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Znamo li uopće nešto? 

“Nitko ništa ne zna 

 Krhko je znanje “ 
   Dobriša Cesarić 

 Je li stvarno tako? 
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Što znamo? 

 Kako se razvijao svemir 

 

8 



I. Puljak, FESB                         

Što znamo? 

 Standardni model čestica i njihovih interakcija 
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Što znamo? 

 Darwinova teorija  

prirodne selekcije 
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Što znamo? 

 DNA 
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Što još ne znamo? 

 Kako je nastao i kako će završiti svemir? 

 Od čega je izgrađen svemir? 

 Kako mozak proizvodi svijest? 

 Zašto ljudi imaju tako malo gena? 

 Do koje mjere su povezane genetske varijacije i osobno zdravlje? 

 Mogu li se zakoni fizike ujediniti? 

 Koliko se može produljiti životni vijek ljudi? 

 Kako se regeneriraju organi? 

 Kako ćelija iz kože postane ćelija živca? 

 Kako se iz oplođene jajne stanice razvije živo biće? 

 Kako funkcionira unutrašnjost Zemlje? 

 Jesmo li sami u svemiru? 

 Kako i kada se pojavio život na zemlji? 

 Što određuje raznolikost vrsta? 

 Koje genetske promjene su nas učinile ljudima? 

 

 

12 



I. Puljak, FESB                         

Što još ne znamo? 

 Kako se pohranjuje i koristi pamćenje? 

 Kako je evolurialo kooperativno ponašanje? 

 Koliko daleko možemo iskoristiti kemijsko samo-sastavljanje? 

 Koje su granice konvencionalnog računanja? 

 Možemo li selektivno isključiti imunološke odzive? 

 Postoji li dublje razumijevanje kvantne neodređenosti i ne-

lokalnosti? 

 Je li u principu moguća efikasno cjepivo protiv HIV-a? 

 Što može zamijeniti jeftinu naftu? I kada? 

 Hoće li Malthus i dalje biti u krivu? 

 Je li vrijeme iluzija? 

 Zašto spavamo? 

 Zašto funkcionira placebo efekt? 

 Koja je funkcija ne-kodirajućeg dijela DNA? 

 Hoće li šume usporiti globalno zagrijavanje? Ili ga ubrzati? 
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Što još ne znamo? 

 Što se događa s informacijom u crnoj rupi? 

 Što uzrokuje ‘ledena doba’? 

 Kako mozak računa pokrete? 

 Zašto se Zemljini polovi izmjenjuju? 

 Kako je evoluirao ljudski jezik? 

 Zašto ne možemo predvidjeti vrijeme? 

 Zašto ne razumijemo turbulencije? 

 Je li svemir u biti izgrađen od informacija? 

 Zašto se neke bolesti pretvore u epidemije? 

 Zašto umiremo? 

 Što uzrokuje gravitaciju? 

 Zašto ne mogu ponovo izrasti izgubljeni udovi? 

 Zašto čestice imaju masu? I to različitu! 
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U što smo apsolutno uvjereni? 

 Da će se odgovori na ova pitanja, prije ili kasnije, pronaći isključivo 

      ZNANSTVENOM METODOLOGIJOM 
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Hipoteza 

Eksperiment 

Podaci 

Zaključci 
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Od čega je izgrađen svemir? 
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Što znamo? 

 Standardni model čestica i njihovih interakcija 
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100 milijardi 

100 milijardi 
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Tamna energija 

74% 

Tamna tvar 

22% 

“Normalna tvar” 

4% 
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Kako to znamo? 
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Od Velikog praska do današnjeg dana 
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10 -43  s 

? 

  

Era kvantne gravitacije 

t < 10-43 s : The Big Bang 
The universe is considered to have expanded from a single 

point with an infini tely high energy density (infini te 

temperature). Is there a meaning to the question what 

existed before the big bang? 

t  ­ 10 -43 s, 1032  K (1019 GeV, 10-34 m) :  
Gravity “freezes” out  
All particle types (quarks, leptons, gauge bosons, and 

undiscovered particles e.g.Higgs, sparticles, gravitons) and 

their anti-particles are in a thermal equil ibrium (being 

created and annihi lated at equal rate). These coexist with 

photons (radiation). 

Through a phase transition gravity "froze" out and became 

distinct in i ts action from the weak, electromagnetic and 

strong forces. The other three forces could not be 

distinguished from one another in their action on quarks 

and leptons. This is the fi rst instance of the breaking of 

symmetry amongst the forces.  

 

 

Gravitacije se odvaja 

kao posebna sila, 

ostale sile ostaju 

ujedinjene u jednu 

(Veliko ujedinjenje) 
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10 -35  s 

  

Era velikog ujedinjenja 

t  ­ 10 -35  s, 10 27  K (10 16  GeV, 10 -32  m) :    
Inflation    
The rate of expansion increases exponentially for a short   

period. The universe doubled in size every 10 -34  s. Inflation   

stopped at around 10 -32  s. The universe increased in size by   

a factor of 10 50 . This is equivalent to an object the size of a   

proton swelling to 10 19  light years across.    

   However the presently visible   

universe was only 3 m in size after inflation. This solves the   

problems of ‘horizon’ (how is it possible for two opposing   

parts of the present universe to be at the same temperature   

when they cannot have interacted with each other before   

recombination) and ‘flatness’ (density of matter is close to   

the critical density). 
  

t ­ 10 -32  s : Strong forces freezes out   
Through another phase transition the strong force "freezes"   

out and a slight excess of matter over anti-matter develops.   

This excess, at a level of 1 part in a billion, is sufficient to   

give the presently observed predominance of matter over   

anti-matter. The temperature is too high for quarks to remain   

clumped to form neutrons or protons and so exist in the form   

of a quark gluon plasma. The LHC can study this by   

colliding together high energy nuclei.   

