Strange Particles? Charm?
Maybe a New Model Is Needed!

In the early 1950s, the newly found particles K, A, and £ were found to behave
rather strangely in two ways. First, they were always produced in pairs. For
example, the reaction

7 +p—=K'+ A°

occurred with high probability, but the similar reaction 7~ + p — K" + n was
never observed to occur even though it did not violate any known conservation
law. The second feature of these strange particles (as they came to be called)
was that they were produced via the strong interaction (that is, at a high rate),
but did not decay at a fast rate characteristic of the strong interaction (even
though they decayed into strongly interacting particles).

To explain these observations, a new quantum number, strangeness, and a
new conservation law, conservation of strangeness, were introduced. By assigning
the strangeness numbers (§) indicated in Table 32-2, the production of strange
particles in pairs was explained. Antiparticles were assigned opposite strangeness
from their particles. For example, in the reaction 7~ + p — K" + A", the initial
state has strangeness § = 0 + 0 = 0, and the final state has § = +1 — 1 =0,
so strangeness is conserved. But for 7~ + p — K" + n, the initial state has
S =0 and the final state has § = +1 + 0 = +1, so strangeness would not be
conserved; and this reaction is not observed.

To explain the decay of strange particles, it is assumed that strangeness is
conserved in the strong interaction but is not conserved in the weak interaction.
Thus, strange particles were forbidden by strangeness conservation to decay to
nonstrange particles of lower mass via the strong interaction, but could decay by
means of the weak interaction at the observed longer lifetimes of 107" to 107 %s.

The conservation of strangeness was the first example of a partially
conserved quantity. In this case, the quantity strangeness is conserved by strong
interactions but not by weak.

CONCEPTUAL EXAMPLE 32-6 | Guess the missing particle. Using the

conservation laws for particle interactions, determine the possibilities for the
missing particle in the reaction

7 +p—>K'+?2
in addition to K" + A”

RESPONSE We write equations for the conserved numbers in this reaction,
with B, L., S, and Q as unknowns whose determination will reveal what the
possible particle might be:

Baryon number: 0+1=0+RB
Lepton number: 0+0=0+1L,
Charge: -1+1=0+Q
Strangeness: 0+0=1+S8.

The unknown product particle would have to have these characteristics:
B =+l L.=0 Q=0 §=-L

In addition to A’ a neutral sigma particle, X",
numbers.

is also consistent with these

In the next Section we will discuss another partially conserved quantity
which was given the name charm. The discovery in 1974 of a particle with charm
helped solidify a new theory involving quarks, which we now discuss.

SECTION 32-8 Strange Particles? Charm? Maybe a New Model Is Needed!

Strangeness
and ity

conservation

Strangeness is conserved in
strong interactions but not in weak
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