
quanta) which are all bosons,

Mechanism: A charged parucle, for example, produces an electric tield. This
feld mediates the force on other charged particles. The ficld carnies energy

and momentum The energy and momentum of all tields are quantized (exist )

in discrete packets) = )
Examples of Field Particles (Force Carriers): -‘; Ny

m [lectromagnetic force: mediated by photons ¥ -
® Strong nuclear force: mediated by gluons.

w  [lectroweak torce: mediated by Wand Z bosons -"_)

® Gravitational force: mediated by gravitons (hy pothetical)
2 String Theory:

Core Idea: An advanced concept proposing that the fundamental particles ot -
the universe are not point-like but are actuallv - tiny,
dimensional stnings

Vibrations Define Properties: The dilferent ways these strings vibrate (like
notes on a musical instrument) determine the properties of the p.irl:clm.
including their mass and the forces they exert

Status: String

vibrating  one-
.

theory is a framework that offers a potential “theory of everyihing,” but it remains
unproven experimentally

For your information (Particle Sizes):
Molecule (10 m) = Atom (10 m) —+ Nucleus (1007 to 1007 m) o« Neutron or Proton (107 m) -« Quark
(undete table size, less than 10 % m)

L
MULTIPLE CHOICE QUESTIONS Lk

-— S S e e e e e W e e M S S e e e

' The observed “matter-antimatter asymmetry” in the universe suggests a slight excess of: '
] () antimatter over matler (1) matter over antimalter I
' (¢} photons over matter (1) neutrinos over antineutninos ¢
I Answern llii malter over antimalter
I\’!i.ll'l.‘l“lirl The universe is predomimantly made of matter, implyimg a oy imital cxcess of matter paricles that
survived annthilation swoath antimatter

What percentage of the observable universe is currently understood as “ordinary matter™?

(@) 5% (b) 27% () 685 () v3
Answer: (a) 5%
y Explanation: Only about 5
| dark energy (approx 68%)
e According to Quantum Field Theory, interactions between particles are described by the exchange of:
l (n) Strings (b) Quanta of ficlds (c) Dark matter

' Answers (b) Quanta of lields

l
]
% of the universe is ordinary matter, while the rest s dark matter fappros 27°%) and

(d) Virtual particles only

|

)

|

]

|

'

|

L]

|

]

:

Explanation: Quantum Field Theory desenbes forces as mediated by the exchange of discrote energgy packets, or |
! quanta, of fundamental ficlds i
. Which concept proposes that fundamental particles are tiny, vibraling, one-dimensional entities rather |
than point-like? |

(a) Quantum Chromodynamics .

() Standard Model |

1 Answer: (b) String Theory ;
| Explanation: String, Theory postulates that elementary particles are not points but rather vibratling strings, with |
v different vibration modes corresponding to different particles '
|« Most of the ordinary matter in the observable universe exists in which state? |
(a) Solid '
Answern (d) Plasma |
Explanation: Hydrogen and helium, which make up most ordinary matter, exist prmanly an the plaisma state '
within stars and interstellar medium_ _|

(b) String Theory

]
|
'l (d) Electroweak Theory

| (b) Ligqund (c) Gas (d) Plasma
1A
' E
|

SLO BASED SHORT QUESTIONS & ANSWERS

_'_..—-—-.-—-——o——--—-u—--—-—-—-—-—-—-—-_-—-—‘

s Brigfl} stale the "matter-antimatter asymmetry” problem.
y Ans:  The "matter-antimatier asy mme try”" problem is the cosmological mystery of why the observable universe |

| 15 almost entirely composed of matter, despite theonies suggesting oqual amounts of o mu .lmll
N antimatter should have been created in the Big Bang '
| What are dark matler arul dark energy, and what percentage of the universe do they mughly]
[ conslitute?

| Ans:  Dark matter (approx. 27%) is an anvisible form of matter that interacts gravitationally  bul null
' electromagnetically. Dark energy (approx. 68%) 1s a mysterious force driving the accelerated expansion of 1+

| the umiverse
'
I
'

I

'

