TAP 540 - 3: Putting quarks together

Three quarks for Muster Mark 

The American physicist Murray Gell-Mann gave the name ‘quarks’ to the particles he proposed as the basic building bricks of other particles. The name refers to a line in the novel Finnegans Wake by James Joyce, who was famed for his word play. The line is: ‘Three quarks for Muster Mark’. His colleague George Zwieg wanted to call the particles ‘aces’, but Gell-Mann’s choice won out. In spite of the rhyme suggested by Joyce’s line, the word ‘quark’ is generally pronounced ‘quork’. The word is also German slang for ‘nonsense’ and the trade name for a type of yoghurt!

These questions ask about how quarks go together to make other particles. 

Two kinds of quark

The simplest particles, including all the ones that everyday matter is made of, are built from two kinds (‘flavours’) of quark: ‘up’ and ‘down’. The most peculiar thing about them is that their electric charges come in multiples of 1/3 of the charge on an electron. On a scale where the charge on an electron is –1e, with e = 1.6  10–19 C, the charges on the quarks are: 

· Up quark u: charge + 2/3 e. 

· Down quark d: charge – 1/3 e. 

Making massive particles 

Relatively massive particles like the proton and neutron are made of combinations of three quarks. 

1.
What is the charge on the combination uuu?

2.
What is the charge on the combination uud? 

3.
What is the charge on the combination udd? 

4.
What is the charge on the combination ddd? 

There are four compound particles here.

5.
Which combination has the right charge to be a proton? 

6.
Which combination has the right charge to be a neutron? 

7.
There is a particle called the – which has a charge of –1e. Which quark combination 
could be the –?

8.
There is a particle called the ++ which has a charge of + 2e. Which quark combination could be the –?

9.
A neutron can be changed to a proton if one quark changes ‘flavour’. What change is 
needed? What charge must be carried away if this happens? 

Making mesons 

Other, lighter ‘middle-weight’ particles called mesons can be made from pairs of quarks. But they have to be made from a special combination: a quark and an antiquark. There are now four particles to play with: 

· Up quark u: charge +2/3 e
· Down quark d: charge –1/3 e.

· Antiup quark  
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 : charge –2/3 e.
· Antidown quark
[image: image2.wmf]u

: charge + 1/3 e.

10.
What is the charge on the combination u
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?

11.
What is the charge on the combination d
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?

12.
What is the charge on the combination u
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?

13.
What is the charge on the combination d
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?

14.
Which combination could be the + meson? 

15.
Which combination could be the – meson? 

16.
Which could be the neutral 0 meson? 

Practical advice

These practice questions run through the various quark combinations, and the quark–antiquark combinations. They are intended to help students get familiar with how the combinations work, so that only integer multiples of the electronic charge appear. 

Alternative approaches

Perhaps a game with cards could be devised? 

Social and human context

It was extremely difficult for physicists to accept that there could be fractional charges. The origin of the number 3 in particle physics (number of colours, number of generations) is still far from clear.

Answers and worked solutions

1.
uuu has charge
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2.
uud has charge
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3.
udd has charge
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4.
ddd has charge
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5.
Proton has charge +1e so could be uud.

6.
Neutron has charge 0 so could be udd.

7.
– has charge –1e so could be ddd.

8.
++ has charge +2e so could be uuu.

9.
A down quark, charge –1/3 e changes to an up quark, charge +2/3 e, so the charge 
carried away must be –1 e if charge is to be conserved.

10.
u
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 has charge +2/3 e –2/3 e = 0.

11.
d
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 has charge –1/3 e + 1/3 e = 0.

12.
u
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 has charge +2/3 e + 1/3 e = 1e.

13.
d
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 has charge –1/3 e – 2/3 e = –1e.

14.
The + with charge + 1e could be u
[image: image15.wmf]d

.

15.
The – with charge – 1e could be d
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.

16.
The neutral 0 could be either or both of u
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 and d
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. In fact it is an equal mixture of the two.

External reference

This activity is taken from Advancing Physics chapter 17, 110S
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