
Top Quark Decay
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Matrix element of top quark decay t→ ℓ+νℓb is
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where uu and vd represent spinors of up-type(νℓ) and down-type(ℓ+) quark from W ,
respectively.

Considering
∑
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2 , we get
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2 ) ūuγν(1− γ5)vd ,

Here pW = pu + pd . Then
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,

where we assume the masses of up-type and down-type quarks from W are negligibly small, i.e.
mu =md = 0 .

Thus, we omit the term includes pW
µ
pW

ν , and get

M∝ ūbγµ(1− γ5)ut ūuγ
ν(1− γ5)vd

In general, we have the following equation:
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Using Fierz transformation, we obtain the following equation as well:
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Applying the two equations above to the invariant matrix element for the top quark decay,
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Cūu

C(1− γ5)ub

=
∑

sd

|Mtℓ|2
∑

su,sb

Tr{(1 + γ5)uu
Cūu
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Next, we consider the factor Mtℓ. In the top rest frame, define spinors of top quark and down-
type qaurk as
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,

respectively, where χt and φd are two component spinors of top and down-type quark, d̂ and Ed

are unit vector of the flight direction of down-type quark and its energy in the top rest frame.

vd
C = iγ2vd

∗∝
[

0 iσ2

−iσ2 0

]

(

σ
∗ · d̂φd

∗

φd
∗

)

=

(

iσ2φd
∗

−iσ2σ
∗ · d̂φd

∗

)

=

(

iσ2φd
∗

σ · d̂iσ2φd
∗

)

Mtℓ = 2mtEd

√
{v̄d

C(1− γ5)ut}

= 2mtEd

√ (

−φd
Tiσ2 φd

Tiσ2σ · d̂
)

[

1 −1
−1 1

](

χt

0

)

=− 2mtEd

√
φd

Tiσ2

(

1+ σ · d̂
)

χt

Assume the decay occurs in z-x plane, and the top quark is polarized to z-direction. Also define
the angles of the flight direction of down-type quark w.r.t. z-axis as θd.

+

θ

b

t

ν

i

l

Top Rest Frame
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This means Mtℓ =0 for
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Conversely only allowed state is
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which means ℓ+ has positive helicity. Then, finally
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In the top quark rest frame pt = (mt, 0S )

|M|2 ∝mtEd(1− cosθd)(pu · pb)
=((mt,mtŝ) · (Ed, pSd))(pu · pb)
={(pt +mtst) · pd}(pu · pb)

where st = (0, ŝ) in the top quark rest frame, and ŝ is unit vector parallel to top quark
polarization.
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