PAGE 1 OF ??

FY3403 Particle physics NTNU
Problemset 8
Institutt for fysikk
SUGGESTED SOLUTION

(a) Extra info: to perform the spin summation over outgoing spins (4th equation to 5th equation on
the next page), use the result we proved in the lectures that

Y. la(a)T1u(b)][@(a)T2u(b)]” = Te{Ty (i +mpe)To(f o +mac) } (D

spins

and then observe that the left-hand side of the above equation is identical to the 4th equation below
by using that

[i(a)T2u(b)]" = [a(a)Tau(b)]" = [a(b)T2u(a)). @)

Finally, use that if i(b), u(b) are replaced by v(b),v(b) (which is the case in the equations below), the
completeness relation for the v-spinors is such that the mass m, — —my, on the right hand side of Eq.
(1). This completes the transition from the 4th to 5th equation.
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Dropping the superscript f on t‘{/ and Cﬁ, for the moment,

M =ie,(1)a(2) {—%‘yf’(gv — "‘A')’S)] v(3) [(27{ Agdr, Pz—pa)l;

*

M= (&) e 1) [12)7(ev - ear®)o(3)] 1@ (ev = car®)e(3)]

237y (cy—car®)] 70u(2)

But

1t
’ 't 1
+° {”rl (v — cmS)] 70 =1%ev — a0 =10y — )0

* * ’+ * * / 18 * *
= (e +car)r™r" " = (cf +car’)r’ =2 (ch — car’)
SO

M2 = (%)Zep(l)el’j(l) (827" (ev = car®)o(3)] [23)7" (cf = can®u(@)] .

Summing over the outgoing spins, we get
gomg

(%)2 e;,(l)es(l)Tr ['y}‘(cv o cAfyS)(yig — 3¢y (cf — c:l"rs)(ﬂz -I—mzc)].

The trace was calculated in Problem 9.2; quoting Eq. 9.159, with iy = m3 — 0,
>\ 2
(3) eumesa{ (lev P +1cal?) [phes +pars — (2 pa)s™ ]

i (evel + chea) eV, ps, )

The next step is to average over the (three) spin states of the Z, using the
completeness relation in Problem 9.1 (Eq. 9.158):

1 PipPv ) ) ’
(IMP) = 3¢ [‘g}ﬂ' L (Nfzc)‘Z] (v P +lcal [Paps +pars — g (p2-pa)]
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(The e’ term gives zero, since it is antisymmetric in y < v, whereas Suv
and P1pp1v are symmetric.)

il
(IM]P) = gg%(\(‘v\z + ICAIZ){ —2(p2-p3) +4(p2-p3)

+ —(M;)z [2(1’1 -p2)(p1-pa) — (p1-p1)(p2- }"3)} }

(Mzc)?
1 gt 18 s i3 (P1- p2)(p1 - p3)
:§SZ(|‘V| +[cal?) {(F’Z‘F’B)szw .

The Golden Rule for 2-body decays in the CM frame (Eq. 6.35) says

Il 2
=———{(|M
SHhM%r“ 2

plg?

_ (Pl-rz)(m-;’s)]
U4nhMEc

In the rest system of the Z,

Myc Myc
p1 = (Mzc,0); pz:( 22 ,P)J PS:( 22 .*P).

and (since f is “massless”)
Myc\? Myc\?
() s w2 (5
_ (Mzc)2

Mzc 2 2 zC
(Pz-;’a):( > ) == WA= = T

and hence

So

(Mzc)® (Mzc)*

(Mzc)? 2 2
= = (Mgzc)~.
$ : + 7 (Mz0)? (Mzc)
Therefore, (restoring now the superscripts on cy and c4)
2 2 ]
8z (Mzc®) £ 12 f|2
| [ = T L T e .
487h (]‘vJ ‘H‘A‘ )

(b) Let A = (\c{;\z + \c‘glz). According to Table 9.1:

Ve, Vo Vg = cy = 05; ca =05 A=0.25+0.25 = 0.5000
et : oy =—00372; cq =—05; A=00014+025=02514
w,c,t  : oy =01915; c4 =05 A =0.0367 +0.25 = 0.2867
ds, b oy =—03457; c4 = —0.5; A =0.1195 4 0.25 = 0.3695.
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Now
2Mzc?

o = S5 LAV P +141),

where the sum is over the three neutrinos, three charged leptons, « and ¢ (but
not the t, since it is too heavy: m; > Mz /2), d, s, and b (and in the case of the
quarks, three colors):

Y (12 +

!

o, [2) = 3(0.5000) + 3(0.2514) + 6(0.2867) + 9(0.3695) = 7.2999.

The branching ratios (I'; / Ty,,)) are:

e,u,T : 0.2514/7.2999 = 0.0344, or|3%
Ve, vy, vr = 0.5000/7.2999 = 0.0685, or | 7%
u,c : 3(0.2867)/7.2999 = 0.1178, or|12%
d,s, b : 3(0.3695)/7.2999 = 0.1519, or|15%
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