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~ The blg }q____;fang is the Way in Whleh sCre
xplain hqgw the universe began The 1dea A
erse. st i- T as ;ust a smgle pomt
B an adually expanc ed and | stretched to -
o — gm vias, large as ft is right now. That it is stlll
- .stretchmg and it.would probably eontmue w0
ST ' stretch forever Y AR

*h‘?tnsequences O B g
the BigP Bang -

In few words the Whole universe was
| developed from cuarks to whole srars and 3
~galaxies. The fo r fundan ental forees o -

appeared Ad - atter and




gran astronomer G’eorges Lemaltre
. had™ big 1 lea. Fle stated that.a very 1or1g timé ago
'_,_'-i'the um_.. -__?ise'started‘as ]ust 4 smgle point. He - -
y _""'explamed that the universe stretched and expanded
. to'getas b1g IS ILS now, and that it Would probably

'keep on stretchmg

2 Hubble S Qbservatron

o ]ust Ewo years later, in 1929, an. astronomer named
-~ Edwin Hubble notrced that other galaxres’ are’. . -

- moving away from the Earth. And that’s riot all. -

'“':‘}]ust

' - long ago, everyt

= had been close -

i The farthest galaxres were moving faster than the
- ones close-to our planet This observation served
- as,a proof that the umverse was stlll expandmg,

| Eke ‘Lemaitre said. Vere movmg
,{_gpartrrrnfanr4i1 “

Vf_together *trgw¢*
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o to the theorles of ph sics, 1fMVe were to |

| a e_ Unlverse one secon after the Big

ang; whar ‘._L...‘_Would see is a Io—bﬂllon degree (K)

, neutrons; protons ‘electrons, p051trons
photons,a:_-:nd neutrinos. Then, as time went on;

~ we would see the Universe Cool the neutrons -

. either deeaylng into protons and electrons or _

~ combining with protons to make deuterium. As 1t

eontlnuedg to cool, it would eventually reach the

‘_f-'_’-f"tern erature where electrons eombiried with -

- nuclei to form neutral acoms. Before this

reeomblnatlon occurred, the Universe Would

~ have been opaque. because the free electrons

-~ would have caused hght (photons) to scatter the

 way .sunhght scatters from the water droplets in

~ clouds. But when the free electrons were absorbed

- to formmeutral atoms se suddenl

" became transparen tons - th

"' 'l‘fafterglow of the .

= Bang known as .

~ cosmic ]oackgro

radiation.- can b

. "f;_"o]oserved today




a k a Plank S Era
n51ty and extreme heat -
, be measur@d in 'Plank tlme (0 tc)
100y __seconds) T S
e . nghly N TR . T
‘. NO separate fundamenta] forces -

PR I S

Alec

‘Rapid expansion and cooling

~

: Saryo%enesm imbalance of matter'--’_}.f--* S

Particle-anti- partlcle pa1rs - T
'Elementary partlclés B

&




' TC# nt Form @f partlcle physms
. Mass anmhllatlon e w3
e Photon and neutrino dommatmn .

J Nucleosynthesm deutenum He H+ nuclel

Radlatlon and CMB

4 Structure EpOCh

e Grav1tat10nal attraction between matter &
- o Formation of astmnommal structures
e Modern Umverse TR
SN . Dark matter and dark energy




2 The Theory

The 1dea of the Blg Bang had been around smce =
1915’ but was Wldely dlsmlssed for decades S

. L TS
e - e

c-} Explanatlon

:..'The Blg Bang 1tself doesﬁ 't necessarlly mea'n the y
.-Ivery begmnmg anymore e | Tk

' 4 A Black Hole’?

