
Phy 523 PARTICLE PHYSICS
SOLUTIONS MIDSEMESTER I

Q1. If the decay rate of ∆++ = Γ++ what is the decay rate of ∆+?

Solution: In the decay isospin is conserved. Since I = 3/2 for the ∆ the
final state can only be I = 3/2. The decay Of ∆+ can occur through the
channels

∆= → p + π0

and
∆= → n + π+

We have and

|nπ+ >=
(

1

3

)1/2

|I = 3/2, Iz = 1/2 > +
(

2

3

)1/2

|I = 1/2, Iz = 1/2 >

|pπ0 >=
(

2

3

)1/2

|I = 3/2, Iz = 1/2 > +
(

1

3

)1/2

|I = 1/2, Iz = 1/2 >

Thus

< nπ+|M |∆+ >=
(

1

3

)1/2

< I = 3/2, Iz = 1/2|M |∆+ >

< pπ0|M |∆+ >=
(

2

3

)1/2

< I = 3/2, Iz = 1/2|M |∆+ >

Hence

Γ+(nπ+) =
1

3
Γ++

Γ+(pπ0) =
2

3
Γ++

Total rate is
Γ+ = Γ+(nπ+) + Γ+(pπ0) = Γ++

2. A particle X of mass MX decays to two paricls Y (mass MY ). The
decay distribution is isotropic in the rest frame of X. Consider a frame in
which X is travelling with energy EX along the 3rd direction. Show that the
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energy distribution in the moving frame is constant- that is if dNY is the
number emitted in the energy range EY to EY + dEY show that

dNY

dEY

= constant

and

γ

2
[MX − β

√

(M2
X − 4M2

Y )] < EY <
γ

2
[MX + β

√

(M2
X − 4M2

Y )

where γ = EX/MX and β =
√

(E2
X − M2

X)/EX

Solution:
Let the momentum four vector of Y in the rest frame of X be (EY (r), PY (r)sin(θ), 0, PY (r)cos(θ)).

θ is the angle made by the momentum vector of Y in the rest frame of X.
Here EY (r) = mX/2; pY (r) = (m2

X/4−m2
Y )1/2. We can get the energy in the

frame in which X is moving by a Lorentz transformation

EY = γ(EY (r) + βPY (r)cos(θ))

where γ = EX/mX ; β = (E2
X − m2

X)1/2/EX . This implies (using EY (r) =
mX/2; pY (r) = (m2

X − 4m2
Y )1/2/2

γ

2
[MX − β

√

(M2
X − 4M2

Y )] < EY <
γ

2
[MX + β

√

(M2
X − 4M2

Y )

Thus dEY

dcos(θ)
= γβPY and

dN

dEY

=
dNY

dcos(θ)

dcos(θ)

dEY

=
1

γβ
× constant

as dNY

dcos(θ)
is a constant for isotropic distribution.

Q3. A ρ0 meson is in the rest frame in the eigenstate of spin operator
S3 with eigenvalue 0. Write the matrix element for the decay of ρ0 to π+π−.
Find the angular distribution of the decay products. ( You can use the matrix
element

M = gǫµ(pπ+ − pπ−)µ

where g is a constant.) ǫµ represents the polarization vector of ρ0 meson and
pπ+ , pπ− are the four momenta of the π+, π− respectively.
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Solution:
In the notation for the spin operators (Si)jk = −iǫijk we have the eigen-

vector for S3 with eigenvalue zero is







0
0
1







Thus ǫ0 = ǫ1 = ǫ2 = 0; ǫ3 = 1. the matrix element for ρ- decay becomes

M = g(pπ+ − pπ−)3 = −2gp3
π+ = −2g|pπ+|cos(θ)

where cos(θ) is the angle with restect to the spin fo the ρ. We are in the rest
frame of ρ and so pπ+3 = −pπ−3. The angular distribution ∝ |M |2 ∝ cos2(θ)
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