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1. Problem 35 B
Consider the decay process ® — 1 1 in a theory with interaction Lagrangian

Here 1) is a Dirac fermion field with mass m and ® is a real scalar field with mass
M. In order ¢' calculate the decay rate I for unpolarized decay products, i.e., sum
over the spins of the outgoing particles.

Hint: Use summation formulas for Dirac spinors and trace identities for v-matrices.
Note that u(...)u = Truuf(...)].

Solution:
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The conjugated part of equation (3) was derived from following identity




[@y°0]* = [uly %]t = 0Ty ou = —0Ty 9 u = —[07°y] (4)

Here 771 = ~° A% = 49 and 759° = —+59° From now on assume u; =

u(p1, $1), v1 = v(pa, s2). Now let’s write terms inside the sum with explicit indices
&7/67776:1727374:
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Now we can move ujs to the front (it’s just a number so it commutes with
everything) and use completness relations (6).

Zuwﬂm = (p, + M)sa
> vz, = (B, —m)s,

52

This turns the spin sum into

(B, + m)savas(Py — M)ayss = Trl(p, +m)y° (P, — m)y’] (7)
Which means that
S \Tpl? = =g’ Tr((p, + m)y* (B, — m)y’] (8)

The trace term can be writed down such that

Tr((p, + m)7* (P, — m)V°] = prapasTr(v*v°7*7°] = m*Try*y’]

—mp1aTr[Y*Y° Y] + mpasTr[y* 7%~

The last two terms in (9) are zero because of the fact that y°y* = —y#+® and
Tr[y*] = 0. From trace identities Tr[1] = 4 and Tr[y*7”?] = ¢*¥ we conclude that

SO ITH = 4% (0 pay + m?) (10)
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Now we introduce Mandelstam variable
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S
S = (0 + Bh)° = 2002+ 2 = D = 5 — (1)

Because the fermions were scattered by scalar field with only mass M and zero
momentum s = M? and p; = —p, we get

> |Tpl? = 4g° (— —m*4+m ) = 2¢° M? (12)
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Now we can finally calculate the transition matrix Sy;. This was done in detail
during Tutorial 13 as Exercise 109 so it won’t be explained here. Just some
necessary steps. From now on py, p2 and p; are 4-vectors and 3-vectors are marked
with arrow.

Spi = (pipalSlps) = |8 = 1+T| =iy +p2 = p) - T (13)

‘Sf2'|2 = (27?)4(27r)46(0)5(p1 + o — i) - 29°M? = (27r)4VT6(p1 +pa—pi)- 292(M§
14

|sz _ (2m)* A 2752
ZQMTV > Sap 0Pt =) - 29°M (15)

P1,P2

= (2m)*Mg? / . 47 8(py + po — 0)3(Eyp, + Epy — M) (16)
(27)32E,, (27)32E,, s bz

= 331/12215(2W—M) = HPE |ﬁ1|,f(p)52\/m—MH

(17)
g*M [T pPdp
== /0 W5(f(p)) (18)
. R T s
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