
  It is  now appr opr iate to give a  ver y s ketc hy des c r iption of 
our  Univer s e.  

Fr om a mer ely anthr opic  point of view,  the Univer s e c an 
be c ons ider ed as  a  gigantic  (in fac t the bigges t pos s ible) 
m a c hine pr oduc ing ener gy,  or ,  better ,  c onver ting 
gr avitational ener gy into a ll kinds  of r adiation,  es pec ia lly 
light and heat (that ar e indis pens able for  life).  

 T his  des c r iption of the U niver s e does  not intend  
s ugges ting a  c aus al c onnec tion:  this  is  only what man 
thinks  the Univer s e pr oduc es .  It is  fa ir  to add,  however ,  
that even a  Univer s e s lightly differ ent fr om this  would 
make antr opomor phic  life ver y diffic ult.  Let’s  now take a  
s naps hot of the Univer s e when it was  only a  few hundr ed 
m illion yea r s  ‘old’ (its  a ge is  now es tim a ted to be 
a ppr oxim a tely 1 4  billion yea r s ).  At tha t s ta ge,  the 
U niver s e c onta ined m a tter  (es s entia lly hydr ogen a nd 
helium with tr ac es  of s ome heavier  elements ) and pos s ibly 
s ome for m of exotic  matter  that nowadays  is  c a lled ‘dar k’.  
Ther e wa s  a ls o ver y little  light:  s ta r s  ha d not yet for m ed 

IN VES TIGATIN G THE EN ER GY OF THE UN IVER S E:  
THE GR AN  S AS S O N ATION AL LAB OR ATOR IES

W hen we imagine a lar ge nuclear  phys ics  labor ator y we might think of a place wher e ener gy is  pr oduced,  like 
in a nuclear  power  plant,  or  of a place wher e mor e effic ient ways  of pr oducing ener gy ar e s tudied.  Or  even a 
place,  like a lar ge par tic le acceler ator ,  wher e elementar y par tic les  s uch as  pr otons  ar e br ought to an ener gy 
cor r es ponding to that pr evailing at the bir th of the Univer s e.

The Gr an S as s o Labor ator ies  ar e none of this .  In the Labor ator ies  electr ical power  is  us ed to r un the electr o-
nic  devices  of the exper imental appar ata.  Ener gy is  neither  pr oduced nor  conver ted into par tic les  (with a s mall 
exception that we will des cr ibe that later ).
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 This  ‘almos t’ is  extr emely impor tant:  if the gas  filling the 
Univer s e had been completely unifor m,  it would have been 
extr emely difficult for  the pr es ent Univer s e to emer ge.  
B eing matter  dis tr ibution not exactly  unifor m,  gr avitational 
for ce was  s tr onger  wher e matter  concentr ated.  Thes e 
concentr ations  of matter  attr acted mor e matter ,  that ge-
ner ated mor e gr avity… and s o on until “s tr uctur es ”,  (that is  
Galaxies  and s tar s ),  wer e for med.  M atter  was  no longer  
unifor mly dis tr ibuted but in c lumps ,  mor e or  les s  like in the 
pr es ent Univer s e.

  Let’s  now dis cus s  what happens  in a matter  c lamp befor e 
it becomes  a s tar .  At fir s t,  only gr avity is  acting:  matter  in 
its  thic ker  r egion attr ac ts  mor e matter  and bec omes  
thic ker ,  with a  s tr onger  gr a vity and s o on.  B ut with 
incr eas ing dens ity,  gas  atoms  begin to s catter  and their  
temper atur e incr eas es .  At this  point,  the tr ans for mation of 
gr avitational ener gy into heat takes  place.  At the beginning 
of the pas t centur y this  was  thought to be the mechanis m 
fuelling the S un:  a  hot gas  emits  r adiation,  i. e.  light.  
However ,  s imple computations  s howed that this  pr oduction 
of ener gy would have las ted much les s  than the age of the 
S un (that is ,  at leas t,  5  billion year s ).  Ther e mus t be 
another  ener gy pr oces s  that makes  the S un s hine.

