Decays and Decay Rates -1

® At any time t we assume that the decay rate G is the
same, I.e., that the same fraction of the population
decays per unit time:

dN(t) =- GN(t)dt
® Integrating this gives
N(t) = Nge' & = Nge "t
where we have definedt ¢ 1/ G

® We call G the decay rate andt the lifetime.
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Decays and Decay Rates -2

® What if a particle has a variety of decay modes [for
example K2® p p* and K2® p°p°1.

® If the decay rate to the first mode isG and to the
second is G, , then the probability that a particle will
decay to one final state or the other in a short period of
time dt is:

dN =-Gdt- Gdt = - (G +G)dt

from which we can conclude that the total decay rate is
the sum of the partial decay rates:

G:G_.L+GZ+. .
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Branching Ratios

® The relative probability that a particle decays into a
particular final state is called its branching ratio or,
sometimes, its branching fraction:

BRi = C:‘I /Gtotal
® Tautologically,
é. BRl =1
® For example,
BR(KE® p p*)=(68.61+0.28)%

BR(KE® p°p?)=(31.39+0.28)%
BR(KE® p p*g)=(0.178+ 0.005)%
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Lifetimes and Decay Widths

The Heisenberg Uncertainty Principle teaches us that
DE XDt ~ 7

In its own rest frame the energy of a particle is its
mass. The Heisenberg Uncertainty Principle becomes:

Dm>xDt ~ 7

So, quantum mechanics requires that particle lifetimes
and widths (uncertainty in mass) are inversely related.

The relationship we are going to derive applies to physical
particles, but it also applies more generally to quantum
mechanical states in all fields of physics.
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A Non-Stationary Wave Function

® We want to consider the following wave function for a
state which iIs not stationary:
- iwqt - t/2t

y (X,0) =1 o(X)>e ™ ,
= f O(X) >e’((- iwpg- G/ 2

® The probability for the state to exist at time t, t>0 is
y *y :f * (X)eiWOte- G/Zf (X)e- iWOte- G/2
=f "(X)f (x)e" Wolg @
— Ioe-G — Ioe-t/t

® Recall that dGp|Ms °r ; and G= (dG/ dW)xdW .
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Breit-Wigner -1

® In calculating Mif for cross-sections, we found that the
Fourier transform of the spatial density distribution (the

form factor Tot 4
) F(@)= ™ (n)ar
generally factored out of the matrix element calculation.

® Similarly, when we calculate Mif for a decay process, the
Fourier transform of the time dependence will appear

analogously: y _ .
g(W) — (\@ .I: O(X) )e- IWOte- G/ZeIWt dt

— c‘%‘f o(%) st (1lwo-w]- G}f)dt
al(i[wo-wl- &' 2)
I(wp-w)- G/2

=1 o(X)
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Breit-Wigner -2

® Continuing the calculation:

o) =1 (%) =~

G/2-1(wg-w)

® The decay rate is proportional to the matrix element
squared:

1
(G/2)?- Wo- w)’
1
(G/2)?- (mg- m)?

|Mie P g(w) [F®

In the decay center-of-mass.
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Units

Let’s look at | g(w) |2With an eye toward units.

2 2 1
|le| H|9(W)| ® (G/2)2- (mo' m)2

(G must have units of mass as m has units of mass.

But, from the original definition, G must have units of
[time]~1.

® Distance and time have units of [time].

® Mass, energy, and momentum have units of [time] 1.

® 4 and ¢ convert from one set of units to another

c=3 1010cm/sec; hc=197fm- MeV: 7=6.6" 10" %*Mev - Sec
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Some Examples

particle (& decays) | T (seconds) Ct (cm) G (MeV)
p* (mn) 26" 1078 780 25" 10 14
po(gg) 0.87° 10 |26 10° |76° 10°°
,@emno |12 108 |371 53" 1014
§p+ °5
0@ p 6 089" 1019 268 747 10712
KS% 0,.0x
PP g
appp65.2°10°% |1554 1.3° 10"
Kogp'p+poé
LC +
¢ pbm -
& pen g
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