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1. Chirality ú	¶Ko � 0gjDêÏ� �fjDS h � :[ �

(γ5ψ= ψ, � W O o γ5ψ=−ψ nh M Dirac ¹�� (iγµ∂µ −m)ψ= 0 K� m= 0 � �Q � )

2. C(wûqy)	Ûk JDf Left-handed chirality o � Right-handed chirality h j � S h � º

K�� �

γ5ψL =−ψL�
C

γ5(ψL)C = (ψL)C

where ψC =Cψ̄ T = iγ2ψ∗

3. ÍËå üÈ ê Î n Dirac spinor o � zø¹Ôó ú	¶Kn 2�� spinor � χh W f

vν̄ ∝

(

σS · pS

E + m
χ

χ

)

h øQ � � Ê m= 0 h W � KÕ¹�� +z¹� h Y� h (1− γ5)vν̄ goÍËå üÈ ê Î n¹Ô ó

L+z¹� � Yj�a helicity (+)n�L1U �� S h � :[ �

Í�Pn � �� spinor o +z¹�¹Ôó χ↑=

(

0
1

)

, −z¹�¹Ôó χ↓=

(

−1
0

)

4. µ�Pn)Ê(µ−(p)→ e−(p′)+ ν̄e(k
′)+ νµ(k))k JQ � L�� 

∑

spin

|M|2 =
GF

2

2
Tr[γµ(1− γ5)(p+m)γν(1− γ5)k]×Tr

[

γµ(1− γ5)k ′γν(1− γ5)p′
]

� ��Y� h

∑

spin

|M|2 =
GF

2

2
× 256(k · p′)(k ′ · p)

h j � S h � :[ � (å�nl�� �F )

Tr[γµγνγργσ] = 4[gµνgρσ + gµσgνρ − gµρgνσ]

Tr[γ5γµγνγργσ] = 4i εµνρσ

εµνρσεµν
γδ=−2(gργgσδ − gρδgσγ)
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1. Prove that a particle in the chirality eigenstate can not have non-zero mass. i.e. if you assume
γ5ψ= ψ, or γ5ψ=−ψ, derivate m=0 from the Dirac equation (iγµ∂µ −m)ψ= 0.

2. Prove that a Dirac spinor projected onto its left-handed chirality component changes its
chirality to right-handed under a charge conjugatation (C) transformation.

γ5ψL =−ψL�
C

γ5(ψL)C = (ψL)C

where ψC =Cψ̄ T = iγ2ψ∗

3. A Dirac spinor of an anti-neutrino can be described as below using a two-component spinor
χ.

vν̄ ∝

(

σS · pS

E + m
χ

χ

)

Suppose a particle with m = 0 and moving along +z direction, then prove that the spin of the
anti-neutrino is pointing to +z direction, i.e. the helicity of the anti-neutrino is positive for (1 −
γ5)vν̄. (Mind that a two-component spinor of an anti-particle is pointing oppositely to one of a
particle.)

4. Calculate the following matrix element of a muon decay (µ−(p)→ e−(p′)+ ν̄e(k
′)+ νµ(k))

∑

spin

|M|2 =
GF

2

2
Tr[γµ(1− γ5)(p+m)γν(1− γ5)k]×Tr

[

γµ(1− γ5)k ′γν(1− γ5)p′
]

to be

∑

spin

|M|2 =
GF

2

2
× 256(k · p′)(k ′ · p)

using the following formulas

Tr[γµγνγργσ] = 4[gµνgρσ + gµσgνρ − gµρgνσ]

Tr[γ5γµγνγργσ] = 4i εµνρσ

εµνρσεµν
γδ=−2(gργgσδ − gρδgσγ)
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