
x
1

y2

x
4

✃ 3 ✁ 3

✃

3

✃

3

C
he s

orpres
a s

e guard
and

o il cielo, 
tutt’a un tratto ved

es
s

i brillare una 
s

tella d
o

ve p
rim

a no
n c'era nulla! F

o
rs

e 
es

clam
eres

ti: «È
 nata una nuova 

s
tella!» O

 in latino
, una no

va! O
p

p
ure, s

e 
la nuova luce è es

trem
am

ente brillante, 
una s

uperno
va! La p

rim
a vo

lta accad
d

e 
nel 1

0
5

4
, q

uand
o gli as

tronom
i cines

i 
os

s
ervarono una s

tella os
pite.* In 

realtà, la luce no
n s

egnala la nas
cita d

i 
una nuova s

tella, p
erché la s

uperno
va è 

una s
tella es

is
tente. L'es

p
lo

s
io

ne è co
s

ì 
forte che l'energia rilas

ciata in pochi 
m

inuti eq
uivale a q

uella d
al no

s
tro

 S
o

le 
nei s

uoi 1
0

 m
iliard

i anni! 
S

ucces
s

ivam
ente l'es

plos
ione s

i 
s

p
egne e la s

tella no
n è p

iù vis
ibile: ciò

 
che rim

ane è una s
tella d

i neutroni o un 
buco nero e i teles

copi m
os

trano una 
grand

e q
uantità d

i m
ateria che s

i 
allontana.           
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 le
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n
a
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’ d
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d
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i m
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p
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s
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l d
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Q
uand

o
es

plod
e

una s
tella d

i m
as

s
a

s
o

lare
com

pres
a

tra
8

 e 3
0

, com
e una 

supernova, siform
a una stella d

i 
neutroni. È

 cos
ìd

ens
a

che
un cucchiaino

pes
erebbe

un m
iliard

o
d

i tonnellate!
Q

ues
te

s
telle

s
o

no
com

pos
te

d
a 

neutronie ruotano
fino

a d
ivers

e 
centinaia

d
i vo

lte al s
eco

nd
o

, 
accelerand

o le particelle
pres

enti
nell’atm

os
fera

fino
alla

velocità
d

ella
luce, generand

o
un raggio

che
in alcuni

cas
ipuò

es
s

ere
d

iretto
vers

o la T
erra 

rend
end

o
q

ues
te

s
telle

rilevabilicom
e 

puls
ar*. La più

veloce, P
S

R
 J

1
7

4
8

-
2

4
4

6
ad

, ruota
7

1
6

 volte al s
econd

o!
D

urante l’es
plos

ione
d

ella
s

up
erno

va, 
che

d
eterm

ina
la form

azione
d

i una 
s

tella d
i neutroni, oltre

alla
luce, un 

enorm
e

flus
s

o
d

i neutrinilas
cia

la s
tella 

q
uas

i alla
velocità

d
ella

luce. A
lcunid

i 
questisipossono

osservare
sulla

Terra.
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u
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n
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t
a

t
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c
o
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c
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n
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o
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d
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t
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u
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n
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p
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c
h

ilo
m

e
t

ro
 c

u
b

o
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e
r rile

va
re

 i 
n

e
u

t
rin

i.

I neutrinis
o

no
 particelle

elem
entari

prive
d

i carica
elettrica

e con una m
assa

m
olto piccola

(tuttora
ind

eterm
inata).È

 
d

ifficile ind
ivid

uarliperché
interagis

cono
m

olto d
ebo

lm
ente

con la m
ateria; per 

rilevarlis
o

no
 s

tatieffettuatialcuni
im

portanties
perim

entis
ulla

T
erra.

I neutrininas
cono

d
alle

reazio
ninucleari

com
e q

uelle che
avvengono

al centro
d

i 
una s

tella
o negli es

perim
entinucleari. 

N
elle es

plos
ionid

elle s
up

erno
ve, più

d
el 

9
9

%
 d

ell’energia
può es

s
ere rilas

ciata
s

o
tto

 fo
rm

a d
i neutrini.

S
i ritiene

che
ineutrini, nonos

tante
la 

loro
piccola

m
assa, siano

cosìnum
erosida 

poterinfluenzare
la storia

d
ell’U

niverso.
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v
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 d
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 c

o
m

e
 V

e
n

e
re

, 
a
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 l’
e
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 a
n

n
i 

lu
c

e
 d

i d
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t
a

n
z

a
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S
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t
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e

n
u

ò
 g

io
rn
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 d

o
p
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g
io

rn
o

 e
 d

o
p

o
 c

ir
c

a
 d

u
e

 
a

n
n

i n
o

n
 s

i v
e

d
e

v
a

 p
iù

 a
d

 
o

c
c

h
io

 n
u

d
o

. 