I

'

|

. According lo the Quantum Field Theory, what mediates forces between particles?
Ans:  According to Quantum Field Theory, forces between particles are mediated by the exchange of “hield ‘
L]
particles” or "quanta” of the fundamental fields associated with those forces |
. Whalt is the core idea of String Theory? .
Ans:  The core wdea of String Theory is that the fundamental particles of the universe are not dimensionless \
pomts but rather tiny, vibrating one-dimensional strings, whose different vibration modes correspond o |
different particle properties
_——— e L

-—-—-—---u—.-———-—---—'-—'--—-—--———-l
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le Why is it believed that most of the ordinary matter in the universe is in the plasma state? |
PAnss 1ees believed that most ordimany matter oo the plasima state Becanse e vast magonity ob ordinaey matgg, 4
| i the universe enasts wathin staes (ke the Suny and mteestellae gas where extieme inpeatures g |
: atoms to be wmzed o ._Lvl.hnl.| staly e :

: 1212 THE STANDARD MODEL

What is standard model, which particles it contains and what are its drawbacks

———
——

The Standard Model?
The Standard Model is o comprehensive theory that describes the smallest experimentally observed particles of
matter and their fundamentil mterachions (forees) [Uis carrently our most successtul theory of particle physigs
Categories of Particles in the Standard Model: There are three categories of particles that form the
standard model
1 Fermions ("Matter Particles™): These are the building blocks of matter (it makes up only 5% ol universe)
Quarks: {up, down, vharny strange, top, bottom)
Leptons (electron. muon, taw, and their assocated neatrinos clectron neutring, muon neutrimo, lau
neutring)
2 Bosons ("Force-Carriers )i These mediate the fundamental forces
Photon () Llectromoaenelic toree
o Gluon (g): Strong: nuclear lonee
o Wand Z bosons (W W L2 Woeak nuclear force
3 Higgs Boson (h): Provides an explanation for how other particles acguire mass
Limitations of The Standard Model:
Despite ats success, the Standard Model is considered incomplele because it
cannot explan several important features of the known universe

L Gravity: It does not tully ancorporate gravaty (it doesint include the
praviton)

Standard Model ol UDementary Particien

—— ————

2. Dark Matter: It does not explain the existence of dark matter (which makes

(2]sjele]e
up about 27 of the universe)
3. Dark Energy: [t does not explam the existence of dark energy (which nmkes

l_]@Jl-_tJ@
up about 68°% of the universe) . .......|| ?Ju]@ | }
4. Neutrino Mass: Imitially assumed mass less, neutrinos are now known o .
have tny masses, which the orginal Standard Model didn'taccount for :.!: I __!_ 'é‘@
5. Matter-Antimatter Asymmetry: [U doesn't tully explain why there is so —
’ much more matter than antimatter in the universe
| TALENT INFORMATION CLASSIFICATION OF PARTICLES ON THE BASIS OF STANDRED MODEL

| The classification of elementary partichs is primanly based on the Standard Model of Particle Physics, which is |
tour most comprehensive theory descobing the fundamental buithding blocks of the universe and how they

Fautl RCLEW

i inleract |

NS — -

& 7 By Spin and Statistics: 1l

st tundamental classitication divides all particles into two broad !
categories based on therr mtrmsee angular momentum, called spin, and the quantum statistics they obey
. Fermions
ce half-integer spin (e g 1/ 203/ 20 etc )
Obey Fermi-Dirge statistics. meaning they adbere to the Pauli Exclusion Principle This principle
states that no twe adentical fermions can occupy the same quantum state imultancously, which is
sl matter has struclure

(g wlectrons i an atom occupy different enerpy levels) )

Fermuons aee penerally considered matter particles |

L Bosons !
_ Have integer spin vy 00 14, 28, ¢tc) |
—— o o o B plads T o e ——— ——— 1 — o 1

m Physics T (Subjective, Objective and Conceptual Questions)

an
- " — —

e m e m s G e o S o . ——— e ———
| Obey Bose-Finsteln statistles: meaning, multiple identical bosons can oconpy the same quantum
' state Fhas propenty s crucial for Phenomena ke Lisers aid superconductivity

