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The correct answeris Bbecause:

¢ Compare both sides of the equation with the appropriate
conservationlaws

=X kg

e Charge:
o +l=X+1therefore, Xhasachargeof O
o ThiseliminatesoptionsAandC
e Baryonnumber:
o +1=X+1therefore, X has a baryonnumberof O
o ThiseliminatesoptionD
¢ |eptonnumber:
o 0=0+0 therefore Xhas alepton number of O

Ais from charge conservation, A has acharge
incorrectas of O(not-1)

from charge a@baryon number
conservation, Xhas acharge of O and
baryonnumberof O

Cis
incorrect as

frombaryonnumber and lepton number
conservation, X has abaryonnumberof O
andlepton number of O too

Dis
incorrect as

The correct answeris Bbecause:

e There are two types of hadron:

o Baryons: three quarks or three antiquarks

o Mesons: aquark and an anti-quark pair
e Protons and neutrons are baryons composed of up and down quarks
e They are both made of three quarks as shown in the diagram
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Proton Newton

2 s 1
e Aquark(of charge 3 e)and ad quark (of charge — 3 e)togetherhas

anoverall charge of +1

o Therefore, a positive pion, Tt ,isamesonismade up of anu and

d
¢ Therefore, optionBis correct

Ais a protonis a baryon buthas two up
incorrect as \quarks and one down quark (uud)

aneutronisnota type of meson; ameson

Cis . !
, contains one gquark and one anti-quark
incorrect as
bound by a gluon
Dis anegative pion is a meson butconsists of

incorrect as oneu andd one quark
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The correct answeris D because:

s The presence of the Wboson indicates that this is a weak interaction
o The minus sign (W) indicates it will either be B-minus decay oran
electron-proton collision
¢ |nanelectron-protoncollision:
o Aprotoncollides withap~ particle (the electron) and a neutron
and an electron-neutrino are produced
o This canberepresented by the equation:p+5~»n+ ¥

« \When a proton (uud) turmns into a neutron(udd), anup quark turnsinto a
down quark: uud — udd (or simply u—d)
o This canberepresented by the equation:u +f~ »d + v

* |nthis case, we would expect the particles to be positioned on the
Feynman diagram as follows:
o 1=protonorup quark
o 2 =neutron ordown guark
o 5=[p particle
o 4 =electronneutrino
s Thiseliminates options A& C

» |InB-minus decay:
o Aneutronturnsinto aprotonanda particle and anelectron
anti-neutrino are produced
o This can berepresented by the equation:n >p +f~+ Fe

 \When aneutron (udd) turns into a proton (uud), a down quark turns
into anup quark: udd — uud (or simply d — u)
o This canberepresented by the equation:d »u+f~+ 'Fe

¢ |nthiscase, we would expect the particles to be positioned on the
Feynman diagram as follows:
o 1=neutronordown quark
o 2=protonorup quark
o 3= anti-electron neutrino
o 4=[p particle
o Thisis shown by optionD
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this is an electron-proton collisionin which

A isincorrect the particles are correct, but the electron

as neutrino and the beta particle would need to
swap places

this is beta-minus decay, so we would
expecttosee an anti-electron neutrino to
conserve electron leptonnumber

Bisincorrect
as

this is an electron-proton collision, sowe
would expectto see anelectron neutrino to
conserve electron leptonnumber

Cisincorrect
as

The carrect answeris A because:

¢ Duetoconservation of charge, the overall charge of X and ¥ must be
neutral
o Thisis because boththe kaon and the anti-electronneutrino are
neutral
o Chargeis conservedin all particle interactions
e Due toconservation of lepton number, either X orY must be alepton
with lepton number +1
o This eliminates option C, as only one of the particlescanbe a
lepton
o Thisis because the antielectron neutrino has alepton number of -
1and there are no leptons originally
e Theleptons mustbe of the same type, hence the lepton must be an
electron
o This eliminates options Band D
¢ Since the baryon numberon bothsidesis O, the other particle must
be apositive meson
o This means particles Xand Y mustbe mtande™
e Therefore, option Aliscorrect
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The easiest way to set out problems like this is to write out the reaction
and to check

Forthe decay:
Kl mgr+e + ﬁe
Electronlepton number: 0—»0+1+(-1)conserved

ForthedecayK%—»> m +et+ v,
Bisincorrect
as Electronleptonnumber:0 >0+ (—1)+(-1)
not conserved

Forthedecay KV »ut+e + v
=]

Electronlepton number:0+0+1+(=1)
conserved

Cisincorrect
as

Muon leptonnumber: 0= (—1)+0+0 not
conserved

Forthedecay KO > m*+pu~+ v_

D isincorrect El€ctron iepton number:0 >0+ 0 + (—1) not ’

e conserved
Mucnleptonnumber:0+0+1+0not
conserved

5

The correct answeris D because:

e The question states that twoleptons are produced
o Thiseliminates optionB
e Areactioninvolving leptonsis only possible if the lepton number, as
well as the lepton type, is conserved
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e Consider optionD: checkif charge is conserved:
o mrou*t+
B
o 1=21+0
o Chargeis conserved in thisreaction
¢ Checkif muonleptonnumberis conserved:
o mt>ut+v
K I
o 0=>(—1)+1
o Muonlepton numberis conserved in this reaction
e Hence, reactionDis possible

