Decay life time and half time
(An interesting exercise)
Imagine we have, at t =0, N(0) = Ny nuclei.
» Probability that one nucleus decays in the time interval
between 0 and At:
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Imagine we have, at t =0, N(0) = Ny nuclei.
» Probability that one nucleus decays in the time interval

between 0 and At:
At 1
/ Ze T gt
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(If At < 1)

At At
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Decay life time and half time
(An interesting exercise)
Imagine we have, at t =0, N(0) = Ny nuclei.
» Probability that one nucleus decays in the time interval

between 0 and At:
At 1
P(“1 decay in At") / —e T dt
0 T

— 1_ e—At/T
(If At < 1)
~ 1— (1 — E) = E
T T
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Decay life time and half time
(An interesting exercise)
Imagine we have, at t =0, N(0) = Ny nuclei.
» Probability that one nucleus decays in the time interval

between 0 and At:
At 1

P(“1 decay in At") = / —e T dt

0 T

— 1 — e—At/T

o 1 1 At\ At

N T ) T
At

P(“1d. in At") —.

T

» If we have at a given instant N nuclei,
how many will decay in At?
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Decay life time and half time

(An interesting exercise — cont.d 1)
At
X ~ B(N,—)
-

At
N-== [=N-r-At]
T

E[X]

At At At
a(X) = \/—-(1—>-N% =N
T T T
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Decay life time and half time

(An interesting exercise — cont.d 1)

A
X ~ B(N, 25
—

E[X] = /v-% [= N-r-At]
o(X) = \/$(1$)N% S8 N = VEX]

» Relative uncertainty (E[X] > 0):
_o(x) 1

EX] EX]

4
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Decay life time and half time

(An interesting exercise — cont.d 1)
At
X ~ B(N,—)
-

At
N-== [=N-r-At]
T

E[X]

o(X) = \/E(1E>N% E-N:m

T T T

» Relative uncertainty (E[X] > 0):
~ o(X) 1

- E[X] VEIX]

» \When the number of decays in At is rather ‘large’, that is
> N ‘large’
» At 'not too small’
v — 0

4
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Decay life time and half time

(An interesting exercise — cont.d 1)
At
X ~ B(N, 2%
-
At
EX] = N-2% [=N-r-Af]
T

o(X) = \/E(1E>N% E-N:m

T T T

» Relative uncertainty (E[X] > 0):
a(X) 1
VvV —=
E[X] V E[X]
» When the number of decays in At is rather ‘large’, that is

> N ‘large’
» At ‘not too small’

v — 0
» The process can be seen as deterministic: o
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Decay life time and half time

(An interesting exercise — cont.d 2)

AN = —E[X] = —N—=

© GdA, RM25-08 31/01/25 16/63



Decay life time and half time

(An interesting exercise — cont.d 2)

At
AN = —E[X] = —N—
-

AN B N

At T
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Decay life time and half time

(An interesting exercise — cont.d 2)

At
AN = —E[X] = —N—
-

AN B N

At T

that we can ‘conveniently extend’ to the continuum as

dN N

dt T’

resulting in

N(t) = Ng-e t/7.
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Decay life time and half time

(An interesting exercise — cont.d 3)
Twofold meaning of 7:
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(An interesting exercise — cont.d 3)
Twofold meaning of 7:

» expected time to disintegrate for each nucleus;
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Decay life time and half time

(An interesting exercise — cont.d 3)
Twofold meaning of 7:

» 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).
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Decay life time and half time
(An interesting exercise — cont.d 3)
Twofold meaning of 7:
» 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(tl/z):% — t1/2:7'|n2
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Decay

life time and half time

(An interesting exercise — cont.d 3)
Twofold meaning of 7:

>
>

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(tl/z):% — t1/2:7'|n2

For a single nucleus t; > 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 7:

» 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(ti/2) = % — tipp=7In2
» For a single nucleus t;/; is the median of the p.d.f. of the
time to decay.
» Experimentally, having observed N (‘AN’) counts in AT,
> {AN, AT, Ng} —r — 7
(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 7:

» 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(ti/2) = % — tipp=7In2
» For a single nucleus t;/; is the median of the p.d.f. of the
time to decay.
» Experimentally, having observed N (‘AN’) counts in AT,
> {AN, AT, Ng} —r — 7
(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 10%° years

(order of magnitude — details are irrelevant);
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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 10%° years
(order of magnitude — details are irrelevant);

» This is how the new was reported by a major ltalian
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 10%° years
(order of magnitude — details are irrelevant);