! Hosonsare - penerally  consideied  force-carrying  parlicles  or  mediators  of  interactions

| 11, By Tundamental Nature (Elementary vs, Compaosite),

,* I lementary (or Fundamental) Particles: These ane particles that are not bnow n o be composed of simallor

I comsbituents  They are the tiue Landihing Bl ks

X Quarks:

| m S Hlavors™ Up (u), Down (d) Clnem () Strange (s) Top (1), Bottom by

| n o Carry Tactonal electnge charges (427 % or -1/ W)

| m  Dxpenence the strong nuclear force (mediated by pluons) due to s property called “color charge
' m Never observed misolation due o color confine ment

l Leplons:

i S types Flectron (e ) Muon g ) Faw (o) and thear correspanding neutemes (el tron neutoino v,
: muon neulrme v, b neutono v,) !

| m  Donotesperience the strong nuclear force

1 m Charged leptons (electron muon, tau) have inteper electen charpe (=1e) Neuttinos areflectrically
| neutral and have very tiny (bul non-zero) mass

' Gauge Bosons (Force Carriers):

| m  [Photon (y): Mediates the electromagnetic force

: m  Gluons (g): Lipht types, mediate the strong nuclear force

! m  Wand Z Bosons (W*,W~,Z%: Mediate the weak nuclear force

| m  Graviton (hypothetical): Predicted to mediate the gravitational force, but not yet discovercd and not
5 part ol the Standard Model

| Higgs Doson (I1):

[ m A scalar boson (spin )

| m  Responsible for giving mass o other elementary particles through the Higges field
1

|

1

|

1

|

'

|

'

|

L)

I

I

|

1

|

L]

!

'

.

[

|

:

l

combinations of elementary particles

Hadrons: Particles composed of quarks held together by the strony,
nuclear force

a  Baryons: Composed of three quarks (or three antiquarks)
Lxamples

e Composite Marticles: These are particles made up of
bhﬂ“?:x éﬂ

u  Proton (p): wud (two up, one down quark) @@d
m  Neutron (n): udd (one up, two down quarks) . > q
m  Mesons: Composed of a quark and an antiquarh. [yamples %Bv
w  Pions (n): g, wd (upand ante-down quark)
w  Kaons (K): contam a strange quark or antiquark [ Ao
1L By Generation (for Fermions): :'.’_.‘.. ‘ '.t, ::‘.}:‘ '

Both quarks and leptons are organized mto three “generations” or
famihies ” Each successive generation contains particles that are heavier versions of their counterparts in
the previous generation, but they are less stable and decay rapidiy into highter particles

o Tirst Generation: Up quark, Down quark, Electron, Electron neutrino (These are the particles that
mahe up ordinary matler )

Second Generation: Charm quark, Strangie quark, Muon, Muon neutrine

Third Generation: Top quark, Bottom quark, Tau, Tau neutrine

This classification system, embodied in the Standard Model, provides a highly successful framework
for undvnl.lndm&yu- Tundamental nature of n:l.il-l'rﬁnl fories .'..r.'."l"ﬂ"l”“l
il fhadbont Yool ol Bs Ll e il bt

— - ——— e — e — . — . — . — — e — e e S e e e e
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MULTIPLE CHOICE QUESTIONS

i « " Which of the lollomng is NOT a component category within the Standard Model of [‘.Il“tlt ph\ sics?

s (a) Quarks (b) Leptons (¢) Gravitons () Bosons

| Answer (¢) Gravitons Explanation: Gravitons are hy pothetical particles for gravity, whuchoas not fully mtepgrated
v nto the Standard Model Quarks, leptons and other bosons (gauge and Higgs) are part of it

| The Standard Model effectively describes which of the following fundamental forces?

