
Phy 523 PARTICLE PHYSICS
Solution Midsemester -II

Attempt all questions; All questions carry equal marks.

March 28th 2009
Time allowed 90 minutes

1. Consider the decay of Λ0(PΛ) → p(Pp)+π−(Pπ) whose matrix element
is given by

< pPp; πPπ|M |Λ0PΛ >= Nū(Pp)(A + Bγ5)u(PΛ)(2π)4δ4(PΛ − Pp − Pπ)

where N is the normalisation constant.
Show that the terms ū(Pp)σαβPα

p P β
π u(PΛ) and ū(Pp)σαβPα

π P β
Λu(PΛ) can

be converted to the terms of the form A and B. (σαβ = i(γαγβ − γβγα)/2).

Solution:
We have PΛ = Pp + Pπ. So

ū(Pp)σαβPα
p P β

π u(PΛ)

= ū(Pp)σαβPα
p (P β

Λ − P β
p )u(PΛ)

= ū(Pp)
i

2
(γαγβ − γβγα)Pα

p (P β
Λ − P β

p )u(PΛ)

= ū(Pp)
i

2
(6 Pp 6 PΛ− 6 PΛ 6 Pp)u(PΛ)

as σαβPα
p P β

p = 0. Using the identity 6 PΛ 6 Pp = − 6 Pp 6 PΛ + 2PΛ.Pp, we get

ū(Pp)σαβPα
p P β

π u(PΛ)

= baru(Pp)
i

2
(2 6 Pp 6 PΛ − PΛ.Pp)u(PΛ)

We noe use 6 PΛu(PΛ) = mΛu(PΛ) and ū(Pp) 6 Pp = ū(Pp)mp to get

ū(Pp)σαβPα
p P β

π u(PΛ)

= baru(Pp)
i

2
(2mpmΛ − 2PΛ.Pp)u(PΛ)
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which is of the formū(Pp)Au(PΛ) with A = i
2
(2mpmΛ − 2PΛ.Pp) The term

baru(Pp)σαβPα
π P β

Λu(PΛ) can be written as ( using the conservation of mo-
mentum)

baru(Pp)
i

2
(γαγβ − γβγα)(−Pα

p P β
Λ )u(PΛ)

here we have dropeed the term i
2
(γαγβ − γβγα)(PΛPΛ) as this = 0. This can

be simplified to

baru(Pp)
i

2
(− 6 Pp 6 PΛ+ 6 PΛ 6 Pp)u(PΛ)

= baru(Pp)
i

2
(−2mpmΛ + 2 + 2PΛ.Pp)u(PΛ)

This is of the form ū(Pp)Au(PΛ) with A = i
2
(−2mpmΛ + 2PΛ.Pp).

kip 3mm 2. Consider the interaction of a Dirac particle Ψ(x) with a scalar
field φ(x) obeying the equation

(i 6 ∂ − m)Ψ(x) = −gφ(x)γ5Ψ(x)

Show that
Ψi(x) = ψi(x) − g

∫
d4ySF (x − y)φ(y)γ5Ψi(y)

where SF (x − y) is the free particle Feynman propagator.Ψ
Show that S-matrix element is given by

Sfi = (2π)3δif + igǫ
∫

d4yψ̄f (y)φ(y)γ5Ψi(y)

where ψi(x), ψf (x) are the free particle initial and final wave functions.ǫ =
(−1)n where n is the number of antiparticle at time −∞.

(You can use the expression for the Feynman propagator

SF (x−y) = −iθ(x0−y0)
∫ d3p

(2π)3

∑
r=1,2

ψr
p(x)ψ̄r

p(y)+iθ(y0−x0)
∫ d3p

(2π)3

∑
r=3,4

ψr
p(x)ψ̄r

p(y)

derived in the class. ψr
p(x) are the plane wave solutions.)

2. SF (x − y) is defined as

(i 6 ∂ − m)SF (x − y) = δ4(x − y)
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Thus
(i 6 ∂ − m)Ψi(x) = (i 6 ∂ − m)ψi(x)

−(i 6 ∂ − m)g
∫

d4ySF (x − y)φ(y)γ5Ψi(y)

= −g
∫

d4y(i 6 ∂ − m)SF (x − y)φ(y)γ5Ψi(y)

= −g
∫

d4yδ4(x − y)φ(y)γ5Ψi(y)

= −gφ(x)γ5Ψi(x)

we have used (i 6 ∂ −m)ψi(x) = 0 as ψi(x) satisfies the free particle Dirac
eqaution

Ψi(x) = ψi(x)−g
∫

d4y(−iθ(x0−y0)
∫ d3p

(2π)3

∑
r=1,2

ψr
p(x)ψ̄r

p(y)+iθ(y0−x0)
∫ d3p

(2π)3

∑
r=3,4

ψr
p(x)ψ̄r

p(y)φ(

For x0 > y0, we get for Sfi =
∫

d3xψ†
f (x)Ψi(x)

=
∫

d3xψ†
f (x)ψi(x) − ig

∫ d3p

(2π)3

∑
r=1,2

∫
d3xψ†

f (x)ψr
p(x)ψ̄r

p(yγ5Ψi(y)

The first term is ( remembering ψi(x) = 1
(2p0

i )1/2
u(pi)e

−ipi.x

∫
d3x

1

4p0
fp

0
i

u(pf )
†u(pi)e

i(pf−pi).x

= (2π)3 1

4p0
fp

0
i

u(pf )
†u(pi)δ

3(~pf − ~pi)e
i(p0

f−p0

i )x0

Since ~pf = ~pi because of the δ-function,p0
f = p0

i 0. This implies the four

vectors pf and pi are equal. Thus the exponential factor ei(p0

f−p0

i )x0

= 1.
Using u(p)†u(p) = 2p0, we get

∫
d3x

1

4p0
fp

0
i

u(pf )
†u(pi)e

i(pf−pi).x = (2π)3δ3(pf − pi) = (2π)3δif

The second term again contains the integral

∫
d3xψ†

f (x)ψr
p(x) = (2π)3δ3(pf − p)δfr
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thus we can perform the p- integration and the summation over r in the
second term and obtain

+igǫ
∫

d4yψ̄f (y)φ(y)γ5Ψi(y)

If x0, y0 the second term in SF contributes which has a negative sign
compared to the first term. The calculation is identical to what has been
done for the case of x0 > y0, except for the sign. This explains the presence
of ǫ in the final expression for the S-matrix.
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