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

Observed how a proton dies.
It was 1022 years old.
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The very venerably aged proton
Corriere della Sera, 1st June 1984

Venerdi 1 giugno 1984

INTERNO

L'eccezionale avvenimento scientifico illustrato al convegno di cosmofisica dell’Aquila

«Abbiamo visto come muore un protone»

Gli scienziati italiani spiegano: aveva 10 mila triliardi di anni

La comunicazione & stata fatta dagli studiosi che operano nel laboratorio sotto il Monte Bianco - La
particella che hanno visto disintegrarsi il 17 maggio scorso era la seconda al cui «decesso» assistevano
in diretta - Questo evento rarissimo ha un’enorme importanza per le moderne teorie unificate della fisica

DAL NOSTRO INVIATO SPECIALE

L'AQUILA — I protone di
segnl di stanchezza, 1 cosmofi-
sicl che lavorano nel laborato-
rio sotto il monte Bianco ne
hanno visto disintegrarsi uno
i1 17 maggio scorso. Aveva
un'etd venerabilissima: circa
diecimila triliardi di anni. E' il
secondo protome la cul morte
viene colta in diretta dagli
geienziati italiani da quando &
cominciato 1'esperimento NU-
SEX, dalle iniziall di -Nucleon
stability experiment-.

La comunicazione di questo
importante risultato scientifi-
co ¢ stata data 'altro ieri, con
la prudenza necessaria. al se-
condo ~-Convegno nazionale di
fisica cosmica-, che si tiene
all'Aquila, dal fisico sperimen-
tale Plo Picchi.

NUSEX & una collaborazio-
ne fra I'Istituto di cosmofisica
del CNR di Torino e i laborato-
ri INFN di Milano e di Frascati

o foomomen ssamiiainoonn el

per le moderne teorie unificate
della fisica, ha accresciuto 'in-
teresse per un altro e pil gran-
de laboratorio sotterraneo do-
ve sl studleranno guest! feno-
meni: il laboratorio sotto il
Gran Sasso.

Durante un intermezzo dei
lavorl congressuall, i cento fi-
sicl riuniti a L'Aquila hanno
visitato le gallerie dove, entro
due anni, sorgeranno i nuovi
laboratorl dell'INFN. Il parla-
mento ha da poco approvato il
secondo finanziamento di ses-
santa miliardl per il completa-
mento delle opere pubbliche, e
ora gl studlosi aspettano che
venga dato il via all'acquisto

gglla strumentazione scienti-
a. 2

=Sotto 1l Gran Sasso inizie-
remo, molto probabilmente,
con tre esperimenti — spiega il
professor Renato Scrimaglio,
direttore del costruendo labo-
ratorio —: 1) lo studio del deca-
dimento del protone; 2) lo stu-
dio del neutrini solari; 3) la
ricerca di una particella chia-
mata monopolo magnetico. Si
tratta dl ricerche di frontiera
aperte alla collaborazione dei
fisici di tutto il mondo~,

I programmi dettagliati de-
gll esperimentl saranno defini-
ti al pia presto da una commis-
sione presieduta dal fisico An-

tonino Zichichi, che & stato
anche il proponente del labora-
torio sotto il Gran Sasso. La
commissione si riunird per la
prima volta il 4 giugno prossi-
mo. I finanziamenti degli espe-
rimenti scientifici saranno as-
sieurat] nell'ambito del bilan-
cio 1985-1990 dell'INFN di cui
sl aspetta 'approvazione. Esso
prevede una spesa complessi-
va dl mille miliardi dei quali
un centinaio da destinare alla
strumentazione del laborato-
rio solto il Gran Sasso.

Sotlto 1400 metri di roceia,
ad ammirare la grande camera
alta venti metri in cui sl stu-
dieranno le particelle, si & av-

venturato anche il professor
Bruno Rossl, 81 anni, uno del
padri fondatori della fisica co-
smica. -E' un paesaggio dante-
sco — ha esclamato —. Se
quando ero giovane ricercato-
ré mi avessero detto che per
studiare la radiazione cosmica
sarebbe stato necessario fic-
carsi qul dentro non cl avrel
credutos.

— E se potesse ricominciare
da capo — gli abbiamo chiesto
— verrebbe a lavorarei, qul
sotto?

=Ah no, certamente no-, ha
risposto il professore scuocten-
do la testa. .

Franco Foresta Martin

In una conferenza mondiale 2 Roma si proporranno nuove strategie per le attivita ittiche

I 2 EAN nunta al raddnnnin della necra
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