1 (a) Gravitational (b) Strong nuclear

| (c) All four fundamental torces (d) Only clectromagnetic and strong

' Answer (b) Strong nuclear

| Explanation: The Standard Model describes the strong, weak, and clectromagnetic forces, Dbut ot does not Tully
: Incorparate gravity

! . A major limitation of the Standard Model is its inability to explain:

| (a) The existence of quarks (b) The mass of the clectron

' (<) Dark matter (d) Radheactive decay

| Answer (¢) Dark matter
i« Explanation: The Standard Model successtully explans quarks, clectron mass. and radiwactive decay s
| hontations include not explaming dark matter, dark encrgy, or fully integrating gravity
e Within the Standard Model, matter particles are classified as:
| : (a) Bosons (b) Gauge bosons () Fermuons (d) Force carners
' Answer (¢) Termions Explanation: Fermions are the fundamental matter particles (quarks and leptons) in the
I ‘»t.md.:nl Model
The Higgs boson's role completes the Standard Model by explaining:
(a) The curvature of spaccime (b) I'he strong interaction between quarks
(c) How particles acquire mass (d) The expansion of the universe
Answer (<) How particles acquire mass Explanation: The discovery of the Higgs bosdn and its mechansm for
piving mass to other fundamental particles was the last major piece to be v\p\-nnwnlall} confirmed in llw]

I
I
|
|
|
i
|
|
i
|
|
1
I
I
i
|
|
|

|* What is the Standard Model of particle physu:s"
vt Ans: The Standard Maodelis a comprehensive theory that describes the {und.\m\nlal particles of malter and the 1

1 three tundamental forces (strong, weak, and clectromagnetic) through which they interact |
fe List the three main categories of particles that form the Standard Model. '
| Ans:  The thre main categories are Fermions (matter particles quarks and leptons), Gauge Bosons (force |
: carners). and the Higgs Boson !
! . Name two fundamental forces that the Standard Model successfully describes. ' E
I Ans:  The Standard Model successtully describes the strong nuclear torce. the weak nuclear force, and the I
. clectromagnetic force i
|ie What are hwo significant phenomena in the universe that the Standard Model does not fully explain? |
v Ans: The Standand Model does not fully explan the existence of dark matter and dark energy, nor does it ,
| mncorporate gravity

1e How does the Standard Model differentiate between "matter particles” and "force-carrying particles™
| Ans: The Standard Model differentiates them by their classification as Fermions (malter particles like quarks |
' and leptons) whic! vave halfanteger spin, and Bosons (force-carrying particles like photons, gluons, ¢
! - — . N/ Zbosons) which have integerspn . ey |

(e {c:{e{c: (e (]
.

.
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TEXT BOOK EXERCISE WITH SOLUTION

MULTIPLE CHOICE QUESTIONS

Tick the correct answer.
121 Which one of the following is the
fundamental particle?
(a) Proton (b) Neutron
(c) Electron {d) Meson
E‘pinmlinn: Protons and neutrons are made of quarks
(hadrons), mesons are also made of quarks (quark-
.\l‘ll[qu.n'l\ pair) Electrons  are  leptons  and  are
considered fundamental particles
122 The first discovered anti-particle is:
{a) anti-proton (blanti-ncutnino
(¢) ant-photon (d) anti-clectron
Explanation: The positron (anti-clectron) was the first
anti-particle discovered by Anderson in 1932
123 Which one of the following pair of particles
creates annihilation?
(a) proton-proton (b) proton-neutron
(c) neutron-photon (d) electron-positron
Explanation: Annihdation occurs between a particle
and its corresponding anti-particle
124  The strong nuclear force between the hwo
particles is mediated by:
(a) gluons (b) photon
(c) mesons (d) gravitons
Explanation: Annthilation occurs between a particle
and 1ts corresponding anti-particle
125  Which one of the following forces interacts
between hwo particles through photons?
(a) Strong nuclear force (b) Weak force
(c) Electromagnetic force
(d) Gravitational force
Explanation: Photons are the exchange particles for the
electromagnetic force
126  When a neutron changes into a proton, then
we will observe:
(a) p-decay (b) pr-decay
(c) y-decay (d) a-decay
Explanation: Neutron decay (n—p=c +v) s beta-
minus decay
127  Baryon is formed by combination of:
(a) 2 quarks {b) 3 quarks
(c) 4 quarks
(d) A quark and an anti-quark
Explanation: Barvons consist of three quarks
128  Which one of the following forces has
negligible cffect between the elementary
particles?
(a) Strong nuclear force
(b) Weak force