  Clear ly,  a  differ ent s our c e of ener gy is  ac ting and that is  
nuc lear  fus ion.  W hen the gr avitational for c e is  ver y s tr ong 
and c ons equently gas  dens ity is  high,  c ollis ions  among atoms  ar e extr emely fr equent:  at fir s t atoms  los e 
their  elec tr ons ,  then nuc lei thems elves  melt.  For  ins tanc e,  4  pr otons  c an mer ge and for m a  helium nuc leus ,  
made up of two pr otons  and two neutr ons .  The neutr ons  ar e or iginated by the tr ans mutation of the pr otons  
(with em is s ion of a n a nti-e lec tr on a nd a  “neutr ino”) a nd a r e  ‘lighter ’ (i. e .  ha ve s m a ller  m a s s ) tha n pr otons .

and only ‘light’ – or  r ather  s ome for m of invis ible r adiation - r emained as  an ec ho of the B ig B ang whic h gave 
bir th to the Cos mos .  M atter  has  for med a  tenuous  gas  ‘a lmos t’ unifor mly dis tr ibuted.
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  The mas s  differ ence is  conver ted into ener gy,  the s ame ener gy that makes  our  S un and all s tar s  s hine.
Actually,  it is  not s o s imple:  tur ning fr om hydr ogen nuclei into helium nuclei r equir es  many inter mediate s teps ,  
but the r es ult is  es s entially the s ame,  with a mor e copious  neutr inos  pr oduction.   
  That’s  wher e,  the Gr an S as s o Labor ator ies  enter  the s tor y:  neutr inos  emitted by the S un ar e ver y impor tant 
to s tudy the ener gy pr oduction pr oces s es  of the Univer s e and,  at the s ame time,  neutr ino pr oper ties .  For  in-
s tance,  r adiation gener ated by nuclear  fus ion has  a lar ge pr obability of inter acting with the s ur r ounding gas  
and it takes  millions  of year s  to emer ge fr om the S un in the for m of light and heat.  On the other  hand,  neutr i-
nos  have a ver y s mall collis ion pr obability and tr avel es s entially undis tur bed fr om the inter ior  of the S un to-
war ds  us .

  Clear ly,  a  low collis ion pr obability implies  that neutr inos  ar e extr emely difficult to obs er ve:  ver y lar ge detector s  
ar e needed and they mus t be s cr eened fr om all kinds  of r adiation that nor mally bombar d the Ear th.  Lar ge de-
tector s  need to be placed in an under gr ound labor ator y like the Gr an S as s o.  Indeed,  the Gallex (later  GN O) ex-
per iment has  been the fir s t to detect neutr inos  pr oduced by the main cycle of nuclear  r eactions  pr oducing 
ener gy in the S un.

  The r es ults  of mor e than 4 0  year s  of r es ear ch wor ld wide have s hown that the inter nal behaviour  of the S un 
is  well des cr ibed by as tr ophys ical theor y,  but neutr inos  have an ‘anomalous ’ behaviour  and change ‘identity’ on 
their  way and,  cons equently,  their  number  s eems  to be r educed.  

  S ever al exper iments  ar e under  cons tr uction at the Gr an S as s o Labor ator ies  to better  s tudy the behaviour  of 
neutr inos :  B or exino will us e neutr inos  pr oduced by the S un,  while Oper a and Icar us  will detect thos e ar tific ially 
pr oduced in the S P S  acceler ator  at CER N  (Geneva)  and ‘s ent’ towar ds  Gr an S as s o wher e they will ar r ive after  
a 7 0 0  km under gr ound jour ney.  Other  s maller  and extr emely pr ecis e exper iments  ar e functioning or  ar e under  
cons tr uction.  N ot all the exper iments  in the Labor ator ies  ar e “pas s ive”.  A ver y s mall acceler ator  is  als o r un-
ning.  This  acceler ator  (LUN A,  for  Labor ator y for  Under gr ound N uclear  As tr ophys ics ) is  des igned to s tudy s ome 
of the r eactions  fuelling the s tar s .  S ome of thes e r eactions  have s uch a s mall pr obability to happen that they 
ar e completely los t in the natur al r adiation of the Ear th and again the bes t way to s tudy them is  in an under-
gr ound Labor ator y.  It is  inter es ting to notice that the s tudy of one of thes e r eactions  has  changed our  knowled-
ge of the age of the Univer s e.  S ome s tar s  par t of the s o-called ‘globular  c lus ter s ’ have been found to be older  
than the es timated age of the Univer s e by ar ound a billion year s ,  becaus e the nuclear  r eactions  ins ide them 
ar e much s lower  than expected.  S ince they cannot be older  than the Univer s e,  it has  been pos s ible to date the 
age of the Univer s e mor e accur ately.

