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Any 3 x (1) from

 dhave /s electronic charge / ~'/ze chargev’

* ds have greater mass than e sv

®  ds feel strong force [or interact with gluons]; e don’tY’

* ds cannot be isolated; e can [or d can only be found in

specific groupings; e can be by itself] v

* ds have lepton number 0, es have lepton number 1 v*
[3 x (="/se)] = —e [accept e or 1 or 1.6 x 107 C with some
Jjustification]

Any 2 x (1) from
*  Very short decay time v'
o Individual quark flavours conserved v*
®  Accept: no neutrino [and no y] emission

X is an electron (1)

y is an antineutrino (1)

Clear logical reasoning based on the laws of conservation of charge
and of lepton number (1)

Weak
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Marks

Question Marking details Available
9 @ | (|e:+1 -l () y:0() 2
(ii) | electromagnetic : y involvement (1) both 1
) (1)
becauseither
charge of x = -¢ [accept -1] and x must be a hadron / can’t be a lepton
Or  unumber=0-1=-1,d number =0-(-1)= 1 or equivalent (1) )
() | ()| ¢ or positron 1
(ii) | Weak 1
(  [acceptporid] ~ ¢ +¥e(accept +7) 1
[Infact, x = W+ ¥, much more likely]
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Marks

Question Marking details e
7 @ Name (1) [e.g antiproton, antineutron] o
Quarks (1) [eg. uud., udd
() | (i) | Must be neutral or lepton number conserved (1)
v, by considering charge and lepton number (1) 2]
(i) | 1% mark  * (1)
Either 2 x (1) from:
« ycan't be alepton [violates lepton conservation]
oy must be positive Bl

(iii)

o ycan't beabaryon
OR y must have u quark number [2-1] = 1 (1) and d quark number [1-
2]=-1(1)

In (i) Yes — quark flavour changes or neutrino (1)
In (ii) No - quark flavours conserved (1) [accept no neutrino]
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(0]

(0]
(ii)

(iii)

(iv)

They interact by the weak interaction (1)
Interactions [very] infrequent compared with strong or e-m. (1)
[or other correct and relevant comment e.gno charge]

‘Combination of 3 quarks

Leptonno: 1+0 = 0+0+1 (1) orequivalent
Charge:  O+e = e+e+(-¢) (I) orequiv.eg 0+ =1+1-1

For the 1 mark either of these (u or d:
- w [04]14252+42[+0] or 34
- & [0+4]2+1 51+ 1[+0] or 352
For the 2™ mark:
the other (i.¢. u or d) and remark that a d has changed to a u OR
equivalent
N.B. uud + udd - uud + uud is an alternative for the 1* mark.

Lepton number not conserved.
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+2,0 (1)

ad, -1,0 (1)

[blank], 0,1 [Accept ‘none’ instead of cell left blank ] (1)
Sun or stars

e-m and 7 or photon involvement

Instage 1: 0+0 goesto 0— 1+ 1 [or equivalent] (1)
In stages 2 and 3, zeros throughout or equivalent (1)

uud + uud goes to uud +udd accept d: 23, u: 43 (1)
Auislost and ad is gained [or a u changes toad]. (1)

Neither involves weak force or equivalent ¢.g. only strong [and
em] force involved.

Question 8 Total





image11.png
(@

®)

(0]

(i)

(iii)

(iv)

(0]
(i)

uud +uud — uud +udd (1)
+ud (1)
141> 1+1+0 (all numbers must be shown) or equivalent

Strong because no [photons (gammas) or] neutrinos or no flavour
changes

Charge or momentum or energy or strangeness
Accept up quark number or down quark number

0+0>0+(=1)+ 1 (all numbers must be shown)

Weak interaction accept fusion (1)

Takes place in the Sun [accept stars] (1)

Part of the process whereby we get sunlight or energy or equivalent (1)
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(i)

A meson is a quark-antiquark combi; (don't accept 2 quark
combination)
a baryon is a 3 quark combi

Charge =+(3)[e] + (1 )[e] =+1[e] or equivalent
0=-1+1 orequivalent (which does not include 0 = +1 + -1)

‘Weak; suggested by long decay time

or Weak; indicated by neutrino involvement

or Weak; indicated by change of quark flavour
Don't accept:

No quark involvement / (only) lepton involvement

1+2+1=2+2 orequivalent (eg 1 +3=2+2)

« Strong force is short-range

« " and H repel

« Large energy needed to regroup groups

For the 3" mark:

The relevance of one of the above points must be argued
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Marking details

Marks
Avallable

(@

(b)

@)

(i)

(iii)

(iv)

proton: uud, charge =
neutron: udd, charge =

[Accept alternative presentations in which quark constitutions
of p and n are clear, and charges of u and d are clear.]

