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Znamo li uopce nesto?
.

“Nitko niSta ne zna
Krhko je znanje *

Dobrisa Cesari¢

> Je |l stvarno tako?
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Earth as seen from Mars
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Sto znamo?

Kako se razvijao svemir

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc. Yy \
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Quantum |
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Sto znamo?

» Standardni model Cestica i njihovih interakcija

M | cptoni EE— E—— Joka e fektromagnetskomm
Electric Charge

Gluoni (8
Tau’ 10 ‘ -II\-I%llJJtrinc ( )m Foton \/\/ \

e
' Mion oo .
MIO”Q -1 0 " Neutring : ’
Kvarkovi
“@ Atomi o O
Elektro -1 0 Elektron Svjetlost
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K Vark O Vi s— NN Gravitacija . S S|aho EEE—

Elektriéni naboj

i ? Bozoni
Vrh Graviton ?
‘ 1/3 2/3 (W.2)
Strani 0 1/3 213 Sarmantni Q
~<
-
Dol « Raspad neutrona =
°Jee 1/3 2/3‘ Gore Suncev sustay ) 2 Beta radioaktivnost &
Cranz rsu”pee T Interakcije neutrina
svaki kvarkR, B G 3 boje Izgaranja sunca

The particle drawings are simple artistic representations
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Sto znamo?
R

» Darwinova teorija
prirodne selekcije

1. Puljak, FESB



Sto znamo?

Base pairs [l <R

Adenine  Thymine

—— )

Guanine Cytosine

Sugar phosphate
backbone




Sto jos ne znamo?
BN
Kako je nastao i kako ¢e zavrsSiti svemir?
Od Cega je izgraden svemir?
Kako mozak proizvodi svijest?
Zasto ljudi imaju tako malo gena?
Do koje mjere su povezane genetske varijacije i osobno zdravlje?
Mogu li se zakoni fizike ujediniti?
Koliko se moze produljiti zivotni vijek ljudi?
Kako se regeneriraju organi?
Kako Celija iz koze postane celija zivca?
Kako se iz oplodene jajne stanice razvije zivo bice?
Kako funkcionira unutrasnjost Zemlje?
Jesmo li sami u svemiru?
Kako i kada se pojavio zivot na zeml;ji?
Sto odreduje raznolikost vrsta?
> Koje genetske promjene su nas ucinile ljudima?

YV V.V ¥V V VYV V V VYV V VYV V V VY
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Sto jo$ ne znamo?
B

YV V V V VY VY

YV V. V V V VY VY V

Kako se pohranjuje i koristi pamcenje?

Kako je evolurialo kooperativno ponasanje?

Koliko daleko mozemo iskoristiti kemijsko samo-sastavljanje?
Koje su granice konvencionalnog racunanja?

Mozemo li selektivno iskljuciti imunoloSke odzive?

Postoji li dublje razumijevanje kvantne neodredenosti i ne-
lokalnosti?

Je li u principu moguca efikasno cjepivo protiv HIV-a?

Sto moZe zamijeniti jeftinu naftu? | kada?

Hoce li Malthus i dalje biti u krivu?

Je li vrijeme iluzija?

Zasto spavamo?

Zasto funkcionira placebo efekt?

Koja je funkcija ne-kodirajuceg dijela DNA?

Hoce li Sume usporiti globalno zagrijavanje? lli ga ubrzati?

1. Puljak, FESB




Sto jos ne znamo?
B
Sto se dogada s informacijom u crnoj rupi?
Sto uzrokuje ‘ledena doba’?
Kako mozak raCuna pokrete?
Zasto se Zemljini polovi izmjenjuju?
Kako je evoluirao ljudski jezik?
Zasto ne mozemo predvidjeti vrijeme?
Zasto ne razumijemo turbulencije?
Je li svemir u biti izgraden od informacija?
Zasto se neke bolesti pretvore u epidemije?
Zasto umiremo?
Sto uzrokuje gravitaciju?
Zasto ne mogu ponovo izrasti izgubljeni udovi?
Zasto Cestice imaju masu? | to razlicitu!

YV V. V V V VYV VYV V V V VYV VYV V
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U Ssto smo apsolutno uvjereni?
B
» Da Ce se odgovori na ova pitanja, prije ili kasnije, pronaci iskljucivo
ZNANSTVENOM METODOLOGIJOM

Hipoteza

Eksperiment

N
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Sto znamo?