'---',Bl'ack hO].€S alsa Contal
i 3un1verse arose fmm

5 Emstem s €

. After he read t:h

T ("-_‘Lemaltre s theory
the Blg Bang, Em
- said to him: your
- calculations are. MR
 correct, but'y your
" "il.*‘--physms is. 8 Y 62

b abommablel” -




‘o The universe eomposmon ~68% dar energy, S
K matter, ~5% normal 1 matter
Dark matter is Completely mv1s1hle
. 1ts no light or-enérgy :
b Cannot be detected by conventlonal
e ‘sensors and detectors. - i F
e - " Most ‘scientists heheve that dark mattér 1s
- non—haryomc 5 £ e oy
o Candldates for these spec1al part1clesa
e . o WIMPs (Weakly mteractmg massive
partlcles) . | . T
~ ® ten toa hundred t1mes the mass of a"-'_..- 5
pr‘oton | o .
f = weak interactions Wltll normal" Lo
- matter make them o
dlfheult to derect: i
,' e Ster1le neutrmos-""’ eracts with reg




i.foree exerted by ob]eets, nade
roportional to the Ob]ect s‘mass
itational forces appeat strongef than
ib e'matter alone would account for: 3
usters of galax1es would ﬂy apart if the i
r only mass they contained was the mass. _f"; |
- visible'to: Conventlonal astr0n0m1£al | 5
e measurements ' s i e
B - " ° Grawtatmnal lensmg- :
O massive ob]eets in the universe bend and

~ distort l1ght due to the force of thelr

grav1ty

o By studymg how 11ght is dlstorted by

~ galaxy clusters related to their mass, -
- ,[; astronomers have been able to create a
- map of dark matter m the umverse

galaxy cluster

-~ lensed galaxy images

distorted light-rays

Earth




'-1zed sources - ...
irk matter mlght he eoneentrated e
oles R -

s created in the B1g Bang together w1th-... ..
all other eonst1tut1ng elements of the o
e " universe A S j T
T Brown dwarfs SR

. L Falled stars that do not have enough

. mass to ighite the nuelear fu51on of =
- orehnary hydrogen T -
. Studylng dark macter =~ .

- o The IcéCube Neutrino Ohservatory 5=

huntmg for the hypothetleal sterlle ARER

-~ neutrinos. |

. e The Large Underground Xenon dark—- L
G s matter experlment (South Dakota) hunts .
" f‘or signs of WIMP and xenon o

T . 1nteraetlo'“ -




B T g“ - IR .
herical form of energy that is proposed by physicists to explain why
ie*universe is not just expanding but is doing so-at anggcelerating rate.*
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o particles |

#~  popping in and
. *. out of existence
~ in empty space

.

hypothetiﬂcéﬁ:':.";"'_;-"._' &

particles that "= .
- travel faster thans © -
light and thus -
. back in time

.
o

a low-energy e

B . a'hifth force” et g “field dubbed
"« . responsible for 4T T T s e b

the negative o
pressure

..~ "quintessence” = -

i = ' UEhEc
0 : .
. e
'-.'u_ . B el

The greater the
distance that
scparates these
cosmic objects, the

more rapidly they
- racec away from
. cachother.

Dark energyis =
cxpanding the
fabric of spaceat
such arate that GN-- & =8
z11is moving away &
fromusatspeed =&
~overtwicethe &

" % speed of light.

par

e "Nothing can move
wr faster than light"
5 — only applics to the
;M. - motion of objects

: 4 . through space. The
Galaxics arc

getting 0.007% ratc at which space

. furth < itself expands has
- lelgche(l;tahvgaﬂyevreorr;q no physical bounds

" veors, onits upper limit.



= i Gy
4 3 -
"

N\ First detection - 1990. )

-} Conducting surveys of Type- \ -
& la supernovas, = cosmic’ ' -
explosions that.'occur when = * -

- massive stars die . and that ;

| produce light emissions. ‘

As the universe expands light ‘ l T ‘
from. distant sources that” ! - |The further away alight|
- lakes a long time to travel to = ‘source is, the moreits -
~ _Earth <has™ its* wavelength ¢ = jlightisredshifted. _ |
Ol stretchedout” 00 S ‘

K.

e

What they found was more distant
supernovas that had exploded when
the universe was much younger
were fainter than expected. This
| mecant these supernovas were
1 further away than they should be