Charge

LHS: 4p, 1¢” [overall charge 3e]; RHS: 3p, v. has no charge
[overall charge 3¢] Accept 4-1 — 3+0(1)

Lepton number

LHS: ¢ 1 Be: 0; RHS: v.:1 Li: 0 Accept 0+1 — 0+1 (1)

Proton lost, neutron gained [or proton changes to neutron] (1)
u lost, d gained [or u changes to d] (1)

JHe lost, }He gained [or }He changed to ;He]

Fusion: [smaller or lighter] nuclei combine (1)
E-m interaction: shown by y or photon released (1)

Question 7 Total





image1.png
(@)

®)

(c)
(d)

0]

(i)

(U]
(i)

Weak (1) because neutrinos only feel the weak force [as well as
gravity] (1)
[Or because the weak force alone can cause a change of quark type].

Ar has 1 more proton than CI, but electron also appears [so net charge
is conserved].
[Or Ar appears as + ion (and picks up an electron)]

v on left is a lepton [or has a lepton number of 1]; electron on right
isalepton [or .|

()20 (ii) 19 [both answers correct]

udd

In version at top, neutron is lost and proton is gained. (1)

[or n+v, >p+e]

We can regard this as a neutron losing a d [quark] and gaining a u
quark ] (1)
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Charge =  [e] + —% [e] + —%[e] =0 [or equiv.]
[or No other combination of 3 u and d quarks gives zero charge]

7 —L[e] + —2[e] [or equiv.] = [or —1] (1)
A3 x —L[e]=—-e[or-1](1)

A meson s a quark-antiquark (1) pairing.
A baryon is a triplet of quarks [accept antiquarks] (1)

L 0 1+ (-1)orequiv.
1L 352+ 1 orequiv.

uand d individually conserved or lifetime too short
[accept no v, involvement]

uuu
7must be ud [because charge must be conserved or because u and d
numbers are individually conserved].

91
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Question

Marking details

Marks

Available
7 @ | O !
(ii) | zero 1
®) baryon 1
(c) p=uud (1)
u quark number for x =4 — 3 [= 1][or equiv] (1)
d quark number for x =2 — 1 — (1) [=2] [or equiv] (1)
So x is a neutron (1) [or A’] 4
(d) Lepton number zero before and after 1
(e) Any 1 x(1)of
e« High KE means short contact time v
* uand d numbers separately conserved [so not weak] v’
e noy involvement [suggests not e-m] v’
So strong (1) 2
(101
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Question

Marking details

Marks

Available
7. [@ | ()| LHS: lepton number [=0+0]=0 (1)
RHS: lepton number = [0] - 1+ 1 (1) [= 0] 2
()| 453 1
L 253 1
(b) weak (1)
because of neutrino involvement [or change in quark flavour] (1) 2
© takes place in the Sun (1)
first stage in fusion chain [or ultimately leads to sunshine] (1)
Alternatively: has taken place in stars (v') leading to the formation
of heavy elements (v') 2
(@ electro-magnetic 1
91
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Question
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Available
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(c)
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(i)
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(i)

(U]

(i)

Quark-antiquark combination [or equiv.]
Only ud combination [in the 1* generation] gives a charge of +e
[or 3+%=1]

I [ud+ uud + udd — uud + uud]
u numbers: LHS = 4; RHS =4, so conserved
1L d numbers: LHS = 2; RHS =2, so conserved
Strong force (1)
Any 1% (1) of:
* ‘high energies’ suggests strong v’
e separate conservation of uand d v/
* o neutrino / lepton involvement v/
e quark regrouping / only quarks involved v/

Any intelligible method [e.g. baryon and charge conservation or u
and d numbers conservation, or quark counting to give 9u+9d in X,
or comparison with equation in (b) noting that =* + n — p] (1) [or by
impl.]

A=6and Z=3(1)

Proton number / atomic number [accept: chemical element]





