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PHYSIC

2.6 Quarks and antiquarks

We have seen that hadrons (mesons, baryons, antibaryons) consist of
combinations of quarks. For example, a proton is made up of two up
quarks and one down quark (uud). A neutron contains one up and two
down quarks (udd). We also know that the relative charge on a proton
Q =+1,and on a neutron Q = 0.

The table, below, shows the properties of individual quarks:

quarks antiquarks
u d s u d S
2 1 1 2 1 1
Q +3 i i B +3 +3
S 0 0 -1 0 0 +1

The relative charge Q and strangeness number S are shown for the up, down and
strange quark. Note that the strange quark has a strangeness number S = -1, and the
anti-strange quark has a strangeness number S = +1.

If we work out the charge of a proton, we just add together the charge of the constituent

quarks (uud). Therefore, charge Q = 2 + 2 + (— g) = +1.

(1) #"Work out the charge of a neutron from its constituent quarks.

The proton and neutron don’t contain a strange quark and so the strangeness number
S=0 for both.

(2) #” Complete the following table:

article Quark Q S
p
composition

T~ ud

0 dd or uli

n udd

Kt us

K~ us

KO

7.,'.+

Remember that pions (pi mesons) don’t contain a strange/anti-strange quark. Kaons
contain a strange/anti-strange quark.

Beta decay

We have seen that a neutron changes to a proton during beta minus (57~) decay. The
Feynman diagram of this is shown below:

© 2016 flippedaroundphysics.com



_n
=
o
o
m

d O

@

W aroun

'U
T
<
4,
@)

We can see that the neutron changes to a proton and emits a beta minus particle (an
electron) as well as an anti-electron neutrino. A W~ boson is the exchange particle in
this decay.

At the quark level, this is what is happening:

udu
A down quark is changing to an
up quark. The other two quarks
remain unchanged. The result
is that the neutron (udd)
changes to a proton (uud).

udd

During beta plus (%) decay, a proton changes to a neutron and emits a beta plus
particle and an electron neutrino. The Feynman diagram of this is shown below:
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(3)#"Draw a Feynman diagram for beta plus decay at a quark level.
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