Forthedecay m° »pu*+v_

Electronlepton number:0 >0+ 1 not
conserved

Aisincorrect
as

Muon lepton number:0 —» (— 1) + 0 not
conserved

Forthedecay n® > m* + u~
Bisincorrect
as Muon leptonnumber: 0 +0+1 not

conserved

Forthe decay m* +e* + ¥

Electronlepton number: 0 —=(—1)+0
not conserved

Cisincorrect
as

Muonleptonnumber:0 -0+ 1 not
conserved
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The correct answeris A because:

This Feynman diagram is showing beta-plus decay

* InpB-plusdecay:

o Aprotonturnsinto a neutron and a B* particle and an electron
neutrino are produced

o This canberepresentedbythe equation: p >n+f7+v_

o The exchange particle is the W* boson
» The Feynmandiagram shows particle 1turning into particle 4, so
comparing to the equation we cansee that lisaproton and 4 is the
neutron
o Thisleaveslines A and C as possible answers
» TheyFeynman diagram also shows that position 3is the exchange
particle, meaning that 3 mustbea W+ boson
o This eliminates C and leaves A as theright answer
* Sincethereis one more particle, we canuse this to check our answer
» Position 2 on the Feynman diagram must be the neutrino, since the
labelis already filledin
o Inrow A, the neutrino is at position 2, so we can be confidentin
our answer

lepton number must be conserved, so

Bisincorrect as . ,
position 2 must be a neutrino

C&Dare

, the exchange particle is the W* boson
incorrect as
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The correct answer is B because:

e Allbaryons eventually decay into protons, while leptons tend to
decay into electrons
s Meanwhile, there are no stable mesons
o This eliminates optionD
e Only charged particlesinteract via electromagnetic force
o This eliminates optionC
e Leptonsinteractviathe weak and electromagnetic forces and do not
interactvia the strong force
o This eliminates option A
s ConsideroptionB:
o Protons are the most stable baryon
o Electrons are leptons, hence theyinteract via the weak force
o Muons are negatively charged, hence they interact viathe
electromagnetic force
o Neutrons are baryons, hence theyinteractviathe strong force

Aisincorrect

neutrinos do not interact via the strong force
as

Cisincorrect|neutrons do notinteract viathe
as electromagnetic force

Disincorrect
as

kaons are mesons, which are unstable

8

The correct answer is Bbecause:

e The question shows a proton changing to a neutron with the
exchange of aW+ boson and the emission of a positronand a
neutrino

o Therefore, thisinteractionis B-plus decay
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* Protons consist of two up and one down quarks

« Neutrons consist of one up and two down quarks
e Thechange of anup quark to a down quark will achieve this

Aisincorrect
i it shows the exchange of quarks in B-minus decay

Cisincorrect/the diagramis almost correct except for the W
as bosaon, which has changed signfrom + to -

the diagram is quite nﬁed up. Th;quarks show p-
plus decay, but the exchange particle and leptons
show B-minus decay

Disincorrect
as

The correct answer is D because:

Page 9

e The Geiger-Marden experiment showed that avery small percentage

of aparticles shot at a gold foil were backscattered by large angles
e This observation suggests the majority of the mass and all of the

positive charge must be concentrated within a nucleus

the vast number of a particles passed through
the foilundefiected, suggesting that the atom
must be predominantly empty space

Aisincorrect
as

the results suggest the presence of a
Bisincorrect positively charged nucleus within the atom,
as but does not suggest what the nucleusis
comprised of
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this particular experiment did not set out to

Cisincorrect measure the kinetic energy of alpha particles,

ds

10

only their positions after being scattered by
gold foil

The correct answeris A because:

Until the discovery of the electron, it was assumed that atoms were
the fundamental constituents of matter

Once protons and neutrons were discovered, it was unclear how they
could be bound togetherin the nucleus solely by an electromagnetic
interaction

Quarks were hypothesised as a way to explain the behaviour of
particlesinthe nucleus

Quarks were also used to predict the existence of particles
discovered through high-energy atomic collisions

To do this, thisrequired to develop patterns in properties of
elementary particles

nuclear emissionand absorption spectra arise |

Bisincorrect

ds

fromradioactive decaymechanismssuchas |
alpha, beta and gamma emission

neutrinos were hypothesisedin order to

Cisincorrect

as

account forthe missing energy and momentum
inbeta decay, not quarks

isotopes depend onnumbers of protons and

Disincorrect neutrons containedwithinin a nucleus;

as

knowledge of quarks is not necessary to
explain this
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