» Standardni model Cestica i njihovih interakcija
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Cestice Anticestice

Leptoni E— Antileptoni m—

Electric Charge

Electric Charge
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“Normalna tvar”

Tamna energija
74%

Tamna tvar - =

22%






Od Velikog praska do danasnjeg dana

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

I‘ 13.7 billion years



10“3s Era kvantne gravitacije

Gravitacije se odvaja
kao posebna sila,
ostale sile ostaju
ujedinjene u jednu
(Veliko ujedinjenje)

t<10% s :The Big Bang

The universe isconsidered to have expanded from a singl
point with an infinitely high energy density (infinite
temperature). Isthere a meaning to the question what
existed before the big bang?

t -104s, 102 K (10 GeV, 10% 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 equilibrium (being
created and annihilated at equal rate). These coexist with
photons (radiation).

Through a phase transition gravity "froze" out and became
distinct in itsaction from the weak, electromagnetic and
strong forces. The other three forces could not be
digtinguished from one another in their action on quarks
and leptons. Thisisthe first instance of the breaking of
symmetry amongst the forces.

. Puljak, FESB I. Puljak, FESB, Split



10%°*s Era velikog ujedinjenja

Inflacija prestaje, Sirenje se
nastavlja. Prestaje era
velikog ujedinjena. Jaka i
elektroslaba sila po€inju se
razlikovati.

t -10%s, 107K (10¢ GeV, 10%m) :

Inflation

The rate of expansion increases exponentially for a short
period. The universe doubled in size evesy Ifflation
stopped at around?18. The universe increased in size by

a factor of 20 This is equivalent to an object the size of a
proton swelling to°1i@ht 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-1032s : 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.

. Puljak, FESB I. Puljak, FESB, Spl




10%%s Elektroslaba era
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Razdvaja se elektroslaba sila

t-10°s, 10 K (100 GeV, 108 m) :
Electromagnetic and Weak Forces

separate

The energy density correspondsto that at LEP. Asthe
temperature fell the weak force "freezes' out and all
four forces become distinct in their actions. The
antiquarks annihilate with the quarksleaving a residua
excess of matter. W and Z bosons decay. In general
unstable massive particles disappear when the
temperture fallsto a value at which photonsfrom the
black-body radiation do not have sufficient energy to
create a particle-antiparticle pair.




10*s Stvaranje protona | neutrona

Kvarkovi se
Kombiniraju |
ujedinjavaju u
protone i neutrone

t-104s, 108 K (1 GeV, 10% m) :
Protons and Neutrons form

The universe has grown to the size of our solar
system. Asthe temperature drops quark-antiquark
annihilation stops and the remaining quarks
combine to make protons and neutrons.
t=1s,100 K (1 MeV, 105 m) :
Neutrinos decouple

The neutrinos become inactive (essentially do not
participate further in interactions). The electrons
and positrons annihilate and are not recreated. An

excess of electronsisleft. The neutron-proton ratio
shifts from 50:50 to 25:75.

I. Puljak, FESB I. Puljak, FESB, Split



Protoni i neutroni se
kombiniraju u jezgru helij

t =3 minutes, 10 K (0.1 MeV, 162 m) :

Nuclei are formed

The temperature islow 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, helium and lithium 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 isnow in
place consisting essentially of protons (75%) and helium
nuclei. The temperature is ill too high to form any atom
and electrons form a gas of free particles.




300000 years Atomi i era svjetla

Svemir postaje proziran
| Ispunjen svjetlom

t =300 000 years, 6000 K (0.5eV, 16°m) :

Atoms are created

Electrons begin to stickto nuclei. Atoms of hydrogen, helium
and lithium are created. Radiation isno longer energetic enou
to break atoms. The universe becomes transparent. Matter
density dominates. Astronomy can study the evolution of the
Universe backto thistime.

1. Puljak, FESB
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1000 Myears  Stvaranje galaksija

Galaksije se pocinju stvar:

t =10° years, 18 K : Galaxy

Formation

Local mass density fluctuations act as seeds for
stellar and galaxy formation. The exact mechanisn
isstill not understood. Nucleosynthesis, synthesis
of heavier nuclei such ascarbon up to iron, 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.

Puljak, FESB l. Puljak, FESB, Split




15000 M years Danas

Covjek se poceo pitati
odakle sve ovo!

t=15x 1 years, 3 K: Humans
The present day. Chemical processes have linked
atomsto form molecules. From the dust of stars
and through coded messages (DNA) humans
emerge to observe the universe around them.

