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PHYS3050 — Useful Formulae and Tables

Table of quark properties:

Quark type (flavour) u d s c
Baryon number B /3 1/3 1/3 1/3
Spin J /2 1/2 12 1/2
Charge @ (units ofe) +2/3 -1/3 -1/3 +2/3
Isospin T' /2 1/2 0 0
Isospin projection 7, +1/2 -1/2 0 0
Strangeness S 0 0 -1 0
Charm C 0 0 0 +1

Some useful formulae:

e Radial Schrédinger equation for a central potential, letting 1(r, 0, ¢) =
@R)(r)  2m RA(1+1)
e Density of states formula:
4np?
dn = (2rh) dp

o E? = m2ct + p2c

e Wavefunction of K-shell electron (1s electron):

73 hir
Y(r) = @exp(—ZT/aB), aB:mee2
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Particle properties:

Q JP B T S C
P 1™ 1 % 0 0
n 0 KLt 1 % 0 0
7wt 1 00 0 1 O 0
m° 0O 0 0 1 O 0
T -1 00 0 1 0 0
K*¥ 1 0 0 Y 1 0
K~ -1 00 0 Y -1 0
K° 0 0° 0 Y 1 0
K2 0 0 0 Y 0
K2 0 0 0 Y 0
. 0 00 0 0 0 0
p¥ 1 1= 0 1 0 0
©° 0 1- 0 1 0 0
) -1 1= 0 1 0 0
w 0o 1= 0 0 o0 O
A0 Yt 1 0 -1 0
o= -1 Lt 1 1 -1 0
S 0 Bt 1 1 -1 0
St 01 Y+t 101 -1 0
A~ =1 3/t 1 32 0 0
A? 0 32t 1 32 0 0
At 1 32t 1 32 0 0
Att 2 3T 1 3 0 0
0 Ut 1 1 -2 0
== -1 1t 1 1 -2 0
Q- -1 3* 1 0 -3 0
Jy 0 1= 0 0 0 0
DY 1 0 0 Y% 0 1
D~ -1 00 0 Y% 0 -1
D° 0 0 0 Y o0 1
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Question 1 (10 marks)
In heavy nuclei the number of neutrons is N =~ 0.6A and the number of protons is
Z =~ 0.4A. The nuclear radius is R = roA'/3, where r ~ 1.1 fm. Consider protons
and neutrons in the Fermi gas approximation.

(a) Calculate values of the Fermi momentum pp for protons and for neutrons (in
MeV).

(b) Calculate values of the Fermi energy ¢r for protons and for neutrons (in MeV).

(c) Taking the binding energy of the last nucleon to be 8 MeV, estimate the depth
of the potential for neutrons and protons. How does this compare with the
typical depth of the nuclear self consistent potential, V5 ~ 50 MeV? How can
one account for the difference between the neutron and proton potentials?

Question 2 (15 marks)
The five lowest energy levels of 7N are shown below. The quantum numbers J?
are indicated on the left hand side, and the energies relative to the ground state are
shown on the right hand side, in MeV.

2- 5.106
0~ 4.915
* 3.948
o+ 2.313
ir 0.

(a) Using selection rules for electromagnetic transitions show all the decay channels
which go via
i. El-transition
ii. M1-transition
iii. E2-transition

(b) In natural units (kA = ¢ = 1) the decay probabilities for E1 and M1 transitions
are given by
4 4
Wi = 2w’ |dnl® Win = zw® |usl* .
3 a
Using these equations estimate the lifetimes of 0~ and 0% states. For the estimate
you can use the following typical values of the transition amplitudes:
dpi~0.le-f ‘
i ~0.1le-fm, i~ = —.
fi Ky KN 2mp
Hint: You may use any units you like, but it is convenient to find value of the
lifetime in inverse MeV using natural units and then convert the result into
seconds using i = 6.582 x 10722 MeV - s
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Question 3 (15 marks)

(a) For the following 8-decays state whether the decay will be Fermi type, Gamow-
Teller type, both, or forbidden. Give the reasons.

=3 p
1%%8b (5/2+) — 1550 (7/2%)
H (1/27) — *He (1/2%)
"6sEr (5/27) — '§Tm (1/2%)
23aPu (5/2%) — 2%Np (5/2%)

(b) K-electron capture
(Z,N)+e — (Z-1,N+1)+v
is described by the Fermi theory of weak interaction. Using the Fermi golden

rule W
=2 Visl? s

dn
Py =/5(w P~

is the density of states of the emitted neutrino, find the dependence of the
electron-capture probability on

where

i. the nuclear charge Z,
ii. the released energy w — the energy of the escaping neutrino.

(c) Explain why K-shell capture competes with positron emission for large Z.
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Question 4 (20 marks)
Use the table of particle properties provided to

(a) Give the quark assignments for the following particles:
p’ n’ Tr+’ Ao, Q—7 2+’ Do‘

(b) Using A** as an example, explain why the extra quantum number, colour, is
necessary.

(c) Plot, on appropriate axes, the Gellman-Ne’eman eightfold diagram for the meson
family (K+, K°, 7=, n°, 7%, n, /, K~, K°)

(d) State whether the following reactions proceed via the strong, weak, or elec-
tromagnetic interactions, or are forbidden. Present corresponding Feynman dia-

grams for allowed reactions at the quark-lepton level (with intermediate particles
9,7, W, 2).

pt =t 4 7°
A* 4 pt 4~ +
Tt s A +et 4+,
Kt+n— St +7°
T —e +v
Vet+tp—on+et
n e +9
T — 2y
A= a7 +p
I/ — pu+p”

— End of Exam —
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