Top Quark Decay

4 Fermi V-A interaction
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Matrix element of top quark decay t — ¢tuyb is
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where w, and wv; represent spinors of up-type(ry) and down-type(¢T) quark from W,
respectively.

Considering 3 e# e¥* = — g + pliphy /miy, we get
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where we assume the masses of up-type and down-type quarks from W are negligibly small, i.e.
My =mqg=0 .

Thus, we omit the term includes p}yp¥y-, and get
I o< @y Y, (1 — ) ur @y’ (1 — 7°)vg
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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Next, we consider the factor M. In the top rest frame, define spinors of top quark and down-
type qaurk as
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respectively, where x; and ¢4 are two component spinors of top and down-type quark, d and Ey
are unit vector of the flight direction of down-type quark and its energy in the top rest frame.
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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 6.

Top Rest Frame
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This means My =0 for
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Conversely only allowed state is
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which means ¢1 has positive helicity. Then, finally
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In the top quark rest frame p;= (my, 6)
M2 ocmiEq(1 — cos8q)(pu - po)
=((m¢,mi8) - (Ed, Pa))(Pu- Pb)
={(pt+mese) - pa}(pu- po)
where s; = (0, §) in the top quark rest frame, and § is unit vector parallel to top quark

polarization.