{c) Gravitational force
1d) Electromagnetic force
Explanation: Gravitational force is extremely weak at
the subatonmuc level
129 Which particles are produced by strong
interaction?
(a) Graviton (L) Leptons
(¢) Hadrons (d) Mesons
Explanation: Hadrons (protons neulrons. mesons)
interact via the strong torce
1210 A strong nuclear force exists between the
nuclcons of:
(a) p-p (byn-n
(c)p-n {d) all of these
Explanation: The strong nuclear force acts betwevn all
nucleons (protons and peutrons)
1211 Which one of the following
radiation/particles has the highest ionization

power?
(a)a (by p
P (d)y

Explanation:  Alpha  particles  have  the  highest

wmzation power due to their large charge and mass

1212 Which one of the following
radiation/particles  has  the  highest
penetrating power?

(a)a (b) P
) p ) (dyy
Explanation:  Gamma  rays  have the  highest

penetrating  power bovause  they  are uncharged
clectromagnetic waves
1213 A change occurs in atomic number of a
nucleus but its mass number remains the
same by decay of:
(2)a by p
)y (dyaand ¥
Explanation: In beta decay. Z changes (Z—Z21) while
Acremains the same Alpha decay changes both A and
Z. gamma decay changes neither
1214 Ina nucleus, a neutron clranges into a proton,
the atomic number changes by one, the mass
number will:
(a) decrease (1) increase
{c) remain the same {d) none ol these
Explanation: This descnibes beta-minus decay (n—p).
where A remains constant and Z increases by 1
1215 The clectroweak theory was introduced by
(a) Dirac (b) Eanstein
(OAnderson (d) Dr. Abdul Salam
Explanation: Abdus Salam, Sheldon Glashow, and
Steven Woemberg are credited with the electroweak
theory

L

J
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1216 The asymmetry of matter and anli-matter is
due to imbalance number of:
(a) hadron (b) lepton
(c) baryon () photons
Explanation: The asymmetry s largely atnbuted to
the violation of baryon number conservation, leading
to more baryons than anti-baryons
1217 Which one of the following particle is
responsible for the mass of the fundamental
particle?
() Quarks (b) Anti-quark
(¢) Lepton (d) Higgs boson
Explanation: The Higgs boson is responsible tor giving
mass to other tundamental particles  through ats
associated Higgs held '
1218 A proton is composed of up and down
quarks; the order of quarks is:
(a) udd (Budu
{cjuud (d)ydud
Explanation: A proton consists of two up quarks and
one down quark (uud)
1219 The number of quarks that composed of a
neutron is:
(a)2 (b)3
(3% (d)>
Explanation: A neutron s a barvon, composed of three
quarks (udd)

SHORT ANSWER QUESTIONS

121 What do different isotopes of a given element
have in common? How are they different?
Ans:

*  Common: [heisotopes of an element have
same  charge  number, same proton
number, same electron and same chemical
properhies

* Different: Lhe 1sotopes of an element have
difterent mass number, different neutron
number, different phvsical properties

12.2 Identify the element that has 87 nucleons
and 50 neytrons,

Given: Number ol nucleons (Mass number) A
=8, Number of ne atrons N = 50

W know that A =N+ Z where 7 1s the alomic
number inumber of protons)
S0, /=A-N=87-50=137
Ihe element with  atomic
Rubidium (Rb)

Answer: Rubichium (Rb)
12.3 What are the similarities and differences
between the strong nuclear force and the
electromagnetic force?

Similarities:

Both are fundamental forces

Both mvolve the exchange of force-carrying

Ans:

number 37 s

Ans:

particles (bosons)

Differences:

Electromagnetic strong nuclear force

force

1. Weak force 1. Strong force

2 long range |2 Shortrange force |
force

3 It governs a3 It 1 responsible |
vast range of only for lmldmg
phenomena, the nuclei  of
from alomic atoms  logether
structure, Ihey only exisy
chemical inside the
bonding. nucleus
electricity,
magnetism,
and light
propagation

4. Following 4 Not follumns

*inverse suare inverse  square
law law

5. The strong | 5 The
nuclear  force electromagnetic
acts on quarks fifce  acls  on

and  gluons,
involving
“color charge "

electrically
charged particles,
involving electric
charge

124 Fill in the missing particle or nucleus:
(a) _!‘L'u A Y

(b) Cu" %y

a.