  

Inflacija prestaje, širenje se 

nastavlja. Prestaje era 

velikog ujedinjena. Jaka i 

elektroslaba sila počinju se 

razlikovati. 
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10 -10  s 

Razdvaja se elektroslaba sila 

Elektroslaba era 

t ­ 10 -10 s, 1015  K (100 GeV, 10-18 m) :  
Electromagnetic and Weak Forces 
separate    
The energy density corresponds to that at LEP. As the 

temperature fell  the weak force "freezes" out and all 

four forces become distinct in their actions. The 

antiquarks annihilate with the quarks leaving a residual 

excess of matter. W and Z bosons decay. In general 

unstable massive particles disappear when the 

temperture falls to a value at which photons from the 

black-body radiation do not have sufficient energy to 

create a particle-antiparticle pair. 
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10 -4  s 

Kvarkovi se 

kombiniraju i 

ujedinjavaju u 

protone i neutrone 

  

Stvaranje protona i neutrona 

t ­ 10 -4 s, 1013   K (1 GeV, 10-16 m) : 
Protons and Neutrons form    
The universe has grown to the size of our solar 

system. As the temperature drops quark-antiquark 

annihilation stops and the remaining quarks 

combine to make protons and neutrons. 

t = 1 s, 1010   K (1 MeV, 10-15 m) : 
Neutrinos decouple  
The neutrinos become inactive (essential ly do not 

participate further in interactions). The electrons 

and positrons annihilate and are not recreated. An 

excess of electrons is left. The neutron-proton ratio 

shifts from 50:50 to 25:75. 
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100 s 

Protoni i neutroni se  

kombiniraju u jezgru helija 

  

  

t = 3 minutes, 109   K (0.1 MeV, 10-12 m) :  
Nuclei are formed  
The temperature is low enough to allow nuclei to be 

formed. Conditions are similar to those that exist in stars 

today or in thermonuclear bombs. Heavier nuclei such as 

deuterium, hel ium and li thium soak up the neutrons that 

are present. Any remaining neutrons decay with a time 

constant of ~ 1000 seconds. The neutron-proton ratio is 

now 13:87. The bulk constitution of the universe is now in 

place consisting essentially of protons (75%) and hel ium 

nuclei. The temperature is stil l too high to form any atoms 

and electrons form a gas of free particles. 
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300000 years 

Svemir postaje proziran 

i ispunjen svjetlom 

  

  

Atomi i era svjetla 

t = 300 000 years, 6000 K (0.5 eV, 10-10 m) : 
Atoms are created  
Electrons begin to stick to nuclei. Atoms of hydrogen, hel ium 

and li thium are created. Radiation is no longer energetic enough 

to break atoms. The universe becomes transparent. Matter 

density dominates. Astronomy can study the evolution of the 

Universe back to this time. 
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1000 M years 

Galaksije se počinju stvarati

Stvaranje galaksija 

t = 109 years, 18 K : Galaxy 
Formation  
Local mass density fluctuations act as seeds for 

stel lar and galaxy formation. The exact mechanism 

is stil l not understood. Nucleosynthesis, synthesis 

of heavier nuclei such as carbon up to i ron, starts 

occurring in the thermonuclear reactors that are 

stars. Even heavier elements are synthesized and 

dispersed in the brief moment during which stellar 

collapse and supernovae explosions occur.   
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15000 M years 

Čovjek se počeo pitati 

odakle sve ovo! 

  

Danas 

t = 15 x 109 years, 3 K : Humans  
The present day. Chemical processes have linked 

atoms to form molecules. From the dust of stars 

and through coded messages (DNA) humans 

emerge to observe the universe around them. 
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Od Velikog praska do današnjeg dana 
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300000 years 

Svemir postaje proziran 

i ispunjen svjetlom 

  

  

Atomi i era svjetla 

t = 300 000 years, 6000 K (0.5 eV, 10-10 m) : 
Atoms are created  
Electrons begin to stick to nuclei. Atoms of hydrogen, hel ium 

and li thium are created. Radiation is no longer energetic enough 

to break atoms. The universe becomes transparent. Matter 

density dominates. Astronomy can study the evolution of the 

Universe back to this time. 
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Wilkinson Microwave Anisotropy Probe  
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WMAP 
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WMAP - Analiza 
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Tamna energija 

74% 

Tamna tvar 

22% 

“Normalna tvar” 

4% 
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100 milijardi 

100 milijardi 
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Zašto čestice imaju masu? 
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kvarkovi leptoni 

. . . 

MISTERIJ  MASE 

Razlog  “bi moglo biti” postojanje    

nove čestice, zovemo je  “Higgsov 

boson” 
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LHC prsten: 

Opseg od 27 km 

ALICE 

LHCb 

ATLAS 
CMS 

Veliki sudarač hadrona (LHC) 
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Veliki sudarač hadrona (LHC) 
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Beams Energy Luminosity 

e+
 e–    200 GeV 1032 

cm-2s-1
 

p  p 14 TeV 1034
 

P
b
 P

b
  1312 TeV 1027

LEP

LHC

The Large Hadron Collider – Veliki sudarač hadrona 
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Prvi sudari protona u CMS detektoru 
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CERN-MOVIE-2010-076.avi
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Standardni Model čestica i sila 
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Higgsov mehanizam 
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Higgsov bozon 
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Jesmo li pronašli Higgsov bozon? 
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Višak podataka u svima kanalima 

... 
 Na istom mjestu  

Najnoviji rezultati 
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Vrlo vjerojatno je to Higgsov bozon ... 
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Je li vrijeme iluzija? 