  Ener gy is  c r uc ia l even in the death of s tar s .  W hen s ome kinds  of s tar s  die,  they emit ener gy,  mos tly in the 
for m of neutr inos .  This  pr oc es s  is  c alled S uper N ova.  In the explos ion,  a  s tar  bec omes  as  br ight as  the Galaxy  
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that contains  it,  for  a per iod of days  or  weeks . The lates t S uper N ova explos ion took place in 1 9 8 7 ,  in a Galaxy 
c los e to our s ,  the Lar ge M agellanic  Cloud.  Unfor tunately,  at that time,  our  labor ator y was  s till under  
cons tr uction and no exper iment was  r unning yet.  
However  two exper iments ,  in the US A and J apan,  did detect a s ignal in the for m of a bunch of neutr inos .  The 
LVD (Lar ge Volume Detector ) exper iment is  now r unning in the Labor ator y and it is  pr ecis ely looking for  the next 
S uper N ova explos ion.

  Des cr ibing the pr oces s  that gives  bir th to galaxies  and s tar s ,  we r efer  to a kind of exotic  matter  called ‘dar k’.  
Ther e ar e many hints  that,  together  with matter  it give r is e to a pr oces s  in which ener gy is  pr oduced.  Ther e 
exis ts  a differ ent kind of matter  that pr oduces  gr avitational ener gy but not other  kinds  of ener gy;  fr om her e the 
ter m ‘dar k’.

  One of the mos t impor tant indications  of its  exis tence is  the quantity of matter  in the Galaxies  we now have in 
the Univer s e.  M or e matter  than the one we actually s ee today,  would have been neces s ar y for  thes e galaxies  to 
for m in the time they had.
At the moment,  ther e ar e only hypotes es  on the natur e of ‘dar k matter ’,  but what is  cer tain is  that,  if it exis ts ,  
it is  even mor e difficult to detect than neutr inos ,  s ince it has  an even lower  pr obability to inter act with ‘nor mal’ 
matter .  
Yet,  s ever al exper iments  in the wor ld ar e dedicated to the identification of thes e weak s ignals  and s ome of 
them ar e oper ational or  under  cons tr uction at Gr an S as s o.  In par ticular ,  the DAM A (DAr k M Atter ) exper iment 
was  giving s ome evidence of the detection of Dar k M atter  par tic les .  Clear ly this  r es ult,  if confir med,  would 
pr ovide fundamental infor mation on the natur e of the Univer s e.

  The mys ter ies  of the Cos mos  do not s top her e.  For  a few year s ,  s c ientis ts  have s us pected that,  ther e is  an 
even mor e exotic  component of the Univer s e.  
This  would be an as s ociated for m of ener gy pr es ent even in abs ence of nor mal or  dar k matter :  we can des cr ibe 
the Univer s e as  a batter y that s tor es  ener gy in its  own s tr uctur e.
This  ener gy has  been called ‘dar k’ or  even ‘quintes s ence’.  Es s entially nothing is  known of its  or igin.  Eins tein 
hims elf did pr edict its  exis tence,  but later  called this  pr ediction ‘the bigges t blunder ’ of his  s c ientific  life.  In s ome 
par ticular  conditions ,  this  ‘dar k ener gy’ can tr ans mute and become ‘nor mal’ ener gy,  i. e.  r adiation,  much in the 
s ame way as  a s hor t-c ir cuited batter y gener ates  a s par k.  It is  now believed that s uch a ‘s par k’ in the ver y fir s t 
moments  of life of the Univer s e gener ated what we now call the ‘B ig B ang’.  

  B ut es s entially nothing is  known about the futur e effects  of ‘dar k ener gy’.  P r es ently it s eems  that it pr oduces  a 
s light acceler ation on the expans ion of the Univer s e.  

  B ut,  again,  this  is  a differ ent s tor y and we will know mor e in futur e year s  or  decades … 
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