
P424 Assignment 2 Solutions
100 points total

1. has isospin content 0 0 ! 1 1 + 1 "1 ,  which is allowed under isospin conservation,

since it has Clebsch-Gordon coefficient 1
3  (but note that the decay is kinematically

forbidden, as the omega is not heavy enough to decay into a rho plus a pion, at least for most

of the natural width of the rho [and omega]). 8 pts.

2. has isospin content 0 0 ! 1 0 + 1 0 ,  which is forbidden. 8 pts.

3. has four distinct possibilities (up to charge conjugation): K *+
(892)! K

+
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,
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*+
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+
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#
.   The first and third of these

have isospin content 1

2

1

2
!

1

2

1

2
+ 1 0 ,  which is allowed (with Clebsch-Gordon

coefficient 1
3 ), whereas the second and fourth of those have isospin content

1
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2
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1

2
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1

2
+ 1 1 ,  which is also allowed (with Clebsch-Gordon coefficient 2

3 ), so

these decays are allowed. 11 pts.

4. has isospin content 0 0 ! 1 1 + 1 "1 ,  which has a zero Clebsch-Gordon coefficient

and thus is forbidden. 8 pts.
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(a)  Parity conservation.  The !,  being a bound state of two fermions with spin and orbital

angular momentum 0, has a parity 
 
(!1)

!+ s+1
= !1,  whereas two pions have a parity

 
!1" !1" (!1)

!
,  with  !  necessarily being zero as J of the !  is zero, enforcing positive parity.

Thus the !  cannot decay to two pions.  A three pion decay can have either parity depending

on the relative angular momenta of the pion pairs, thus the 3!  decay is allowed. 8 pts.

(b)  Angular momentum conservation.   A scalar (spin 0) cannot decay to a scalar plus a

photon, since the photon is polarized.  There is no way (such as would occur with vector +

photon decay products) to balance out the photon’s angular momentum such that a scalar can

produce it. 8 pts.

(c)  Conservation of C,  the charge conjugation quantum number.  The ! (1300) is, like the

ground state pion, +1 under charge conjugation, as it is a spin-0 state.  But a system of three

photons has C quantum number (!1)3 = !1.  Thus this decay is forbidden. 8 pts.

(d)  This decay violates parity conservation because the kaon is a bound state of two fermions

with spin 0 and angular momentum 0, therefore it has parity 
 
(!1)

!+ s+1
= !1,  and it violates

isospin conservation because the K
+

 is a 1
2

1
2  isospin state decaying to 1 1 + 1 0 .

Weak interactions and decays do not in general conserve either isospin or parity, so this

decay is not unexpected. 11 pts.

(a) Yes.  The lowest-order Feynman diagrams for the process are

The vertex factors for these are (predominantly) Vts and Vtd (2x for each).  These do not need

to be complex (i.e. non-real) for the amplitude to be nonzero.  CP violation allows, for

example, a KL to decay into two pions, but CPV is not required for oscillations to occur.
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