This 15 a beta-minus decay. In beta-minus
decay, a neutron transfprms into a proton,
increasing the atomic number (/) by 1
while the mass numbei (A) remains the
same So, the daughter nucleus will have A
=45and 7 =20 + 1 =21 The element with
7=21 is Scandium (Sc).

This is a gamma decay, indicated by the
emission of a gamma photon. Gamma
decay occurs when an excited nucleus
transitions to a lower energy state. The
mass number (A) and atomic number (7)
of the nucleus do not change during
gamma decay. So, the missing nucleus will

have A = 58 and / = 29 The elemenl is
Copper (Cu) Answer: 35Cu’ (in an exciled
state, which then transitions to gmund

state }5Cu = Copper)

together by overcoming the electrostatic
repulsion between positively charged protons
This force 15 intensely attractive and acls

m Physics s11(5ubjective, Objective and Conceptual Questions) a7y
e = =
125 Why neulrino must be released in the between all nucleons (protons and neutrons)
posilmn emission? over very short distances (<100 m) It s
Ans:  Neutrino released. lo conserve mass and mediated by particles called gluons and s
energy responsible for the stability of atomic nucle
Positron emisston (beta-plus decay) involves Without the strong force, the nucleus would
the decay of a proton into a neutron and a disintegrate due to proton-proton repulsion
positron (p — nte*+v) A neutrino (u) must 128  Can there be pair production for photons
be released o conserve  fundamental having energy 20 keV? Explain briefly.
quantities Ans:  No, pair production cannot occur for photons
1. Conservation of Lepton Number: The with an energy of 20 keV
electron  lepton number  must  be e [Explanation: ur production involves the
conserved Betore the decay, there are no creation of o particle-antiparticle pair, such
leptons After the decay, a positron (e°) 1s as an electron-positron par According to
emitted, which has a lepton number of -1 the law of mass-energy vquivalence, the
To balance this, a neuatnino (v) with a minimum energy required for the creation
lepton number of +1 must also be emitted of an electron-positron pair 1s equal to the
making the total lepton number zefo on sum of their rest mass energies, which s
both sides 2mac? =102 MeV
2. Conservation of Energy and Momentum: ® Since 1 MeV = 1000 keV
[ he neutrino carries away a portion of the 102 MeV=1020 ke'V
decay energy and momentum Without it, e A photon wilh cnergy 20 keV s
the energy and momentum spectra of the significantly  less  than  the  required
emilted positrons  would  be  discrete, 1020 keV  Theretore, 1t does not possess
which contradicts experimental enough energy 14 create an electron-
observations (positrons have a continuous positron pair
energy spectrum) The neutrino accounts 129  What is the difference between beta particle
for the "missing” energy and momentum. and electron?
126  Distinguish between fermions and bosons. . Electron: A fundamental particle that orbits
Ans: the nucleus of an atom, It s a lepten
. Fermions: . Beta particle: An electron (or positron in ji+
o Particles with hall-iteger spins (e.g. decay) that s emitted from the nucleus during
1/23/2, ) radioactive decay
o Obey the Pauli Exclusion Principle, wiich Key Difference: While physically identical (both are
states that no two identical fermions can clectrons), therr origin is different. An orbital electron
occupy  the  same  quantum  state exists outside the nucleus, forming the electron shell A
simultaneously beta particle 15 created msrde the nucleus (from the
o They obey Fermi-Dirac statistice decay of a neutron into a proton and an electron. or a
o Examples  electrons, protons, neutrons, proton into a neutron and a positron) at the moment of
quarks, leptons. emission
L] Bosons:
o Particles with integer spins (e, 012, ) 12.10. How do a proton and a necutron convert lo
o Do not obey the Pauli Exclusion Principle. each other?
multiple wdentical bosons can ooy the A proton and a neutron can convert into each
same quantum state other through a process called beta decay These
o They obey Bose Einstein statistics transformations are mediated by the weak nuclear
o Examples: photons, gluons, W and 7 force and nvolve the emission or absorption of
bosons, Higgs boson. mesons (which nave particles I!’“' clectrons, positrons, and f‘"“"'"o‘
integer spin) A 1. Beta-minus decay (neutron converting to proton):
. In case of beta minus decay a neutron in
127 How does strong force hold the nucleus? nucleus :Iccgys into a proton and eject an electron and
Ans:  lhe strong nuclear force holds the nucleus an antineutrino.