A
 s

in
is

t
ra

: N
e

lla
 

m
a

p
p

a
 s

t
e

lla
re

 d
i 

C
a

s
s

io
p

e
a

, l
’1

1
 

N
o

ve
m

b
re

 d
e
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1
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l’a
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o
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 T
y

c
h

o
 

B
ra

h
e

 s
e

g
n

ò
 c

o
n
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le
t

t
e
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la
 s

t
e

lla
 

n
a

s
c

e
n

t
e
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s
u

c
c

e
s

s
iv

a
m

e
n

t
e

 
c

h
ia

m
a

t
a
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la

 
s

u
p

e
rn

o
va

 d
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T
y

c
h

o
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a
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d
e

lla
 m

a
p

p
a

 
C

a
s

s
io

p
e

a
 ‘F

’, 
‘E

’, 
‘D

’, 
‘C

’, 
‘B

’, 
‘A

’, 
‘G

’ 
s

o
n

o
 s

t
e

lle
 d

i l
u

n
g

a
 

d
u

ra
t

a
, m

e
n

t
re

 la
 

s
t

e
lla

 “
I”

 n
o

n
 è

 p
iù

 
vi

s
ib

ile
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p
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2
0

1
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lt
d

, s
c

o
p

e
rt

a
 d

a
 u

n
a

 
b

a
m

b
in

a
 d

i d
ie

c
i a

n
n

i, 
K

a
t

h
ry

n
 

G
ra

y
. L

’e
s

p
lo

s
io

n
e

 e
ra

 
a

vv
e

n
u

t
a

 a
 2

4
0

 m
ili

o
n

i d
i a

n
n

i 
lu

c
e

 d
i d

is
t

a
n

z
a

. 

R
a

g
g

ic
o

s
m

ic
i

F
o

to
ni

, n
eu

tr
in

ie
 o

nd
e

g
ra

vi
ta

zi
o

na
li

no
n 

s
o

no
 g

li
un

ic
ia

 p
ro

ve
ni

re
d

a
llo

s
p

a
zi

o
. D

a
ll’

U
ni

ve
rs

o
d

el
le

a
lt

e
en

er
g

ie
ci

 a
rr

iv
a

no
a

nc
he

 p
a

rt
ic

el
le

ca
ri

ch
e:

 
s

o
p

ra
tt

ut
to

p
ro

to
ni

, m
a

 a
nc

he
 

el
et

tr
o

ni
e 

nu
cl

ei
 d

i a
to

m
i. 

Q
ue

s
te

p
a

rt
ic

el
le

p
re

nd
o

no
il 

no
m

e
d

i r
a

g
g

i
co

s
m

ic
i. 

O
g

ni
 s

ec
o

nd
o

, m
ili

a
rd

id
i 

p
a

rt
ic

el
le

d
i r

a
g

g
ic

o
s

m
ic

ip
ro

ve
ni

en
ti

d
a

llo
s

p
a

zi
o

bo
m

ba
rd

a
no

la
 T

er
ra

. 
L’

o
ri

g
in

e
d

i q
ue

s
te

p
a

rt
ic

el
le

, s
co

p
er

te
a

ll’
in

iz
io

d
el

 X
X

 s
ec

o
lo

, è
 a

nc
o

ra
s

co
no

s
ci

ut
a

. 
Le

 p
a

rt
ic

el
le

d
i r

a
g

g
ic

o
s

m
ic

ip
o

s
s

o
no

tr
a

s
p

o
rt

a
re

en
o

rm
iq

ua
nt

it
à

d
i 

en
er

g
ia

 e
 v

ia
g

g
ia

no
q

ua
s

i a
lla

ve
lo

ci
tà

d
el

la
 lu

ce
. N

ei
ca

s
ip

iù
es

tr
em

i, 
la

 lo
ro

en
er

g
ia

 c
in

et
ic

a
p

uò
 e

s
s

er
e 

m
ili

a
rd

id
i 

vo
lt

e 
s

up
er

io
re

a
lla

lo
ro

en
er

g
ia

 d
i 

m
a

s
s

a
a

 r
ip

o
s

o
. 
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 p
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i c
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i c
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 p
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p
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n
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 p
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n

e
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G
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s
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n
o

m
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a
n

n
o

 c
o

m
e

 m
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u
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la
 d

is
t

a
n

z
a

 d
i m

o
lt

i c
o

rp
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e
le

s
t
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m
o

d
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o

t
e

r c
a
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o
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 l’e
n

e
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c
h

e
 e

m
e

t
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o
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o
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c

e
 vis
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A

t
t

ra
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p

e
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s
c

o
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n
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m
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n
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a
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c

c
h

io
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m
a

n
o

, e
s

s
e

n
d

o
 e

m
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s
s
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d
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t
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g

g
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p
a
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g
i c
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a
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c
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