. Puljak, FESB




Od Velikog praska do danasnjeg dana

Dark Energy

Accelerated Expansion
Afterglow Light

Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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300000 years Atomi i era svjetla

Svemir postaje proziran
| Ispunjen svjetlom

t =300 000 years, 6000 K (0.5eV, 16°m) :

Atoms are created

Electrons begin to stickto nuclei. Atoms of hydrogen, helium
and lithium are created. Radiation isno longer energetic enou
to break atoms. The universe becomes transparent. Matter
density dominates. Astronomy can study the evolution of the
Universe backto thistime.
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Wilkinson Microwave Anisotropy Probe
.

WMAP

1. Puljak, FESB 35



Cestice Anticestice
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WMAP CMB Analyzer
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Il i i boo% . i: This plot shows how temperature varies
e with the angular size of patches on the sky. This reveals the
= e ——— energy emitted by different size ripples of sound traveling through
PR ' ' L the early universe.
Additional Properties . = analyzed sky / universe signal.
Hubble Constant . = your simulated sky funiverse signal.
: : : - b 4y * Black points with error bars = 'hinned' (grouped) data to
~ analyze data accuracy.
Reionization redshift * Light blue area = likelihood of results being caused by random
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WMAP CMB Analyzer
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: . 12 Graphically shows the composition of your universe.
e The wedges compare the amount of each component; the size of
= metasttid 1) the pie compares the total composition (matter + dark matter + dark
i ' ' = A3 energy) with the critical density (black circle).
Additional Properties * A universe at critical density is geometrically flat and probably
Hubble Constant infinite.
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N * Flatness - the term we use for closeness to critical density.
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WMAP CMB Analyzer

7000 m

Power Fluctuations (uK?2)

Universe Content

Angle across the sky (deg)
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12 Graphically shows the composition of your universe.
The wedges compare the amount of each component; the size of
the pie compares the total composition (matter + dark matter + dark

H ' 4 =T energy) with the critical density (black circle).
Additional Properties » A universe at critical density is geometrically flat and probably
Hubble Constant infinfte.
' : ! - B 73 * A universe can have more or less than the critical density.
- * Flatness - the term we use for closeness to critical density.
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“Normalna tvar”

Tamna energija
74%

Tamna tvar - =

22%
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MISTERIJ MASE

kvarkovi leptoni

Razlog “bi moglo biti” postojanje
nove cestice, zovemo je “Higgsov
boson”
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Large Hadron Collider
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The Large Hadron Collider — Veliki sudarac hadrona
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CERN-MOVIE-2010-076.avi
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Higgsov bozon

I. Puljak, FESB



(ch CERN. ALl righis resmrved.
i



Events / 2 GeV

=
e
a
=
g
w

Ll L] I 1 L3

Selected diphoton sample

L] Data 2011+2012
Sig+Bkg Fit (m_‘=126.5 GeV)

......... Bkg (4th order polynomial)
ATLAS Preliminary

.
.
-

\s= ?TeVJLdl 481"

Is=8TeV, JLdl-130fb

Iuluuluuh T N T SRR AN AT AeeTa L

ULLLS8”SEf LLRR) LLLLE LRI llllllllIIIIHI”HIH”]”II

100 ) 120 T30 740 150
m,, [Ge
CMS preliminary ¥s5=7TeV,L=51f" ys=8TeV,L=122f"

25—|||||||||||||| | L
B + Data

| . Z+X

.S =leelir

>

[

o

o

-~ 20—

'UJ M *

= [Jzr.zz
Q@

>

L

[ |m=126 Gev

—
o
[ A A

o
100 120 140 160 180

C

MS {s=7TeV,L=51fb"\s=8TeV,L= 53fb’

25—

20F

> _v T I e A L l P K |
()] I > T T
O i 3 Unweighted
0 | 01500
1500 <
z
£ g
) w
> |
W1000 B
8 m., (GeV)
¥ = i |
D I
() ¢ Data
P 500__ S+B Fit
—_ [ eneee B Fit Component
o [ 10 y
%) s 20 |
¥ OO TR) KPTRRTTRP GO TIO0 NPT IO NP WOV NN NNC ST RN SN PR [ RO ST YO N Y TR
» 0o 120 130 140 150
m,., (GeV)
>k
&35~ ¢ Data ATLAS Preliminary
% F B Back zz" .
230: Il Background ) H-—)ZZ( )—94I
27 [l Background Z+jets, i

: |1 Signal (m =125 GeV)
7/ Syst.Unc.

Ns=7TeV:|Ldt=4.6fb"
\s=8TeV: |Ldt = 13.0 fb"

TTll'lTTIT




Visak podataka u svima kanalima
.

Na istom mjestu
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Vrlo vjerojatno je to Higgsov bozon ...
.
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