‘n— P+ ': c+V
. A neutron with composition udd can converl
into a proton with composition uud by changing a

A
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down quark into an up quark.

2. Beta-plus decay (proton converting to neutron):

.o In case of beta plus decay a proton in nucleus
decays into a neutron and eject a positron and a
neutrino.

| | [\
i e LA
. A proton with composition uud can convert
mto a proton with composition udd by changing an up
quark into a down quark
1211 Why does beta-decay have a continuous
energy spectrum and alpha dccay have a
discrete energy spectrum?
Beta-decay beta decay have continuous energy
spectrum due to the emission of three particles (beta
particle, neutrino, and recoiling daughter nucleus) in

the decay process and the epergy share among the

emitted particles in multiple ways.
Alpha decay alpha decay involves only two particles
(alpha particle and daughter nucleus) and the energy
distribute in a fixe way and result into a discrete
spectrum.
1212 Differentiate between hadron and leptons
with examples.

e Hadrons:

©  Are composite particles made up of quarixs

© Interact via the strong nuclear force

- ©  Can be further classified into:

m  Baryons: Composed of three quarks (e.g.,

protons (uud), ncutrons (udd)).

m  Mesons: Composed of a quark-antiquark pair

(e.g., pions (1), kaons (K)).
® Leptons: '

o  Are fundamental particles, meaning they have

no internal structure (not made of quarks).

¢ Do not interact via the strong nuclear force;

they interact.through the weak nuclear force
and electromagnetic force (if charged).

o Examples: electrons (e7), muons (p-),
particles (17), and their corresponding
neutrinos (Ve,vp,vi).

Why electron-positron pair cannot decay into

a single photon?

An electron-positron pair cannot decay into a single

photon due to the principle of conservation of

momentum.

e If an electron and a positron, both initially at rest
or moving with equal and opposite momenta, were

1213

to annihilate’into a single photon, the initial total -

momentum would be zero (or close to zero).

e [lowever, a single photon always carries non-zero
momentum (p = E/c).

e Iherefore, the annihilation into a single photon
would violate the conservation of momentum. l'o

< haplcr 12 [Nurlcar and Particle Physics]
e T —————

conserve both energy and momentum, an electron.
positron annihilation must produce at least two
photons moving in opposite directions, or possibly
three photons if other interactions are involved

12.14 State the role of Higgs Boson in the
generation of mass in modem physics
theories.

The Higgs boson's primary role, according to the

Standard Model of particle physics, is to explain how

other fundamental particles acquire mass. It does this

by interacting with the widespread Higgs field that
exists throughout space. Particles that interact strongly
with this field experience a greater "drag" or resistance,
effectively gaining more mass such as carriers of
clectroweak interaction i.e, W', W and Z bosons.

Particles that do not interact with the Higgs field (like

photons) remain massless. The strength of a particle's

interaction with the Higgs field determines its mass

1215 What are Mesons? Give examples.

Mesons are a type of hadron, which means they are

composite subatomic particles that interact via the

strong nuclear force. They are composed of a quark and
an antiquark pair. Mesons have integer spm, making
them bosons.

Examples of mesons include:

e Pions (n): Like n* (made of ud), 1~ (made of ud),

and n* (made of uu or dd).
e Kaons (K): Contain a strange quark or anti-quark
(e.g., K* made of us).

k



-
s'ALENT

PUBLICATIONS

Talent Publications

Urdu Bazar Lahore. Cell: (© 0334-4361002, 0321-4647813

ORIZNT PUBLISEERS



