
Decay life time and half time
(An interesting exercise)

Imagine we have, at t = 0, N(0) = N0 nuclei.
◮ Probability that one nucleus decays in the time interval

between 0 and Δt:
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Decay life time and half time
(An interesting exercise)

Imagine we have, at t = 0, N(0) = N0 nuclei.
◮ Probability that one nucleus decays in the time interval

between 0 and Δt:

P(“1 decay in Δt”) =
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⇒P(“1 d. in Δt”) =
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◮ If we have at a given instant N nuclei,
how many will decay in Δt?

−→
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Decay life time and half time
(An interesting exercise – cont.d 1)

X ∼ B(N,
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τ
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Decay life time and half time
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◮ Relative uncertainty (E[X ] > 0):
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◮ When the number of decays in Δt is rather ‘large’, that is
◮ N ‘large’
◮ Δt ‘not too small’

v → 0
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Decay life time and half time
(An interesting exercise – cont.d 1)

X ∼ B(N,
Δt

τ
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E[X ] = N · Δt

τ
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◮ Relative uncertainty (E[X ] > 0):

v =
σ(X )

E[X ]
=

1
p

E[X ]

◮ When the number of decays in Δt is rather ‘large’, that is
◮ N ‘large’
◮ Δt ‘not too small’

v → 0
◮ The process can be seen as deterministic: −→
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Decay life time and half time
(An interesting exercise – cont.d 2)

ΔN = −E[X ] = −N
Δt

τ
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Decay life time and half time
(An interesting exercise – cont.d 2)

ΔN = −E[X ] = −N
Δt

τ

ΔN

Δt
= −N

τ

that we can ‘conveniently extend’ to the continuum as

dN

dt
= −N

τ
,

resulting in

N(t) = N0 · e−t/τ .
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Decay life time and half time
(An interesting exercise – cont.d 3)

Twofold meaning of τ :
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Twofold meaning of τ :

◮ expected time to disintegrate for each nucleus;
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◮ For a single nucleus t1/2 is the median of the p.d.f. of the
time to decay.
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Decay life time and half time
(An interesting exercise – cont.d 3)

Twofold meaning of τ :

◮ expected time to disintegrate for each nucleus;

◮ time constant of the decreasing numbers of nuclei, seen as a
continuous process (∼ deterministic law, like capacitor
discharge in a RC circuit).

◮ Half live:
N(t1/2) =

N0
2 → t1/2 = τ ln 2

◮ For a single nucleus t1/2 is the median of the p.d.f. of the
time to decay.

◮ Experimentally, having observed N (‘ΔN’) counts in ΔT ,
◮ {ΔN, ΔT , N0} → r → τ

(without having to observe the instant of ‘birth’ and of dead
of single objects)
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Decay life time and half time
(An interesting exercise – cont.d 3)

Twofold meaning of τ :

◮ expected time to disintegrate for each nucleus;

◮ time constant of the decreasing numbers of nuclei, seen as a
continuous process (∼ deterministic law, like capacitor
discharge in a RC circuit).

◮ Half live:
N(t1/2) =

N0
2 → t1/2 = τ ln 2

◮ For a single nucleus t1/2 is the median of the p.d.f. of the
time to decay.

◮ Experimentally, having observed N (‘ΔN’) counts in ΔT ,
◮ {ΔN, ΔT , N0} → r → τ

(without having to observe the instant of ‘birth’ and of dead
of single objects)

Quite not an easy concept for the general public −→
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Decay life time and half time
How life times are perceived. . .

Many years ago there was a claim of a proton decay observed in an
underground experiment:

◮ The ‘observed’ lifetime was about 1025 years
(order of magnitude – details are irrelevant);
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(order of magnitude – details are irrelevant);

◮ This is how the new was reported by a major Italian
newspaper (Corriere della Sera):
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Decay life time and half time
How life times are perceived. . .

Many years ago there was a claim of a proton decay observed in an
underground experiment:

◮ The ‘observed’ lifetime was about 1025 years
(order of magnitude – details are irrelevant);

◮ This is how the new was reported by a major Italian
newspaper (Corriere della Sera):

Observed how a proton dies.

It was 1025 years old.
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The very venerably aged proton
Corriere della Sera, 1st June 1984
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